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PART 1

(Fundamentals)

Chapter 1

(Terms and conventions)

1110 Navigation methods

The navigator shall always use all methods andiigoles adequate to the vessel its
equipment and the prevailing conditions at sea. él@r, as each method has its advantages
and disadvantages and as no method is equal gfeamtiall situations, one of the navigator’s
most important decisions is to select the best austho be used in the prevailing situation
and to synthesize the selected methodologies isboge integrated system.

Navigation methods have changed throughout theidest However, the following methods
are widely accepted today:

» Dead reckoning (DR)involves determination of the position by advagcanknown
position for courses and distances derived fronvéssel's speed. A position determined
by course and speed only is called the dead recgguosition. Corrections of the dead
reckoning position for steering errors, currentuahces and leeway lead to #simated
position (EP).

= Terrestrial navigation involves navigation in geographically restrictedas by fixing
the position of the vessel as precisely as poss#tddive to nearby geographic and
hydrographical features.

= Celestial navigationinvolves reduction of celestial observations atediby a sextant to
lines of position, using almanacs and specificdaslar almanacs and handheld calculators,
to solve the appropriate spherical trigonometryagigns.

= Radar navigation involves the use of radar equipment to deternheedistance of the
vessel to an object, whose position is known aedthjects bearing relative to the vessels
longitudinal axis.

= Satellite navigationinvolves the use of satellite signals by sophégéd electronics to
determine the vessel's geographic position, its tmurse and the vessel's speed over
ground.

Today’s sophisticated electronic systems enabte establish and operate integrated bridge
concepts involving determination and display of¥hesel’s actual speed and position, as
well as the generation of appropriate commandsaimtain the vessel on the desired course
whereas the navigator acts as a system managegtisglinformation sources, initializing
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system presets and monitoring the vessel's respoitséact modern navigation is almost
completely an automated electronic process.

However taking into account that electronic equiptrand instrumentation, even if operated
in a protected environment, are subject to randmhares, the professional navigator shall
always be able to safely navigate the vessel bynmehterrestrial and celestial navigation
methods.

1111 Navigational conventions

In order to be able to understand the fundamenfaigvigation it is a matter of paramount
importance to have a clear picture of the followimgortant conventions.

» Nautical charts in paper or digital form are graphical represeotet of the Earth for
marine navigation purposes. The standard projecorautical charts is the Mercator
projection.

» Sailing directions or pilots are handbooks containing useful information fer th
navigator, which cannot be implemented in the maltharts.

= Variation is the angular difference between the great coolenecting the geographic
poles, called the true meridian, and the direatibtine lines of magnetic flux, called the
magnetic meridian. This variation has differentuesl at different Earth locations.
Information about the values of the variation fapecific Earth location can be extracted
from the nautical charts applicable for this locati

= Deviation is the magnetic compass card deflection righefirdf the magnetic meridian,
caused by the magnetic properties of the environmemhich the compass is installed
and the misalignment between the NS-axis of thepeam® card and the vessel’s
longitudinal axis.

= Magnetic compasss a device sensitive to Earth magnetism andes ssll today in form
of a dry card marine compass as heading referd@imceonvert the magnetic compass
reading to true heading corrections for deviatiod aariation must be applied.

» Flux gate compasss still a magnetic compass, but it has no moyiags and can
compensate himself for deviation and variation tlpueviding true heading as its output.

» Gyrocompassesre electromechanical gyroscopic devices provitling heading with
high accuracy. They have been further improvedbyiitroduction of inertial navigation
systems. However, as all gyroscopic devices arert#pg upon the continuous
availability of electrical power and are involviagdot of mechanical moving parts, they
are considered to be sensitive to failures andloarefore not eliminate the need to use a
magnetic compass as a back-up element.

» Ring laser gyrocompasseare high accuracy devices with no moving part®seh

devices do not operate on the gyroscopic princlpléjnstead relay on the principles of
the wave theory.

12



= A logisthe mariner's speedometer and its reading is é3sel’s speed through water in
knots.

= Prime Meridian is the meridian of Greenwich which is used to measongitude, both
east and west through 180°.

1120 The Earth

The Earth is an irregular oblate spheroid i.e.leespflattened at the poles. However, for most
navigational purposes no significant errors willilmeoduced assuming a spherical Earth. The
Earth’s axis of rotation is the line connecting ¢fegraphic north and south pole

A great circle is the line of intersection of a sphere and agllunough its centre and it is the
largest circle that can be drawn on a sphere. Mbgest line between two points on the
surface of the sphere is part of the great circle.

The termmeridian is applied to thepper branch of the half circle from pole to pole which
passes through a given point, whilst the oppositkis called thdower branch.

North geographic po

South geographic pol
Figure 1120 Great circle of equator and meridian

The parallel of latitude called thparallel is a circle on the surface of the Earth paratighe
plane of the equator. Said circle represents tbengéric location of all points of equal
latitude (ref. Figure 1120).

- The equator parallel is a great circle of 0° |atéu

- The poles are single points of 90° latitude.

- All other parallels are circles smaller than theaqr parallel.

13



1121 Earth coordinates

Any position on the Earth surface can be definethiyEarth coordinates namiaditude and
longitude.

Latitude (o) is the angular distance from the equator, measwetiward or southward
along a meridian from Q0° at the equator, to 9Ghatpoles, and is designated ndit or
south(S) to indicate the direction of measurement.

Thedifference of latitude (A@) between two places is the angular length of anydiae
between their parallels. Its value is the arithmdifference of the latitudes if the places
are on the same side of the equator, but the suhedétitudes, when situated on opposite
sides of the equator and can be design@ig¢ar (S) as appropriate.

Themid latitude (¢m) between two places on the same side of the eqisattoe
arithmetic mean value of the latitudes of the pdeaed is labelle¢N) or (S) to indicate
whether it is north or south of the equator. If pheéces are on opposite sides of the
equator, the mid latitude is half the differencenmen the two latitudes and takes the
name of the place furthest from the equator.

Thelongitude () is the angular distance between the prime meriaiahthe meridian of
a point on the Earth measured eastward or westofale prime meridian through 180°.
It is designated eaE) or west(W) to indicate the direction of measurement.

Thedifference of longitude AL) between two places is the angular length of tloetekt
parallel between their meridians. If both places@m the same side (east or west) of the
prime meridian, the difference of longitude is #rghmetic difference between both
longitudes. If on opposite side, the differencéoofyitude is the sum of the values unless
this sum exceeds 180°, then it is 360° minus tine Jine difference of longitude may be
designatedE) or (W) as appropriate.

The distance between two meridians at any paigtessed in nautical mil€Sm) is
calleddeparture (p) and represents the distance made good eastwaresoward Its
numerical value between any two meridians decreaghksncreasing latitude, whilst the
difference of longitude remains constant at anyudé. On the equator parallel the values
of the difference of longitude and the departurbpth are expressed in arc minutes, are
identical. With increasing latitude, decrease efdleparture can approximately be
computed by:

Py = A)l¢i [cosy, .

The departure may be designafedl or (W) as appropriate.

14



1122 Distance and speed on the Earth

Distance, as used by the navigator, is the lenigtheoRhumb lineconnecting two places.
This is a line making the same angle with all mand. Meridians and parallels which also
maintain constant true directions may be considspedial cases of the Rhumb line. Any
other Rhumb line spirals toward the pole, formirigxdromic curve or loxodrome (Ref.
Figure 1122). Distance along the great circle coting two points is customarily designated
great-circle distance. For most purposes, consigehe nautical mile the length of one
minute of latitude introduces no significant error

Figure 1122 A loxodrome

Speeds rate of motion, or distance per unit of timekiot (kn.), the unit of speed commonly
used in navigation, is a rate of one nautical pdehour. Speed over the gro8DG)is the
actual speed of the vessel over the surface dE#nth at any given time. To calculate speed
made goodSMG) between two positions, divide the distance betwkeriwo positions by
the time elapsed between the two positions.

1123 Direction on the Earth

Directionis the position of one point relative to anotheavigators express direction as the
angular difference in degrees from a referencectioe, usually north or the ship’s head.
Course(C, Cn)is the horizontal direction in which a vessel iteimded to be steered,
expressed as angular distance from north clockinieeigh 360°. Strictly used, the term
applies to direction through the water, not thecion intended to be made good over the
ground. The course is often designated as trueneti@g compass, or grid according to the
reference direction.

15



Track made goodTMG) is the single resultant direction from the pointleparture to point

of arrival at any given time. Course of advafC©®A) is the direction intended to be made

good over ground, and course over gro(@@G) is the direction between a vessel’s last fix

and an EP. A course ling a line drawn on a chart extending in the dimthf a course. It is

sometimes convenient to express a course as am @ogl either north or south, through 90°

or 180°. In this case it is the designated counggea(C) and should be properly labelled to

indicate the origir{prefix) and direction of measuremgstiffix). Thus,

= C N35°E =Cn 035° (000° + 35°),

= C NI155°W = Cn 205° (360° - 155°),

» C S47°E =Cn 133° (180° - 47°).

= But Cn 260° may be either C N100°W or C S80°W, dejp®y upon the conditions of the
problem.

Track (TR) is the intended horizontal direction of travel widspect to the Earth. The terms
intended track and track line are used to indittaepath of intended travel (Ref. Figure
1123). The track consists of one or a series ofselines, from the point of departure to the
destination, along which one intends to proceedreat circle which a vessel intends to
follow is called a great-circle track, though inssts of a series of straight lines
approximating a great circle. Headiftddg., SH)is the direction in which a vessel is pointed
at any given moment, expressed as angular distesmoe000° clockwise through 360°. It is
easy to confuse heading and course. Heading cdlysthanges as a vessel yaws back and
forth across the course due to sea, wind, andisteerror.

Unknown

Current Cﬁ

Point of Departure

Point of
Arrival

Figure 1123 Course line, track, track made good,reeading.

Bearing(B, Brg.) is the direction of one terrestrial point from dmet expressed as angular
distance from 000° (North) clockwise through 368Mhen measured through 90° or 180°
from either north or south, it is called bearinglen(B). Bearing and azimuth are sometimes
used interchangeably, but the latter more accyradéérs to the horizontal direction of a
point on the celestial sphere from a point on thdlE A relative bearing is measured relative
to the ship’s heading from 000° (dead ahead) closkwhrough 360°. However, it is
sometimes conveniently measured right or left f@00° at the ship’s head through 180°.

16



PART 1

(Fundamentals)

Chapter 2
(Charts / Chart projections)

1210 Nautical charts

A nautical chart is primarily intended for navigati It generally shows depths of water by
soundings and same times also by depth curvestaidsvigation, dangers, and the outline of
adjacent land and such land features useful todkeyator.

Chart making presents the problem of representiagtirface of a spheroid upon a plane
surface. The surface of a sphere or spheroid asteadeundevelopablebecause no part of it
can be flattened without distortion. A chart projec is a method of representing all or part
of the surface of a sphere or spheroid upon a @arface. The process is one of transferring
points of the surface of the sphere or the sphemoid a plane, or onto a developable surface
such as cylinder or cone.

Each projection has distinctive features which méakeeferable for certain uses, no one
projection being best for all conditions: Someha tesirable properties are:

= True shape of physical features.

= Correct angular relationshipGonformal or orthomorphic projectioh

» Equal area (representation of areas in their cotrezdative proportions).

= Constant scale values for measuring distances.
= Great circles represented as straight lines.
= Rhumb lines represented as straight lines.

It is possible to preserve any one and some tinge than one property in any one
projection, but it is impossible to preserve altlidm. For instance, a projection cannot be
conformal and equal area, nor can both great silahel Rhumb lines represented as strait
lines.

1211 Selecting a projection
For marine charts a conformal projection upon a@ia used the so calldercator
projection. For explanation of the development of the progecthe tangent cylinder can be

used. The Mercator projection is not perspectinathe parallels cannot be located by
geometrical projection, the spacing being derivedh@matically.

17



The distinguishing feature of the Mercator projestamong other projections is that both the
meridians and the parallels are expanded at the saitio with increased latitude. The
expansion is equal to the secant of the latitudld, avsmall correction for the ellipticity of the
Earth. Since the secant of 90° is infinity, thejpction can not include the poles. Expansion
is the same on all directions and angles are diyrgttown, the projection being conformal.

Rhumb lines appear as strait lines, the directadrvghich can be measured directly on the
chart. Distances can also be measured directfyractical accuracy, but not by a single
distance scale over the entire chart, unless tteadpf latitude is small. The latitude scale is
customary used for measuring distances, the expans$ithe scale being the same as that of
distances at the same latitude. Great circles pxueridians and the equator, appear as
curved lines concave to the equator.

Small areas appear in their correct shape butcoéased size unless they are near the equator.
Plotting of positions by latitude and longitudal@e by means of rectangular coordinates, as
on any cylinder projection.

1212 Plotting sheets

Plotting sheets are primarily designed for plottihg dead reckoning and lines of position
obtained from celestial observations or radio &dsavigation. They have the latitude and
longitude gratitude, but little or no additionafarmation.

Plotting sheets are less expensive to producedhars and are equally suitable or superior
for some purposes. They are used primarily whed, laisual aids to navigation and depth of
water are not important.

A Mercator plotting sheet for relative small sajjiarea can be produced by the navigator
with a good approximation, using the cosines afudée method, which approximates the
expansion. An example for a plotting sheet for tatdude of 40° N is showed in Figure 1212
below.

The distance between meridians can be graphicatbrohined as shown in Figure 1212, or
calculated by multiplying the distance represenfifi@f latitude on the vertical axis of the
sheet by the cosine of the mid latitude. In thexga below the distance between the
meridians is represented by the distance betweepdftallels reduced by the factor 0,766
which is nothing else than the cosine of the miitiude of 40°.

18
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PART 2

(Terrestrial navigation)

Chapter 1

(Instruments for piloting and dead reckoning)

2110 Magnetic compass

Directional information is of such importance teatection and installation of a suitable
compass should be made carefully, seeking suctagoédas may be needed.

After the compass has been selected and installeder adjustment and compensation are
important, and future care of the instrument showdbe neglected. It should be checked at
regular intervals, and any indication of malfunotrgy or deterioration, however slight,
should not be overlooked. Discoloration of the iébjar the presence of bubbles, indicate a
condition that should be immediately investigatad eorrected.

2111 Magnetic compass error

The following expressions of a direction shouldckesarly kept in mind:
= True and magnetic directions differ by treriation.

» Magnetic and compass directions differ by de®iation.

= True and compass directions differ by twenpass errot

If variation or deviation is easterly, the compesrl is rotated in a clockwise direction and
brings therefore smaller numbers opposite the Itibliee. Conversely, if the either error is
westerly, the rotation is counter clockwise andéamumbers are brought opposite the
lubber’s line.

Example: A vessel is on course 215° true in an area whweevariation is 7° W. The
deviation on this heading is 1,5° W. A lighthousars 306,5° by magnetic
compass. Required: 1) Magnetic heading. 2) Compaading. 3)
Compass error. 4) Magnetic bearing of the lightreus) True bearing of
the lighthouse. 6) Relative (Side) bearing of thethouse.

Answer: 1) 215°+7° =222°
2) 215°+7°+1,56° = 223,5°
3) 7°+1,5°=8,5°
4) 306,5°-1,5° = 305°
5) 306,5°-1,5°-7° = 298°
6) 298°-215° = 83°

21



2112 Compass deviation analysis

For the purpose of the analysis, easterly devias@onsidered positive, and westerly
deviation negative.

The values of the various coefficients are deteadhias follows:

A)
B)
C)
D)
E)
F)

G)

Mean deviation on all headings.

Mean deviation on headings 090° and 270°, with aig?70° reversed.

Mean deviation on headings 000° and 180°, with atgt80° reversed.

Mean deviation on intercardinal headings, with sigh135° and 315° reversed.
Mean deviation on cardinal headings, with sign@%t° and 270° reversed.
Mean deviation on headings 030°, 090°, 150°, 2200; and 330°, with signs at
090°, 210°, and 330° reversed.

Mean deviation on headings 000°, 060°, 120°, 18807 and 300°, with signs at
060°, 180°, and 300° reversed.

For a vessel on an even keel, the total deviatipior any compass heading (CH) is the
algebraic sum of the deviation due to each of itisé $even coefficients:

d=d,+d; +d. +d, +d. +d; +dg

d=A+Be¢sinCH +CecosCH +D¢sin2CH + E+ cos2CH + F ¢ sin3CH + G+ cos3CH

Example: A magnetic compass which has not been adjustethbdsllowing

deviations. Required: 1) The approximate valueaahecoefficient. 2)The
deviation of each coefficient acting alone andttital deviation of the
unadjusted compass.

Compass Deviation Compass Deviation
Heading heading
000° 1,5°W 180° 8°E
030° 35.5°E 210° 0,5°E
045° 34°E 225° 1,5°W
060° 33°E 240° 4,5°W
090° 31°E 270° 29°W
120° 23°E 300° 31°W
135° 13,5°E 315° 36°W
150° 11,5°E 330° 23°W
Answer: 1) The approximate value of each coeffiat is:
A= 15+355+34+33+31+23+135+115+8+ 05-15-45-29-31-36-23 —+3.97°
16 ’
B = 31+29 _ +30°
2
-15-8

C=

=-475

 34-135-15+36 _
4
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D

+13,75°



E =

F

-15-31+8+29 _

4

G

6

_ —15-33+23-8-45+31 _

6

=+113°
_355-31+115-05-29+23 _

+158°

+117°

2) The deviation on any compass heading (CH) of eacefticient
acting alone and the total deviation are calculatedthe table below:

CH| dA dB dC dD dE dF dG d
A=3,97] 30*sinCH | -4,75*cosCH  13,75*sin2CH = 1,13*c0os2CH: 1,58*sin3CH 1,17*cos3CH| : Total
0 4,0 0,0 -4,8 0,0 1,1 0,0 1,2 1
15 4,0 7,8 -4,6 6,9 1,0 1,1 0,8 16
30 4,0 15,0 -4,1 11,9 0,6 1,6 0,0 28
45 4,0 21,2 -3,4 13,8 0,0 1,1 -0,8 35
60 4,0 26,0 -2,4 11,9 -0,6 0,0 -1,2 37
75 4,0 29,0 -1,2 6,9 -1,0 -1,1 -0,8 35
90 4,0 30,0 0,0 0,0 -1,1 -1,6 0,0 31
105| 4,0 29,0 1,2 -6,9 -1,0 -1,1 0,8 26
120] 4,0 26,0 2,4 -11,9 -0,6 0,0 1,2 21
135] 4,0 21,2 3,4 -13,8 0,0 1,1 0,8 16
150| 4,0 15,0 4,1 -11,9 0,6 1,6 0,0 13
165| 4,0 7,8 4,6 -6,9 1,0 1,1 -0,8 10
180| 4,0 0,0 4,8 0,0 1,1 0,0 -1,2 8,
195] 4,0 -7,8 4,6 6,9 1,0 -1,1 -0,8 6,
210| 4,0 -15,0 4,1 11,9 0,6 -1,6 0,0 4,
225| 4,0 -21,2 3,4 13,8 0,0 -1,1 0,8 -0
240| 4,0 -26,0 2,4 11,9 -0,6 0,0 1,2 -7
255| 4,0 -29,0 1,2 6,9 -1,0 1,1 0,8 -15
270| 4,0 -30,0 0,0 0,0 -1,1 1,6 0,0 -25
285| 4,0 -29,0 -1,2 -6,9 -1,0 1,1 -0,8 -33
300 4,0 -26,0 -2,4 -11,9 -0,6 0,0 -1,2 -39
315 4,0 -21,2 -3,4 -13,8 0,0 -1,1 -0,8 -34
330 4,0 -15,0 -4,1 -11,9 0,6 -1,6 0,0 -24
345 4,0 -7,8 -4,6 -6,9 1,0 -1,1 0,8 -14

ORhrwomwmootRPPY T T TNwWNOOWNN©O© OO

Since the various coefficients are only approximdtg the method given above, the curve of
the total deviation found in this way should notdxpected to coincide exactly with the curve
drawn from values found by measurement on the vari®@adings.

An analysis of the results indicate the following:

The coefficient A indicates with 4° an abnormal atignment of the lubbers line of

the compass along the longitudinal axis of the eleskich should be corrected.
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Since deviation is east on headings 090° and weB00°, it is probable that the south

pole of the vessels permanent field is on the Ipow.

Since the deviation on heading 270° is nearly #mesas that on 090°, but of opposite
sign, adjustment on one of these headings shosidtii@ nearly correct adjustment on

the other.

The various components and the total deviatiorshosvn in graphical form in figure 2112.
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Figure 2112 Coefficients and total deviation ofusradjusted magnetic compass
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PART 2

(Terrestrial navigation)

Chapter 2
(Dead Reckoning)

2210 Dead reckoning form and plots

Dead reckoningDR) is the determination of position by advancing awn position for
courses and distances. It is reckoning to somestatgonary or “dead” in the water and
hence applies to courses and spelasigh the waterBecause of leeway due to wind,
inaccurate allowance for compass error, imperfesgrag, or error in measuring speed, the
actual motion through the water is seldom deterchimgh complete accuracy. In addition, if
the water itself is in motion, the course and spmest the bottom differ from those through
the water.

If the navigator possesses information regardirrgeot, wind, etc., he should use this
information, bearing in mind, that applying inforima of uncertain accuracy may introduce
additional error.

Although of less than the desired accuracy, deekbreng is the only method by which a
position can be determined at any time and theeafoght be considerdahsic navigation,

with all other methods only appendages to proviéams for correcting dead reckoning. Dead
reckoning not only provides means for continuogsitablishing an approximate position, but
also is of assistance in determining times of S@naind Sunset, the celestial bodies available
for observation, the predicted availability of éteaic aids to navigation, the suitability and
interpretation of soundings for checking positithe predicted times of making landfalls or
sighting lights, estimates of arrival times, aneévaluating the reliability and accuracy of
position determining information.

Because of the importance of accurate dead recgpainareful log is kept of all courses and
speeds, times of all changes, compass errors,@nectve factors applied for wind and
current. Navigators are advised to keep their deekioning by plotting directly on the chart
or plotting sheet, drawing lines to represent tinection Rhumb line) and distance of travel
and indicating dead reckoning positions from timérne.

In order to be able to maintain a clean and congreive dead reckoning plot, navigators are
advised to use a dead reckoning form as exhibitdéidure 2210a below. The dead reckoning
form must always be kept up to date and shall eorihinformation required to calculate the
vessel's true curse (RwK), like magnetic compasse(MgK), compass deviation at the
vessel's compass curse, and the variation appédahthe sailing area. If information is
available for wind leeway (Bw), and current driftoaset it should be used to calculate the
vessels curse over ground (COG) and speed oven@r@OG).
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Figure 2210a Dead reckoning form

Figure 2210b below exhibits a typical dead reckgrplot.
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Figure 2210b Typical dead reckoning plot
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Example:

Answer:

A sailing vessel is sailing with a south westerigd of 6 Bf through a
current having a set of 040° and a drift of 1,5 Khe vessel is on 175°
compass curse (MgK) and its speed through the WBtBV) is 6,5 Kn.
The estimated wind leeway is Bw=6°W. The compasatd® is 6°W
and the variation in the sailing area is 3,2°E. giged: Use the dead
reckoning form exhibited in figure 2210a, and therent triangle as
shown in figure 2540 to answer the following que®ti 1) Magnetic
heading (MwK). 2) True curse (RwK). 3) Curse thiotige water (KdW).
4) Speed over Ground (SOG). 5) Current leevayg) Curse over
ground (COG)

1) MwK = MgK + Deviation =175-6=169°

2) RwK = Mwk + Variation =169+3,2=172,2°
3) KdW = RwK + Bw =172,2-6=166,2°

4) set + (180°-KdW) +(180%) = 180°

¢ = 180 — (KAW — set) = 180 — (166, 2 — 40) = 53, 8°

SOG=/FdW? + drift 2 — 2 OFdW Cidrift Ocosg

SOG = \/6,52 +15%° -20650150c0s538° =5, 7 Kn

5) %: m ; p= arcsingsinm P = arcsing sin538°)
sing sing 0]€ ¥4

p=12,3° W

6) COG =KdW + B =166,2 -12,3 = 154°
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PART 2

(Terrestrial navigation)

Chapter 3
(The sailings)

2310 General

Dead reckoning involves the determination of oqeé&sent or future position by projecting
the ship’s course and distance run from a knowitipasA closely related problem is that of
finding the course and distance from one knowntoimnother known point. For short
distances, these problems are easily solved djrentcharts, but for long distances, a purely
mathematical solution is often a better methodleCtlely, these methods are called the
sailings.

2320 Rhumb line and great circles

The principal advantage of a Rhumb line is thataintains constant true direction. A ship
following the Rhumb line between two places doeschange true course. A Rhumb line
makes the same angle with all meridians it croagdsappears as a straight line on a
Mercator chart. For any other case, the differdreteveen the Rhumb line and the great circle
connecting two points increases (1) as the latitndeases, (2) as the difference of latitude
between the two points decreases, and (3) as fiieeettice of longitude increases.

On a Mercator chart a great circle appears aseacsirve extending equal distances each side
of the equator. The Rhumb line connecting any taiots of the great circle on the same side
of the equator is a chord of the curve. Along antgrisecting meridian the great circle crosses
at higher latitude than the Rhumb line. If the {@nts are on opposite sides of the equator,
the direction of curvature of the great circle tgkato the Rhumb line changes at the equator.
The Rhumb line and great circle may intersect ediotr, and if the points are equal distances
on each side of the equator, the intersection tplee® at the equator.

Since great circles other than a meridian or theatay are curved lines whose true direction
changes continually, the navigator does not atteémfaillow it exactly. Rather, he selects a
number of points along the great circle, constr&tamb lines between the points, and
follows these Rhumb lines from point to point.
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2330 Kinds of sailings

There are different kinds of sailings.

Great circle sailinginvolves the solution of courses, distances, andip@along a great
circle between two points.

Plane sailingsolves problems involving a single course and deadifference of

latitude, and departure, in which the Earth is rdgd as a plane surface. This method,
therefore, provides solution for latitude of thempef arrival, but not for the longitude.

To calculate the longitude, the spherical sailiagsnecessary. Do not use this method for
distances of more than a few hundred miles.

Parallel sailingis the Interco version of departure and differesiclongitude when a
vessel is proceeding due east or due west. Thisadé$ seldom used.

Traverse sailingcombines the plane sailing solutions when therdvemeor more courses
and determines the equivalent course and distaade igood by a vessel steaming along
a series of Rhumb lines.

Middle- (or mid-) latitude sailing uses the mean latitude for converting departure to
difference of longitude when the course is not éast or due west.

2340 Terms and definitions

In solutions of the sailings, the following quaiet# are used:

Latitude (). The latitude of the point of departure is desigda1; that of the
destinationgp2; middle (mid) or mean latitudem; latitude of the vertex of a great circle,
ov; and latitude of any point on a great cir@,

Mean latitude (pm). Half the arithmetical sum of the latitudes of tplaces on the same
side of the equator.

Difference of latitude Ag).

Longitude (A). The longitude of the point of departure is deatgd)l1; that of the point
of arrival or the destinatioi2; of the vertex of a great circley; and of any point on a
great circlejx.

Difference of longitude (AL).

Distance (D)

Courseor course angle (Cn or C)

Departure (p).
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2350 Great circle sailing

The intersection of a plane and the surface ohargpis a circle, a great circle if the plane
passes through the centre of the sphere. The argi&at circle on the surface of the Earth
passing through two geographic locations repredbntshortest sailing distance between said
locations.

Since a great circle is continuously changing diio&cas one proceeds along it, no attempt is
customarily made to follow it exactly, except inl&dRegions. Rather, a number of points are
selected along the great circle, and Rhumb linesalowed from point to point, taking
advantage of the fact that for short distancesatgircle and a Rhumb line almost coincide.
The number of points to be used is a matter olepeefce, but as general rule, each 5° of
longitude is a convenient length. Legs of equadikrare not provided in this way, but this is
not objectionable under normal conditions. If a metge compass is used, the variation for
the middle of the leg is used for the entire leg.

Land, ice, or severe weather may prevent the ugeeat circle sailing for some or all of
one’s route. It is therefore important to calculatel plot in the chart the position of the great
circle vertex, which provides information about thghest latitude of the intended route, and
to check for any hazards on both sides of the xeltéhe great circle route crosses a
navigation hazard, change the track. It may befsatiory to follow a great circle to the
vicinity of the hazard, one or more rhumb linesnglthe edge of the hazard, and another
great circle to the destination. Still anotheris tise of two great circles, one from the point
of departure to a point near the maximum latitudenmbstructed water and the second from
this point to the destination.

2351 Finding the Distance and the initial course

In Figure 2351 below, 1 is the point of depart@éhe destination, Pole the pole near 1,
1/X/VI2 the great circle through 1 and 2, V thetegr and X a point on the great circle.

= The arcs B and P are the colatitudes of the pdideparture (90 ¢1) and the point of
destination(©Q0—-¢ 2)respectively. If 1 and 2 are on opposite sidebefequator P is
Q0+ ¢2) .

= The length of arc Z is the great circle distandsvieen 1 and 2.

= The angle at 1 which in the celestial trianglehis azimuth (Az) of the body S, represents
on the Earth surface the initial great circle ceudrsm 1 to 2.

= The angle at the pole which in the celestial triang the local hour angle (LHA) of the
body S, represents on the Earth surface the diféeren longitude between the meridian
of the destination and that of the deparf\e= 12 - A1.
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Solving the spherical great circle triangle of Fg@351 below, as already demonstrated for
the celestial triangle (Ref. 8 3440 below), onesdké following equations:

Figure 2351 The navigational triangle and greatieisailing

Great circle distanceD = arccos(cogl* cosg2* cosAA +singl* sing2)

Initial course angleC = arctg smA./l —>Cnh = {C}
cosgl* tgg2—singl* cosAA

Rules for computation of D and C.
= Wheng land¢ 2are of contrary namg 8 treated as a negative quantity.

= When C is negative, the reference from which Crtstaounting has a name contrary to
the name of the latitude of departure.

= Cnis counting from its north or south referencéhiamount defined by C to an east or
west direction depending on the nameaif .

32



Example 1: Find the distance and the initial great circle cee from latitude 32°S,
longitude 116°E to latitude 30°S, longitude 31°E.

Answer: D=arccos[cos32*c0s30*cos(116-31)+sin32*sin30]=70,780=
4.247,5 Sm
sin(L16-31])
C = arctg = 66 ; Cn=S66W=246°

c0s32*tg30-sin32* cos(16-31)

Example 2: Find the distance and the initial great cirdeurse from latitude 38°N,
longitude 122°W to latitude 24°S, longitude 151°E.

Answer: D=arccos[c0os38*cos(-24)*cos[(360-(122+151)]+sin38rg-24)=
102,28°*60 = 6.137 Sm

sin[360—- (122+151)] - (=69 :

c0s38* tg(—24) —sin38* cos[360— (122+151)] ’
Cn=S69W=249°

C =arctg

2352 Finding the distance from the point of departte to the vertex

The vertex of a great circle track is the pointr@f maximum latitude of the route. Severe
weather, land or other expected navigation hazadsprevent the use of great circle sailing
for some or the entire route. It is therefore fautes following great circle tracks important to
know the vertex of the route in order be able tecghfor potential obstructions.

The latitude of the destination can be calculatédisg the following equation for the
spherical triangle of Figure 2321

cosP=cosB*cosZ+sinB*sinZ*cosAz
Using the definitions provided in 82351 above oatsy
(1) sing2 =singl* cosD + cosgl* sinD* cosC

With known latitude of departur@ Bnd initial course angle (C), one needs to detegmi
the value of the distance to the vertex (Dv) atoltthe latitude of the vertefgp 2
equation (1) above reaches its maxim@@@max=¢v . )

° ZII[r;¢2 = —sing1* sinDv + cosgl* cosDv* cosC =0
v

Distance of the point of departure to the verteRyv = arctg%
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2353 Finding the latitude of the vertex

The latitude of the vertexyv, is always numerically equal to or greater tharor ¢2. If the
initial course angle, C, is less than 90°, the @eaertex is toward¢2, but if C is greater 90°,
the nearer vertex is in the opposite direction. Iéiex nearepl, has the same namegs

Replacing sinD and cosD in equation (1) of §2352heytangents of the same angle D, one
gets the following expression:

tgD

1
\1+tg?D \1+tg’D

Substituting the distance D in the above equatipthb distance of the point of departure to
the vertex (Dv) determined in 82352 above, theudé of destinationg2) becomes the

latitude of the vertexgv ).

sing2 =singl* +cosgl* *cosC

singl+ cosgl* cosC* tgDv
J1+tg?Dv

Latitude of the vertex: ¢v =arcsin

2354 Finding the difference of longitude of the veex and the point of departure (AA)

At the vertex the initial course angle to the pahdestination is either 90° or 270°, which
means that the tangents of the initial course égualts defined in §2351 above becomes in
both cases infinitive. This is only possible if tkenominator of said equation becomes zero,
le. if:

cosgl* tgg2-singl* cosAA =0 respectively cosgv* tg@2 =singv* cos(l2—Av )

This equation provides a solution for the differemt longitude between the vertex and the
point of destination. Replacingd( ) dy (¢1) leads to the requested formula foad = A1-Av.

Difference of longitude of the vertex and the pahteparture: AA = arccostﬁ%
Example: Find the distance, the latitude and the longitofi¢he vertex of the great

circle track from latitude 38°N, 125°W when theialigreat circle course
angle is N69°W.

cos@60-69)

Answer: Dv = arctg
tg38

= 24,64°*60=1.478 Sm

A= arcsir‘Sin38+ c0s38* cos@60-69 *tg24,64
J1+tg?2464

=42,64°42° 384 N
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Av=A1+ arccosﬂ = 125° + 31,95° 457°W
tg4264 -

2355 Navigating along the great circle track

Having determined the initial great circle cou{€g, the distance to the destinati@), the
latitude and longitude of the great circle vertex / Av) and the distance from the point of
departure to the vertg®v), the navigator sails from the point of departuosng a Rhumb
line with the course C until it reaches, with refece to the longitude of departure, a
difference in longitude ohix = 5°.

Point X on Figure 2351 represents the end of tise Rhumb line leg. Its position is defined
by @x / A, and its distance from the point of departurBxs. Solving the spherical triangle
Dx/Px/B of Figure 2351 above as already demonstratethe celestial triangle (Ref. 83412
below) one gets the following equations.

cosDx = cosPx*cosB + sinPx*sinB*cAgx
cosDx = cos(90¢x)*cos(90¢1) + sin(90ex)*sin(90-p1)*cCOAAX

(1) cosDx = cogx*cos p1*CosAAX + sinex*sin ¢l

sinDx _ sinPx _ sin(90—¢x) _ cosgx
sinAAx  sinC sinC sinC

(2) sinDx = sinAAX DLS@(
sinC

cosPx = cosB*cosDx + sinB*sinDx*cosC
c0s(90 -px) = cos(90 l)*cosDx + sin(90 ¢1)*sinDx*cosC

(3) singx = sinDx*cospl*cosC + cosDx*sinpl

Substituting in equation (3) sinDx by equation &8 cosDx by equation (1) above, one gets
for the end of the first leg the following solutifor the latitude of this leg:

singll cosAAX + ctgCLsinAAx
cosgl

@x = arctg

The distance of the end of the first leg from thepof departure can be calculated in
accordance with the rules explained for the metitudte sailing in 82370 below.

Example: The captain of a vessel with an actual position\87125°W wishes to sail to
the position 25°S / 150°E, following a great cirtiack. Requiredl) the
distance and the great circle course. 2) the disgafnom the point of
departure to the vertex. 3) Latitude and longitad¢he vertex. 4) The latitude
of the end of the first leg and its distance frow point of departure. 5) Initial
course and distance of the great circle from the efthe first leg to the point
of destination.
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Answer: 1) D = [arcos(cogl*cosp2*cosdi + sinpl*sing2)]*60
D ={ arcos[cos37*cos(-25)*cos[360-(125+150)] + sia3sin(-25)]}*60

D =6.061 Sm
sinAA

cosglllitgg2 —singllcosAA
sin[360— (125+150)] — _669°
cos37tg(—25) —sin37 OcosB60- (125+150)] '
Cn =S66,9W = 247°

C =arctg

C = arctg

cosC _ C0S(-66,9)
=[arctg————]

tggl tg37

Dv =1.650 Sm

2) Dv = arctg *60= 2750371160

singl+ cosgll cosC [tgDv

\1+tg®Dv

_ . Sin37+cos37L cos(-66,9) [tg27,5037
@v = arcsin
J1+1g®27,5037
ov =42° 434N
AAv = arccos—tg¢1 = arccos—tg:37 =353193wW
tggv tg42,7237
Av=21+42=125+ 353193 =160° 192" W

3) ¢v=arcsin

=42,7237° N

Sing1l cosAAX + ctgCLsinAAx

4 X = arct
) ¢ g cosfL
#x = arctg sin37L cosb + ctg(—-66,9) Lsin5 = 35.1497° N
cos37
ox=35° 9'N

om = (pl + px)/2 = (37 + 35,1497)/2 = 36,0749° N
Dx = AAX [cps¢m L60 _ 5 [co§6,0749[ 60 =263.6
sinC sin66,9
Dx = 264 Sm

5) Dx2 = {arcos[c0s35,1497*cos(-25)*cos[360-(120+150)]
+ sin35,1497*sin(-25)]}*60

Dx2 =5.795 Sm

sin[360- (120+150)]
c0s351497[0tg(-25) —sin3514970cosB60- (120+150)]
=-63,9796

Cx2 =arctg

Cnx2 = S64W = 244°
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2360 Traverse sailing

A traverses a series of courses or a track consisting afraber of course lines, such as
might result from a sailing vessel beating intowied. Traverse sailing is the finding of a
single equivalent course and distance.

Example:

Solution:

Answer:

A ship steams as follows: course 15@istancel5.5 Sm; course 235
distance 33.7 Sm; course 25@istance 16.1 Sm; course 29distance
39.0 Sm; course 189distance 40.4 Sm. Requirdequivalent single (1)
course (2) distance.

Solve each leg as a plane sailing to obtain thizihce in latitude and the
departure, label the difference in latitude and tieparture values N, S, W,
or E as appropriate and tabulate the results atfos:

Course Distance Difference in latitude Departure
[C] [D] [N] [S] [E] [W]
[°] [Sm] [Sm] [Sm] [Sm] [Sm]
158 15,5 14,4 5,8
135 33,7 23,8 23,8
259 16,1 3,1 15,8
293 39,0 15,2 35,9
169 40,4 39,7 7,7
Subtotals 15,2 81,0 37,3 51,7
Correction -15,2 -37,3
Totals 65,8 14,4

Thus, the latitude difference $65,8 Smand the departure
isW 14,4 SmConvert this to a course and distance using tnendilas
exhibited below.

e

V\Iw

65,8

v

S

(1) C=S W =S *arctg(14,4/65,8) W = 192,3

(2) D=.658+144%> =67,4 Sm.
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2370 Mean latitude sailing

Mean latitude sailing combines plane sailing anglpe sailing. Plane sailing is used to find
difference of latitude and departure when courskdastance are known, or vice versa.
Parallel sailing is used to interconvert departuné difference of longitude.

The mean latitudep(m) is half the arithmetical sum of the latitudeswb places on the same
side of the equator. It is labelled N or S to iradécits position north or south of the equator. If
a course line crosses the equator, solve eachecbessegment separately.

Example 1: A vessel steams 1.253 Sm on coursé fiét lat. 1517,0’ N, long.
151°37,0" E. Required:Latitude and longitude of the point of arrival.

N
A
@212
A
D
$m Ag
C

- v

T E

< p >
g1/ 11
Answer: The difference in latitude can be calculated dlo¥es:
Ap = D[sin(90°-C) _ 1.253[Csin(90° - 70) =07° 86N

6C 60

The latitude of arrival is thereforgp2 = g1+ Ag
p2=22° 25,6° N

The departurdp) can be calculated as follows:
p=D* cos(90° - C) = 1.253*c0s(90° - 70) = 1.177,&,S

Withgm =91 + 4¢/2 = 15,2883° +7,1433°/2 = 18,86°
The difference in longitude can be calculated #s\is:

= b LIS 00 443 E
600cospm 600cosl886°

The longitude of arrival is thereforé2 = 11 + 44
2=172° 21,3 E
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Example 2: A vessel at latitude 08° 48,9°S, longitude 089318, is to proceed to
latitude 17° 06,9°S, longitude 104° 51,6 WRequired:Course and
distance.

A

W< ol/Al
270°-

Answer: The difference in latitude igtp=p2—¢1=17,115°-8,815° = 8,3= 498 Sm

With pm = ¢1 + A@/2 = 8,815° + 8,3°/2 = 12,965and the difference in
longitude 44=12 -/1=104,86° - 89,8883° = 14,9717°, the departure is:

p=441*60*cospm = 14,9717 * 60 * cos12,965 = 875,4 Sm.

The distance to the destination can be calculatetbbows:

D = Ap? + p? =498 +8754% =+/248004+ 766325

D =1.007,1 Sm
The course to the destination can be calculatefbl@wvs:
C = 270° - arctglo/p) = 270 — arctg(498/875,4) = 270 — arctg(0,5689)

C =240,4°
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PART 2

(Terrestrial navigation)

Chapter 4
(Piloting)

2410 General

On the high seas, where there is no immediate dariggounding, navigation is a
comparatively leisurely process. Courses and spgedsiaintained over relatively long
periods, and fixes are obtained at convenientvater Errors in position can usually be
detected and corrected before danger threatens.

In the vicinity of shoal water where frequent chesgf course and speed are common the
situation is different. Frequent or continuous posal information is usually essential to the
safety of the vessel. No other form of navigatiequires the continuous alertness needed in
piloting. At no other time navigational experieraoed judgment is so valuable. The ability to
work rapidly and to correctly interpret all availalinformation, always keeping “ahead of the
vessel,” may mean the difference between safetydeadter.

2420 Lines of position

A line of position(LOP) is one on some point of which the vessel may ksymed to be
located, as a result of observation or measurerttanay be highly reliable, or of
guestionable accuracy. Lines of position are odgvalue, but one should always keep in
mind that they can be in error because of impdadestin instruments used to obtain them
and human limitations in those who use the instntraad utilize the results. The extent to
which one can have confidence in various linesositpon is a matter of judgement acquired
from experience.

A line of position might be a straight line (aclya part of a great circle), an arc of a circle,
or part of some other curve. An appropriate labeltd be placed on the plot of a line of
position at the time it is drawn, to avoid possibteor or confusion. A label should include all
information essential for identification, but no radhan that.

2430  Types of fixes
While the intersection of two LOP’s constitutesxathe prudent navigator will always use at

least three LOP’s if they are available, so tha¢mar is apparent if they don’t meet in a
point. Some of the most commonly used methods @ining LOP’s are discussed below:
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* Fix by Bearings: The navigator can take and plot bearings from tmmore charted
objects. This is the most common and often the modtrate way to fix a vessel’s
position. Bearings may be taken directly to chadbjgcts, or tangents of points of land
(Ref. Figure 2430a). The intersection of theseslioenstitutes a fix. A position taken by
bearings to buoys should not be considered a ikab estimated position (EP), because
buoys swing about their watch circle and may beocbybsition.

Figure 2430a A fix by two bearing lines

» Fix by Ranges:The navigator can plot a fix consisting of the isgztion of two or more
range arcs from charted objects. He can obtairesaby radar measurements (Ref. Figure
2430b) or by sextant vertical angles (Ref §2453).

1350

i

Figure 2430b A fix by two radar ranges
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Fix by Bearing and Range:This is a hybrid fix of LOP’s from a bearing anchge to a
single object. The radar is the only instrument tam give simultaneous range and
bearing information to the same object. Therefai#) the radar, the navigator can obtain
an instantaneous fix from only one NAVAID. This guae fix is shown in Figure 2430c.
This makes the radar an extremely useful toolHergiloting team. The radar’s
characteristics make it much more accurate detémmnange than determining bearing;
therefore, two radar ranges are preferable to @ nahge and bearing. Alternatively if
the height of the object is known, the distancth&object can be measured by a sextant
vertical angle, and the bearing take by a bearamgpass.

Figure 2430c A fix by range and bearing of a siraigct

Fix by Range Line and DistanceWhen the vessel comes in line with a range, piet th
bearing to the range and cross this LOP with adcs from another NAVAID. Figure

2430d shows this fix.

1527

Figure 2430d A fix by the bearing of a range linel éhe distance of an other object.
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2440  The running fix

When only one NAVAID is available from which to alm bearings, use a technique known

as the running fix.

» Plot a bearing to a NAVAID (LOP 1).

» Plot a second bearing to a NAVAID (either the s@#&/AID or a different one) at a
later time (LOP 2).

= Advance LOP 1 to the time when LOP 2 was taken.

The intersection of LOP 2 and the advanced LOPnktatate the running fix.

2441  Advancing a line of position

When advancing a line of position, account for seurhanges, speed changes, and set and
drift between the two bearing lines. Three methaftsdvancing an LOP are discussed below:

= Method 1: Ref. Figure 2441a. To advance the 19 24 LOP ta@29first apply the best
estimate of set and drift to the 19 42 DR posiaiod label the resulting position point B.
Then, measure the distance between the dead regkposition at 19 24 (point A) and
point B. Advance the LOP a distance equal to tseadce between points A and B. Note
that LOP A'B' is in the same direction as line ABbel the advanced line of position with
both the time of observation and the time to whiahline is adjusted.

et T

SET AND DRIFT

Figure 2441a Advancing a line of position withrege in
course and speed, allowing for set arfd dr
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Method 2: Ref. Figure 2441b. Advance the NAVAIDS positiontbe chart for the
course and distance travelled by the vessel and it line of position from the
NAVAIDS advanced position. This is the most satisday method for advancing a circle
of position. Label the advanced line of positionhAboth the time of observation and the
time to which the line is adjusted.

Figure 2441b Advancing a circle of position

Method 3: Ref. Figure 2441c. To advance the 1505 LOP to 12T draw a correction
line from the 1505 DR position to the 1505 LOP. Nexply a set and drift correction to
the 1527 DR position. This results in a 1527 egiahgosition (EP). Then, draw from the
1527 EP a correction line of the same length arettion as the one drawn from the 1505
DR to the 1505 LOP. Finally, parallel the 1505 loggto the end of the correction line as
shown. Label the advanced line of position withhathie time of observation and the time
to which the line is adjusted.

Figure 2441c Advancing a line of position by its
relation to the dead reckoning.
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2442 Types of running fixes

In the examples below various procedures for obtgifix positions using running fixes are
demonstrated.

= A running fix by two bearings on the same object.
Figure 2442a illustrates the case of obtainingnaing fix with no change in course or
speed between taking two bearings on the same NBVAI

\ 0405

Figure 2442a A running fix by two bearings on thene object

» Fix by distance of an object by two bearings
In a vessel on true course 050° (Ref. Figure 24##bhavigator takes at A a bearing of
the lighthouse D (11 30 LOP). At B he takes a sddwraring of the lighthouse D (11 40
LOP) and notes the distance over ground AB madd gowe the 11 30 observation.

Figure 2442b Fidoy distance of an object by two bearings

Using the sinus law explained in 85120 below thageior can calculate the distance of
the vessel from the lighthouse DB and get a fik1a#0 as follows:
_singl
sin(@2 - ¢1)
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From the above equation it is obvious that if tbesel proceeds until the bow beaririy
becomes twice the size @fl, the distance to the lighthouse at 11 40 eghalslistance
over ground the vessel made good since 11 30.tAduspecific solution of this type of
running fix is obtained if the first observationnede e.g. at 11 40 whe2=45° and the
second at 11 55 when bow bearing of the lighthaai9€°. In this particular case BC=DC.

Fix with changes in a vessel’s course and speedWetn taking two bearings on two
different objects.

Figure 2442c illustrates this procedure using kiwel tmethod of advancing a line of
position.

S mMON

68
GGE D

Q
CUP

122

Figure 2442c Fix with changes in a vessel’'s coargkspeed between
taking two bearings on two differebjects.
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» Fix obtained by advancing range circles of position
Figure 2442d illustrates a running fix obtaineddolyancing range circles of position
using the second method discussed above.

0758 R FIX

C 090

> Y S3e 6“’% N

Q

Figure 2442d Fix obtained by advancing range arofeposition

2450 Use of sextant in piloting

The marine sextant provides the most accurate nggareyally available to the mariner for
fixing his position in confined waters. The big adtage of the sextant is that it can be used
in situations where other methods or tools, inelgdyyro compasses or electronics, are
inadequate.

2451 Three point problem

Normally, three charted objects are selected fasueng horizontal sextant angles to
determine the observer’s position, one of the dbjbeing common to each angular
measurement. With nearly simultaneous measureréttie horizontal angles between each
pair of charted objects, the observer establishesircles of position. For each pair of
objects there is only one circle which passes tjindbhe two objects and the observer’s
position. Thus there are two circles intersectingva points as shown in Figure 2451. Since
the navigator knows that he is not at the intersedt object 2, the vessels position must be
at P.

In plotting the three point fix a procedure is negdo find the centre of each circle of
position, some times callexrcle of equal angleand then, about such centre, to strike a arc
of radius equal to the distance on the chart frieencircle centre to one of the two objects
through which the circle passes. The same procesagplied to the other pair of objects to
establish a fix at the intersection of the two arcs

The centre of each circle of equal angle lies enpérpendicular bisector of the base line of

each pair of objects, whilst its length can be waled by the formulas described in Figure
2451 below.

48



Circle of equal angle

Position

b =a/tg¢e
¢ = Sextant observation of objects 1 and 2 d=c/tgd

d = Sextant observation of objects 2 and 3

Figure 2451 Solving the three point problem

2452 Horizontal danger angles

A vessel proceeding along a cost may be in safernveatlong as it remains a minimum
distance off the beach. One method of avoidingqadér dangers is the use @dnger angle
as shown in Figure 2452.

A vessel is proceeding along a cost on the indicateirse line, and the captain wishes to
pass at a safe distance between the dangers A.dfrBinent landmarks are available at C
and D.

A circle is drawn through C and D and tangent todhter edge of the inshore danger A. If Y
is a point on this circle, ang@YD is the same as at any other point on the circlee@ that
part between C and D). Anywhere within the cirtle angle idarger and anywhere outside
the circle it issmaller. Therefore, any angle smaller than CYD indicateafa position and
any angle larger than CYD indicates a possible damgngle CYD is therefore maximum
horizontal danger angle.

To keep clear from the offshore danger B a cirgldrawn trough C and D and tangent to the
inner edge of the danger. If X is a point on thisle, angleCXD is the same as at any other
point on the circle (except that part between CRpdAnywhere within the circle the angle is
larger and anywhere outside the circle ismaller. Therefore, any angle larger than CXD
indicates a safe position and any angle smaller @%D indicates possible danger. Angle
CXD is therefore aninimum horizontal danger angle.

If the vessel is to pass between danger A andeBhdhizontal angle between C and D should
be kept larger than CYD but smaller than CXD. Theimum danger angle is effective only
while the vessel is inside the larger circle tro@hand D. Bearings on either landmark might
be used to indicate the entering and leaving ofdtger circle.
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Figure 2452 Horizontal danger angle

2453 Distance by vertical angle
In case an object like a lighthouse is as a h@aradlisible from its basis on the sea up to its

top, and reliable information reflecting its heightwvailable, a bearing of the lighthouse
provides d_ine Of Position, and its distance to the vessel drawn erL.thP provides the fix.

|

h

Figure 2453 Fix by sextant vertical angle

The distance AB can be calculated as follows:
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PART 2

(Terrestrial navigation)

Chapter 5

(Tide and current predictions)

2510 Tidal effects

As a general rule, the change in height or theecirspeed is at first very slow, increasing to
a maximum about midway between the two extremesbtzan decreasing again.

At high and low water the depth of water is momehtaonstant, a condition callestand
Similarly there is a moment gfack wateras a tidal current reverses its direction. If {@dt
against time the height of the tide or the speetti@tidal current takes the general form of a
cosine square curve.

Theheight of tideshould not be confused witlepth of water At any time the actual depth is
the charted depth plus the height of tide. In nptestes the reference level is some form of
low water. But all low waters at a place are netsame height, and the selected reference
level is seldom the lowest tide that occurs afalaee. When lower tides occur, these are
indicated by a negative sign. It is therefore w@llemember thahe actual depth can be less
than the charted depth

2520 Tide predictions

Tables with predictions for tides and currentse¢aekpected at variousference and
subordinate stationsre published annually by the national authoritiesthermore the

tables include information about the Moon phaseketime of interest enabling the user to
decide whether there is spring or neap tide ataiip station. An example of such a table for
the calendar year 1977 is given in Fig. 2520a below

For thereference stationshe time and height of each high and low watermaren in
chronological order as well as the delay of ocawreeof the spring tide at the reference
station. Since two high tides and two low tidesurazach tidal day, the type of tide at that
place is semidiurnal. The tidal day being longantkhe civil day (because of the revolution
of the Moon eastward around the Earth), any giigmdccurs later from day to day. Because
of later times of corresponding tides from day &y,ccertain days have only one high water
or only one low water.
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For eaclsubordinate statiorthe following information is given:

* The stations are listed in geographical order ameingconsecutive numbers. At the
end of the volume an alphabetical listing is givemg for each entry a consecutive
number is shown, to assist in finding the entrthia table.

» The list of places includes both subordinate afeleace stations.
» The approximate latitude and longitude are giveasgist in locating the station.

e The time difference in hours and minutes to beiaddb the time at the reference
station to find the time of the corresponding tide¢he subordinate station.

» The height differences to be applied to the heightbe reference station to find the
height of the corresponding tide at the subordistagon. The differences in heights
are given for high and low water at spring tided dravailable for high and low water
at neap tides too. In case all four values arergilie tables provide additional
information about the applicable Moon phase anditiay of the appearance of the
spring tide at the reference station. With thisgeimentary information the user can
decide whether there spring, or neap tideat the subordinate station and use the
appropriate correction value. If the supplemeniafgrmation points to anean tide
the arithmetical mean of the spring and neap vadhe$i be used.

New Moon First Quarter Full Moon Last Quarter
d h m d h m d h m d h m
Jan. 05 12 10

Jan. 19 14 11 Jan. 27 05 11 Feb. 04 03 56 Jan. 12 19 55
Feb. 18 03 37 Feb. 26 02 50 Mar. 05 17 13 Feb. 11 04 07
Mar. 19 18 33 Mar. 27 22 27 Apr. 04 04 09 Mar. 12 11 35
Apr. 18 10 35 Apr. 26 14 42 May 03 13 03 Apr. 10 19 15
May 18 02 51 May 26 03 20 June 01 20 31 May 10 04 08
June 16 18 23 June 24 12 44 July 01 03 24 June 08 15 07
July 16 08 37 July 23 19 38 July 30 10 52 July 08 04 39
Aug. 14 21 31 Aug. 22 01 04 Aug. 28 20 10 Aug. 06 20 40
Sept. 13 09 23 Sept. 20 06 18 Sept. 27 08 17 Sept. 05 14 33
Oct. 12 20 31 Oct. 19 12 46 Oct. 26 23 35 Oct. 05 09 21
Nov. 11 07 09 Nov. 17 21 52 Nov. 25 17 31 Nov. 04 03 58
Dec. 10 17 33 Dec. 17 10 37 Dec. 25 12 49 Dec. 03 21 16

Figure 2520a Moon phases for the calendar year @& in UTC)
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Spring / mid and neap tides are following each oéiseshown in Fig. 2520b below.
0 DOY® 2 Days
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Figure 2520b Influence of the Moon phases onitlest

2530 Tide calculations

Applying the cosine square law the following eqoasi can be used to solve tidal problems:

* Tide height against low water: (1) AH =Tse cos"(lSJc * 90)

* Time difference to high water: (2) U= Sd, arccog/ﬁ
90 Ts

* Depth of water: (3) Wit=Kt + Hgz AH
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Figure 2530 Cosine square behaviour of tide rigkfalh

The indices used above are:
* Kt = Charted depth
* Hgz = Difference of low water against Charted dgftimay be negative too)
* Ts =Tide Range (difference between high and loterya
* Sd = Time difference between high and low water

Example 1:

Answer:

The captain of a vessel drawing 7 m wishes to passa temporary
obstruction near station S subordinate to the refee station R, having a
charted depth of 6,5 m, passage to be made dunmgiorning of Day D.
Required: The earliest and the latest time afte008hat the passge can
be made, allowing a safety margin of 1 m.

For the day D the tidal tables for the referestation R provides the
following information:

LW -0,9m at 04 59

HW +3,4m at 11 20

The time and height differences against the refegestation R given in the
tidal tables for the subordinate station S are:

LW +0,2 m / +23 Minutes

HW -0,5m / +24 Minutes

The tidal data for the subordinate station S dreréfore as follows:
LW (-0,9+0,2)=-0,7m at (04 59 + 00 23)=05 22
HW (3,4-0,5=29m at (11 20 + 00 24)=11 44

Tide range Ts=0,7 + 2,9=3,6 m

Tide duration Sd=11 44 — 05 22=6,3667 Hours

Formula (3) above provides the depth of water edday the vessel:
Wt = Kt + Hgz +4H

Wt = Draft of the vessel plus safety margin = 78lm
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Example 2:

Answer:

Kt = Charted depth of the obstruction = 6,5 m

Hgz = LW Height against the charted depth of thetniction = -0,7 m

AH = Required height of the tide against LW at tineet of passage.
DH=Wt-Kt-Hgz=8-65+0,7=22m

The time difference U against HW in order to redolrequireddH can

be calculated with the formula (2) above as follows

U= Sd. arcco ﬂ = 6’36670 arcco 2 =2,7292oures
90 \ Ts 90 36

Passage is therefore possible 02 hours and 44 M&Btior and after the
first HW of the Day D, i.e. between 09 00 and 13 28

The captain of a vessel drawing 3,2 m wishes thianin front of Harwich
harbour March the 1% 1977. Which depth should be measured at 10 35
UTC+1 in order to make sure that at the next LWeheill be a residual
safety depth under the vessels keel of 1,0 m?

From Fig. 2520a above the following information denextracted:
12.03.1977 at 11 35 UTC the Moon is at its lagtrtgr. This means that up to
11 35 UTC of March the 141977 it is neap tide at the reference station of
Harwich which is Immingham.

From the tidal tables for Harwich it is evident ttihe time difference for HW
against the reference station Immingham is + 06hd&l for LW is +05h 44"
and that the tidal height difference at neap tiodeHW is —2,4 m and for LW is
—1,5 m. Due to the fact the captain wishes to anah@0 35 UTC+1, i.e.

prior tol2 35 UTC+1 only the first HW and the fitstV from Immingham are
from interest.

T'HW f'Lw
Immingham 59mat0131UTC+1 25mat07 43 €TC
Differences of the -2,4m/+06 06 -1,5+05 44
subordinate station

T'THW f'Lw
Harwich 3,5mat07 37 UTC+1 1,0mat1327 UTC+1

The water depth at LW should not be less thanéhsels draft (3,2 m) plus the
safety margin of 1,0 m, i.e. 4,2 m. The fall oftide in Harwich is Tf = 3,5-
1,0= 2,5 m, whilst its duration is 13h 27°- 07h315h 50" i.e. Fd =5.833 h
The difference between HW and the time the vesaeakhoring is:

10h 35" - 07h 37" =02h 58" i.e. U = 2,967 h.
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Ist HW

TE=25m

[—U=2,967

4———Fd=5,833
Kt+Hgz=4,2m

|

Example 3:

Answer:

The depth to be measured at 09h 35"UTC+1 is thezefo
Wt =4,2+AH =4,2+Tf . c0s?(90.U/Fd) = 4,2+2,5.c0s2(90.2,96,883) = 5.4
m.

A vessel drawing 2,3 m wishes to enter Cranz imtbening of February the
18" 1973 and maintain a safety depth under its ke@l®im. When is the
latest time of arrival if the charted depth at Crais Kt = 1,9 m. When is the
earliest time in the afternoon to enter Cranz, dtidbe vessel arrive to late to
enter in the morning?

From the Moon phases table applicable for the yiE®#3 the following
information can be extracted:

17.02.73 at 10 07 UTC is full Moon and therefore $hart of the spring tide.
The tidal tables for the year 1973 indicate tha #ipring delay for Hamburg
which is the reference station for Cranz amount3 tlays and 4 hours.

Full Moon 17.02.73 10 07 UTC
Spring delay in Hamburg 3 days 4 hours
Spring time at the reference station: 20.02.73 ®b 07 UTC+1

It is therefore evident that at the subordinatdistaFebruary the 181973 is
mid tide period prior to 15 07 UTC+1, and springdiperiod beyond 15 07
UTC+1.
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From the tidal tables for the year 1973 the follogrinformation can be
extracted for February the 18th:

LW fHW 29 Lw 2 Hw
Hamburg 00 48/0,0 m 0542/2,7m 2838,0 m 18 13/2,5m
Differences -00 32/0,06 m -0027/-0,1m -5 m -0027/-0,1 m
Cranz 00 16/0,05 m 05 15/2,6 2 53/0,05 m 17 46/2,4

1st HW
2nd HW

Tf

Fd :I; Sd

u2 Ts

Tf=2,6-0,05=2,55m Ts=2,4-0,0532m
Fd=1253-0515=0738=7,63h Sd=17-4853=0453=4,88h
Wt = Vessels draft + safety margin = 2,3 + 0,5 82n
AH=Wt-Hgz-Kt=28-0,05-19=0,85m

AH = Tf*cos?2(U1*90/Fd) = Ts*cos?(U2*90/Sd)

Ul= F—d (larccos ﬁ = 464h = 04h 38
90 Tf

uz= gj Darccog/ﬁ =2875 =02h 53
90 Ts

Arrival not later than: 1 HW + U1 =05 15 + 04 38 =09 53 UTC + 1
and not earlier than: 2HW -U2 =17 46-0253=1453 UTC + 1

2540 Current sailing

The true course of a vessel is identical to its s@wver ground provided its behaviour is not
influenced by wind or current. In presence of aeuntrthe vessel's course through the water
(KdW), which is its compass course corrected for demiatind variation, needs an additional
current correctiorif) to determine the vessel's course over grol@@G) and its speed over
ground(SOG). The value of said correction is depending uporvédssel’s speed through the
water(FdW), its KdW, the speed of the currdf) and its directior{d).
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The figure 2540 below exhibits a so called curteangle, illustrating a typical situation of a
vessel's behaviour in presence of current.

The anglep of the current triangle can be determined fromréiationshipsx=180 - Kdw and
o+ 0+ 180 -$=180, respectively 180 — KdW &+ 180 -¢$p=180.

(1) #=180- (Kdw - 9)

The speed over ground of the vessel can be cadcubgt the cosines law equation exhibited
in §5320 i.e.SOG = FAW? + S? - 2OFdW OS Ocosy

(2  SOG=.FdW? +S? - 2 0FdW OS Ocosg

The course over ground of the vessel is determayedOG = KdW — S whilst 3 can be

calculated by the sinus law equation exhibited582 too, i.e.—SOG: S

sing sing

@)  COG=Kdw- arcsinsé%

v
m

Current

COG

Kdw

Figure 2540 Current triangle
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Example: The captain of a vessel experiencing a currert witlrift of 2,1 Kn and
setting towards 35°, wish to maintain a course agyeund of 147°. The
magnetic variation of the sailing area of the vé$s8,9° E and the deviation
of its magnetic compass at compass headings betiaf¥ and 180° is nearly
constant (-6,5°). Required: The compass coursetstéered if the maximum
speed of the vessel through the water is 6,5 Kn.

Answer: The following information can be extracted frima Figure 2540 above:
a+[+COG =180° ; a+f+y+90 =180°

y=COG —9=112°

From the cosines law the vessel's speed over groande calculated as
follows:

FdW? = SOG + S* -2[0SOGOSOcosy respectively
SOG +(-20SOcosy) ISOG+ (S? - Fdw?)=0

A solution of this second order equation is give8%320 as follows:

20SOcosy + \/(—2 OSOcosy)? —40(S? - FdW?)

SOG, =
G, -

SOG =5,4Kn

The current correctiof can be calculated from the cosines law again as
follows:

S? =SOG + FdW? - 2[0SOGOFdW [cosf

5= arccoSOC +FAW? - 8°
~ 20SOCOFdW

=17.4°

The compass course to be steered in order to maitia required course
over ground is therefore:

CH = COG +£— Magnetic Variation — Compass Deviation = 167°
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PART 3

(Celestial navigation)

Chapter 1

(Navigational astronomy)

3110 Definitions

= Astronomy predicts the future positions and motions of dedebodies and seeks to
understand and explain their physical propertieszifjational astronomy, dealing
principally with celestial coordinates, time, ahe apparent motions of celestial bodies, is
the branch of astronomy most important to the reteig

» The celestial spheras the inner surface of a vast, Earth centredrgpbe which the
celestial bodies are located. This model is usg#fide we are only interested in the
relative positions and motions of celestial bodirghis imaginary surface. Understanding
the concept of the celestial sphere is most importéien discussing sight reduction in
chapter 4 of part 3.

= Celestial bodies are in constant motionThere is no fixed position in space from which
one can observe absolute motion. Since all mosigelative, the position of the observer
must be noted when discussing planetary motiormEh® Earth we see apparent motions
of celestial bodies on the celestial sphere. IrsiTing how planets follow their orbits
around the Sun, we assume a hypothetical obsetrgen®e distant point in space. When
discussing the rising or setting of a body on aldworizon, we must locate the observer at
a particular point on the Earth because the se8ingfor one observer may be the rising
Sun for another.

= Consider the celestial sphere as having an infraiéusbecause distances between
celestial bodies are remarkably vast. Becauseeo$iite ofcelestial distancesit is
inconvenient to measure them in common units sa¢hemile or kilometre. A
commonly-used unit is the light-year, the distaligiet travels in one year. The nearest
stars, Alpha Centauri and its neighbour Proxime 4aB light-years away. Relatively few
stars are less than 100 light-years away. The segataxies, the Clouds of Magellan, are
150.000 to 200.000 light years away. The most digialaxies observed by astronomers
are several billion light years away.

= The Sun, the most conspicuous celestial objedtarsky, is the central body of the solar

system. Associated with it are at least nine ppalgplanets (ncluding Pluto)and
thousands of asteroids, comets, and meteors. Slametp like Earth have satellites.
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=  We mustdistinguish between two principalotions of celestial bodiesn the Solar
SystemRotation is a spinning motion about an axis within the baosllgereasevolution
is the motion of a body in its orbit around anotbedy.

= The hierarchies of motions in the universe are edy theforce of gravity. As a result
of gravity, bodies attract each other in proportiotheir masses and to the inverse square
of the distances between them. This force causegléimets to go around the Sun in
nearly circular, elliptical orbits . In each planet’s orbit, the point nearest the iISuralled
theperihelion. The point farthest from the Sun is called dpdelion. The line joining
perihelion and aphelion is called tlee of apsides In the orbit of the Moon, the point
nearest the Earth is called fherigee and that point farthest from the Earth is catlesl
apogee Figure 3110 shows the orbit of the Earth (witaggerated eccentricity), and the
orbit of the Moon around the Earth

Figure 3110 The orbit of the Earth

3120 The Earth

In common with other planets, the Eartitates on its axis andevolvesin its orbit around
the Sun. These motions are the principal sourtkeoflaily apparent motions of other
celestial bodies. The Earth’s rotation also caasasflection of water and air currents to the
right in the Northern Hemisphere and to the lefthe@ Southern Hemisphere.

For most navigational purposes, the Earth can bsidered a sphere. However, like the other
planets, the Earth is approximatelyaiate spheroid or ellipsoid of revolution, flattened at
the poles and bulged at the equator (Ref. Figue®BTherefore, the polar diameter is less
than the equatorial diameter, and the meridianslayktly elliptical, rather than circular.

The dimensions of the Earth are recomputed frore tiotime, as additional and more precise
measurements become available. Since the Eartt esxactly an ellipsoid, results differ
slightly when equally precise and extensive measargs are made on different parts of the
surface.
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Figure 3120 Oblate spheroid or ellipsoid of reviolt

3130 The Ecliptic

Theecliptic is the path the Sun appears to take among thedstar® the annual revolution

of the Earth in its orbit. It is considered a greiatle of the celestial sphere, inclined at an
angle of about 23°26' to the celestial equator uimgergoing a continuous slight change. This
angle is called thebliquity of the ecliptic. This inclination is due to the fact that the axiis
rotation of the Earth is not perpendicular to misip It is this inclination which causes the Sun
to appear to move north and south during the y#ang the Earth its seasons and changing
lengths of periods of daylight.

The Earth is at perihelion early in January anapdtelion 6 months later (Ref. Figure
3130). On or about June 21, about 10 or 11 daysdetaching aphelion, the northern
part of the Earth’s axis is tilted toward the Stihe north polar regions are having
continuous Sunlight; the Northern Hemisphere isrgaits summer with long, warm days
and short nights; the Southern Hemisphere is hawvinter with short days and long, cold
nights; and the south polar region is in continudaikness. This is trimmer solstice

Three months later, about September 23, the Eadhmoved a quarter of the way around
the Sun, but its axis of rotation still points iooait the same direction in space. The Sun
shines equally on both hemispheres, and days ahdsrare the same length over the
entire world. The Sun is setting at the North Rwld rising at the South Pole. The
Northern Hemisphere is having its autumn, and th&t8rn Hemisphere its spring. This
is theautumnal equinox

In another three months, on or about Decembemh22Sbuthern Hemisphere is tilted
toward the Sun and conditions are the reverseasitisix months earlier; the Northern
Hemisphere is having its winter, and the Southeemldphere its summer. This is the
winter solstice

Three months later, when both hemispheres aga@iveeequal amounts of Sunshine, the

Northern Hemisphere is having spring and the SoatHemisphere autumn, the reverse
of conditions six months before. This is thegnal equinox
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The word“equinox,” meaning “equal nights,” is applied because it ogat the time
when days and nights are of approximately equajtleall over the Earth. The word
“solstice,” meaning “Sun stands still,” is applied becauseSthe stops its apparent
northward or southward motion and momentarily “dtastill” before it starts in the
opposite direction. This action, somewhat analogoubke “stand” of the tide, refers to
the motion in a north-south direction only, and twthe daily apparent revolution around
the Earth. Note that it does not occur when thehHarat perihelion or aphelion.

Figure 3130 Apparent motion of the Sun in the eidip

At the time of the vernal equinox, the Sun is diseaver the equator, crossing from the
Southern Hemisphere to the Northern Hemispheresds due east and sets due west,
remaining above the horizon for approximately 18rsolt is not exactly 12 hours
because of refraction, semi diameter, and the heigihe eye of the observer. These
cause it to be above the horizon a little longanthelow the horizon. Following the
vernal equinox, the northerly declination increasesl the Sun climbs higher in the sky
each day (at the latitudes of the northern hemig)heantil the summer solstice, when a
declination of about 23°26' north of the celesti@liator is reached. The Sun then
gradually retreats southward until it is again aver equator at the autumnal equinox, at
about 23°26' south of the celestial equator attiméer solstice, and back over the
celestial equator again at the next vernal equinox.

Everywhere between the parallels of about 23°2@dNabout 23°26'S the Sun is directly
overhead at some time during the year. Exceptea¢xremes, this occurs twice: once as
the Sun appears to move northward and the secmedss it moves southward. This is the
Torrid Zone. The northern limit is th&ropic of Cancer, and the southern limit's the
Tropic of Capricorn. The parallels about 23°26' from the poles, nmaykhe
approximate limits of the circumpolar Sun, areediolar circles, the one in the
Northern Hemisphere being tiAectic Circle and the one in the Southern Hemisphere the
Antarctic Circle . The areas inside the polar circles are the ramrthsoutHrigid zones.
The regions between the frigid zones and the taaites are the north and south
temperate zones
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» The expression “vernal equinox” and associatedesgmons are applied both to tiraes
andpoints of occurrencef the various phenomena. Navigationally, the vieegainox is
of interest to navigators because it is the origirmeasuringidereal hour angle The
expressions March equinox, June solstice, Septeathe&nox, and December solstice are
occasionally applied as appropriate, because thre otonmon names are associated with
the seasons in the Northern Hemisphere and araaiths out of step for the Southern
Hemisphere.

3140 Time

Traditionally, astronomy has furnished the basisvieasurement of time, a subject of
primary importance to the navigator. Tyear is associated with the revolution of the Earth in
its orbit. Theday is one rotation of the Earth about its axis.

The duration of one rotation of the Earth depemaithe external reference point used. One
rotation relative to the Sun is called@ar day. However, rotation relative to the apparent
Sun (the actual Sun that appears in the sky) doegravide time of uniform rate because of
variations in the rate of revolution and rotatidritee Earth. The error due to lack of uniform
rate of revolution is removed by using a fictitiousan Sun Thus, mean solar time is nearly
equal to the average apparent solar time. Becaesaccumulated difference between these
times, called thequation of time, is continually changing, the period of daylighshifting
slightly, in addition to its increase or decreaséngth due to changing declination. Apparent
and mean Suns seldom cross the celestial meritituie aame time.

Universal Timeis a particular case of the measure known in géasrmean solar time.
Universal Time is the mean solar time on the Greeneh meridian, reckoned in days of 24
mean solar hours beginning with 0 hours at midnighiversal Time is the standard in the
application of astronomy to navigation

If the vernal equinox is used as the referensgdereal dayis obtained, and from isidereal
time. This indicates the approximate positions of tiaess and for this reason it is the basis of
star charts and star finders. Universal Time addrsal time are rigorously related by a
formula so that if one is known the other can henth

Time is also classified according to the terrebtnaridian used as a referentecal time
results if one’s own meridian is usexne timeif a nearby reference meridian is used over a
spread of longitudes, ar@éreenwich or Universal Time if the Greenwich meridian is used.

The period from one vernal equinox to the next @ee of the seasons) is known as the
tropical year. It is approximately 365 days, 5 hours, 48 minudésseconds, though the
length has been slowly changing for many centufes.calendar, the Gregorian calendar,
approximates the tropical year with a combinatibnamnmon years of 365 days and leap
years of 366 daysA leap year is any year divisible by four, unléss a century year, which
must be divisible by 400 to be a leap year. Thid®01 1800, and 1900 were not leap years,
but 2000 was one.
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3150 Eclipses

If the orbit of the Moon coincided with the planktioe ecliptic, the Moon would pass in front
of the Sun at every new Moon, causing a solar gelipt full Moon, the Moon would pass
through the Earth’s shadow, causing a lunar eclipse

Because of the Moon’s orbit is inclined 5° withpest to the ecliptic, the Moon usually
passes above or below the Sun at new Moon and avdatow the Earth’s shadow at full
Moon. However, there are two points at which thanplof the Moon’s orbit intersects the
ecliptic. These are theodesof the Moon’s orbit. If the Moon passes one of éhpsints at
the same time as the Sursaar eclipsetakes place (Ref. Figure 3150).
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Figure 3150 Eclipses of the Sun and Moon

The Sun and Moon are of nearly the same appammntsian observer on the Earth. If the
Moon isat perigee the Moon’s apparent diameter is larger thandh#te Sun, and its
shadow reaches the Earth as a nearly round doiadiely miles in diameter. The dot moves
rapidly across the Earth, from west to east, adtben continues in its orbit. Within the dot,
the Sun is completely hidden from view, antl eclipseof the Sun occurs.

For a considerable distance around the shadowt @fpghe surface of the Sun is obscured
and apartial eclipseoccurs. In the line of travel of the shadow a jpa#eclipse occurs as the
round disk of the Moon appears to move slowly axtbe surface of the Sun, hiding an ever-
increasing part of it, until the total eclipse occu

The duration of a total eclipse depends upon haavlyéhe Moon crosses the centre of the
Sun, the location of the shadow on the Earth, ¢haive orbital speeds of the Moon and
Earth, and (principally) the relative apparent desens of the Sun and Moon. The maximum
length that can occur isli#tle more than seven minutes

If the Moon isnear apogeeits apparent diameter is less than that of the 8ad its shadow
does not quite reach the Earth. Over a small d@rdeedzarth directly in line with the Moon
and Sun, the Moon appears as a black disk almestiog the surface of the Sun, but with a
thin ring of the Sun around its edge. Tamular eclipseoccurs a little more often than a
total eclipse.

An eclipse of the Moon (dunar eclipse) occurs when the Moon passes through the shadow
of the Earth (Ref. Figure 3150). Since the diamete¢he Earth is about 3 %2 times that of the
Moon, the Earth’s shadow at the distance of the Meanuch larger than that of the Moon.

A total eclipse of the Moon can last neatl$/4 hours and some part of the Moon may be in
the Earth’s shadow for almost 4 hours.
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3160 The celestial sphere

Thecelestial spherds an imaginary sphere of infinite radius with therth at its centre (Ref.
Figure 3160a). The north and south celestial pold¢kis sphere are located by extension of
the Earth’s axis. Theelestial equator(sometimes calledquinoctial) is formed by
projecting the plane of the Earth’s equator todblestial sphere. Aelestial meridianis
formed by the intersection of the plane of a téri@smeridian and the celestial sphere. It is
the arc of a great circle through the poles ofclestial sphere.

Figure 3160a The celestial sphere

The point on the celestial sphere vertically ovathef an observer is tleenith, and the

point on the opposite side of the sphere vertidadlijpw him is thenadir. The zenith and
nadir are the extremities of a diameter of thestelesphere through the observer and the
common centre of the Earth and the celestial spfig arc of a celestial meridian between
the poles is called thgpper branch if it contains the zenith and th@wer branch if it
contains the nadir. The upper branch is frequargd in navigation, and references to a
celestial meridian are understood to mean onlyptger branch, unless otherwise stated.
Celestial meridians take the names of their teiedstounterparts, such as 65° west.

An hour circle is a great circle through the celestial poles apdiat or body on the celestial

sphere. It is similar to a celestial meridibnt moves with the celestial spheres it rotates
about the Earthyhile a celestial meridian remains fixedwith respect to the Earth.
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The location of a body on its hour circle is defiri®y the body’s angular distance from the
celestial equator. This distance, caltegtlination, is measured north or south of the celestial
equator in degrees, from 0° through 90°, similahwlatitude on the Earth.

A circle parallel to the celestial equator is cdlégarallel of declination, since it connects
all points of equal declination. It is similar tgarallel of latitude on the Earth.

A point on the celestial sphere may be identifietha intersection of its parallel of
declination and its hour circle. The parallel o€kiteation is identified by the declination.

Two basic methods of locating the hour circle arase. First, the angular distance west of a
reference hour circle through a point on the celesphere, named the vernal equinox or first
point of Aries, is calledidereal hour angle (SHA)Figure 3160b). This angle, measured
eastward from the vernal equinox, is caltgght ascensionand is usually expressed in time

units.
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Figure 3160b Point on the celestial sphere lochyeits declination and sidereal hour angle

The second method of locating the hour circle istlicate its angular distance west of a
celestial meridian (Figure 3160c). If the Greenweeliestial meridian is used as the reference,

the angular distance is call&eenwich hour angle (GHA) and if the meridian of the
observer, it is calletbcal hour angle (LHA). It is sometimes more convenient to measure
the hour angle either eastward or westward, astlohg)is measured on the Earth, in which

case it is calledneridian angle (designated “t”).

A point on the celestial sphere may also be locas#g altitude and azimuth coordinates
based upon the horizon as the primary great amslead of the celestial equator.
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Figure 3160c Point on the celestial sphere lochyeits declination and hour angle

3170 Coordinate systems

In practical celestial navigation the navigatoptisnarily concerned with two systems of
coordinates which are, the celestial equator systernordinates and that of the horizon
system.

3171 Celestial equator system of coordinates

On the celestial sphere latitude becomes declimatbile longitude becomes sidereal hour
angle, measured from the vernal equinox.

Declination is the angular distance north or saittihe celestial equator (Ref. Figure 3171a).
It is measured along an hour circle, from 0° atdblestial equator through 90° at the celestial
poles. It is labelled N or S to indicate the dil@etof measurement. All points having the
same declination lie along a parallel of declinatio

Polar distance (p)is the angular distance from a celestial poleherarc of an hour circle
between the celestial pole and a point on the talesphere. It is measured along an hour
circle and may vary from 0° to 180°, since eithelepmay be used as the origin of
measurement. It is usually considereddbmplement of declination though it may be
either 90° — d or 90° + d, depending upon the psk.
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Figure 3171a The celestial equator system of coatds

Local hour angle (LHA) is the angular distance west of the local celestiglidian, or the

arc of the celestial equator between the upperchrahthe local celestial meridian and the
hour circle through a point on the celestial sphereasured westward from the local celestial
meridian, through 360°. It is also the similar af¢he parallel of declination and the angle at
the celestial pole, similarly measured. If the Greieh (0°) meridian is used as the reference,
instead of the local meridian, the expressByaenwich hour angle (GHA)is applied. It is
sometimes convenient to measure the arc or anglighier an easterly or westerly direction
from the local meridian, through 180°, when it @&led meridian angle (t) and labelled E or

W to indicate the direction of measurement. All iesdor other points having the same hour
angle lie along the same hour circle.

Because of the apparent daily rotation of the tialesphere, hour angle continually increases,
but meridian angle increases from 0° at the callesteridian to 180°W, which is also 180°E,
and then decreases to 0° agdine rate of change for the mean Sun is 15° per houThe

rate of all other bodies except the Moon is witBiiof this value. The average rate of the
Moon is about 15.5°.

As the celestial sphere rotates, each body cressdsbranch of the celestial meridian
approximately once a day. This crossing is caftedidian transit (sometimes called
culmination). It may be calledipper transit to indicate crossing of the upper branch of the
celestial meridian, anldwer transit to indicate crossing of the lower branch (Ref. 8§34

Thetime diagram shown in Figure 3171b illustrates the relationgieépveen the various
hour angles and meridian angle of the Sun (red)iaad the Moon (black lines).
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The circle is the celestial equator as seen froavalbhe South Pole, with the upper branch of
the observer’s meridian (M) at the top. The radiu& is the Greenwich meridian; The Sun’s
hour circle is to the east of the observer’'s marigdihe Moon’s hour circle is to the west of
the observer’s meridian Note that when LHA is lgss 180°, it is numerically the same and
is labelled W, but that when LHA is greater tha®?,8 = 360° — LHA and is labelled E. In
Figure 3171b arc GM is the longitude, which in ttése is west.
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Figure 3171b Time diagram

Example: An observer is at longitude 77° E. The Sun ise&®t of the local
meridian, and the GHA of the Aries is 37°. Requir&il GHA of the Sun.

2) LHA of the Sun. 3) SHA of the Sun. 4) Approtartime at the local
meridian.

Answer: 1) GHA=360 - longitude of the observer - t of then&360 — 77 - 60=223°
2) LHA=GHA+ longitude of the observer=223 + 77=300
3) SHA=GHA of the Sun-GHA of the Aries=223 - 3861

4) The Sun is 60°/15°=4 hours behind the merididre local time is
therefore 08 00

3172 Horizon system of coordinates

As shown in Figure 3172, altitude is the angulatatice above the horizon. It is measured
along a vertical circle, from 0° at the horizonaingh 90° at the zenith. Altitude measured
from the visible horizon may exceed 90° becaugb@flip of the horizon. Angular distance
below the horizon, called negative altitude, isvided for by including certain negative

altitudes in some tables for use in celestial ratvag. All points having the same altitude lie
along a parallel of altitude.
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Zenith distance(z) is the angular distance from the zenith, oratteof a vertical circle
between the zenith and a point on the celestiadrepht is measured along a vertical circle
from 0° through 180°. It is usually considered toenplement of altitude. For a body above
the celestial horizon it is equal to 90° — h andaddody below the celestial horizon it is equal
to 90° + h.

The horizontal direction of a point on the celdstizhere, or the bearing of the geographical
position, is calleczimuth or azimuth angledepending upon the method of measurement. In
both methods it is an arc of the horizon (or patalf altitude), or an angle at the zenith. It is
azimuth (Zn) if measured clockwise through 360°, startihtha north point on the horizon,
andazimuth angle(Z) if measured either clockwise or counter clodevihrough 180°,

starting at the north point of the horizon in ndetitude and the south point of the horizon in
south latitude.

NE

Figure 3172 The horizon system of coordinates

3180 Identification of stars
For stars identification 4 figures have been ladd in appendix C, which can be used as a

guide to identify stars in the vicinity of PegasofsQrion, of Ursa Major and the vicinity of
Cygnus.
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PART 3

(Celestial navigation)

Chapter 2

(Instruments for celestial navigation)

3210 Marine sextant description and use

The marine sextant measures the angle betweendwts by bringing the direct image from
one point and a double-reflected image from themitito coincidence. Its principal use is to
measure the altitudes of celestial bodies aboveiflilgle sea horizon. It may also be used to
measure vertical angles to find the range fromlgaab of known height. Sometimes it is
turned on its side and used for measuring the anglidtance between two terrestrial objects.

A marine sextant can measure angles up to appreedynE20°. Originally, the term “sextant”
was applied to the navigator’'s double-reflectidgtuae-measuring instrument only if its arc
was 60° in length, or 1/6 of a circle, permittingasurement of angles from 0° to 120°. In
modern usage the term is applied to all moderngadizinal altitude-measuring instruments
regardless of angular range or principles of opamnat

3211 Non adjustable sextant errors

The non-adjustable sextant errors are prismatar,egraduation error, and centering error.
The higher the quality of the instrument, the liEse error will be.

= Prismatic error occurs when the faces of the shade glasses anarsnare not parallel.

= Graduation errors occur in the arc, micrometer drum, and vernier séxtant which is
improperly cut or incorrectly calibrated.

= Cantering error results if the index arm does not pivot at the exaatre of the arc’s
curvature.

The manufacturer normally determines the magnitidgl three non-adjustable errors and

reports them to the user iastrument error. The navigator should apply the correction for
this error to each sextant reading.
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3212 Adjustable sextant errors

The navigator should measure and remove the fatigwdjustable sextant errors in the order
listed:
» Perpendicularity Error: Adjust first for Perpendicularity of the index narrto the frame
of the sextant. To test for Perpendicularity, pldeeindex arm at about 35° on the arc and
hold the sextant on its side with the index miuprand toward the eye. Observe the
direct and reflected views of the sextant arc|lastrated in Figure 3212a. If the two
views are not joined in a straight line, the indeixror is not perpendicular. If the
reflected image is above the direct view, the miisanclined forward. If the reflected
image is below the direct view, the mirror is ineld backward. Make the adjustment
using two screws behind the index mirror.

MIRROR LEANING FOWARD

Figure 3212a Testing the Perpendicularity of tleexamirror.

= Side Error: An error resulting from the horizon glass not bgiegpendicular is called
side error. To test for side error, set the index at zero and direct the line of sight at a
star. Then rotate the tangent screw back and sartihat the reflected image passes
alternately above and below the direct view. Ifcianging from one position to the other,
the reflected image passes directly over the nfbacted image, no side error exists. If it
passes to one side, side error exists.

Figure 3212b Testing the Perpendicularity of theZum glass.
On the left, a side error does not exist. At tight;ia side error does exist.
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Figure 3212b illustrates observations without sider (left) and with side error (right).
Whether the sextant reads zero when the true dledtexl images are in coincidence is
immaterial for this test.

An alternative method is to observe a vertical,Isuech as one edge of the mast of another
vessel (or the sextant can be held on its siddl@torizon used). If the direct and
reflected portions do not form a continuous life horizon glass is not perpendicular to
the frame of the sextant.

A third method involves holding the sextant veticaas in observing the altitude of a
celestial body. Bring the reflected image of theizun into coincidence with the direct
view until it appears as a continuous line acrbsdtorizon glass. Then tilt the sextant
right or left. If the horizon still appears contous, the horizon glass is perpendicular to
the frame, but if the reflected portion appearsvabar below the part seen directly, the
glass is not perpendicular.

Make the appropriate adjustment using two screvagbdehe horizon glass.

= Collimation Error: If the line of sight through the telescope is natgblel to the plane of
the instrument, a collimation erraill result. Altitudes measured will be greaterrittheir
actual values. To check for parallelism of thegdetge, insert it in its collar and observe
two stars 90° or more apart. Bring the reflectedgmof one into coincidence with the
direct view of the other near either the righteft edge of the field of view (the upper or
lower edge if the sextant is horizontal). Thenthi sextant so that the stars appear near
the opposite edge. If they remain in coincidenioe telescope is parallel to the frame; if
they separate, it is not. Adjust the collar scréavsorrect for non-parallelism.

Index Error: Index error is the error remaining after the natoghas removed
Perpendicularity error, side error and collimatesror. The index mirror and horizon glass
not being parallel when the index arm is set eyaattzero is the major cause of index error.
To test for parallelism of the mirrors, set theinsent at zero and direct the line of sight at
the horizon. Adjust the sextant reading as necgs$sarause both images of the horizon to
come into line. The sextant’s reading when theZworicomes into line is the index error. If
the index error reading is to the left of the zevark of the sextant limp, the values of all
altitudes to be measured will be to high, and théant index error should therefore be
treated as a negative quantity. If the index ereading is to the right of the zero mark of the
sextant limp, the values of all altitudes to be suead will be to small, and the sextant index
error should therefore be treated as a positivatiiya

An other simple method to determine the sextargxretror is to observe the double reflected
upper limp of the Sun when it touches the lowepliof the direct sighted Sun (negative
reading) and subsequently the double reflectedrdivap of the Sun when it touches the
upper limp of the direct sighted Sun (positive iagyl Half of the arithmetic sum of both
readings is the sextant index error.

Example: The sextant reading if the double reflected upipep of the Sun touches the
lower limp of the direct sighted Sun is —30". Té&etant reading if the double
reflected lower limp of the Sun touches the upipep lof the direct sighted Sun
is 35". Sextant index error required.
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Answer: First reading - 30°

Second reading + 35
Arithmetic Sum +5
Index error +25

The method described above contains as an additirdoemation a statement concerning the
guality of the measurement, as the quarter of tiselate value of the sum of both readings is
nothing else than the semi diameter of the Sum s, 25").

3220 Sextant altitude corrections

The uncorrected reading of a sextant is célegtant altitude (hs).Following proper
adjustment of the sextant as explained above oestairces of error are eliminated. There
remains, however, a number of sources of error wwéeh the navigator has little or no
control. For each of these he applies a correcthdmen all of thessextant altitude
corrections have been applied, the value obtainetthésaltitude of the centre of the
celestial bodyabove the celestial horizolor an observer at the centre of the Earth This
value callecbbserved altitude (ho)is compared with theomputed altitude (hc)to find the
altitude intercept (a) used in establishing a line of position (Ref. Feg8411).

3221 Instrument correction

Instrument (I) correction is the combined correction of all najuatable errors of the

sextant, as explained in 83211 above.

3222 Index correction

Theindex correction (IC) primarily caused by lack of parallelism of the fzom glass and

the index mirror, is explained in 83212 above. &gy as the adjustment remains undisturbed,
IC remains constant and is applicable to all angleasured by the instrument.

3223 Dip

Dip of the horizon is the ang(®) by which the visible horizon (CA) differs from the
horizontal at the eye of the observer (HA).

If the eye of the observer were at the surfacé@iarth, the visible horizon (CA) would
coincide with the horizontal (HA) and there woulelito dip. This is never the situation
aboard a vessel, however, and at any height albbeveurface of the Earth the visible horizon
is normally below the horizontal, and an altitudeasured from the visible horizon is too
great and must be corrected.
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Figure 3223 Dip (D)

For a height of eyéhe) in meters this negative correction for d{p) expressed iminutes
of arc can be calculated as follows:

D =17790Whe

It should be noted that said correction does nosicter the influence of refraction, which
especially in Polar Regions can be drastic.

3224 Refraction

Light or other radiant energy, is assumed to travel strait line at uniform speed, if the
medium in which it is travelling has uniform propes. But if light enters a medium of
different properties, particularly if the densisydifferent, the speed of light changes
somewhat. If the light enters a more dense mediuan ablige angle, the change of speed
occurs progressively along the wave front as tiferéint parts enter the more dense medium.
This results in a change in the direction of trafélis change in direction of motion is called
refraction (R).

If the light enters a more dense medium at an gogjlpendicular to the surface separating the
two media— vertically downwards-, all parts of eachve front enter the new medium at the
same time, and so all parts change speed togethih means that there is no refraction.

The effect of astronomical refraction where lighentering in the atmosphere- a more dense
medium- is to make a celestial body appear highéne sky that it otherwise would, and
requires therefore a negative correction of thesues altitude. If a body is at the zenith, its
light is not refracted. As the zenith distance éases, the refraction becomes greater and it
can reach a value of up to half a degree if theylmierved is at the horizon.

Refraction deviation angléR) for an observer at sea level, fgpparent (rectified) altitude

angles of astronomical lines of sighf) through a standard atmosphere are shown in
Appendix A.
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In absence of a refraction deviation table, theaatefraction angle feapparent (rectified)
altitudes greater 105 can be estimated with tolerable accuracy usiedahowing formula:

3225 Semi diameter (SD)

The semi diameter of a celestial body is half thgle, at the observers eye, subtended by the
visible disk of the body. The position of the lovegrupper limp of the Sun or the Moon with
respect of the visible horizon can be judged witater precision than that of the centre of
the body. For this reason it is customary, whengiaimarine sextant and the visible horizon,
to observe one of the limps of these two bodiesagpdy a correction for semi diameter.
Normally the lower limp is used if it is visible éR Figure 3225). In the case of gibbous or
crescent Moon, however only the upper limp mayvalable.

Observer
Altitude of lower limp H

Figure 3225 Semi diameter

The semi diameter of the Sun varies from a ligkslthan 15,7 early in July, when the Earth
is at its greatest distance from the Sun, to nel&]@” early in January, when the Earth is
nearest the Sun. In the nautical almanac the semeder of the Sun at UTC 12h for each
day is given to the nearest 0,1".

The variation in semi diameter of the Moon is geeatarying between about 14,7 and 16,8",
and the values to be used for correcting the appaigtude angle to the middle of the body
are given in the nautical almanac to the nearést 0,

The computed altitude of a body refers to the eecotrthat body. If the lower limp is
observed, the sextant altitude is less than titeddt of the centre of the body and hence the
correction is positive. If the upper limp is obsslythe correction is negative. With a marine
sextant semi diameter corrections are applied semations of the Sun and the Moon, but
not to other celestial bodies.

3226 Parallax (P)
Parallax is the difference in apparent positioa pbint as viewed from two different places.
Considering the fact positions of celestial bodies given relative to the centre of the Earth,

while observations are made from its surface, thegator should always keep in mind that
there is a difference in apparent position fronséhvo points callegeocentric parallax.
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If a body is in the zenith, at Z in Figure 3226rhis no parallax, for the line from the body
to the centre of the Earth passes trough the obiserv

i [
Zenith L M

|
\
Observer“ ho\ i — M™ Horizon

Earth

Figure 3226 Geocentric parallax

Suppose, however, the Moon it From the position of the observer the Moon exhithie
elevationh, whilst from the centre of the Earth the true M@bevation ish”. From the

triangle formed by the lines, observer to the Mammtre of the Earth to the Moon and the
horizon, the equation h + P + (180°- h") = 180UketP = h'- h That is, the angle at the
body between the lines to the observer and theeenthe Earth is equal to the difference in
altitude at the two places and is called paraltaaliitude(P). Because of the geocentric
parallax, a body appears too low in the sky, aedtirection is always positive.

The maximum value for a visible body occurs wheat tiody is on the horizon, and this
value is callethorizontal parallax (HP). With r the radius of the Earth and D the distapice
the body from the centre of the Earth the horiziqpaaallax can be calculated by:

sinHP =r/D.
The nautical almanac provides information for theizontal parallax for Moon and the
planets Mars and Venus being close to the Earth.

The variation of the parallax in altitu@) with reference to the horizontal parallg¥P) as
exhibited in Figure 3226 above i€ < P < HP . With known horizontal parallax, the parallax
in altitude can be calculated as follows:

P = HP*cosh
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3227 Summary of corrections

When extreme accuracy is desired, or at low akisugthere small changes in altitude result in
significant changes in correction, the order oflgipg corrections to the sextant altitugtes)
to obtain the observed altituleo) shall be as shown below.

1 Sextant altitude hs

2 Instrument correction (+/-) 1

3 Index correction (+/-) IC
4 Dip [D = f(height of eyes in m)] ) D [D= 17,9\/h_6]
5 Sum 1 to 4 = Apparent altitude ha

6 Refraction [R = f(ha)] ) R

7 Semi diameter (+/-) SD
8 Sum 5 to 7 = Body elevation h

9 Parallax in altitude [P = f(HP)] (+) P
[P = HP*cosh]

10 Sum 8 to 9 = Observed altitude ho

Example: 1) On June 02 1975, the lower limp of the Sun is mieskwith a marine
sextant having an IC of -2,0” from a height of efy&1,6 m. The sextant
altitude is 51° 28,4". Required: The observed @i of the body.

Answer: hs = 51° 284
IC = -2,0°
D= -5,96
Ha = 51° 20,44
R= -0,8"

SD = +15,8"
H= 51° 3547
ho=51° 354

Example: 2) At about UTC 11 00 on June 02 1996, the lower lxingne Moon is
observed with a marine sextant having an IC of +&@m a height of eye
of 9,75 m. The sextant altitude is 18° 4,6". RealiiThe observed altitude
of the body.

Answer: hs = 18° 4,6
IC = +3,2
D= -5,46
Ha = 18° 2,34
R= -2,9
SD = +16,5
H= 18° 15,94
P= +57,45
ho= 19° 134
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3230 Quartz crystal marine chronometers and naviga&nal calculators

Quartz crystal marine chronometéi@ve replaced spring-driven chronometers aboargyman
ships because of their greater accuracy. They ametamed on GMT directly from radio time
signals. This eliminates chronometer error (CE)waatth error (WE) corrections.

While not considered “instruments” in the strichse of the word, certainly one of the
professional navigator’'s most useful tools is theigational calculator or computer program.
Calculators eliminate several potential sourcesradr in celestial navigation, and permit the
solution of many more sights in much less time, imgk possible to refine a celestial
position much more accurately than is practicahgishathematical or tabular methods.
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PART 3

(Celestial navigation)

Chapter 3

(Almanacs)

3310 Introduction

Celestial navigation requires accurate predictmirittie geographic position of the celestial
bodies observed. These predictions are available the almanacs yearly published by the
national authorities. Although different types &thanacs are published, only the nautical
almanac provides information specifically neededrarine navigators.

3320 Nautical almanac

The major portion of the Nautical almanac (Epheth&ables) is devoted to hourly tabulation
of the Greenwich Hour Angle (GHA) and declinatitmthe nearest 0,1 of arc. Additional
information is provided concerning the time equatithe Moon phases, corrections for use of
the Polaris to determine the latitude of the ob=erthe visibility of the planets, the local
mean time (LMT) of Sunrise and Sunset and the ouraif the civil twilight at 0° longitude

for latitudes from 70° N to 50° S, the LMT of Modse and Moonset for latitudes 70° N to
50° S, and increments and corrections used forpatation of GHA and declination.

Example 1: August the 181990 and 07h 28°32"" UTC, the navigator obseriesun
and the Moon alfatitude 57° 25°N and longitude 007° 51"E. The L&l the
declination of the bodies is required.

Answer: From the almanac the following information canexgracted for th&un:
UTC=07h 00" 00” GHA=283° 46,4 &=14° 43,6° N

00h 28°32” +7°7 8
Increment -0,4
UTC=07h 28°32 GHA=290° 54,4 o=14° 43,2 N

Longitude +7° 517

UTC=07h 28°32" LHA=298° 45,4

-359° 60°
tE = 61° 14,6

83



From the almanac the following information can bé&acted for theMoon:

UTC=07h 00" 00” GHA =25° 11,2 0=21° 25,6°N
00h 28" 32 +6° 88,
Increment +3,3 +4,8
UTC=07h 28" 32" GHA = 32° 3 o=21° 30,4° N
Longitude +7° 517
UTC=07h 28" 32" LHA = 39° 54°
tW = 39° 54"

Example 2: June the 18t1990 and 07h 28°32"" UTC, the navigator obsentéatiude
24° 53N and longitude 044° 26"W the Fomalhaut,3h&urn, the Wega and
the Venus. The observations take place at 07h 57'&107h 59°08"", at 08h
00"33” and 08h 01°45"". The LAH and the declimatbthe bodies is

required.
Answer: From the almanac the following information canebaracted for the
Fomalhaut
UTC=07h 00" 00" GHA (Aries) =354° 30,4’
00h 57°51” +14° 30,1
Fomalhaut SHA=+15° 42,8 529° 40,3° S
UTC=07/h 5751 GHA=384° 43,3 0=29° 40,3° S
Longitude -44° 26°
UTC=07h 28°32" LHA=340° 17,3
-359° 60°
tE = 19° 42,7

From the almanac the following information canebracted for th&aturn:

UTC=07h 00" 00” GHA=57° 51,2 o=21° 02,8 S
00h 59°08™ 14° 4T
Increment +2,6 +0,0"
UTC=07h 28°32" GHA=72° 40,8 o=21° 2,8 S
Longitude -44° 26"
UTC=07h 28°32" LHA=28° 14,8
tW = 28° 14,8

From the almanac the following information can bé&acted for theNega
UTC=08h 00" 00" GHA (Aries) = 9° 32,9

00h 00"33™ +0°,88
Wega SHA= +80° 50,6 =38° 46,4 N
UTC=08h 0033 GHA= 90° 31,8 0=38° 46,4 N
Longitude -44° 26°
UTC=07h 28"32” LHA= 46° 5,8
tW=46° 5,8
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From the almanac the following information can bé&acted for thev/enus

UTC=08h 00" 00” GHA= 338° 47,6 o=10° 18,3" N
00h 01°45™ +0°6,3"
Increment -0,0 +0,0°
UTC=07h 28°32" GHA=339° 13,9 o=10° 18,3' N
Longitude -44° 26’
UTC=07h 28°32" LHA=294° 47,9
-359° 607
tE = 65° 12,17

3330 Long term nautical tables

In absence of an up to date almanac it is postiladdtain information concerning the GHA
and the declination of the Sun, the GAH of the #riend the SHA and the declination of a
selection of fixed stars with an accuracy suffitim nautical navigation purposes. Said
information can be extracted from supplementarietaimcluded in the PUB. NO. 249 “Sight
reduction tables for air navigation”, published fioe epoch of interest.

3331 GHA and declination of the Sun (Ref. Appendik)

The main table of appendix E as well as its supplaary tables a, b, c and d make possible
the determination of the GHA ardf the Sun for any time during the years 1981-201&
main table gives E (5° + Equation of Time) and ohetion of the Sun for the argument
“Orbit Time” OT, the latter is formed by applyinge h correction from table a to the nearest
integral hour of GMT. In leap years, the upper eabfi the correction is to be used for
January and February and the lower value for teeafethe year. Thus, OT’s corresponding
to 1996 February 29d 16h 31" GMT and March 1d hGMT are February 29d 09h 00°
and March 1d 21h 00 respectively.

Corrections to E and declination for OT are deteadiby entering Table b with the
differences between consecutive values of E amtkdination respectively as the horizontal
argument, and with the number of hours of OT awérgcal argument. The declination
differences are given in the main table.

The GAH is obtained by adding to the correspondirtge value of the diurnal arc obtained
from Tables c and d. The latter two tables mustrdered with argument GMT.

Example: Find the GHA and declination of the Sun on 2001uday the 18 at 03h
30735 UTC using the tables given in appendix B eempare the results
with the values obtained from the Almanac for tbary2001.

Answer: From the Appendix Ethe following information can be obtained:

OT = GMT (nearest integral hour) + Correction (tabh)
= January the 18 04h + 10h = January the 1814h.

° “ Diff. ° “  Diff.
Jan. 18' 00h OT, E= 2 28 (-5 J0=20 39 (-12) S
14h OT, -3 -7
Jan. 18" 14h OT, E= 2 25 d=20 32 S
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For 03h 30" GMT 227 30
For 0035 GMT 0 9
Jan. 18at 03h 3035 " GHA =230 04

The GHA and the declination of the Sun extradtech the Almanac for the
year 2001 are as follows:

UTC =03h 00" 00 GHA =222° 24,8 0=20° 32,7 S
00h 30°35™ 8,8

Increment -0,3

UTC =03h 30°35” GHA = 230° 3,6 0=20° 324 S

The differences of the results obtained from battadases are negligible.
3332 GHA of the Aries (Ref. Appendix D)

Tables a, b and ¢ of Appendix D enable for therda@teation of the GHA of the Aries at any
time during the years 2001-2009. Table a gives Gifithe Aries at 00h UTC on the first day
of each month. Table b gives the increment of GHife Aries for days and hours, and table
¢ the increment for minutes and seconds.

Example: Find the GHA of the Aries on 2001 April the 21st@h 3523 UTC using
the tables given in Appendix D and compare theltgsuth the values
obtained from the Almanac for the year 2010.

Answer: From the Appendix Dthe following information can be obtained:

Date hours Min. Sec. GHA of the Aries
1% Day of month 189° 15
21 16 260° 22
35 23 8° 52
GHA = 98° 29
The GHA of the Aries extractddom the Almanac for the year 2001 is as

follows:
UTC =16h 00" 00" GHA = 89° 37,2
00h 35" 23~ 8° 52,27

GHA = 98° 294"
The differences of the results obtained from baitadases are again
negligible.
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3333 SHA and declination of navigational stars (&f. Appendix B)

The main table of Appendix B provides data for S&t#d the declination of selected
navigational stars for the epoch of interest.

3340 Meridian transit of a body (Culmination)

If a body passes during its apparent movement arthanEarth through the meridian of the
observer, the body culminates at that particulagggphical position. This transit occurs
twice during the rotation of the body around thetlcaas the body passes the “upper” and the
“lower” meridian of the observer, and said tranaits called theUpper Culmination” and
the“Lower Culmination” . The LHA in the first case is 000° 00", and ie #econd case

180° 00°. At the culminations the body reachesigximum respectively minimum altitudes.

It should be noted that the lower culmination dicaly is not necessarily visible from any
geographical position, unless the body is circumpdlircumpolar is a body if its declination
is greater than the complement of the latituddhefdbserver and has the same name as said
latitude.

Example 1: Find the minimum latitude from which Wega still epps as a circumpolar
body.

Answer: According toAppendix Bthe declination of Wega &5=38° 48'N. Wega
appears still as a circumpolar body at a latitudeese 0> 90 - ¢.
The minimum latitude is thereforeg > 90 -8> 51° 12'N

Example 2: Find the minimum latitude from which at summer tsadsthe lower
culmination of the Sun is still visible.

Answer: According toAppendix Ethe declination of the Sun at the summer solsice
0=23° 26" N.
The Sun is therefore visible at a minimum latitatigd > 90 -&> 66° 34" N

Example 3: Find the time of the Local Apparent NoguAN) at latitude 56° 20°N and
longitude 19° 20°E October the®@001 using the data basis provided in
Appendix E and compare the results with those tolda@ined from the
Almanac applicable for the year 2001.

Answer: From the Appendix Ethe following information can be obtained:

As the nearest integral hour for the meridian trai$ the Sun at Greenwich
we use 12h 00°UTC
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Example 4:

Answer:

OT = GMT (nearest integral hour) + Correction (tabh)
= October the 20 12h + 10h = October the 2022h.

° “  Diff. °

Oct. 20" 00h OT, E= 8 46 (+2)

22h OT, +2
Oct. 20 22h OT, E= 8 48 8 48
For 11h 00" GMT 340 00
For 12h 00" GMT 355 00
Oct. 207at 11h 00000 GHA = 348 48
Oct. 2¢" at 12h 00°00” GHA =003 48

T2 306073488 448
3638-3488

The transit at Greenwich occurs hth 44" 48" UTC.

At the longitude of the observer the meridian traosthe Sun occurs 01h 17°
197" (19,33° /15) earlier than in GreenwidbAN at the observers position is
therefore atlOh 27" 29 UTC

According tothe Almanacfor the year 2001 on October the "2he Sun
culminates at 11h 45"UTC at Greenwich. At the lardg of the observer the
meridian transit of the Sun occurs 01h 17° 197,889 /15) earlier than in
Greenwich.LAN at the observers position is thereforel@h 27 41 UTC

Find time of the meridian transit of the Moon aitlade 49° 57°N and
longitude 4° 12" W in the morning of June th& 12001.

According to théAlmanacthe Moon culminates June the™ifi Greenwich at
08h 28" UTC, and June the™ &t 09h 15" i.e. 47 later. The time difference
of the culmination at longitude 4,2° W is therefore
At = 42 047 = 055
36C

and the Moon culmination occurs@8h 28" 33 UTC
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Example 5: Find time of the meridian transit of Wega at longié 006° 30" E in the

Answer:

afternoon of September the™9010 using the data basis provided in
Appendices B and D.

The Greenwich meridian transit of Aries can benfibusing the data base
exhibited inAppendix Das follows:

Date Days Hours (UTC) GHA of Aries
September the™l. 0 00 340° 03
29 23 13° 33
29 24 28° 35
September the 39 23 353° 36
“ 24 368° 38
360°~3536 5 955432

" 3686333-3536

The Greenwich meridian transit of Aries occurs aB2 25" 33"

Wege SHA \

~_Observers positior
Meridian of Greenwich ~ Y

From the above figure it is obvious that the menidiransit of Wega at the
observer’s position occutT=LHA/15=SHA+A hours earlier than the
culmination of the Aries at Greenwich:

Appendix Bexhibits a sidereal hour angle for Wega of: SHA=8a1".

LHA _ SHA+A _ 806833 + 65°
15 15 15

The meridian transit of Wega at the observer’s pp@sioccurs therefore at:
22h 84" 93" UTC

-5h 48" 44" UTC

AT = =5812A

17h 36" 49" UTC
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PART 3

(Celestial navigation)

Chapter 4
(Sight reduction)

3410 Basic procedures

Irrespective whether the navigator is using tablesandheld calculators, reducing a celestial
sight to obtain a line of position consists of fbkowing steps:

= Correct thesextant altitude (hs)to obtainobserved altitude (ho)

» Determine the body'&reenwich hour angle (GHA)anddeclination (3).
» Select arassumed position (APgand find itslocal hour angle (LHA).

= Computealtitude (hc) andazimuth (Zn) for the assumed position.

= Compare the computed and observed altitudes.

Plot the line of position.

3420 Plotting the line of position

Sight reduction reduces the problem of scale toageable size. Depending on a body’s
altitude itsgeographic position (GP)could be thousands of miles from the observer’'s
position and can therefore not be plotted on tlegtch

To eliminate this problem the navigator chooseassumed position near but not necessarily
coincident with his dead reckoning position. Heades latitude and longitude of the assumed
position to correspond to the entering argumentsHA and latitude used in Pub. 229. From
the Pub. 229 the navigator extracts the computdddg and the direction from GP to AP. If
the navigator is using a handheld calculator irstddPub. 229, he chooses his DR position
as the AP to calculate hc and Zn.

The navigator has now enough information to pletlthe of position. All he has to do is to
determine the difference between hc and ho antbtdige altitude intercept in the Zn
direction in accordance with the rules derived fiiva Figure 3420 below.

» The altitude intercept is the difference in lengthhe radii of the circles of equal altitude
passing through the assumed position of the obsandethe observer’s actual position.
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»= The position having the greater altitude is ondinele of smaller radius and is therefore
closer to the observed body’s geographical pos{ii&m).

= Express the altitude intercept in nautical mileg kbelled it(T) or (A) to indicate
whether the line of position tewards or away from the geographical position of the
body observed, as measured from AP.

Circle of equal dltiftude for observed alfitude

Altitude intercept

Line of position _~

Circle of equal dlfitude for computed altitude

Figure 3420 Line of position from a celestial olvsgion

In the Figure 3420 above AP is shown in the inmetee Therefore hc is greater than ho. As a

consequence the line of position intersects a poadsured from the AP away from GP a
distance equal to the altitude intercept.

3430 The celestial triangle

A triangle formed by arcs of great circles of aesghis called a spherical triangle. As in this
particular case the spherical triangle on Figurgd34 formed on the celestial sphere, the
triangle is called celestial triangle.

The celestial triangle in Figure 3430 is shownloaplane of the celestial meridian.

The Earth is at the centre O.

The body is at S.

The arc P on the hour circle is the pole distaridbebody and its complement to 90° is

the declinationd) of the body.

= The arc Z on the vertical circle is the zenith alnste of the body and its complement to
90° is the altitude (h) of the body.

= The arc B on the celestial meridian between thélzehthe observer (Z) and the elevated
pole (Np) is the so called zenith pole distanceitsaxdomplement is the latitude of the
observer.

= The angle at the zenith, having the vertical ciesie that arc of the celestial meridian,
which includes the elevated pole, as sides, is#imauth angle.

» The angle at the elevated pole having the celesgaidian and the hour circle as sides is

the meridian angle.
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- B Np

Sp Na
Figure 3430 The celestial triangle

3440 Mathematical solutions of the celestial triarig.

In order to be able to solve various navigatiorbpems like establishing a line of position,
identification of an unknown celestial body, caltidn of azimuths at known altitudes, find
initial great circle courses etc. it is importamioe able to provide solutions for the celestial
triangle using the spherical trigonometry equationtined below.

SiINA _sinAz _ sinLHA

O)———=——=—
sinB  sinP sinZ

(2) cosP= cosB*cosZ+sinB*sinZ*cos Az
(3) cosZ= cosB*cosP+sin B*sinP*cosLHA

(4) cosB= cosZ*cosP+sinZ*sinP*cosA

93



Substitution of Z, B and P in equation (3) abovehmsir complement angles, lead to the
following equation.

cos@0-h) =cosP0—-¢) Lcos@0- ) +sin(90—- ¢) Lsin(@0—- J) LcosLHA
Respectively: (3inh=sing Csind + cosg * coso * cosLHA
Substitution of P, B and Z in equation (2) abovehmir complement angles, lead to the
following equation.
c0osP0-0) =cosP0-¢) LcosO0-h) +sin(90- ¢) Lsin(Q0—-h) LcosAz
Respectively: (8ind = sing L sinh+ cosg * cosh*cosAz
Substitution of P and Z in equation (1) above ®irthomplement angles, lead to the

following equation.
sinAz _ sinLHA

sin(@0-9)  sin(@0-h)

_ SinLHA* cosd

Respectively: (7) cosh _
Sin Az

Substituting in equation (6) “sinh” by equation é)d “cosh” by equation (7), one gets:

1 *
sind =sing* (sing * sind + cosg * cosd * cosLHA) + cosg * Sl LHAAcosé * C0SAz
sin Az

SsinLHA
Cosg *tgd —sing * cosLHA

Respectively: (8XgAz=
Equations (5) and (8) above enable us to calctit@expected Azimuth and altitude of the

body at the observers assumed position as follows:

Computed altitude hc = arcsin[sing Lsind + cosg * cosd * cosLHA]

Computed Azimuth Az = arctg il » Zn = {Az}

Ccosg *tgd —sing * cosLHA

Rules for computation of hc and Zn.

= Wheng andd are of contrary namé is treated as a negative quantity.

= When LHA is greater than 180° LHA is treated aggative quantity.
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= When Az is negative, the reference from which Zmtstcounting has a name contrary to
name of the latitude.

= Znis counting from its north or south referencé® amount defined by Az to an east or
west direction depending on the name of the maridiagle t.

Example :

Answer:

On August the 111957, the 08:00 ZT dead reckoning position of ssekis

lat. 45° 45°N, long. 08° 25"W. The Vessel is onma®034°, speed 7,5 knots.
At 09:00:26 UTC the lower limp of the Sun is obsdrfrom a height of 3 m
with a sextant having an index correction of (-)Bhe observed altitude is
hs=35° 22",

In order to get a fix the navigator observes aghie lower limp of the Sun at
its local apparent noon and obtains hs=59° 06nd-the position of the vessel
at the LAN of the Sun.

hs= 35° 227
IC= -3

= -3,08" (Ref. § 3227)
ha= 35° 15,92

= -1,4"  (Ref. Appendix A)
SD= 15,8 (Ref. Almanac)

= 35° 30,32

= o
ho=_35° 30,32

From the almanac the following information can bé&acted for the Sun:

09h 00" 00" UTC GHA=313° 42,956=15° 18,7 (0,7) N
00h 00”26~ UTC +6,5° 0,0
09h 00" 26" UTC GHA =313° 49,4°9=15° 187" N
Agl= 8° 25°W
LHA = 305° 244" (tE)

The altitude and the azimuth of the body are caled as follows:

hc=arcsin[sing*sin o+cosg*cosdcosLHA]=arcsin[sin(45,75)*sin(15,3117)+
c0s(45,75)*cos(15,3117)* cos(-305,4067)] 5;361°
hc = 35° 23,18

Az = acrtg{sinLHA / [cog*tg o-sing*cosLHA]} = arctg{sin(305,4067) /
[cos(45,75)* tg(33,17)-sin(45,75)*cos(-305,4067)]} = -74,6°
=S746 E
Zn = 105°
Ah = ho-hc =T 7,14 Sm along Zn (ho>hc)

The line of position of the vessel during the faisservation is drawn as LOP1
in the figure below.

According to the almanac the meridian transit & un in Greenwich occurs
at 12:05 UTC. As the navigator expects the locahaation of the Sun, if the
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vessel reaches a longitude of approximately 08thé/|ocal meridian transit
of the Sun will be at 12:05 + 8/15 = 12:37 UTC ia¢.approximately 11:37
ZT. From 08:00 up to 11:37 the vessel moves 7,3kt = 27 Sm.

The Sun is observed during its local apparent nataie following altitude:

hs= 59° 06
IC= -3

= -3,08" (Ref. § 3227)
ha= 58° 59,92

= -0,6° (Ref. Appendix A)
SD= 15,8 (Ref. Almanac)

= 59° 1512

= o
ho= 59° 1512

The declination of the Sun during its local appanmeoon can be obtained from
the almanac as follows:

12h 00’ o=15° 16,5(0,7) N

00 37 -0,35

12h 37" UTC 0=15° 16,15 N

The latitude of the vessel at the LAN can be catedlas follows:

@ = 90-ho+0 = 90-59 262+15,2692 = 46,0072°
¢ =46° 04 N

The latitude of the vessel is drawn as LOP2 irfitnae below. Advancing the
LOP1 from AP1 to AP2 provides a position fix in theart.

However from the drawing sheet used below onlyatieide can directly be
extracted. Determination of the longitude requittes calculation of the
departure.
Thedg if a vessel sails from AP1 on course 34°, 27 SAP® is:
Ap =27*sin(90-34) = 22,4 Sm
The latitude atAP2 is:
P(AP2) =@(APL1) +Ap=45° 45+22,4 =46° 7,4 N
The mid latitude between AP1 and AP2 is:
@m = 45° 45" +A¢ /2 = 45,94°
The departure from AP1 to AP2 on this course is:
p(AP2) = 27*c0s(90-34) = 15,1 Sm
The difference in longitude between AP1 and AP2 is:
AA(AP2) = p(AP2) / cospm = 21,7
The longitude at AP2 is therefore:
A(AP2) =A(AP1) +A44=08° 25 -21,7 =08° 3,3 W

The assumed position of the vessel during theitrahthe Sun trough the
local meridian is:
@(AP2) =46° 74 N /JA(AP2)=08° 33 W
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LOP 1

45° 30’

The departure from AP1 to the fix extracted fromfigure above is:
p(fix) = 20,7 Sm
The difference in longitude between AP1 and thisfix
AA(fix) = p(fix) / cosg = 20,7 Sm / cos46,0072° = 29,8
The longitude of the fix is therefore:
A(fix) = A(AP1) + 4A(fix) = 08° 25" - 29,8 =07° 55,2 W

The position of the vessel during the transit ef $un trough the local
meridian is:
@=46° 04 N /A=07° 552" W
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3450 Solutions of the celestial triangle using th&ght reduction tables for marine
navigation HO 229

This six-volume series @ight Reduction Tables for Marine Navigationis designed to
facilitate the practice of celestial navigatiorsas.

The tabular data are the solutions of the navigatitriangle of which two sides and the
included angle are known and it is necessary tbtfie values of the third side and adjacent
angle.

3451 Description of the tables

The tables are divided into six volumes, each atiwimcludes two eight-degree zones of
latitude. An overlap of 1° occurs between volunidse six volumes cover latitude bands 0°
to 15°, 15° to 30°, 30° to 45°, 45° to 60°, 607& and 75° to 90°.

Each consecutive opening of the pages of a latizode differs from the preceding one by 1°
of local hour angle (LHA), whilst the values of LH#&e prominently displayed at the top and
bottom of each page.

The horizontal argument heading each column iulddi, and the vertical argument is
declination. For each combination of argumentsabelations are, the computed altitude
(hc), the altitude difference (d) with its signdathe azimuth angle (2).

Within each opening, the data on the left-hand agehe altitudes, altitude differences, and
azimuth angles of celestial bodies when the lagitofdthe observer has the same name as the
declinations of the bodies. For any LHA tabulatedadeft-hand page and any combination of
the computed latitude and declination argumenesgctmputed altitude and associated
azimuth angle respondents on the left-hand pagthase of a body above the celestial
horizon of the observer. The LHA'’s tabulated onldfehand pages are limited to the
following ranges: 0° increasing to 90° and 360°rdasing to 270°.

On the right-hand page of each opening, the dataeathe horizontal rules are the computed
altitudes, altitude differences, and azimuth angfeselestial bodies above the celestial
horizon when the latitude of the observer has aeneontrary to the name of the declinations
of the bodies and the LHA'’s of the bodies are thtabelated at the top of the page. The data
below the horizontal rules are the computed alégj@ltitude differences, and azimuth
angles of celestial bodies above the celestiazbarivhen the latitude of the observer has the
same name as the declinations of the bodies arldHAé& of the bodies are those tabulated
at the bottom of the page.

The LHA'’s tabulated at the top of a right-hand @age the same as those tabulated on the
left-hand page of the opening. The LHA's tabulaaethe bottom of the right-hand page are
limited to the range 90° increasing to 270°, onéheftwo LHA'’s at the bottom of the page is
in the range 90° increasing to 180°, the other LiBlA the range 180° increasing to 270°, the
LHA in the range 90° increasing to 180° is the sep@nt of the LHA at the top of the page
in the range 0° increasing to 90°. When the LHAQS, the left and right-hand pages are
identical.
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3452 Interpolation tables.

Interpolation tables for declination Increments iaduded on each volume of the publication
as follows:

= Declination increments from 0,0” to 31,9” on thside front cover

= Declination Increments from 28,0" to 59,9 on th&ide back cover

Chapter B of each volume of the publication corgarplanations for use of the interpolation
tables. However up to a computed altitude of 6@°itifluence of the declination increment to
the altitudes can be found by a pure linear intitpamn. In this case, the required
interpolation can be effected by multiplying thétatle difference (a first difference) by the
excess of the actual declination over the integealination argument divided by 60°.
Example: On June the™ 1975, the 17:42 ZT dead reckoning position oéssel is lat.
41° 10" S, long. 128° 00" E. The Vessel is omsso815°, speed 20 knots.
Observations are made from a height of 9,45 m aiglextant having an index
correction of (-)1as follows:

Body
Spica
Regulus

UTC
08:24:03
08:29:58

Sextant altitude
32° 304
36° 57,17

Procyon 08:35:59 35° 051

Canopus 08:41:55 52° 47T

Determine the 17:42 fix using the Pub. No. 229.

Answer: Information for the sidereal hour angle and the@sated declination of each

body are extracted from the almanac as follows:

Body SHA Declination
Spica 159° 01,17 11° 022" S
Regulus 208° 13,9 12° 05,2 N
Procyon 245° 29,8 05° 17,2 N
Canopus 264° 09,3 52° 141" S
The observed altitudes of the bodies are:

Spica Regulus Procyon Canopus

hs= 32° 304 36° 57,1 35° 05,1 52° 47,7
IC= -1,0 -1,0 -1,0 -1,0

= -5,47 -547 -5,47 -5,47
ha= 32° 23,93 36° 50,63 34° 58,63 52° 41,23

= -1,55 -1,36° -1,4 -0,75
SD= 00,0 00,0 00,0 00,0

= 32° 22,38 36° 49,27 34° 57,23 52° 40,48

= 00,0 00,0 00,0 00,0
ho= 32° 2238 36° 49,27 34° 57,23  52° 440,
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With nearest latitude ¢fl° S the values for the assumed longitudes, the
altitude intercepts and the Azimuths for the irdlinl bodies are calculated

below:

Spica Regulus
GHA )/ for 8h UTC 010° 10,3 010° 10,3
Increment for 24m03s 006° 1,7 29m58s 007° 7730,
SHA of the body 159° 01,17 208° 13,9
GHA of the body 175° 13,17 225° 54,9
al 127° 46,9 128 05,17
LHA of the body 303° 00,0(tE) 354° 00,0°(tE)
hc for &=11° 31° 55,0 12° 36° 42,67
increment ford=2,2" +1,5 05,2 -5,2
hc foro=11° 02,2 31° 56,5 12° 05,2° 36° 374
ho 32° 22,38 36° 49,27
AH 25,9 Sm (T) 11,9 Sm (1)
Z for &=11° 104,1° 12° 172,7°
increment for 2,2 -0,03° 05,2 ,00
Z foro=11° 02,27 S104,1E 12° 05,2 S172,7E
Zn 075,9° 007,3°

Procyon Canopus
GHA )/ for 8h UTC 010° 10,3 010° 10,3
Increment for 35m59s 009° 1,2 41m55s 010° 5730,
SHA of the body 245° 29,8 264° 09,3
GHA of the body 264° 41,3 284° 50,1
al 128° 18,7 128 09,9
LHA of the body 33°  00,0(tW) 52°  00,0°(tw)
hc for 5=05° 34° 59,1 52° 52° 48,5
increment ford=17,2" -14,9° 41,1 +2,6
hc for =05° 17,2° 34° 442" 52° 41,17 52° 51,1
ho 34° 57,23 52° 40,48
AH 13 Sm (T) 10,6 Sm (A)
Z for o=05° 138,5° 52° 054,4°
increment ford=17,2" -0,172° 41,17 -1,096°
Z for&11° 02,2 S138,7W 52° 41,1 S053,3W
Zn 318,7° 233,3°

The plotting sheet below illustrates the graphicéérpretation of the results

obtained above.

In the lower part of the drawing, the dead reckagnpositions of the vessel are
indicated at which the observations of the fouribsdhave been made.

At the nearest latitude of 41° S the assumed positAP1 to AP4 are shown.
In order to satisfy the entry requirements of Pcégion No. 229, the
longitudes of said positions have been selectsdch a way that the
associated LHS s become whole degrees.
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Due to the fact the fix is required at 17:42 ZTe #ssumed positions AP1 to
AP4 have been advanced by a distance obtainedtfrerspeed of the vessel
(20 Kn) and the difference between the times ofdéneus observations and
the time of the fix, in the direction of the coun$¢he vessel (315°)

Plotting 4h in the direction of Zn for each individual boaye obtain the 4
lines of position marked with the names of the ndesebodies. The vessels
position at 17:42 ZT can be extracted from the ambare the 4 LOP’s are
coming together.

@=40° 456" S /A=128° 123 E

40° 30°S
Q
%
R Position at
e B
\\ngi\ 17:42 7T
AP T AP2 AP4  AP3 | ' 41°8
v\ :
41° 30" S

128°E
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PART 3

(Celestial navigation)

Chapter 5

(Specific solutions of the celestial triangle)

3510 Horizon, Transit time, Sunrise, Sunset, and tlight definitions
3511 Horizon

Whatever the location of the observer, on or neaBarth's surface, the Earth is perceived as
a plane. The sky resembles one-half of a sphederme centred at the observer. If there are
no visual obstructions, the apparent intersectidh®sky with the Earth's (plane) surface is
the horizon, which appears as a circle centredeabbserver. For rise/set computations, the
observer's eye is considered todpethe surface of the Earth so that the horizon is
geometrically exactl90 degrees from the observer's zenith

3512 Transit time

The transit time of a celestial body refers toittgant that its centre crosses the observer's
meridian. For observers in low to middle latitudesnsit is approximately midway

between rise and setand represents the time at which the bigdyighest in the sky At

high latitudes, neither of these statements mayugse- for example, there may be several
transits between rise and set.

3513 Sunrise and Sunset

Excluding circumpolar objects, celestial bodiesarsand planets included — seem to appear
in the sky at the horizon to the East of any paldicplace, then to cross the sky and again
disappear at the horizon to the West. Becauseuheafpears as circular disk and not as a
point of light, a definition of rise or set must bery specific.

Sunrise or sunset is defined to occur when the gé&terzenith distance of centre of the Sun
IS:
Z =90.8333°

That is, the centre of the Sun is geometricallyarc minutesbelow a horizontal plane. For
an observer at sea level with a level, unobstrulstetzon, under average atmospheric
conditions the upper limb of the Sun will then appear to be tagent to the horizon The
50-arcminute geometric depression of the Sun'se@sed for the computations is obtained
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by adding the average apparent radius of the Siard minutes) to the average amount of
atmospheric refraction at the horizon (34 arc neajt

Computed sunrise and set tinmeay be in error by a minute or morg because, in practice,
they are depending upon unpredictable atmosphenditons that affect the amount of
refraction at the horizon. Additionally the accuradt rise and set computations decreases at
high latitudes. There, small variations in atmoshefraction can change the time of rise or
setby many minutes since the Sun and Moon intersect the horizonvatra shallow angle.

It is not practical to attempt to include such eféain routine rise/set computations.

3514 Twilight

Before sunrise and again after sunset there aevais of time, twilight, during which there
is natural light provided by the upper atmosphesgch does receive direct sunlight and
reflects part of it toward the Earth's surface. Tiragor determinants of the amount of natural
light during twilight are the state of the atmosgghgenerally and local weather conditions in
particular.

Atmospheric conditions are best determined at theshtime and place of events.
Nevertheless, it is possible to establish usdfaligh necessarily approximate, limits
applicable to large classes of activities by comsid) only the position of the Sun below the
local horizon. Reasonable and convenient definstioaive evolved. There are three kinds of
twilight defined:civil twilight, nautical twilight, andastronomical twilight.

35141 Civil twilight

Civil twilight is defined to begin before sunrisedaends after sunset when the geometric
zenith distance of the centre of the Sun is geaoadlty 6 degrees below the horizon i.e.

Z=96°

This is the limit at whichwilight illumination is sufficient , under good weather conditions,
for terrestrial objects to be clearly distinguished Under good atmospheric conditions and
in the absence of moonlight or other illuminatiahthe beginning of morning civil twilight,
or end of evening civil twilight, the horizon isedrly defined and the brightest stars are
visible. This is not the case in the morning bethieebeginning of civil twilight and in the
evening after the end of civil twilight.

35142 Nautical twilight

Nautical twilight is defined to begin in the morgjrand to end in the evening, when the
geometric zenith distance of the centre of theisgeometrically 12 degrees below the
horizon i.e.

Z=102°

At the beginning or end of nautical twilight, undgrod atmospheric conditions and in the
absence of other illumination, general outlinegr@und objects may be distinguishable. The
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illumination level is such thahe horizon is still visibleeven on a Moonless night allowing
mariners tdake reliable star sights for navigational purposeshence the name.

35143 Astronomical twilight
Astronomical twilight is defined to begin in the ming, and to end in the evening, when the
geometric zenith distance of the centre of theisgeometrically 18 degrees below the
horizon i.e.

Z=108°
Before the beginning of astronomical twilight irettnorning and after the end of
astronomical twilight in the eveninggattered light from the Sun is less than that from
starlight and other natural sources. For a considerablevadtafter the beginning of morning

twilight and before the end of evening twilightyskumination is so faint that it is practically
imperceptible.

3520 Find the latitude at the meridian passage ohé Sun [Local Apparent Noon
(LAN)]

The azimuth of the Sun (Zn) at the local appareoinns 180° for north latitudes and 0° for
south latitudes.

From the figure 3510 below the relationship ldor¢ =90° can be extracted and it can be use
to calculate the latitude at LAN as shown below:

If latitude and declination are of the same nameg =(90 +0 )-ho

If latitude and declination are of different name:¢ =(90 -0 )-ho

Np

Na
Figure 3520 Local Apparent Noon
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Example :

Answer:

June the 1% 2001 at dead reckoning position 44° 21°N and M4{$\the
lower limp of the Sun at its southern meridian s#ims observed. The
observation data are: hs=68° 477; IC=-2"; he = 3 find the latitude of the
observer using A) the data basis providedppendix Eand B) compare the
results with those obtained by means of the almanac

A) Solution usingAppendices A and E

According to 83225 the semi diameter of the Suresdretween 15,7 (early
July) and 16,3 (early January).For this particulease it is assumed that
SD=15,7". The observed altitude of the body isudated as follows:

hs= 68° 47

IC = -2
D= -3,08
Ha= 68° 41,92
R= -0,45
SD = 15,7
H= 68° 57,17
P= 0

Ho=68° 57,17

For the declination of the Sun 12h GMT will be ased to be the nearest
integral hour to the orbit time.
OT = GMT (nearest integral hour) + Correction (ta&boh)

= June the 172001 12h + 10h = June the f722h.

° “  Diff.
June 1¥ 00h OT, 0=23 22 (+1) N
22h OT, +1
June 17" 22h OT, 0 =23 23 N

The latitude of the observer is therefore:
@=90°-ho +9=90° - (68° 57,17") + (23° 23") = 44° 25,8 N

B) Solution usingAppendix A and the Almanac
The semi diameter of the Sun obtained from therzwés again 15,7".

The Greenwich meridian transit of the Sun occuating to the almanac at
12h 01" UTC. The meridian transit of the Surhatdbservers longitude
occurs 56” 56" later (14,2333°/15°) i.e. at 121i" 56"".

The declination of the Sun at 12h 57" 56"~ Wb&ined from the almanac
is the following:

12h 00" UTC d=23° 23,3 (Diff.0,0) N
Increment 0,0
12h 57° 56~ UTC d=23° 23.3° N

The only difference between the two solutions
is therefore 0,3" (556 m) in latitude.
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3530 Find the Sun azimuth at Sunrise/ Sunset
Using Equation (2) from 83440 above one gets:
cosP=cosZ*cosB+sinZ*sinB*cosAz

Using the definition for the zenith distance durBgnset/Sunrise provided under 83513
above one gets:

€c0sP0-9) =c0s90,8333 cosP0— @) +sin90,8333* sin(90— @) * cosAz

Due to the fact cos90,8333° is nedfy and the sin90,8333° is very close'1s , the
influence of those terms to the above equatiordgigible, and said equation writs therefore:

sind =0+1* cosg * cosAz

. . sSinod
Sun azimuth at sunrise / Sunseétz = arccos——

-¢-] 5 Np

[e}

Figure 3530 Sun Azimuth at sunrise
Rules for computation of Z

= Wheng andd are of contrary nameé is treated as a negative quantity.
= When Az is negative, the reference from which Zmtstcounting has a name contrary to
the name of latitude.
» Znis counting from its north or south referencéh® amount defined by Az to an east or
west direction depending on the name of the meridiale t.
N E
a— Zn = {Az}
S W

P
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3540 Find the times of Sunrise/ Sunset as well fas the civil twilight

Applying equation (3) from §3440 above on the astroical triangle exhibited in figure
3530 one gets:

cosZ = cosP*cosB + sinP*sinB*cosLHA

This equation provides for given zenith distandethe Sun, its local hour angle prior or after
its transit through the observers meridian (LAN).

According to the definition exhibited under 8358 aets for Sunrise/Sunset the following
equation:

€0s90,8333° = cos(90cos(904) + sin(908)*sin(90-p)*cosLHA
-0,0145 = sid*sin$ + coD*cosp*cosLHA

0,0145

(1) LHASunrise’ Sunset— arccos(-tg5* tg¢ _m

)

Following the definition provided under 835141 tbeal hour angle of the sun at the
beginning/end of the twilight is calculated asdalk:

€0s96° = cos(9@)*cos(904) + sin(908)*sin(90-¢p)*cosLHA
-0,1045 = sip*sing + coD*cosp*cosLHA

01045

(2) LHAqijgne = arccos{tgo™tgg T

)

Rules for computation of LHA:

= At Sunrise respectively Sunset LHA is eitfieor tw.
= Wheng andd are of contrary namé is treated as a negative quantity.

Example :  Find the times the civil twilight begins and entti& times of Sunrise and
Sunset and the associated azimuths of the Sundhvihe 11 2007 at 37°
3,4" N latitude and 15° 16,4" E longitude using tlata basis provided in
Appendix E.

Answer: For Sunrise the meridian transit and the Sunsé&tiieenwich the following
approximate integral GMT hours are selected:

Sunrise at 06:00 / Meridian transit at 12:00 /rSat at 18:00

From table (a) of Appendix E it is furthermore als that no correction to
GMT for the year 2007 is required.
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A) Meridian transits of the Sun

Main table, March 11 OT E = 02° 26°(+4) 02° 26'(+4)
Table b for 12h OT +2 +2°
March 11" for 12h OT corrected E = 02° 28 02° 28’
Table c for 12h GMT 355°
Table c for 13h GMT 10°
GHA = 357° 28’ 12° 28
AT = 36078574667 1 _ 101332

15
Prime meridian transit: 12h 10" 08" UTC

Due to the east longitude of the observer the itaresugh its meridian occurs
15,2733/ 15=1,0182h earlieri.e.at: 11h 09" 02" UTC

Transit (LAN): 12h 09" 02" Local time
B) Beginning of the twilight / Sunrise and Azimutbf the Sun at Sunrise:
Main table, March 11 OT &  03° 57'(-24) S

Table b for 06h OT -6
March 11" OT corrected o 03° 51°S

At the beginning of the twilight the LHA of thedp@an be calculated from the
equation (2) provided under 83540 above as follows:

01045

LHA =t = arccosttg(—389 *tg (37.06) - c0SE389 * c0SG706)

]1=946159

The distance of the body eastwards of the obsexmessed in hours is:
94, 6159/ 15 = 6,3077 hours prior to the locapapent noon.

11h 09" 02" UTC
o6h 18" 28~ UTC
04h 50" 347 UTC

Twilight begins at: 05h 51" Local time

At Sunrise the LHA of the body can be calculatechfthe equation (1)
provided under 83540 above as follows:

0,0145

LHA =t =arccosttg(—389 *tg (37,06) - coSE 385 * c0s@706)

]1=881312

The distance of the body eastwards of the obsexmessed in hours is:
88,131 /15 =5,8754 h prior to the local appareaon.
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11h 09" 02" UTC
05h 52" 32" UTC
05h 16~ 30" UTC

Sunrise at:  06h 17" Local time

The azimuth at Sunrise can be calculated from tjuagon provided under
83530 above as follows:

Az= arccossm(_—g&;) = N948E
cos3706
Sun azimuth at Sunrise: Zn=95°

C) End of the twilight / Sunset and Azimuth of tf&un at Sunset:

Main table, March 11 OT o 03° 57(-24)S
Table b for 18h OT -18°
March 11" OT corrected & 03° 39°S

At the end of the twilight the LHA of the body bancalculated from the
equation (2) provided under 83540 above as follows:

01045

LHA =t,, =arccosfttg(—369 *tg(37,06) -
w f1o( 9719 ) cos(-369H * cos@7,06)

]1=947635

The distance of the body eastwards of the obsexmessed in hours is:
94, 7635/ 15 =6,3176 hours prior to the locapapent noon.

11h 09" 02 UTC
0O6h 19° 03~ UTC
17h 28 057 UTC

Twilight ends at: 18h 28" Local time

At Sunset the LHA of the body can be calculata the equation (1)
provided under 83540 above as follows:

0,0145

LHA =t,, =arccosfttg(-369 *tg (3706) -
w t1o( 97196709 cos(-365 * cos@37,06)

]1=882827

The distance of the body eastwards of the obsexmessed in hours is:
88,2827 / 15 = 5,8855 h prior to the local apparecbn.

11h 09" 02 UTC
05h 53" 08" UTC
17h  02° 107 UTC

Sunset at: 18h 02" Local time
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The azimuth at Sunset an be calculated from thateuprovided under
83530 above as follows:

Az= arccossm(_—g’%) = N94,6W
€c0s37,06
Sun azimuth at Sunset: Zn=265°

3550 Find the longitude at the meridian passage of a bgdwith the double altitude
method

For a stationary observer the longitude can berahitied by observing the altitude shortly
before meridian transit and noting the time whenatitude has returned to exactly the same
value after meridian transit. If there has beerimange in declination of the body between
observations, the mid time represents the momemieoidian transit, at which time the
azimuth is 000° or 180°. The GHA (or 360 minus GféAeast longitude) is the longitude of
the observer.

Example :  July the 38 2006 at dead reckoning position 46° 30" N latiteahd 007° 15
W longitude the lower limp of the Sun around itsidi@n transit is observed
from a height of 2 m using a sextant having zedexfailure. The observation

data are: Hs=59° at 12h 01°15"" UTC (prior meridi&ransit).
Hs=61° 31" at meridian transit.
Hs=59° at 13h 10°21"" UTC (after meridian transit).

Find A) the position of the stationary observer &@)dhe time of Sunset at this
position using the data basis providedAppendix E.

Answer: A) Observers position

From the sight obtained during the meridian trarddithe lower limp of the
Sun, the altitude of the body during its culminati® calculated as follows:

hs= 61° 31

IC = 0,0

D= -2,52" (DIP=1,779/2)
ha= 61° 28,48

R= -0,6  (Ref. Appendix A)
SD= +15,7

h= 61° 43,58 (Body elevation)
P= +0,0 (P=HP*cosh)

ho= 61° 436" (Observed altituge
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Using 12h 00 respectively 13h 00°UTC as the neanésgral hours for the
prime meridian transit of the Sun the followingoimhation can be extracted
from Appendix E

OT = GMT (nearest integral hour) + Correction (tabh)
= July the 38 12h/13h + 6h = July the 3018h/19h.

Main table, July 30th 00h OT £ = 0% 23'(+1) 03° 23'(+1)

Table b for 18h/19h OT +1’ +1°
July 33" 18h/19h OT E = 03° 24 03° 24
Table c for 12h 00" GMT 355° 00°

Table ¢ for 13h 00'GMT 10° 00°

GHA =358° 24" |/ 13° 24

360—-3584

= [060= 64
360-3584+134

Prime meridian Transit: 12h 06" 24" UTC

The meridian transit at longitude of 007° 15"W asc29’later than at the
prime meridian i.e. at 12h 35,4 UTC.

For the declination of the Sun 13h GMT will be ased to be the nearest
integral hour to the orbit time.
OT = GMT (nearest integral hour) + Correction (ta&bh)

= July the 36 2006 13h + 6h = July the 80 19h.

° “  Diff.

July 3¢" ooh OT, 0=18 39 (-15) N
19h OT, -12°
July 3d" 19h OT, 0=18° 27" N

The latitude of the observer is therefore:

@=90°-ho+9=90° - (61° 43,6°) +(18°27") =46° 434 N

The mid time between the two hs=59° observatiordeistical to the time of
the local apparent noon and amounts to 12,5967 B UT

LAN UTC 12h 35 48
Prime meridian UTC 12h 06° 24"
Delay of the LAN ooh 29" 24~

Said delay leads to a longitude of the observer:

A=07° 21" W
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B) Sunset at the observers position

At Sunset the LHA of the body can be calculaten tiee equation (1)
provided under 83540 above as follows:

0,0145
cos(827) * cos@6,7233

LHA =t,, =arccosftg (827 *tg (46,7233 — 1=1118942

The distance of the body eastwards of the obsexmessed in hours is:
111,8942 /15 =7,4596 h prior to the local appareobn.

12h 06~ 247 UTC
Orh 27 35" UTC
19h 33" 597 UTC

Sunset at: 19h 34" Local time
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PART 4

(Electronic navigation)

Chapter 1

(Electronic charts)

4110 Advantages of electronic charts

Navigators using paper charts are spending far thoeetaking a fix, working out solutions,
and plotting the results, than on making assessnant the fix only tells him where the
vessel was at the time that fix was taken, butwiare the ship was some time later when the
assessment was made. He is always “behind thelvvessgething of little importance at high
sees but problematic near shore.

Electronic charts automate the process of intaggatal-time positions with the chart display
and allow the navigator to continuously assespdtsition and safety of the vessel. Further,
the GPS/DGPS fixes are far more accurate and tiakenore often than any navigator ever
could. A good piloting team is expected to take plod a fix every three minutes. An
electronic chart system can do it once per seco@dstandard of accuracy at least an order of
magnitude better.

Electronic charts also allow the integration ofestbperational data, such as ship’s course

and speed, depth soundings and radar data inttigpkay. Further, they allow automation of
alarm systems to alert the navigator to potent@ddiggerous situations well in advance of a
disaster.

Finally, the navigator has a complete picture efitistantaneous situation of the vessel and
all charted dangers in the area. With a radar ayethe tactical situation with respect to other
vessels is clear as well. This chapter will disdhgsvarious types of electronic charts, the
requirements for using them, their characteristiapabilities and limitations.

4120 Terminology

First of all there must be a clear distinction bestw official and unofficial charts. Official
charts are those, and only those, produced by ergment hydrographical office (HO).
Unofficial charts are produced by a variety of pteycompanies and may or may not meet the
same standards used by HO for data accuracy, cyreard completeness.
= An electronic chart system (ECS)s a commercial electronic chart system not designe
to satisfy the regulatory requirements of the IM&e$®y of Life at Sea (SOLAS)
convention. ECS is an aid to navigation and whedwn SOLAS regulated vessels it is
to be used in conjunctions with corrected papertsha
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» An electronic chart display and information system (EDIS) is an electronic chart
system which satisfies tH®1O SOLAS convention carriage requirements for eoted
paper charts when used with an ENC or its functiegaivalent (e.g. NIMA Digital
Nautical Chart.)

» An electronic chart (EC)is any digitalized chart intended for display ocomputerized
navigation system.

» An electronic navigational chart (ENC)is an electronic chart issued by a national
hydrographical authority designed to satisfy thgutatory requirements for chart carriage.

» Raster chartsare digitalized pictures of a chart. In other wotidey are essentially
photographs of actual charts. All data is in oryetaand one format. The video display
simply reproduces the picture from its digitalizéata file. With raster data, it is difficult
to change individual elements of the chart siney tire not separated in the data file.
Raster data files tend to be large, since a datd with associated colour and intensity
values must be entered for every pixel on the ciidty are pleasing to use and easy to
read, as long as there are enough charts of diffemles to cover the different zoom
levels.

= Vector chart data is data that is organized into manyrs¢pdiles or layers. It contains
graphic files and programs to produce certain syslpmints, lines, and areas with
associated colours, text and other chart elem&htsprogrammer can change individual
elements in the file and link elements to additlafeta. Vector files of a given area are a
fraction the size of raster files and at the same much more versatile. The navigator
can selectively display vector data, adjustingdisplay according to his needs. Vector
data supports the computation of precise distabeggeen features and can provide
warnings when hazardous situations arise. Alsaovahart file sizes are smaller, which
why they are used exclusively on electronic chintters.

4130 Legal Aspects of Using Electronic Charts

Requirements for carriage of charts are found ihA®Chapter V, which states in part: “All

ships shall carry adequate and up-to-date chacesssary for the intended voyage.” As

electronic charts have developed and the suppaxicignology has matured, regulations have

been adopted internationally to set standards fatwonstitutes a “chart” in the electronic

sense, and under what conditions such a charsatify the chart carriage requirement.

= By definition,only an ECDIS can replace a paper chartNo system which is not an
ECDIS relieves the navigator of the responsibiitynaintaining a plot on a corrected
paper chart.

= An electronic chart systemshould be considered as an aid to navigationpbneany the
navigator might have at his disposal to help enawsafe passage. While possessing
revolutionary capabilities, it must be considersadool, not an infallible answer to all
navigational problems. The rule for the use of tetegc charts is the same as for all other
aids to navigation: The prudent navigator will neredy completely on any single one.

4140 ECS Standards
Although the IMO has declined to issue guideline€€S, the Radio Technical Commission

for Maritime Services (RTCM) in the United Statevedloped a voluntary, industry-wide
standard for ECS.
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Published in December 1994, the RTCM Standarda&lleECS to be capable of executing
basic navigational functions, providing continu@lsts of own ship position, and providing
appropriate indicators with respect to informatiisplayed. The RTCM ECS Standard
allows the use of either raster or vector dataiaclddes the requirement for simple and
reliable updating of information or an indicatidrat the electronic chart information has
changed.

In November 2001, RTCM published Version 2.1 of tRECM Recommended Standards
for Electronic Chart Systems.” This updated verssoimtended to better define requirements
applicable to various classes of vessels operatiagvariety of areas. Three general classes
of vessels are designated:

= Large commercial vessels (ocean-going ships)

» Small commercial vessels (tugs, research vesse)s et

= Smaller craft (yachts, fishing boats, etc.)

In concept, an ECS meeting the minimum requiremeintise RTCM standard should reduce
the risk of incidents and improve the efficiencynalvigating for many types of vessels.

However, unlike IMO-compliant ECDIS, an ECS is maended to comply with the up-to-
date chart requirements of SOLASs such, an ECS must be considered as a single tad
navigation and should always be used with a correetl chart from a government-
authorised hydrographical office.
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PART 4

(Electronic navigation)

Chapter 2

(Satellite navigation)

4210 Introduction

The idea that led to development of the satel@gation systems dates back to 1957 and
the first launch of an artificial satellite intolit, Russia’s Sputnik I. Plotting the signals
received from Sputnik at precise intervals, it waticed that a characteristic Doppler curve
emerged.

Since satellites generally follow fixed orbitswiais concluded that this curve could be used to
describe the satellite’s orbit. Furthermore it haen demonstrated that it was possible to
determine all of the orbital parameters for a pagsatellite by Doppler observation of a
single pass from a single fixed station. Basedhamfaict it was reasoned in reverse that if the
satellite orbit was known, Doppler shift measureta@ould be used to determine one’s
position on Earth.

The first successful launching of a prototype syssatellite in April 1960 demonstrated the
Doppler system’s operational feasibility. TRavy Navigation Satellite SystenfNAVSAT,
also known a3 RANSIT ) was the first operational satellite navigatiostsyn. The system’s
accuracy was better than 0.1 nautical mile anywimetiee world, though its availability was
somewhat limited. The transit launch program endek®88 and the system was
disestablished when the Global Positioning Systeoaime operational in 1996.

4220 The US Global Positioning System (GPS)

GPS is a spaced-based radio positioning systemhvgnavides suitably equipped users with
highly accurate position, velocity and time data.

4221 System Description

The system consists of three major segmergpaae segmentacontrol segmentand auser
segment

Thespace segmentomprises some 24 satellites. Spacing of thelgasain their orbits is
arranged so that at least four satellites areew\to a user at any time, anywhere on the
Earth. Each satellite transmits signals on twoaddiquencies, superimposed on which are
navigation and system data. Included in this deggeedicted satellite ephemeris,

119



atmospheric propagation correction data, satalldek error information, and satellite health
data. This segment normally consists of 21 opearnatisatellites with three satellites orbiting
as active spares. The satellites orbit at an d#itaf 20,200 km, in six separate orbital planes,
each plane inclined 55° relative to the equatoe 3dtellites complete an orbit approximately
once every 12 hours.

Thecontrol segmentincludes a master control station (MCS), a nunabenonitor stations,
and ground antennas located throughout the world.

= The master control station, located in Coloradarfgs;, Colorado, consists of equipment
and facilities required for satellite monitoringldmetry, tracking, commanding, control,
uploading and navigation message generation.

= The monitor stations, located in Hawaii, Coloraghitsgs, Kwajalein, Diego Garcia, and
Ascension Island, passively track the satellitesyeulating ranging data from the
satellite signals and relaying them to the MCS.

The MCS processes this information to determinellgatposition and signal data accuracy,
updates the navigation message of each satelliteedawys this information to the ground
antennas. The ground antennas then transmit floisriation to the satellites. The ground
antennas, located at Ascension Island, Diego GaraaKwajalein are also used for
transmitting and receiving satellite control infaton.

Theuser segmentonsists of equipment designed to receive andegrosignals from four or
more orbiting satellites either simultaneously eqgentially. The processor in the receiver
then converts these signals to navigation inforomatSince GPS is used in a wide variety of
applications, from marine navigation to land sumgythese receivers can vary greatly in
function and design.

4222 System Capabilities

GPS provides multiple users with accurate, contisyavorldwide, all-weather, common-
grid, three-dimensional positioning and navigaiigiormation.

To obtain navigation solution of position (latitydengitude, and altitude) and time (four
unknowns), four satellites must be used. The GRBmeasurepseudo rangeandpseudo
range rate by synchronizing and tracking the navigation sidgram each of the four selected
satellites.

» Pseudo rangds the true distance between the satellite andiske plus an offset due to
the user’s clock bias.

» Pseudo range ratds the true slant range rate plus an offset dukddrequency error of
the user’s clock.

By decoding the ephemeris data and system timifognration on each satellite’s signal, the
user’'s Receiver/processor can convert the pseutde rand pseudo range rate to three-
dimensional position and velocity. Four measuresiangé necessary to solve for the three
unknown components of position (or velocity) ane timknown user time (or frequency) bias.

GPS measures distances between satellites inambié receiver on Earth and computes
spheres of position from those distances. Thegat#ions of those spheres of position then
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determine the receiver’s position. The distancesmesanments described above are done by
comparing timing signals generated simultaneouglthb satellites’ and receiver’s internal
clocks.

The signal from the satellite arrives at the reeefollowing a time delay proportional to its
distance travelled. Knowing the time required fo signal to reach the receiver from the
satellite allows the receiver to calculate theatiste from the satellite. The receiver, therefore,
must be located on a sphere centred at the satsitih a radius equal to this distance
measurement. The intersection of three spheresgitign yields two possible points of
receiver position. One of these points can be gaed since it is hundreds of miles from
the surface of the Earth. Theoretically, then, dhhge time measurements are required to
obtain a fix from GPS.

In practice, however, a fourth measurement is redguo obtain an accurate position from
GPS. This is due to receiver clock error. Timirgnsis travel from the satellite to the
receiver at the speed of light; even extremelyhsligming errors between the clocks on the
satellite and in the receiver will lead to trememsioange errors. The satellite’s atomic clock
is accurate to 10 to -9 seconds; installing a ctbek accurate on a receiver would make the
receiver prohibitively expensive. Therefore, reeeiglock accuracy is sacrificed, and an
additional satellite timing measurement is madee fiherror caused by the inaccuracies in
the receiver clock is reduced by simultaneouslytraghing a constant timing error from four
satellite timing measurements until a pinpointisixeached.

The navigation accuracy that can be achieved byiaaydepends primarily on the variability
of the errors in making pseudo range measuremimgtsnstantaneous geometry of the
satellites as seen from the user’s location onhEamt the presence Stlective Availability
(SA).

4223 Selective availability

Two levels of navigational accuracy are providedh®/GPS: th&recise Positioning
Service (PPShnNd theStandard Positioning Service (SPS)

GPS was designed, first and foremost, by the Uepaiment of Defence as a United States
military asset; its extremely accurate positiontagability is an asset access to which the
U.S. military may need to limit during time of war prevent use by enemies. As a
consequencd&?PSprovides a more accurate position than does SB&available only to
authorised users, mainly the U.S. military and atfied allies. whilst on the other hand,
SPSis available worldwide to anyone possessing a (&e&ver.

For degradation of the nominal accuracy of SPSr(apmately 15 meters), the US

government uses cryptographic methods introduqoegiic errors into the satellite signal
equivalent to about 100 meters of distance.
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4230 Differential GPS (DGPS)

Although the Global Positioning System providesrist accurate positions available to
navigators today, it should also be clear thantlest accurate positioning information is
available to only a small fraction of the using plgpion: U.S. and allied military. For most
open ocean navigation applications, the degradearacy of the SPS presents no serious
hazard to navigation. A mariner seldom if ever segi@ater than 100 meter accuracy in the
middle of the ocean.

It is a different situation as the mariner appr@scshore. Any mariner who has groped his
way through a restricted channel in a thick fod edrtainly appreciate the fact that even a
degraded GPS position is available for them to. plotvever, 100 meter accuracy is not
sufficient to ensure ship’s safety in most pilotsityations. The problem then becomes how
to obtain the accuracy of the Precise PositionieiyiSe with due regard to the legitimate
security concerns of the U.S. military. The ansteahis seeming dilemma lies in the concept
of Differential GPS (DGPS).

4231 History

Through the early to mid 1980s, a number of agsniéxeloped a solution to the SA
"problem". Since the SA signal was changed slothlg,effect of its offset on positioning was
relatively fixed — that is, if the offset was "1@@eters to the east”, that offset would be true
over a relatively wide area. This suggested thaadcasting this offset to local GPS receivers
could eliminate the effects of SA, resulting in mi@@ments closer to GPS's theoretical
performance, around 15 meters. Additionally, anothajor source of errors in a GPS fix is
due to transmission delays in the ionosphere, wtoehd also be measured and corrected for
in the broadcast. This offered an improvement twuab meters accuracy, more than enough
for most civilian needs.

By the mid-1990s it was clear that the SA systera m@longer useful in its intended role.
DGPS would render it ineffective over the US, pseb where it was considered most
needed. Additionally, experience during the Gulfitlamonstrated that the widespread use
of civilian receivers by U.S. forces meant that\8#&s thought to harm the U.S. more than if it
were turned off. After many years of pressurepdaktan executive order by President Bill
Clinton to get SA turned off permanently in 2000.

Nevertheless, by this point DGPS had evolved indgséem for providing more accuracy than
even a non-SA GPS signal could provide on its olnere are several other sources of error
that share the same characteristics as SA intibgtare the same over large areas and for
"reasonable" amounts of time. These include thesphere effects mentioned earlier, as well
as errors in the satellite position ephemeris dathclock drift on the satellites. Depending on
the amount of data being sent in the DGPS cornesiignal, correcting for these effects can
reduce the error significantly, the best implemgote offering accuracies of fewer than

10 cm.

In addition to continued deployments of the Uni&dtes Coast Guard (USCG) and the
Federal Aviation Administration (FAA), sponsoredgt®ms, a number of vendors have
created commercial DGPS services, selling thenadi{pr receivers for it) to users who
require better accuracy than the nominal 15 m&®&sS offers. For suitably equipped users,
DGPS results in positions better than or at leastcgurate as those obtainable by the PPS.
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4232 Operation

Differential GPS is a system in which a refererteéi@n at an accurately surveyed position
utilises GPS signals to calculate the distanceth satellite, timing errors, Pseudo Range
and Range Rate Corrections and then broadcasector information omng wave radio
frequencies between 285 kHz and 325 kHz to acdoutihese errors. These frequencies are
commonly used for marine radio, and are broadazet major waterways and harbours. The
extremely high altitude of the GPS satellites mehag as long as the DGPS receiver is
within 100-200 km of the user’s receiver, the usegceiver is close enough to take
advantage of any DGPS correction signal.

4233 Drawbacks and limitations

For all its benefits, DGPS is not without drawbaaksl critical limitations.One of the most
important effects limiting the accuracy of DGP3$his so called “Spatial decorrelation”. This
effect compromises the accuracy of the positionudated by the DGPS receiver drastically if
the distance between the DGPS reference statiothari@eceiver is in excess of 100 nautical
miles. With increasing distance of the DGPS reaeinen the reference station it is obvious,

» that the satellite signals used by the refererat@stand the receiver pass through
different parts of the atmosphere and are therefgperiencing different delays and

» that the receiver may use different satellites tivse for which the reference station
broadcasts correction data.

4240 Wide Area Augmentation System (WAAS)

WAAS is primarily an air navigation aid developeglithe Federal Aviation Administration to
augment thé&lobal Positioning System(GPS), with the goal of improving its accuracy,
integrity, and availability. Essentially, WAAS istended to enable aircraft to rely on GPS for
all phases of flight, including precision approacke any airport within its coverage area.

WAAS uses a network of ground-based referenceosistin North America and Hawaii, to
measure small variations in the GPS satellitegatggin the western hemisphere.
Measurements from the reference stations are raatetster stations, which queue the
receivedDeviation Correction (DC) and send the correction messages to geasayio

WAAS satellites in a timely manner (every 5 secooidsetter). Those satellites broadcast the
correction messages back to Earth, where WAAS-edaBPS receivers use the corrections
while computing their positions to improve accuracy

This type of system is calledSatellite Based Augmentation System (SBASIEurope and
Asia are developing their own SBAS, the Ind@RS Aided Geo Augmented Navigation
(GAGAN), theEuropean Geostationary Navigation Overlay ServiceEGNOS) and the
Japanes#ulti-functional Satellite Augmentation System (MSAS). All four systems
operate under the same philosophy and are compadildach other.
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4241 System description

As with ges in general, WAAS is composed of three main segs¢heGround segment
the Space segmentand thdJser segment

TheGround Segmentis composed of multiplé/ide-area Reference Stations (WRS).
These precisely surveyed ground stations monitdrcaliect information on the GPS signals,
and then send their data to the thv#ee-area Master Stations (WMS)using a terrestrial
communications network.

The reference stations also monitor the signal filoeWWAAS geostationary satellites,
providing integrity information regarding them aslivAs of October 2007 there are 38
WRS, twenty in the contiguous United States, seweéklaska, one in Hawaii, one in Puerto
Rico, five in Mexico, and four in Canada.

Using the data from the WRS sites, the WMS genévatalifferent sets of corrections: fast
and slow. The fast corrections are for errors whighchanging rapidly and primarily concern
the GPS satellites' instantaneous positions arak @oors. These corrections are considered
user position independent, which means they cappbed instantly by any receiver in the
WAAS broadcast footprint. The slow corrections ut# long-term ephemeric and clock error
estimates, as well as ionospheric delay information

From the data collected by the WRS, WAAS calcul#tesTotal Electron Conte(TEC) of
the area covered by the RMS and supplies the apateponospheric delay corrections for a
number of points (organized in a grid pattern) asrie WAAS service area.

TR lonospheric TEC Map (US) JPL
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Once these corrections are generated, the WMSstrahthem to the two pairs Gfound
Uplink Stations (GUS)which transmit them to the satellites in the Spsegment for
broadcast to the User segment.
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Thespace segmentonsists of multiple geosynchronous communicageellites which
broadcast the correction messages generated hYitleearea Master Stations for reception
by the User segment. The satellites also broadoastame type of range information as
normal GPS satellites, effectively increasing thenber of satellites available for a position
fix. All GPS signal sources are identified by a eativision multiple access modulation
(CDMA) system which places a unique sub-carrier nhattbn on the course acquisition
carrier of each signal. These modulation patterakaown apseudo-random noise (PRN)
codes

With the end of the Inmarsat lease approaching,newe satellites (Galaxy 15 and Anik F1R)
were launched in late 2005. Since September 238,206 ranging data that Galaxy 15 and
Anik F1R transmit have been flagged as "Precisippraach."

Satellite NMEA / PRN Location
Galaxy 15 NMEA 48 / PRN 135 133°W
Anik F1R NMEA 51 / PRN 138 107,3°W

TheUser segments the GPS and WAAS receiver, which uses the métion broadcast
from each GPS satellite to determine its locatiot the current time, and receives the
WAAS corrections from the Space segment.

The two types of correction messages received &fasdslow) are used in different ways. The
GPS receiver can immediately apply the fast typeoofection data, which includes the
corrected satellite position and clock data, artdrdanes its current location using normal
GPS calculations. Once an approximate positioisfobtained the receiver begins to use the
slow corrections to improve its accuracy. Amongsloev correction data is the ionospheric
delay. As the GPS signal travels from the satdilitthe receiver, it passes through the
ionosphere. The receiver calculates the locatioara/the signal pierced the ionosphere and,
if it has received an ionospheric delay value fatfocation, corrects for the error the
lonosphere created.

While the slow data can be updated every minutedessary, ephemeris errors and
ionosphere errors do not change this frequentlyhep are only updated every two minutes
and are considered valid for up to six minutes.

4242 Accuracy

The WAAS specification requires it to provide a itios accuracy of 7.6 meters or better (for
both lateral and vertical measurements), at |ea%t 8f the time. Actual performance
measurements of system at specific locations hawers it typically provides better than 1.0
meters laterally and 1.5 meters vertically throughnoost of the contiguous United States and
large parts of Canada and Alaska. With these eSMAAS is capable of achieving the
requiredCategory | precision approachaccuracy of 16 m laterally and 4.0 m vertically.

4250 Global Navigation Satellite System (GLONASS)

The GLONASS under the control of the Russian nmifithas been in use since 1993 and is
based on the same principles as GPS. The spacesegomsists of 24 satellites in three
orbital planes, the planes separated by 120 degrekthe individual satellites by 45 degrees.
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The orbits are inclined to the equator at an aofjg4.8 degrees and the orbital period is
about 11hours, 15minutes at an altitude of 19, k313 nm). The designed system fix
accuracy for civilian use is 100 meters horizo(@&6), 150 meters vertical, and 15 cm/sec.
in velocity. Military codes provide accuracies ofh#e 10-20 meters horizontal.

The ground segment of GLONASS lies entirely witthia former Soviet Union. The user
segment consists of various types of receiversgtmtide position, time, and velocity
information.

4260 The Galileo System

In early 2002 the European Union (EU) decided tawlfthe development of its new Galileo
satellite navigation system which shall be compatiath the U.S. GPS. A great deal of
preliminary scientific work has already been accbshed, and full scale development is
under way.

In contrast to GPS and GLONASS, Galileo will be endvilian control and dedicated
primarily to civilian use. Plans call for the Gab constellation to consist of 30 satellites (27
usable and three spares) in three orbital plaaes, ieclined 56 degrees to the equator. The
orbits are at an altitude of 23,616 km (about 1@,X&).

Galileo will be designed to serve higher latitutean GPS, an additional factor in the EU
decision, based on Scandinavian participation.|&aWill also provide an important feature
for civilian use that GPS does not: integrity morirtg. Currently, a civilian GPS user
receives no indication that his unit is not reaggvproper satellite signals, there being no
provision for such notification in the code. Howewv@alileo will provide such a signal,
alerting the user that the system is operating apeily.

The issue of compatibility with GPS is being addegsduring ongoing development.
Frequency sharing with GPS is under discussionjtaadeasonable to assume that a high
degree of compatibility will exist when Galileoaperational. Manufacturers will
undoubtedly offer a variety of systems which extloe best technologies of both GPS and
Galileo.

The benefit of Galileo for the navigator is thagd will be two separate satellite navigation
systems to rely on, providing not only redundarmy, also an increased degree of accuracy
(for systems that can integrate both systems’ &yn@alileo should be first available in
2006, and the full constellation is scheduled tapédy 2010.

4261 European Geostationary Navigation Overlay Systn (EGNOS)

EGNOS is like WAAS a Satellite Based Augmentatigst®m(SBAS), and is compatible to
WAAS. Since 2005 EGNOS is under Test using a sigdeENOS Satellite Test Bed
(ESTB).

In the final configuration th&round Segmentwill composed of 3Ranging and Integrity
Monitor Stations (RIMS). These precisely surveyed ground stations monitdrcaliect
information on the GPS signals, and then send tfaga to fouMission Control Centers
(MCC) located in Langen (Frankfurt/Germany), Torrrejoragvid/Spain), Ciampino
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(Roml/Italy) and Swanwick London/UK) using a terredtcommunications network Using
the data provided by the RIMS the MCC calculate:

= Long term errors in the Satellite position

= Short and long term Satellite clock errors

= lonospheric correction grids

* Integrity information

With the integrity information, the user will be m&d within 6 seconds after appearance of a
problem that the quality of the signal he is ussgoubtful.

In the final configuration th&pace Segmenuill rely on the following three geostationary
satellites (two Inmarsat plus Artemis):

Satellite ID/PRN Location
INMARSAT 3 F2 (AOR-E) ID 33/ PRN 120 15,5°W
Artemis ID 37/ PRN 124 21,3°E
INMARSAT 3 F1 (IOR) ID 44 / PRN 131 65,5°E

.nnn- 1 ﬂul,'tElTHS
W (15.5°W) {z

Position and coverage area of the EGNOS satellites
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PART 4

(Electronic navigation)

Chapter 3

(Radar navigation)

4310 Introduction

The word radar is an acronym derived from the phiRa&sdio DetectionAnd Ranging and
applies to electronic equipment designed for detg@nd tracking objects (targets) at
considerable distances.

Radar determines distance to an object by meastirenime required for a radio signal to
travel from a transmitter to an object and ret@ince most radars use directional antennae,
they can also determine an object’s bearing. Howeadar’'s bearing measurement will be
less accurate than its distance measurement. Typigaadar bearing is accurate to within
about 5° of true bearing. Understanding this cohisegrucial to ensuring the optimal
employment of the radar for safe navigation.

4311 Signal Characteristics

Signals are generated by a timing circuit so thatgy leaves the antenna in very short
pulses. When transmitting, the antenna is conndotéte transmitter but not the receiver. As
soon as the pulse leaves, an electronic switclodisects the antenna from the transmitter and
connects it to the receiver. Another pulse is remigmitted until after the preceding one has
had time to travel to the most distant target witfsinge and return. The returned pulses are
displayed on an indicator screen.

Since the interval between pulses is long compaitdthe length of a pulse, strong signals
can be provided with low average power.

4312 The Display

On conventional Circular Cathode Ray TYB&RT) displays, the display sweep starts at its
centre and moves outward along a radial line mgat synchronisation with the antenna.
Detection is indicated by a brightening of the thgscreen at the bearing and range of the
return. Because of a luminescent tube face coatiegglow continues after the trace rotates
past the target. The target’s actual range is ptigmal to its echo’s distance from the scope’s
centre. A moveable cursor helps to measure rangebearings. In the “heading-upward”
presentation, which indicates relative bearings,ttp of the scope represents the direction of
the ship’s head.
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The raster radar also employs a cathode ray talbid basic radar system, the type of
display used is the Plan Position IndicgfePl), which is essentially a polar diagram, with
the transmitting ship’s position at the centre. ldger, the raster radar does not produce its
picture from a circular sweep. It utilizes a lirsean in which the picture is “drawn” line by
line, horizontally across the screen. As the swaepes across the screen, the electron beam
from the CRT illuminates the pixets the screen. A pixel is the smallest area of phosis
that can be excited to form a picture element.rtéfeoto produce a sufficiently high
resolution, some raster radars require over lanilliixels per screen combined with an
update rate of 60 scans per second. Completingrideessing for such a large number of
pixel elements requires sophisticated, expensioeiitiy. One way to lower cost is to slow
down the required processing speed. This speetiecwered to approximately 30 frames
per second before the picture develops a noticébdier.

4320 The Radar Beam

The pulses of r-f energy emitted from the feed tadrthe focal point of a reflector or emitted
and radiated directly from the slots of a slottea/@guide antenna would, for the most part,
form a single lobe-shaped pattern of radiatiomifteed in free space. Figure 4320 below
illustrates this free space radiation pattern,udiclg the undesirable minor lobes or SIDE
LOBES associated with practical antenna designaBse of the large differences in the
various dimensions of the radiation pattern, figd820 is necessarily distorted.

B
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Although the radiated energy is concentrated ouded into a relatively narrow main beam
by the antenna, similar to a beam of light fronteatilight, there is no clearly defined
envelope of the energy radiated. While the enesgyncentrated along the axis of the beam,
its strength decreases with distance along the @kes strength of the energy decreases
rapidly in directions away from the beam axis.

Figure 4320 Free space radiation pattern

The power in watts at points in the beam is invgrgeoportional to the square of the
distance. Therefore, the power at 3 miles is ofjtilof the power at 1 mile in a given
direction. The field intensity in volts at pointsthe beam is inversely proportional to the
distance. Therefore, the voltage at 2 miles is onlg-half the voltage at 1 mile in a given
direction. With the rapid decrease in the amountdfated energy in directions away from
the axis and in conjunction with the rapid decreaxfehis energy with distance, it follows
that practical limits of power or voltage may bediso define the dimensions of the radar
beam or to establish its envelope of useful energy.
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4321 Beam Width

The three-dimensional radar beam is normally dédfimgits horizontal and vertical beam
widths. Beam width is the angular width of a rabeam between points within which the
field strength or power is greater than arbitrasdyected lower limits of field strength or
power.

The most frequently used convention to define beaaith is thehalf power ratio definition.
This convention defines beam width as the anguidttvbetween points at which the field
strength drops to -3 dB of its maximum value.

The radiation diagram illustrated in Figure 432Ilobedepicts relative values of power in the
same plane existing at the same distances fromntezna or the origin of the radar beam.
Maximum power is in the direction of the axis oé theam. Power values diminish rapidly in

directions away from the axis. The beam width es¢fore the angle between the half-power
points.

Half power point (-3 dB

/ Beam widih Be@
o \\\Z /
Half power point (-3 dB) _——Y \

Figure 4321 Radiation diagram

For a given amount of transmitted power, the malbelof the radar beam extends to a greater
distance at a given power level with greater cotraéion of power in narrower beam widths.
To increase maximum detection range capabilittesenergy is concentrated into as narrow a
beam as is feasible. Because of practical congidaesarelated to target detection and
discrimination, only the horizontal beam width igtg@ narrow, typical values being between
about 0.65° to 2.0°. The vertical beam width iatigkly broad, typical values being between
about 15° to 30°.

The beam width depends upon the frequency or wagtieof the transmitted energy,
antenna design and the dimensions of the antelmna given antenna size (antenna
aperture), narrower beam widths are obtained wisargishorter wavelengths. For a given
wavelength, narrower beam widths are obtained wiserg larger antennas.

4322 Effect of sea surface on radar beam

With radar waves being propagated in the vicinftjhe surface of the sea, the main lobe of
the radar beam, as a whole, is composed of a nuofilseparate lobes as opposed to the
single lobe-shaped pattern of radiation as emittdcbe space. This phenomenon is the result
of interference between radar waves directly tratiesthand those waves which are reflected
from the surface of the sea.

The vertical beam widths of navigational radarssareh that during normal transmission
radar waves will strike the surface of the seaoaitp from near the antenna (depending upon
antenna height and vertical beam width) to therradazon. The indirect waves (see Figure

131



4322) reflected from the surface of the sea mayge@ining the direct waves, either reinforce
or cancel the direct waves depending upon whekisgrare in phase or out of phase with the
direct waves, respectively. Along directions aweant the antenna, the direct and indirect
waves will gradually come into and pass out of phasoducing lobes of useful radiation
separated by regions within which, for practicalgmses, there is no useful radiation.

Direct wave

Ing,
e,
4

Wave
Sea surface

Figure 4322 Direct and indirect Waves

It is therefore obvious that if r-f energy is torfledlected from a target, the target must extend
somewhat above the radar horizon, the amount ehsidn being dependent upon the
reflecting properties of the target.

4330 Weather factors affecting the radar horizon

The usual effects of weather are to reduce theaaagwhich targets can be detected and to
produce unwanted echoes on the radarscope whictobsayre the returns from important
targets or from targets which may be dangerous&saship. The reduction of intensity of

the wave experienced along its path is known ama#tion Attenuation is caused by the
absorption and scattering of energy by the varfouss of precipitation. The amount of
attenuation caused by each of the various facpents to a substantial degree on the radar
wavelength. It causes a decrease in echo stregémuation is greater at the higher
frequencies or shorter wavelengths.

The amount of attenuation caused by weather fadalspendent upon the amount of water,
liquid or frozen, present in a unit volume of andaupon the temperature. Therefore, as one
would expect, the affects can differ widely. Thether the radar wave and returning echo
must travel through this medium then the greatdrbegithe attenuation and subsequent
decrease in detection range. This is the case whtth target is in or outside the
precipitation. A certain amount of attenuation &akéce even when radar waves travel
through a clear atmosphere. The affect will nohbgceable to the radar observer. The effect
of precipitation starts to become of practical gigance at wavelengths shorter than 10cm. In
any given set of precipitation conditions, the ¢wh) or 10cm will suffer less attenuation
than the (X-band) or 3cm.

Rain: In the case of rain the particles which affectgbattering and
attenuation take the form of water droplets. fiassible to
relate the amount of attenuation to the rate ofipr&tion. If
the size of the droplet is an appreciable proportibthe 3cm
wavelength, strong clutter echoes will be prodused there
will be serious loss of energy due to scattering) abenuation.
If the target is within the area of rainfall, arghees from
raindrops will further decrease its detection raifyeaker
target responses, as from small vessels and bwdl/bge
undetectable if their echoes are not stronger tihainof the
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Fog:

Clouds:

Hail:

Snow:

Dust:

Unusual Conditions:

rain. A very heavy rainstorm, like those sometiraesountered
in the tropics, can obliterate most of the (X-baratlar picture.
Continuous rainfall over a large area will make ¢batre part
of the screen brighter than the rest and the faitec, moving
along with the ship, looks similar to sea cluttecan be clearly
seen on long range scales. This is due to a gradeatase in
returning power as the pulse penetrates furtherthr rain
area.

In most cases fog does not actually produce echodse radar
display, but a very dense fogbank which arisesoilaFRegions
may produce a significant reduction in detectiamgea A vessel
encountering areas known for industrial pollutiorthe form of
smog may find a somewhat higher degree of attepru#tian
sea fog.

The water droplets which form clouds are too siafiroduce
a detectable response at the 3cm wavelength.rif e
precipitation in the cloud then the operator capeex a
detectable echo.

With respect to water, hail which is essentiallyz&n rain
reflects radar energy less effectively than wakeerefore, in
general the clutter and attenuation from hail &y to prove
less detectable than that from rain.

Similar to the effects of hail, the overall effetclutter on the
picture is less than that due to rain. The strengtthoes from
snow depends upon the size of the snowflake anchtheof
precipitation. Falling snow will only be observed ihe
displays of 3cm except during heavy snowfall whetenuation
can be observed on a 10cm set.

There is a general reduction in radar detectigdheépresence of
dust and sandstorms. On the basis of particle detectable
responses are extremely unlikely and the operatoegpect a
low level of attenuation.

Similar to the propagation of light waves, radavesgoing
through the Earth’s atmosphere are subject toctdraand
normally bend slightly with the curvature of thertha Certain
atmospheric conditions will produce a modificatafrthis
normal refraction.
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4340 Factors affecting detection, display and measament of range

The factors influencing the maximum and minimumgerthe range accuracy and resolution
are discussed below.

4341 Factors affecting maximum range

Frequency: The higher the frequency of a radar wave, the gresthe
attenuation, regardless of weather. Lower radauiacies
(longer wavelengths) have, therefore, been genyesajlerior
for longer detection ranges.

Peak Power: The peak power of radar is its useful power. Raragmbilities
of the radar increase with peak power. Doublingpbak power
increases the range capabilities by about 25 percen

Pulse Length: The longer the pulse length, the greater is thgeaapability
of the radar because of the greater amount of gnerg
transmitted.

Pulse Repetition Rate The pulse repetition ra{RR) determines the maximum
measurable range of the radar. Ample time mustibeed
between pulses for an echo to return from any tdogated
within the maximum workable range of the systenhedwise,
echoes returning from the more distant targetbleked by
succeeding transmitted pulses. This necessaryititer/al
determines the highest PRR that can be used. TRenRRt be
high enough, however, that sufficient pulses hatttrget and
enough echoes are returned to the radar. The maximu
measurable range can be determined approximatedjviming
81.000 by the PRR.

Beam Width: The more concentrated the beam, the greatee iddtection
range of the radar.

Target Characteristics: Targets that are large can be seen on the scgpeadér ranges,
provided line-of-sight exists between the radaeané and the
target. Conducting materials (a ship’s steel lallgexample)
return relatively strong echoes while non condygtimaterials
(a wood hull of a fishing boat, for example) retanoch weaker
echoes.

Receiver Sensitivity The more sensitive receivers provide greatezafiein ranges
but are more subject to jamming.

Antenna Rotation Rate The more slowly the antenna rotates, the gresithe detection
range of the radar. For a radar set having a PRIROOD pulses
per second, a horizontal beam width of 2°, andraerasa
rotation rate of 6 RPM (1 revolution in 10 secondS86
scanning degrees per second), there is 1 pulsentitiad each
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0,036° of rotation. There are 56 pulses transmitigihg the
time required for the antenna to rotate throughéam width.

Beam Width / Degrees per Pulse = 2° / 0,036° = 56I8es

With an antenna rotation rate of 15 RPM (1 revoluin 4
seconds or 90 scanning degrees per second), thendyil
pulse transmitted each 0,090° of rotation. Theeeoaty 22
pulses transmitted during the time required forah&nna to
rotate through its beam width.

Beam Width / Degrees per Pulse = 2°/ 0,09° = 22|Bes
From the foregoing it is apparent that at the higirdenna

rotation rates, the maximum ranges at which taygets
particularly small targets, may be detected areced.

4342 Factors affecting minimum range

Pulse Length:

Sea Return

Side-Lobe Echoes:

Vertical Beam Width:

The minimum range capability of a radar is detesdi
primarily by the pulse length. It is equal to hié pulse length
of the radar.

Sea return or echoes received from waves mdteciine
indicator within and beyond the minimum range dgthbd by
the pulse length and recovery time.

Targets detected by the side-lobes of the anteeam lpattern

are callecside-lobe echoes. When operating near land or large
targets, side-lobe echoesy clutter the indicator and prevent
detection of close targets, withaegard to the direction in
which the antenna is trained.

Small surface targets may escape the lower edtieafertical
beamwhen close.

4343 Factors affecting range accuracy

The range accuracy of radar depends upon the esscivith which the time interval between
the instants of transmitting a pulse and receitireggecho can be measured.

Fixed Error:

Line Voltage:

A fixed range error is caused by the starting efgtveep on the
indicatorbefore the r-f energy leaves the antenna. The zero
reference for all rangmeasurements must be the leading edge
of the transmitted pulse as it appearghanindicator.

Accuracy of range measurement depends on thetaimy of
the line voltage supplied to the radar equipmérgupply
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voltage varies from its nominal value, ranges iatiéd on the
radar may be unreliable.

Frequency Drift: Errors in ranging also can be caused by slighations in the
frequency of the oscillator used to divide the gwéene base)
into equal range intervals.

Calibration : Radar indicators usually have a Variable Rangekier (VRM)
or adjustable range ring which is the normal mdansange
measurements. With the VRM calibrated with respethe
fixed range rings within a tolerance of 1 percdrhe
maximum range of the scale in use, ranges as nexhbyrthe
VRM may be in error by as much as 2,5 percentef th
maximum range of the scale in use. With the indicaét on
the 8-mile range scale, the error in a range asuned by the
VRM may be in error by as much as 0,2 nautical mile

Radarscope Interpretation: Relatively large range errors can result fronomect
interpretation of a landmass image on the PPI.ditfieulty of
radarscope interpretation can be reduced througk mo
extensive use of height contours on charts. Fabiel
interpretation it is essential that the radar ofpegecontrols be
adjusted properly. If the receiver gain is too lé@gtures at or
near the shoreline, which would reflect echoestagher gain
setting, will not appear as part of the landmasagien If the
receiver gain is too high, the landmass image erPthl will
“bloom”. With blooming the shoreline will appeaioskr than it
actually is. A fine focus adjustment is necessarglitain a
sharp landmass image on the PPI. Because of tfmusar
factors introducing errors in radar range measunésnene
should not expect the accuracy of navigationalréalae better
than + or - 50 m under the best conditions.

4344 Factors affecting range resolution

Range resolution is a measure of the capabiligy @idar to display as separate pips the
echoes received from two targets which are ondheesbearing and are close together. The
principal factors that affect the range resolunbma radar are the length of the transmitted
pulse, receiver gain, CRT spot size, and the raogke. A high degree of range resolution
requires a short pulse, low receiver gain, andoatshnge scale.

Pulse Length Since the radio frequency energy travels ateegmwf 300
million meters per second, the distance the enaygls in 1
microsecond is approximately 300 meters. Becausertergy
must make a round trip, the target cannot be clibser 150
meters if its echo is to be seen on the screerewising a pulse
length of 1 microsecond. For the same reasonadvgets on
the same bearing, close together, cannot be seem abstinct
pips on the PPI unless they are separated byandesigreater
than one-half the pulse length (150 meters perasemond of
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pulse length). If a 1-microsecond pulse is sen@roiwo
objects on the same bearing, separated by 150sndter
leading edge of the echo from the distant targitotdes in
space with the trailing edge of the echo from tearnarget. As
a result the echoes from the two objects blendargmgle pip,
and range can be measured only to the nearest.objjec
reason for this blending is illustrated in figui@4a below.
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Figure 4344a Pulse length and range resolution

In part A of figure 4344a above, the transmittetbpus just
striking the near target. Part B shows energy besfigcted
from the near target, while the leading edge oftthesmitted
pulse continues toward the far target. In part/€ microsecond
later, the transmitted pulse is just striking thetarget; the echo
from the near target has travelled 150 meters taglrd the
antenna. The reflection process at the near tesgetly half
completed. In part D echoes are travelling backatovihe
antenna from both targets. In part E reflectiooamspleted at
the near target. At this time the leading edgénefécho from
the far target coincides with the trailing edgetd first echo.
When the echoes reach the antenna, energy is aalit@ the
set during a period of 2 microseconds so thatgleipip
appears on the PPI. If a radar has a pulse lerigth o
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microsecond duration, the targets would have tedparated by
more than 150 meters before they would appear apips on
the PPI.

Receiver Gain Range resolution can be improved by proper aajest of the
receiver gain control. As illustrated in figure 4®4below, the
echoes from two targets on the same bearing magea@s a
single pip on the PPI if the receiver gain settstpo high.
With reduction in the receiver gain setting, thbaes may
appear as separate pips on the PPI.

/2\/,?

Figure 4344b Receiver gain and range resolution

4350 Factors affecting detection, display and measament of bearing

The factors influencing bearing accuracy and ragwoilare discussed below.

4351 Factors affecting bearing accuracy

Horizontal beam width: Bearing measurements can be made more accuratelyhai
narrowerhorizontal beam widths. Several targets closethmye
may return echoes which produce pips on the PRilwimerge,
thus preventing accurate determination of the bgaof a
single target within the group. The effective beamth can be
reduced through lowering the receiver gain settimgeducing
the sensitivity of the receiver, the maximum detectange is
reduced, but the narrower effective beam width e better
bearing accuracy.

Target Size: For a specific beam width, bearing measuremenssnal|
targets arenore accurate than large targets because the sentre
of the smaller pips of the small targets can batifled more
accurately.

Sweep Centring Error: If the origin of the sweep is not accuratelytced on the PPI,
bearing measurements will be in error. Greateribgarrors
are incurred when the pip is near the centre oPfRkethan
when the pip is near the edge of the PPI. Sinae tisenormally
some centring error, more accurate bearing measumtsman
be made by changing the range scale to shift ihv@gsition
away from the centre of the PPI.
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4352 Factors affecting bearing resolution

Bearing resolution is a measure of the capability adar to display as separate pips the
echoes received from two targets which are ataheesange and are close together.

The principal factor that affects the bearing resoh of a radar is the horizontal beam width.

Horizontal beam width: As the radar beam is rotated, the painting of eopiphe PPI
begins asoon as the leading edge of the radar beam sttikes
target. The painting dhe pip is continued until the trailing
edge of the beam is rotated beyondttrget. Therefore, the pip
is distorted angularly by an amount equal todfective
horizontal beam widthAs illustrated in figure 4352 below, in
which a horizontal beam width of 10°used for graphical
clarity only, the actual bearing of a small targavinggood
reflecting properties is 090°, but the pip as padndn the PPI
extenddrom 095° to 085°. The left 5° and the right 5° are
painted while the antenngnot pointed directly towards the
target. The bearing must be read atdbetre of the pip.

TARGET

: ., 6 ‘T——-\;’u‘_ LL::{ -

T pg

A 10° BEAM PRODUCES PIP 5°
BEFORE ANTENMNA POINTS
AT TARGET

TARGET

B anp CONTINUES TO PRODUCE
PIP UNTIL

TARGET

. v ﬁlg,_ﬁ-ﬁs_i_-f;;}{“

C ANTENNA POINTS 5° PAST TARGET,
THUS PRODUGING A PIP 10° TOO WIDE
OM SCOPE

TARGET PIP |3 ALWAYS WIDENED ON THE SCOPE
AN AMOUNT EQUAL TO THE BEAM WIDTH,

Figure 4352 Angular distortion

139



4360 Manoeuvring Board

The manoeuvring Board is a diagram which can bd irsthe solution of relative motion
problems. The chart as illustrated in figure 436Asists primarily of a polar diagram having
equally spaced radials and concentric circles.rédels are printed as dotted lines at 10°
intervals. The 10 concentric cycles are also dattexpt for the inner and the outer complete
circle.

Fig. 4360 Manoeuvring Board

In plotting the ranges and bearings of radar targetthe Manoeuvring Board, the radar
observer generally must select an optimum distanake. For radar targets at distances
between 10 and 20 miles, the 2:1 scale is thededsttion. The objective is to provide as
much separation between individual plots as isiptesfor both clarity and accuracy of
plotting. While generally either the 1:1 or 2:1lgcia suitable for plotting the relative
positions of the radar contacts in collision avaickapplications when the ranges are
measured in miles, the radar observer also musttsglsuitable scale for the graphical
construction of the vector triangles when the smiatese triangles are scaled in knots.

To avoid confusion between scales being used &taice and speed in Knots, the radar

observer should make a notation on the ManoeuBo®yd as to which scale is being used
for distance and which scale is being used forgpe&nots.
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4361 Radar Plotting Symbols

In order to be able to maintain a clear separaifatata of the own ship from those of a
contact on the manoeuvring board the following ebiation shall be used.

Relative Plot
Symbol Meaning Symbol
R Own Ship. e
M Other Ship. r
M1 First plotted position of other ship.ri,r2
M2, M3 Later positions of other ship. er
Mx Position of other ship on RML at m
planned time of evasive action;
point of execution.
NRML New relative movement line. em
RML Relative movement line. rm
DRM Direction of relative movement;
always in the direction of M1/ M2/
M3........
SRM Speed of relative movement.
MRM Miles of relative movement;
relative distance travelled.
CPA Closed point of approach.
4362 Examples

43621 Closest point of approach

Situation:

Required

Other ship M is observed as follows:
Time  Bearing Range (Sm)
09 08 275 12,0

09 13 270 10,7

09 16 266 10,0

09 20 260 9,0
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Vector Triangle
Meaning

The origin of any ship’s true
(course-speed) vector fixed with
respect to the earth.

The end of own ship’s true
(course-speed) vectaar; the
origin of the relative (DRM-
SRM) vectorrm.

The ends of alternative true
(course-speed) vectors for own
ship.

Own ship’s traeurse-speed)
vector.
The end of other ship’s true
(course-speed) vectam the end
of the relative (DRM-SRM)
vector, m.

Other shiplseti(course-speed)
vector.

The relative (DRM-{8Rvector;
always in the direction of M1/

Rel Position

M1
M2
M3
M4

(1) Direction of Relative Movement (DRM).
(2) Speed of Relative Movement (SRM).



Solution:

Answer:

(3) Bearing and range at Closest Point of ApproécRA).
(4) Estimated time of Arrival at CPA.

(1) Plot and label the relative positions M1, M&;.aising for distances und
speeds the scale factor 2:1. The direction of ithe M1 M4 through them is
the direction of relative movement (DRM): 130°.

(2) Measure the relative distance (MRM) betweentamypoints on M1M4.
M1 to M4 = 4Sm. Using the corresponding time in&(@920 - 0908
=12min), obtain the speed of relative movement (BREBM/12min=20Kn.
(3) Extend M1M4. Provided neither ship alters a®ior speed, the successive
positions of M will plot along the relative moverhimne. Drop a
perpendicular from R to the relative movement &h#&15. This is the CPA:
220°, 6,9Sm..

(4) Measure M1M5: 9,8Sm. With this MRM and SRMialtime interval to
CPA at 29 minutes. ETA at CPA= 0908 + 29 = 0937.

(1) DRM 130°.

(2) SRM 20 knots.

(3) CPA 220°, 6,9Sm.
(4) ETA at CPA 0937.
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43622 Course and speed of other ship

Situation:

Required:

Solution:

Answer:

Own ship R is on course 150°, speed 18 knots.8lgpobserved as follows:

Time  Bearing Range (Sm) Rel Position
11 00 255 10,0 M1
11 07 260 7,9 M2
11 14 270 5,6 M3

Course and speed of M

Plot M1, M2, M3and R using for distances the s¢at¢or 1:1 und for speeds
the scale factor 3:1. Draw the direction of rela&imnovement line (RML) from
M1 through M3. With the distance M1 M3(4,9Sm) d&ibterval of time
between M1 and M3 (14min), the relative speed (®R¢ other ship is
21knots. Draw the reference ship vector er corresiiag to the course and
speed of R. Through r draw vector rm parallel ta amthe direction of M1
M3 with a length equivalent to the SRM of 21 kndke third side of the
triangle, em, is the velocity vector of the ship(89°, 27 Kn.
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43623 Course and speed to pass another ship at &sified distance

Situation 1:

Required:

Situation 2:

Required 2:

Solution:

Own ship R is on course 190°, speed 12 knots. GtiiprM is observed as
follows:

Time  Bearing Range (Sm) Rel Position
17 30 153 10,0 M1

17 36 153 8,35 M2

(1) CPA

(2) Course and speed of M
It is desired to pass ahead of M with a CPA ofSni%

(3) Course of R at 12 Kn if course is changed wihaege is 6,5 Sm.

(4) At what time R shall change its course in ortdemaintain the range at 6,5
Sm

(5) Bearing and time of CPA.

g
TIIIT

(1) Plot M1, M2, and R. using for distances thdedactor 1:1 und for speeds
the scale factor 2:1. Draw the relative movemem [RML) M1, M2 extended.
Since the bearing is steady and the line passeglr&® (CPA=0), the two
ships are on collision courses.
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Answer:

43624

Situation:

Required:

(2) Draw own ship’s velocity vector erl 190°/12Kfeasure the relative
distance (M1M2=1,65Sm) travelled by M from 17 3Q7a36 (6min) to obtain
the relative speed SRM=16,5Kn. Draw the relativeespvector rlm parallel
toM1M2 and 16,5 Kn in length. The velocity vectbiMas em: 287°/10 Kn.
(3) Plot M3 bearing 153°, 6,5 Sm from R. With Rhescentre describe a
circle of 1,5 Sm radius, the desired distance ahACFrom M3 draw a line
tangent to the circle M4. This places the relativevement line of M (M3M4)
the required minimum distance of 1,5 Sm from Rugdinan, draw r2m parallel
to and in the direction ofM3M4 intersecting theKi2 circle (speed of R) at r2.
Own ship velocity vector is er2: 212°/12 Kn.

(4) M travelling with a relative speed SRM=16,5 Will cover the relative
distance M2M3=8,35-6, 5=1,85 Sm within 7min i.e1&t43.

(5) Using the relative speed vector of r2m=13,4afl the distance from M3
to CPA: M3M4=6,4 Sm the elapsed time from M3 toddd be determined to
be 28 min. The time of CPA is therefore 17 43 286G 18 11.

(1) M and R are on collision courses.
(2) Course 287°, speed 10Kn

(3) Course 212°

(4) Time at M3: 17 43

(5) Bearing 076°, time of CPA 18 11

Determination of true wind

A ship is on course 240°, speed 18 Kn. The relatine across the deck is 30
Kn from 040° relative.

Direction and speed of true wind.
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Solution: Plot er, the ships vector of 240°, 18 Kn. Contleetrelative wind to apparent
wind by plotting rw 040° relative to ships head @rhresults in a true
direction of 280° T. Plot the apparent wind vediaciprocal of 280° T, 30
Kn) from the end of the vector er. Label the ehtthe vector w. The resultant
vector ew is the true wind vector of 135°, 20 Kin@i® course and speed). The
true Wind , therefore, is from 315°.

Answer: True wind from 315°, speed 20 kn.
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PART 4

(Electronic navigation)

Chapter 4

(Standard’s for electrical interfaces)

4410 Purpose

Today electronics touches almost every aspect\wafaton. Satellite systems, electronic
charts and radar aids to navigation all requirenareasingly sophisticated electronic suite
and the expertise to manage them. The effort requo manage a great number of electronic
boxes is rapidly decreasing with the introductibadequate communication links enabling
each electronic box to receive information from attyer box, or to transmit information to
any other box without any manual intervention & tfavigator.

Considering the fact that the electronic environhmemboard of a vessel consists of
equipment provided from different sources, it isiols that in order to be able to establish a
communication link as defined above, one shoukt @iefine and agree with the equipment
manufacturers suitable hardware and software stdadgplicable for said link. The
standards which are widely used today for marirta dasses, and which define the electrical
interface and data protocol for communication betwmarine instrumentation are the so
called NMEA standards.

Nevertheless as many people want to connect &§.Sareceiver to a computer, there is a
need to have some knowledge about the RS-232acteih order to be able to connect said
equipment to the serial ports of the computer.

4420 The National Marine Electronics Association (NIEA)

The National Marine Electronics Association is a4poofit association composed of
manufacturers, distributors, dealers, educatiarsitutions, and others interested in
peripheral marine electronics occupations. NMEA hexsome a developer, maintainer and
distributor of various documents and standarddedlto the marine electronics industry.
NMEA standards have been accepted as the commoticeréor how to share specific data
information between competing entities or companiase the late 1970s.

NMEA Standards Serve the public safety. They Hmen developed from manufacturers,
private and government organizations, dealers gaogpment operators in order to:

= facilitate the public interest in the interconnentand interchangeability of equipment, to
= minimize misunderstanding and confusion betweenufgaturers, and to

= Assist purchasers in selecting compatible equipment
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The National Marine Electronics Association is timéfying force behind the entire marine
electronics industry, bringing together all aspeétthe industry, and is furthermore dedicated
to the education and advancement of the marinéretecs industry and the market which it
serves.

4430 NMEA Capabilities and performance standards

NMEA established until now three data bus spedifices, namely the NMEA-180, 182 and
183 and issued in 2002 the so called NMEA-2000i§pation.

= The NMEA-180, 182 and 183 standards are unidireatimterfaces allowing a single
talker (Tx) and several listeners (Rx) on one ¢irddata buses designed to satisfy said
standards are not communication networks. Thegenial data interfaces, and are used as
a universal method for data exchange between deviteir maximum data transfer rate
does not exceed 4,8 Kilobits/sec which leads tarmster of 6-8 messages/sec.

= The NMEA-2000 standard contains the requirementss#rial data communications
network to inter-connect marine electronic equiphmmnvessels. It is multi-master and
self configuring, and there is no central netwarktcoller. Equipment designed to this
standard will have the ability to share data, idolg commands and status with other
compatible equipment over a single channel.

Although it is expected that in the future, the NMESO, 182 and 183 standards will be
replaced by NMEA-2000, it is important to understaineir physical lay out and their
performance characteristics, simply because todzst of the electronics on board of a vessel
are interconnected using the specification of drteéese standards.

4440 NMEA-180, 182 and 183 interface definitions

The recommended interconnect wiring is a shieldastéd pair, with the shield grounded
only at the talkers side. The standards do notifype use of any particular connector.

The NMEA-0180 and 0182 standards say that thertallkgput maybe RS-232, or from a TTL
buffer, capable of delivering 10 mA at 4 V. Thesagollector TTL buffer contains a 680
ohm resistor to +12 V, and a diode to prevent thtput voltage from rising above +5.7 V.

NMEA-0183 accepts this, but recommends that thestadutput contains a differential
system, having two signal lines, A and B. The \ggdt®on the "A" line correspond to those on
the older TTL single wire, while the "B" voltageeareversed (while "A" is at +5, "B" is at
ground, and vice versa)

In either case, the recommended receive circug aseopto-isolator with suitable protection

circuitry. The input should be isolated from tleeeiver's ground. In practice, the single wire
"A", may be directly connected to a computer's RB3-2put.
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4450 NMEA-180 and 182 performance definitions

NMEA-0180 and 0182 are very limited, and just ded&h communications from a Loran-C
(or other navigation receiver, although the stadslapecifically mention Loran), and an
autopilot. The specifications for both standardsraarly identical. However, equipment
designed to operate in accordance with NMEA-18Quaneg the "simple" format described
below, while those designed to satisfy the requinets of NMEA-180 will use the
"complex” format.

4451 Simple data format

The simple format consists of a single data byedamitted at intervals of 0.8 to 5 seconds, at
1, 2 K baud with odd parity. Bits 5 - O give th@ss-track error in units of Opisec or 0.01
nautical miles. The error is given in offset binamth a count of 1 representing full scale
right error, 32 (hex 20) for on course, and 63 (BBXull scale left error. Bit 6 is a 1 if the
data is valid, and bit 7 is O to indicate the siengéata format.

4452 Complex data format
The complex format consists of a data block of ge® of (mostly) readable ASCII text

giving cross-track error, bearing to waypoint, prad_atitude and Longitude, and a binary
status byte (Ref. Figure 4450).

Byte Data Interpretation
1 $
2 M Device.
3 P Address.
4 K=Kilometres or N=Nautical miles or | Cross track error units.
U=Microseconds
5-8 0-9 Cross track error value.
9 LorR Cross track error position.
10 TorM True or magnetic bearing.
11-13 0-9 Bearing to next waypoint.
14-23 12D34'56"N or 12D34.56'N Present latitude
24-34 123D45'56"W” or 123D45.67"W Present longitude
35 Non ASCII status byte
Bit 0=1 Manual cycle lock.
1=1 Low SNR.
2=1 Cycle jump.
3=1 Blink
4=1 Arrival alarm.
5=1 Discontinuity of TD’s.
6=1 Always.
36 “NUL” Character (hex80) (reserved status
byte)
37 ‘ETX” Character (hex83)

Any unavailable data is filled with "NUL" bytes.

Figure 4450 NMEA-182 data form
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The data block shall be sent at intervals of 2 $8@& All bytes in the complex format have
bit7 = 1 to distinguish them from the simple form#tis permissible for a sending device to
send both simple and complex data, and even toaésidhple" data byte in the middle of a
"complex" data block.

4460 NMEA-183 performance definitions

Under the NMEA-0183 standard, all characters usegantable ASCII text (plus carriage
return and line feed). NMEA-0183 data is sent,8tkbaud.

4461 General sentence format

The data is transmitted in the form of "sentencd&ich sentence starts with a "$", a two
letter "talker ID", a three letter "sentence IDJlléwed by a number of data fields separated
by commas, and terminated by an optional checkamiha carriage return/line feed.

A sentence may contain up to 82 characters incfuttia "$" and CR/LF.

= |f data for a field is not available, the fieldsenply omitted, but the commas that would
delimit it are still sent, with no space betweeanth

= Since some fields are variable width, or may betaias above, the receiver should
locate desired data fields by counting commasegrdtian by character position within the
sentence.

»= The optional checksum field consists of a "*" am thex digits representing the
exclusive OR of all characters between, but nduitiog, the "$" and ™". A checksum is
required on some sentences.

Some common talker IDs are:

= GP Global Positioning System receiver

= LC Loran-C receiver

= OM Omega Navigation receiver

= |l Integrated Instrumentation (eg. AutoHelmatdk system)

4462 Standard sentences
A talker typically sends a group of sentences tatrvals determined by the unit's update rate,
but generally not more often than once per secGhdracters following the "*" are a

checksum. Checksums are optional for most sergeaceording to the standard. Below
there are some examples of typical NMEA-183 semt&nc
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44621 Recommended minimum sentence for global pasiting system receivers.

The GPRMC-sentenceRMC = Recommended Minimum sentence C) is a recommiemdat

for the minimum information a GPS receiver shoukkmavailable.

(12)(13)

nm @ 6 @ ®) (© ()
| | | | I

(11)

(9) (10)

$GPRMC,191410,A,4735.5634,N,00739.3538,E,0.0,0.0.132,0.4,E,A*19

Field number: (1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)

(13)

Position fix obtained at14010 UTC.
Data quality. A = Valid data; V = Invdldata.
Latitude=47° 35,5634".
Sign of latitude (N=North or S=South)
Longitude=007° 39,3538".
Sign of longitude (E=East or W=West)
SOG in Kn.
COG
Date 18.11.02
Magnetic variation = 0,4°
Sign of magnetic variation (E=East orWest)

Modus (Implemented with NMEA version 2.3): Auztonomous;

D=Differential; E=Estimated; N=Not valid; S= simtda

Checksum

44622 Autopilot sentences.

There are two different formats for autopilot sewes in use: The APA and the APB where

APB as described below is the most comprehensivesee.

MR)3) 4 (5) (6) (T)(&9) (10) (11)(12)(13)(14)(15)

$--APB,A A X.X,R,N,A A x.X,M,c--C,X.X, T, Xx.X,M*hh<CR><LF>

Field number: (1)

(2)

3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

Status: V=LORAN-C Blink or RSvarning.

A= General warning flag or other navigation systesten a

reliable fix is not available.
Status: V=LORAN.C cycle lock warning flag.
A= OK or not in use.
Cross track error magnitude.
Direction to steer, L or R (Left or Righ
Cross track error unit, N=Nautical miles
Status: A=Arrival circle entered.
Status: A=Perpendicular passed at wapoi
Bearing origin to destination.
M=Magnetic or T=True suffix for field mber (8).
Destination waypoint ID.
Bearing, present position to destination.

M=Magnetic or T=True suffix for field numbgkl).

Heading to steer to destination point.
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(14) M=Magnetic or T=True suffix for field numbgr3).
(15) Checksum.

44623 Sentence for bearing and distance to waypoint
For bearing and distance to waypoint two senteacesised, one for the great cir(BNC),

as exhibited in the example belpand one for the Rhumb liIlBWR) navigation. However
both sentences have the same format.

(1) 2 )B4 ®) 6 () (8 @O 1112

I || I L e e
$--BWC,225444,4917.24,N,12309.57,W,051.9,T,031.604.3,N,004*29

(13)

Field number: (1) UTC time of fix 22:54:44.
(2) Latitude of the waypoint= 49° 17,24".
3) Sign of the waypoint latitude (N=North$rSouth).
(4) Longitude of the waypoint= 123° 9,57".
(5) Sign of the waypoint longitude (E=Easi¥d=West).
(6) Bearing to waypoint=51,9°.

(7 Indicates that the bearing in field n@n({6) is a true bearing.
(8) Bearing to waypoint=31,6°.
(9) Indicates that the bearing in field n@n{8) is a magnetic bearing.

(10) Magnitude of the distance to waypoint.
(11) The unity of field number 10 is nauticales.
(12) Waypoint ID.

(13) Checksum.

4463 Proprietary sentence formats and bus systems

The standard allows individual manufacturers targeproprietary sentence formats. These
sentences start with "$P", then a 3 letter manufactD, followed by whatever data the
manufacturer wishes, following the general formfahe standard sentences.

A Garmin proprietary sentence may start as folld#BGRMZ,” . "P" denotes proprietary,
"GRM" is Garmin's manufacturer code, and "Z" indésathe specific sentence type.

Autohelm Seatalk is a proprietary bus for commutices between various instruments.
Some of the instruments can act as NMEA-0183 talketisteners. Data received from an
external NMEA-0183 device will, if Seatalk undersia the sentence, be re-transmitted, but
not necessarily in the same sentence type.

The specific sentences sent will depend on thealat#gable on the Seatalk bus (i.e. sentences
containing wind speed and direction will only batsiéthe system includes a wind

instrument). Note that NMEA data can only be genor received from, a SeaTalk system
using AutoHelm's NMEA<->SeaTalk interface box, lmode instruments that provide an
NMEA-0183 interface.SeaTalk itself is not compatible with NMEA,and cannot be read

with a normal PC serial port.
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4470 RS-232 connections

Although this is not really related to NMEA, manggple want to connect a GPS to a
computer, so need to know about the RS-232 sesiéd pn a computer.

The RS-232 standard defines two classes of dethe¢snay communicate using RS-232
serial data - Data Terminal Equipment (DTE), andBB2ommunication Equipment (DCE).
Computers and terminals are considered DTE, whiddems are DCE. The standard defines
pinouts for DTE and DCE such that a "straight tigtducable (pin 2 to pin 2, 3 to 3, etc) can
be used between a DTE and DCE. To connect two ®idgether, you need a "null modem"
cable, that swaps pins between the two ends (a.@. @ 3, 3 to 2).

Unfortunately, there is sometimes disagreement lvdnegt certain device is DTE or DCE,
hence there is a standard RS-232 disclaimer:

If it doesn't work, swap pins 2 and 3!
The standard RS-232 connector is a 25 conducto®Erdthough many PCs (and some
other equipment) now use a 9 pin DE-9 (often irexity called DB-9). The Pinout is as
exhibited in the figure below

Serial Port Connections
Computer (DTE) Signal Modem
DB-25 DE-9 DB-25
2 3 Tx Data 2
3 2 Rx Data 2
4 7 Request to send 4
5 8 Clear to send 5
6 6 Data set Ready 5
7 5 Signal ground 7
8 1 Data Carrier Detect 8
20 4 Data Terminal Ready 20
22 9 Ring Indicator 22

Figure 4470 RS-232 Pinout

For NMEA-0183 interfacing, we are only concernethvi®x Data, signal ground (and
possibly Tx Data, if we want the computer to talklie GPS)

4480 Troubleshooting on NMEA-183 interface

First check that the talker (usually GPS) can 9¢RiEA-0183, and determine what sentences
it sends. Also, verify that the listener underdaNIMEA-0183, and that it understands the
sentences the talker is sending. In some casesthe information may be sent in two or
more different sentences. If the talker and listedon't both use the same sentences, there
will be no communication. It may be possible tampe the sentences sent by the talker, to
match those understood by the listener.

Next, check that the talker is indeed set to seNEN-0183 data. Some talkers may have
provision to send NMEA-0180 or 0182, or some pretary format.
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A computer, using a convenient terminal programgiyd/Nindows Terminal) set to 4800
baud, can be used to monitor the NMEA data, anfirconvhat sentences are sent, and that
the data is in the correct format. Verify that thieing is correct - that the talker data output is
connected to the listener data input, and thag@asiground line is connected between the
two pieces of equipment.

If you have multiple listeners connected to a Sriglker, you may be overloading the talker
port. Try connecting only one listener at a time.

On any NMEA-0183 circuit, there can only be on&eal If you must have more than one
talker, and one of the talker devices can als@aseét listener, you may be able to connect
things "in series”, so a talker-only output is cected to a listener/talker input, and the
listener/talker output is connected to other listan However, some listener/talker devices
may reformat the data, or only pass data they sta®d. (The Autohelm Seatalk system does
this, and claims the data as it's own, startingatput sentences with "$II").

Particularly with older equipment, the equipmentyrakaim to comply with NMEA-0183, but
in fact have an error in the data format. This sbfroblem can be verified by capturing the
NMEA-0183 data on a computer, and comparing tha fitatmats with specified.

4490 NMEA-2000

The standard contains the requirements of a s#gatalcommunications network to inter-
connect marine electronic equipment on vesseis atmulti- talker and multi- listener system
which acts as a self configuring multi-master, withany central network controller.
Equipment designed to this standard will have thktyto share data, including commands
and status with other compatible equipment ovengles channel

The standard offers a complete network protocogptesents an “open” standard for
electronics, electrical and engine data all onstimae network, and facilitates exchange of
data between multiple manufacturers equipment sanabusly.

With 250 Kbits/sec, the single channel parallel NMEDOO bus, is 50 times faster than the
NMEA-183 high speed standard, and is designednoect on board equipment installed up
to 200 m apart. The standard mandates a physie t@nsisting off standard connectors,
cables and terminators

The standard uses a Controller Area Network (CANjqzol developed by Intel and Bosch
for use in automotive, in control processes foustdal applications and in factory
automation. The CAN Protocol has been proven ta tmbust error free protocol, which
automatically determines repeated errors, and wifies the incorporation of embedded
priority messaging for collision avoidance purpoaed fast through put of critical
messaging.
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PART 5

(Navigational mathematics)

Chapter 1

(Terms and conventions)

5110 The Circle
5111 Definitions

A circle is a simple shape of Euclidean geometry consistirgpints in a plane which are the
same distance from a given point calleddbetre The common distance of the points of a
circle from its centre is called itadius, whilst the line segment whose endpoints lie @ th
circle and which passes through the centre of itlceds called thaliameter The length of
the diameter is twice the length of the radius. [Emgth of the perimeter of a circle is called
thecircumference

Sector

Fig. 5111 Circle illustrations

A chord of a circle is a line segment whose two endpdiaten the circle. The diameter is
the largest chord in the circle.tAngentto a circle is a straight line touching the ciratea
single point and is always perpendicular to thengiger. A line cutting the circle at two points
is called thesecant An arc is any continuous part of the circle’s perimefesectoris a

region bounded by two radii and an arc lying betwine radii and aegmenis a region
bounded by a chord and an arc lying between thedhendpoints.

5112 The length of circumference

As a consequence of the similarity of all circles tatio between the circumference and the
diameter of a circle is regardless of the circlz® constant. This mathematical constant
() — with an approximate value of 3,1416 - is an imaéll number which means that its
value can not be expressed exactly as a fractionwilere m and n are integers, and
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therefore its decimal representation never endspeats. It is also a transcendental number,
which means that no finite sequence of algebragraipns on integers (powers, roots, sums,
etc.) can be equal to its value.
Thus the length of the circumference (c) is reldtethe diameter (d) by

c=rd

or equivalent to the radius (r) by

c=21r

5113 Area enclosed

The circle is the plane curve enclosing the maxinawea (A) for a given arc length and can
be calculated by:

A=T112
Equivalently, denoting diameter by d,

2
A:l
4

An approximate solution for the area enclosed byae can also be obtained using Fig.
5113 below.

2mr

Fig. 5113 Area enclosed by a circle

It is obvious that increase of the number of thedas (by a reduction of their arc), leads to a
nearly rectangular plane curve with a width of d anength ofrr, which consequently leads
to an area enclosed Aw2.
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5114 Radian

One radian is thengle subtended at the center of arcle by anarc that is equal in length to the
radius Of the circle.

More generally, the magnitude in radians of anyl@sgbtended by two radii is equal to the
ratio of the length of the enclosed arc to theusadif the circle; that is,

o = bk

wherea is the subtended angle in radianss arc length, andis radius. Conversely, the
length of the enclosed arc is equal to the radiukiptied by the magnitude of the angle in

radians; that iss=ra.

arc length = radius

F—radius

Fig. 5114 Definition of radian

It follows that the magnitude in radians of one pbete revolution (360 degrees) is the length
of the entire circumference divided by the radarsZnr /r, or 2t. Thus Z radians is equal to
360 degrees, meaning that one radian is equaltf tiegrees (about 57, 2958°).

Example: Find the circumference of the earth based on Ethtrses measurements and
assumptions.

Answer: Based a on the assumption the ancient Egyptiaro€i8wenet ( known to the
Greeks as Syene, and in the modern days as Aswamn the Tropic of
Cancer, Eratosthenes knew that on the summer @®latithe local apparent
noon, the sun would appear at the Zenith, direatigrhead of this city.. In
order to be able to determine the point of timegtie would reach its Zenith
in said place, Eratosthenes sank therefore a wethe Elephantine Island
providing a mirror image of the sun during its cuhation.

Assuming the distance of his home town Alexandais® 5.000 Stadia due
north to Syene, Eratosthenes erected an obeliakkabwn height in
Alexandria in order to measure the shadow of thelisk during the
culmination of the sun in Syene on the summericelst

From this experiment he obtained an angle of g¢iemaf the sun in
Alexandria of 07° 12" south of the Zenith in Syevtach is also the value of
the angle subtended by the earth radii pointingyene and Alexandria. From
§ 5114 above it is obvious that the earth radigsé requal to the ratio of the
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length of the arc enclosed by the earth radii poigpto Syene and Alexandria
(b) to the magnitude in radians of the angleg$ubtended by said radii.

*
r= b *180: The circumference of the earth can thereforewulalted as
a*m

follows:

b*180 _ b360

a*im a

C=2*m*r =2* 1T

Eratosthenes estimated the distance betweenvtheities was 5.000 stadia
which lead to an earth circumference of 250.00@listal he exact size of the
stadion he used is frequently argued. Assumingdease the Egyptian
stadium (157,5m) instead of the common Attic stadabout 185m), his
measurement turns out to be C=39.375 Km, an erfdess than 1%.

158



Although Eratosthenes métivas well founded, the accuracy of his
calculation was inherently limited. The accuracyepatosthenes measurement
would have been reduced by the fact that Syeng &8north of the Tropic
Cancer and not directly south of Alexandria. Howdhere are other sources
of experimental error. The greatest limitation tatsthenes method was that,
in antiquity, overland distance measurements byottemeter were not very
reliable, and measurements travelling primarilybmat along the non-linear
Nile were extremely difficult. So the accuracy ditBsthenes size of the
circumference of the earth is surprising..
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PART 5

(Navigational mathematics)

Chapter 2

(Coordinate Systems)

5210 Fundamentals

In order to describe the space position of a bowyreeds a coordinate system defined by:
e azero point

» areference direction and

» areference plane

There are two coordinate systems in use calle€#reesian coordinate systememploying
orthogonal coordinates (ref Fig. 5210), and$ipderical coordinate systenemploying

polar coordinates (ref Fig. 5211)
A A

Zero Zero

v
\ 4

p
Reference plane

Reference plane

Reference direction Reference direction
Fig. 5210 description of a point by Fig. 5215aetion of a point
means of orthogonal coordinates. by means @irmalordinates.
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The Cartesian coordinate system consist of thres @&, y-, and z-axis) all meeting at the
zero point. The reference direction is definedhmyx-axis, whilst the reference plane is the x-
y-surface. The coordinates describing a certaintpoithe space are nothing else than the
lengths of the projection of said point on the undiial axes.

In Polar coordinate system the position of a badyafined by the angle between the
reference plane and the connection from zero tdldy (3), the angle between the reference
direction and the projection of the connection froeno to the point on the reference plakke (
and the distance r from zero to the body.

In principal both coordinate systems exhibited abare equivalent. The polar coordinates
however offer in the astronomy the advantage ottilng the information concerning the
position of a body to only two coordinates, if dlgere is no information about the distance to
the body.

5220 Transformation of coordinates

The formulas exhibited below have been derivedguBig. 5210 and Fig. 5211 above.
Angles are always expressed in degrees. Furthentnisriaken to be granted that both
coordinate systems refer to the same zero pomtsdme reference direction and the same
reference plane.

5221 Transformation of Spherical to Cartesian cooruhates

The following equations can be used to transfortarmpmordinates of a body to orthogonal
coordination system.
X=r1*cosf*cosA

y =r*cosf*sinA
z=r*sing

5222 Transformation of Cartesian to Spherical coorthates

In this paragraph the equations required for thesiormation of orthogonal coordinates of a
body to polar coordination system are derived. With ,/x2+ y2 the distance of the body

from zero is calculated as Follows:
r = [XZ + y2 + 22
For the calculation db the following specific cases fgrand z have to be taken into account.

Forp #0: [ =arctg(z/ p)
Forp=0andz>0: B =+90°
Forp=0and z<0: B =-90°

Forz =0: B=0°
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For the calculation of the following specific cases for x and y have ¢adéken into account.

Forx=0andy=0: A=0°

For x>0 and y> O: A = arctg(y/x)
Forx>0andy<O0: A = 360°+arctg(y/x)
For x <O: A = 180°-arctg(y/x)
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PART 5

(Navigational mathematics)

Chapter 3

(Calculations and conversions)

5310 Plane trigonometric functions

In figure 5310 below OR is assumed to hed radius By convention the sign of OR is
always positive. This radius is assumed to rotateter clockwise through 360° from the
horizontal position at 0°, the positive directidaray the X-axis. Ninety degrees (90°) is the
positive direction along the Y-axis.

Figure 5310 The functions in various quadrants
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The following basic relationships can be extradteth the first (I) quadrant of the figure
5310 above.

= The numerical value of the sin of an angle is etpé#he projection of thanit radiuson
the Y-axis.

singd = +y
= The numerical value of the cos of an angle is etjutie projection of thanit radiuson
the X-axis.
coSd = +X
= The numerical value of the tg of an angle is equahe ratio of the projections of thait
radiuson the Y and X-axes.

-1y
tgd = x

5311 Basic trigonometric reduction formulae

The following basic trigonometric reduction formelean be derived from figure 5110 above.

Function B=90°+ a B=180°+ a B=270°+ a B=360°-a
sinB cox F sina -COs -sinat
cof F sina -COX + sina cox
tgp3 F ctga * tga + ctga - tga
Ctgp F ctga + ctgo + ctga - Cto

5312 Important formulae of the plane trigopnometry

The equations exhibited below have as well beeivelkfrom figure 5310 above, and are
expressions of the functions of one and the samgkan

sina cosa
=tga :
cosa sina

sina+cosfa=1

= ctga tga*ctga=1

For further detail relationships of plane trigonareefunctions refer to Appendix F, which
contains information obtained from the mathematimpendium of Bronstein- Semendjajew
(Part Il, Chapter IV, Para A, Subpara 2).
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5320 Solving plane triangles

Solving a right plane triangle is trivial and witlerefore not be discussed here. The following
laws are helpful in solving oblique plane triangles

Figure 5320. An obligque plane triangle

A B _ C
sina sing siny

Sinus law:

Cosinus law: A?> = B? +C? —2* B* C* cosa

To solve a second order equation a*x2 + b*x + cuse the following law:

-b++b?-4*a*c

2*a

X =

5330 Spherical trigonometry

Cutting a sphere with a plane going trough its enwe always obtain on the surface of the
sphere great cycles representing the shortesndestaetween two points on the spheres
surface. Three great cycles create on the surfat® sphere more than one spherical
triangle. The most important characteristic of espral triangle is, that the sum of its angles
is always greater than 180°.

For solving spherical triangles use the basic egnat(1) to (4) shown in 8§ 3440. For further

detail relationships of Spherical trigonometric ¢tians refer to the mathematic compendium
of Bronstein- Semendjajew (Part 1l, Chapter IV,&8r Subpara 7).
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5340 Unit conversion

Conversion Table for Meters, Feet, and Fathoms

%‘L'.IE; Fest P';al:fn'f" Meters Teet Fathoms || Feet | Meters || Feet | Meters ﬁﬂk’h' Meters FD‘}]%' Meters
1 3.28 055 61 200.13 | 33.36 1 0.30f 61| 18.59 1 1.83 61 111.56
2 6.56 1.09| &2 203.41 | 33.90 2 061f 62| 18.90 2 3o6| 62 113.39
3 9.84 1.64] 63 206.69 | 34.45 3 091} 63| 19.20 3 5491 63 115.21
1 13.12 2.19) 64 209.97 | 35.00 4 1.22 64| 19.51 4 7.32 64 117.04
5 16.40 273} 65 213.25 | 35.54 5 1.52 65| 19.81 5 9.14§ 65 118.87
& 19.69 328 &6 216.54 | 36.09 6 183 66| 20.12 [ 1097 66 120.70
7 22.97 3.83) 67 21982 | 36.64 T 2.13| 67| 20.42 7 1280} 67 122.53
8 26.25 437 68 223.10| 37.18}) 8 244 68| 2073} B | 1463| 68 124.36
9 29.53 4921 69 22638 | 37.73)| 9 274 69| 21.03)} 9 | 16.46( 69 126.19
10 32.81 547 70 229.66 | 38.28|| 10 30530 70| 21.34]§ 10 | 1829} 70 128.02
11 36.09 6.01 71 232.94 38.3.2 11 3.35 71| 21.64Q 11 20.12 71 129.84
12 39.37 B.56| 72 236.22 | 3937 12 366 72| 2195f1 12 | 21.95) 72 131.67
13 42.65 711 73 239.50 13 396 73| 22251 13 | 23.77Q 73 133.50
14 45.93 T66[ 74 24278 14 4.27 74| 2256( 14 | 2560 T4 135.33
15 49.21 8.200 75 246.08 15 457 75| 22.86] 15 27.43f 75 137.16
16 52.49 B.75[ 76 249.34 16 488 76| 23.16|) 16 | 29.26| 76 138.99
17 55.77 9300 77 252 .62 i7 518 77| 2347 17 31.094 77 140.82
18 59.06 984 78 255.91 18 549 78| 2377 18 | 3292 78 142.65
19 62.34| 1039 79 259.19 19 579 79| 24.08]] 19 | 34.75( 79 144.48
20 6562 | 1094 80 262.47 20 6.10) 80| 24.38§f 20 | 36.58{ 80 146.30
21 | 6890 11.48| 81 | 265.75 290 21 | 640 81| 2469| 21 | 3840 81 | 148.13
22 72.18| 12.03| 82 269.03 | 44.84 22 6.71( 82| 2499 22 40.23 | 82 149.96
23 7546 | 1258 83 272.31 | 4538 23 7.01| 83| 2530} 23 | 42.06| 83 151.79
24 78.74 | 13.12| 84 275,59 | 4593 24 732 84| 2560 24 | 4389 84 153.62
25 82.02 | 13.67] 85 278.87 | 46.48) 25 762 85| 2591| 25 | 4572 85 155.45
26 8530 | 14.22] 86 282.15 | 47.03} 26 7.921 86| 26.211( 26 4755 86 157.28
27 8858 | 14.76| 87 28543 | 4757 27 B.23| 87| 26.52{ 27 | 49.38| 87 159.11
28 091.86| 15.31| 88 288.71 | 48.12]] 28 B.53| 88| 26.82( 28 | 51.21) 8B 160.93
29 95.14 | 1586 89 291.99 | 4867 29 884 B9 | 27.13|l 29 | 53.04| 89 162.76
30 98.43| 1640 90 295.28 | 49.21]] 30 .14 90| 27.43§] 30 | 54.86( 90 164,59
31 | 101.71] 16.95] 91 | 298.56| 49.76] 31 945| 01| 27.74|[ 31 | 5660 Ol | 16642
32 | 10499 | 1750 92 30184 | 5031 32 9.75|| 92| 28.04|| 32 | 5852 92 168.25
33 | 108.27 | 18.04| 93 305.12 | 50.85]) 33 10.06| 93| 28.35) 33 | 60.35|| 93 170.08
34 | 111.55| 1859 954 30840 | 5140 34 1036 || 94| 2B.65)] 34 | 62.18(| 94 171.91
35 | 11483 | 19.14| 95 31168 | 51.95|| 35 1067 ) 95| 28.96| 35 | 64.01| 95 173.74
36 118.11( 1969 986 31496 | 52.49] 36 1097 96| 29.26|| 36 65.84(| 96 175.56
37 121.39 | 20.23| 97 31824 | 53.04 ] 37 11.28f 97| 29.57] 37 67.67| 97 177.39
38 | 12467 20.78| 98 321.52 | 53.59 38 11.58) 98| 29.87|] 38 | 69.49| 98 17922
39 | 12795| 21.33|| 99 324.80 | 54.13|f 39 11.89)4 99| 30.18)} 39 | 71.32| 99 181.05
40 | 131.23| 21.87| 100 328.08 | 54.68] 40 12,194 100 | 30.48| 40 | 73.15} 100 182.88
41 13451 22,42 101 331.36 | 55.23( 41 1250 101 | 30.78] 41 7498 |1 101 184.71
42 | 137.80 | 22.97 || 102 33465 | 55.77| 42 12,80 102 | 31.09{| 42 | 76.81| 102 186.54
43 | 141.08 | 23.51§ 103 33793 | 56.32J 43 13.11 103 | 31.39|| 43 | 78.64| 103 188.37
44 144.36 | 24.06 | 104 341.21 | 56.87| 44 1341 104 | 31.700f 44 80.47 || 104 190.20
45 | 14764 | 24.61| 105 34449 | 5741 45 13.72 ] 105 | 32.00)) 45 | 82.30| 105 192.02
46 | 150.92 | 25.15 106 34777 | 57.96]] 46 14.02] 106 | 32.31(f 46 | 84.12| 106 193.85
47 154.20 | 2570 | 107 351.05| 58.51f 47 14.33 || 107 | 32.61|f 47 85.95 || 107 195.68
48 | 15748 | 26.25] 108 354.33 | 59.06)] 48 1463 108 | 32.92|f 48 | 87.78 ) 108 197.51
49 160.76 | 26.79 | 109 35761 | 5960} 49 1494 109 | 33.22})f 49 89.61 | 109 199.34
50 | 164.04 | 27.34( 110 36089 | 60.15f 50 15.24 | 110} 33.53§ 50 | 91.44§ 110 201.17
a1 167.32 | 2789 111 364.17 | 60.70] 51 1554 111} 3383} 51 93.27 1 111 203.00
52 170.60 | 28.43| 112 36745 | 61.24 52 1585 112 | 34.14}f 52 95.10 112 204.83
53 | 173.88 | 28.98 113 370.73 | 61.79Y 53 16,151 113 | 34.44)f 53 | 96.93§ 113 206.65
54 | 177.17 | 29.53[ 114 374.02 | 62.34 54 1646 |f 114 | 34.75)f 54 | 98.76 | 114 208,48
55 180.45 | 30.07 | 115 377.30 | 62.88}] 55 16.76 || 115 | 3505 55 | 100.58 | 115 210.31
56 183.73 | 3062 116 380.58 | 63.43| 56 17.07] 116 | 35.36) 56 | 10241 116 212.14
a7 187.01 | 31.17 | 117 383.86 | 63.98Y)f 57 17.37|| 117 | 3566 57 | 104.24 || 117 213.97
98 | 190.29 | 31.71§ 118 387.14 | 64.52] 58 1768 118 | 3597Q1 58 | 106.07 | 118 215.80
59 193.57 | 32.26{ 119 39042 | 65.07|] 59 1798 119 | 36.27| 59 | 107.90 119 217.63
60 | 196.85| 3281 120 393.70 | 6562 60 18.29 || 120 | 36.58 i 60 | 109.73 || 120 219.46
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PART 6

(Maritime safety and communications)

Chapter 1
(Safety of life at sea)

6110 International convention for the Safety Of Lie At Sea (SOLAS)

The SOLAS Convention of the International Mariti@eganisationIMO ) of the United
Nations in its successive forms is generally regdrals the most important of all international
treaties concerning the safety of merchant ships.fiFst version was adopted in 1914, in
response to the Titanic disaster, the second i9,12 third in 1948 and the fourth in 1960.
The 1960 Convention - which was adopted on Juffel®B0 and entered into force on May
26" 1965 - was the first major task for IMO after tBeganisation's creation and it
represented a considerable step forward in modegnisgulations and in keeping pace with
technical developments in the shipping industry.

The intention was to keep the convention up to batperiodic amendments but in practice
the amendments procedure proved to be very sldvecihme clear that it would be
impossible to secure the entry into force of ameswithin a reasonable period of time.

As a result, a completely new convention was adbptd 974 which included not only the
amendments agreed up until that date but a newdmnt procedure - the tacit acceptance
procedure - designed to ensure that changes ceultade within a specified (and acceptably
short) period of time.

Instead of requiring that an amendment shall enterforce after being accepted by e.g. two
thirds of the Parties, the tacit acceptance praeeprovides that an amendment shall enter
into force on a specified date unless, beforedh#t, objections to the amendment are
received from an agreed number of parties.

As a result the 1974 convention has been updatdmended on numerous occasions. The
convention in force today is sometimes referreds&OLAS, 1974, as amended.

One important act intended to improve communicaitiogistress cases is the communication
act as laid down in chapter IV.

6120 Fundamentals of the Global Maritime Distressrad Safety System (GMDSS)

The Global Maritime Distress and Safety Syst&MPSS) is an automated ship to shore

distress alerting system that relies on satelht @&lvanced terrestrial communications links.
The system also provides some limited ship to sbhipmunication capabilities.
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Every ship subject to the communication act oriibernational convention for the Safety Of
Life At Sea SOLAS) as defined in 1974 and amended in 1988 must gowigh GMDSS.
These vessels include:

= All passenger ships regardless of size
= Cargo ships of 300 gross tons and upward.

GMDSS is a system based on linking of Search Anst&e SAR) authorities ashore with
shipping in the immediate vicinity of the vessellistress or in need of assistance. The
primary purpose of GMDSS is to automate and impewergency communications for the
world’s shipping industry. GMDSS uses a humbereaduencies, modes and systems to
accomplish this mission. It uses both, satellite samrestrial radio systems because each
system has its own individual limitations with respto geographical coverage and services it
can provide.

The basic concept of GMDSS is to alert SAR autlesiashore and vessels in the vicinity of
a distress so they can assist in a coordinatedisead rescue operation with minimum delay.

Under SOLAS, every ship, while at sea, must haeddhilities for essential communications,
namely:

Transmitting ship-to-shore distress alerts by astiéwo separate and independent means;
Receiving shore-to-ship distress alerts;

Transmitting and receiving ship-to-ship distresstal

Transmitting and receiving search and rescue cmatidg communications;

Transmitting and receiving on-scene communications

Transmitting and (as required) receiving signatddoating;

Transmitting and automatically receiving Maritimaf&y Information g1Sl);

Transmitting and receiving general radio commuicest to and from shore-based radio
systems or networks; and

» Transmitting and receiving bridge-to-bridge comnaations.

6121 Operating areas

Specific equipment requirements for ships vary ediog to the sea area (or areas) in which
the ship operates. The GMDSS combines various stdrsg - which all have different
limitations with respect to coverage - into onerallesystem, and the oceans are divided into
four sea areas (Ref. Figure 6121):

= Area Al. Within range of VHF coast stations witmtinuous Digital Selecting Calling
(DSC) alerting available (about 20-30 miles)

= Area A2. Beyond area Al, but within range of MF stad stations with continuous DSC
alerting available (about 100 miles)

= Area A3. Beyond the first two areas, but within emge of geostationary maritime
communication satellites (in practice this meamsdrsat). This covers the area between
roughly 70 deg N and 70 deg S.

= Area A4. The remaining sea areas. The most impoofathese is the sea around the
North Pole (the area around the South Pole is sitzsitl). Geostationary satellites, which
are positioned above the equator, cannot reaclfiethis
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The Global Maritime Distress and Safety System

The Global Maritime Distress and Safety System (GMDSS) consists of many separate sub-systems being
implemented in a co-ordinated and agreed-upon manner. Some are new, like digital selective calling (DSC), but
many have been in operation for a number of years. The co-ordination enables a ship which is in distress to send
a distress alert message in various ways and be virtually certain that it will be heard and acted upon. Search and
rescue authorities ashore, as well as shipping in the immediate vicinity of the ship in distress, will be rapidly
alerted so they can assist in a co-ordinated search and rescue operation with the minimum of deday.

The system also provides urgency (e.g. medical assistance) and safety communications

and disseéminates maritime safety information, including navigation
and meteorclogical warnings. -

of polar-orbiting satellites

Areas of operation for the GMDSS
As the various sub-systems which make up the GMDSS have i
differant limitations with respect o ocean coverage, the equipment ¢
required to be carried by a ship is determined by the ship's area :
of operation. In all areas of operation a ship is required fo have
the continuous availability of alerting.

Area 1 . :
Within range of VHF coast stations with continuous DSC
aletting available. (about 20-30 miles)

Area 2
Beyond area 1, but within range of MF coastal stations
with continuous DSC alerting avallable.
(about 100 miles)

PJBB. s FECHUEE T S SRS
Beyond the first two areas but within
coverage of Inmarsat sateliites.
{roughly area between 70°N and 70°3)

Area 4
Remaining 2ea areas, the most
imporiant of which Is the sea ey
around the North Pole. (The area e
around the South Pole is o
mostly land.)

< EPRBsignal . ot
_ :When ashipsinks, & ..«
fipat-fiee sateliite emergency. - |

g

: poei&on-indienﬂngmdh L - Tarrestrial
beacon (EPIAB)is. . & telacommunications
automatically activated. retworks

Ship in distress

A distress alertis 3

normally initiated © Medical advice © Navigational wamings
rrranuany and ali © Vessal Traffic Saervices @ Meteorological wamings
distress alarts are © Ship reporting @ SAR information
acknowledged © Public correspondence

manually,

Graphic: Uz Gould

Figure 6121 General concept of GMDSS
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Coastal vessels, for example, only have to carnymal equipment if they do not operate
beyond the range of shore-based VHF radio statlmrtshey may carry satellite equipment.
However, some coasts do not have shore-baseditsiko although the ship is close to
shore, the area counts as Area A2 or A3. Shipshwdiicgo beyond Sea Area Al have to
carry MF equipment as well as VHF - or Inmarsa¢lite equipment. Ships which operate
beyond MF range have to carry Inmarsat satellitepggent in addition to VHF and MF.
Ships which operate in area A4 have to carry HF,avi& VHF equipment.

Most fishers and recreational boaters are alreadyiaog VHF marine radios; however, they
are not generally DSC compatible.

At the moment, most fishing vessels and recreattiooaters are not required to participate in
the GMDSS. But they will find many of the servi@a&ilable useful and may want to acquire
equipment which must be registered with the appatgpauthorities. Small vessels are also
recommended to fit DSC equipment, since once th®GSHlis fully implemented, vessels
without DSC will have difficulty contacting shipshweh are monitoring the DSC calling
channel only. However, in a vessel traffic sendoees, ships will still be required to
maintain a listening watch on the appropriate festpy.

6122 Search And Rescue (SAR) organisations

SAR organisations with their associated statioescansidered as an important part of
GMDSS. They are consisting of Rescue Coordinatient@’s (RCC), or Maritime Rescue
Coordination Centre’s (MRCC). In case a RCC or MRE@ot in the possession of a coast
radio station, than it is obliged to continuouslgmitor DSC channel 70.

Additionally said RCC’s or MRCC’s can communiocaith the Network Control Station
(NCS) and the Coast Earth StatidDES) of the organisation operating Inmarsat, as well a
with the Local User TerminaL{UT ) and the Mission Control Centr®ICC) of the
COSPAS-SARSAT organisation.

6130 The Inmarsat system

The International Mobile Satellite Organisatiorg\pously thenternationaMar itime
Satellite (Inmarsat) Organisation, was established\M® in 1976 to operate satellite
maritime communication systems and has becomevatply owned company, while
retaining its public sector obligations to the rtiare distress and safety system.

Inmarsat is a key player within GMDSS, over 751in&ional partners providing maritime
safety communications for ships at sea. Inmarsatiges the space segment necessary for
improving distress communications, efficiency amahagement of ships, as well as public
correspondence services.

The Inmarsat system relies on four operational tg¢iosary satellites and their associated

CostEarth Station’s (CES) providing full coverage of the earth between 76anid 76° S
latitudes. Satellite coverage (Figure 6130) isakd into four overlapping regions:
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1. Atlantic Ocean - East (AOR-E)
2. Atlantic Ocean - West (AOR-W)
3. Pacific Ocean (POR)

4. Indian Ocean (IOR)

Inmarsat-A, the original Inmarsat system, operates at afeanate of up to 64k bits per
second and is telephone, telex and facsimile @appable. The similarly sizddmarsat-B
system uses digital technology, also at rates kbgel Fleet 77 service is also digital and
operates at up to 64kbps.

Atlantic
Ocean

Indian
Ocean
Region

2 Pacific
Ocean

Figure 6130 The four regions of Inmarsat coverage

Inmarsat-C provides a store and forward data messaging dégdgbut no voice) at 600 bits
per second and was designed specifically to meeB¥IDSS requirements for receiving
Maritime Safetyl nformation MSI) data on board ship. These units are small, liggiat

and use an Omni-directional antenna.

6140 NAVTEX

NAVTEX is a maritime radio warning system consisting es€aes of coast stations
transmitting radio teletype safety messages oimtieenationally standard medium frequency
of 518 kHz.

It is a GMDSS requirement for the reception of NiStoastal and local waters. Coast
stations located in 16 see warning areas the sedddAVAREAS | to XVI (Ref. Figure

6140) transmit during previously arranged timesstotminimise mutual interference. Routine
messages are normally broadcast four times dailyeiit messages are broadcast upon
receipt, provided that an adjacent station is rastdmitting. Since the broadcast uses the
medium frequency band, a typical station servickusaranges from 100 to 500 NM day and
night. Interference from or receipt of stationglier away occasionally occurs at night.
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Each NAVTEX message broadcast contains a four ctearaeader describing: identification
of station (first character), message content pe fgecond character), and message serial
number (third and fourth characters). This heatlewa the microprocessor in the shipboard
receiver to screen messages from only those stat@devant to the user, messages of subject
categories needed by the user and messages nmysigweceived by the user. Messages so
screened are indicated / printed as they are redeto be read by the mariner when
convenient. All other messages are suppressedr&sgipn of unwanted messages is
becoming more and more a necessity to the margwfreanumber of messages, including
rebroadcast messages, increases yearly.

T . T T L) 1) b 1 ¥ v L) SRR 25
T | I 1

T
120°

Figure 6140 NAVAREAS of the world wide navigatiowehrning service

With NAVTEX, a mariner will not find it necessarg tisten to, or sift through, a large
number of non-relevant data to obtain the infororatiecessary for safe navigation.

6150 Digital Selective Calling (DSC)

The digital selective calling is a system of dilijfad radio communications which allows
messages to be targeted to all stations or tofgpstations, allows for unattended and
automated receipt and storage of messages forddteaval, and permits the printing of
messages in hardcopy form. All DCS calls autombyicaclude error checking signals and
the identity of the calling unit.

Digital codes allow DSC stations to transmit anckree distress messages, transmit and
receive acknowledgments of distress messages, disigss messages, make urgent and
safety calls, and initiate routine message traffic.

Each unit has a MAYDAY button which allows the st transmittal of a distress message
to all nearby ships and shore stations. The locaifdhe distress will be automatically
indicated if the unit is connected to a GPS or bdCareceiver. Each unit must be registered
with the Coast Guard and have unique identifiegpammed into it.
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Listening watch on 2182 kHz ended with implemeptatf GMDSS in 1999. When DSC has
been implemented worldwide, the traditional listenwatch on Channel 16 VHF will no
longer be necessary. The introduction of DSC thinoudjthe world is expected to take a
number of years.

DSC frequencies are found in the VHF, MF and HFdsalVithin each band except VHF,
one frequency is allocated for distress, urgerd, safety messages. Other frequencies are
reserved for routine calls. In the VHF band, onhg @hannel is available, Channel 70
(156.525 MHz), which is used for all calls. In thi& band, 2187.5 kHz and 2189.5 kHz are
reserved for distress /safety, and 2177 kHz fqu shiship and ship to shore calls.

There are four categories of DSC calls:

= Distress
= Urgent
=  Safety
= Routine

Distress calls are immediately received by resaleagities for action and all vessels
receiving a distress call are alerted by an audiigieal.

Each DSC unit has a unigivaritime M obile Servicel dentity(MMSI) code number, which
is attached to all outgoing messages. The MMSI raurisba nine-digit number to identify
individual vessels, groups of vessels, and coatibss.

= Ship stations will have a leading number consisting digits which identify the country
in which the ship is registered and is calledNteritimel dentificationDigit (MID) ,
followed by 6 digits identifying the vessel.

= A group of vessels will have a leading zero, fokmlAby a unique number for that group
consisting of the MID followed by 5 digits identifig the group.

= A coast station will have 2 leading zeros followsdunique number for that station or
groups of stations consisting of the MID followeyl 4 digits identifying the station or the
group of stations.

6160 Radio safety equipment

According to SOLAS the following equipment is reoamged as Radio safety equipment:
= EmergencyPositionIndicatingRadioBeaconEPIRB)

» SearchAnd Rescue Radarransponde(SART)

= VHF handheld equipment

6161 Emergency Position Indicating Radio Beacon (ERB)

Two different systems are used for alerting SARaargations by means of Emergency

Position Indicating Radio Beacons (EPIRB). Theytaeelnmarsat E and the COSPAS-
SARSAT systems.
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Inmarsat E: The Inmarsat EPIRB is equipped with a GPS receiad has
therefore the ability to provide in an emergendyagion within
a few minutes high accuracy information concernigsg
geographic position. Together with the position ERis
transmitting information enabling the identificatiof the
vessel (Inmarsat System Code). The total informgb@ckage
is transmitted via a geostationary satellite amdabsociated
CES to the Inmars&etwork Control Station (NCS) which
alerts the RCC or MRCC nearest to the vessel requir
assistance. Because of the restricted earth covefahe
satellites, reliable operation of the system issfime only in the
Areas Al, A2 and A3. The maximum delay from the
transmission of the distress information up totthee the RCC
or MRCC receives the message is not greater thamiiwutes.
The accuracy of the transmitted position informaimbetter
than 100 m.

COSPAS-SARSAT.: COSPAS is a Russian acronym for “Space Syster8darch of
Distressed Vessels”; SARSAT signifies “Search aeddRe
Satellite Aided Tracking”. COSPAS-SARSAT is an
international satellite-based search and rescuerys
established by Canada, France, the U.S.A. and &ulsese
four countries jointly helped develop a 406 MHz4dde
emergency position indicating radio beacon (EPIRIB),
element of the GMDSS designed to operate with CGSPA
SARSAT system. These automatic-activating EPIRBés a
designed to transmit to a RCC or MRCC a vessetlififgation
and an accurate location of the vessel from anysvimethe
world. Additionally the 121,5 MHz international ergency
frequency is transmitted to enable SAR Aircrafiacate the
area of distress. If an EPIRB is activated, thestgmnary Pole
orbiting satellites of the COSPAS-SARSAT systenkpip the
signal, and pass this information together withEf#RB signal
transport delay to BocalUserTerminal(LUT). The LUT
calculates from the EPIRB signal transport delayltication of
the EPIRB and transmits the total distress inforomatia the
MissionControl Centre(MCC) to the RCC or MRCC. Due to
the low polar orbit there may be a delay in recguihe distress
message between 15 minutes and up to some hows. Th
accuracy of the location of the EPIRB varies betwg@ and 50
Nm.

6162 Search and Rescue Radar Transponders (SART’S)

The GMDSS installation on ships include one or ns@a&ch and rescue radar transponders,
devices which are used to locate survival craftistressed vessels by creating a series of dots
on a rescuing ship's 3 cm radar display. The detecange between these devices and ships,

176



dependent upon the height of the ship's radar amakthe height of the SART, is normally
less than ten miles.

The SART is a passive rescue device which, wheanses the pulse from a radar operating
in the 9 GHz frequency band, emits a series ofgsuls response, which alerts the radar
operator that some sort of maritime distress @agress. Further, the SART signal allows
the radar operator to home in on the exact locatfdhe SART. The SART can be activated
manually or will activate automatically when pladadvater.

The SART signal appears on the radar screen asea s€12 blips, each 0,64 nautical miles
apart. As the vessel or aircraft operating theragaroaches the SART location, the blips
change to concentric arcs and within about a nfite@SART become concentric circles,
centred on the SART (Ref. Figure 6162).

Figure 6162 SART signals at various distances fiteertransponder

Because the SART actively responds to radar pulsalsp informs its user, with an audible
or visual signal, that it is being triggered. Thlerts the user in distress that there is an
operating radar in the vicinity, whereupon they ragd up flares or initiate other actions to
indicate their position.

6163 VHF handheld equipment

In case of distress and if the crew is forced tanalon the vessel prior to the arrival of
assistance, the crew will have to use handheld ¥&lipment to communicate with the
rescue ships. Said VHF's must be able to commuarathannel 16 plus an additional
channel as a minimum. However according to an IMé@mmendation such equipment shall
contain the channels 16, 06, 13, 15 and 17, thalylse GMDSS compatible and water
proofed.

6170 Automatic Identification System (AIS)

The Automatic Identification SystemAlS) is a short range coastal tracking system used on
ships and by Vessel Traffic Servic&8IS) for identifying and locating vessels by
electronically exchanging data with other nearkpsliand VTS stations. Information such as
unique identification, position, course, and spe&a be displayed on a screen or an ECDIS.
AIS is intended to assist the vessel's watch stgnalificers and allow maritime authorities to
track and monitor vessel movements.
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The International Maritime Organizationi®MQ ) International Convention for the Safety of
Life at Sea $OLAS) requires AIS to be fitted aboard internationayaming ships with gross
tonnage of 300 or more tons, and all passenges sbgardless of size.

6171 Applications and limitations

AIS is used in navigation primarily for collisiow@dance. Due to the limitations of VHF
radio communications, and because not all vesselsquipped with AIS, the system is meant
to be used primarily as a means of lookout anceterdhine risk of collision rather than as an
automated collision avoidance system, in accordaiittethe International Regulations for
Preventing Collisions at Se@QLREGS) described in Chapter 6 part 2 below.

When a ship is navigating at sea, the movementdemdity of other ships in the vicinity is
critical for navigators to make decisions to avoadlision with other ships and dangers (shoal
or rocks). Visual observation (unaided, binocularght vision), audio exchanges (whistle,
horns, VHF radio), and radar or Automatic Radatti?ig Aid (ARPA) are historically used

for this purpose. However, a lack of positive idigcdtion of the targets on the displays, and
time delays and other limitation of radar for olvssy and calculating the action and response
of ships around, especially on busy waters, songstipnevent possible action in time to avoid
collision.

While requirements of AIS are only to display vesesic text information, the data obtained
can be integrated with a graphical electronic cbag radar display, providing consolidated
navigational information on a single display.

The system coverage range is similar to other Vpi#tieations, essentially depending on the
height of the antenna. Its propagation is betten tinat of radar, due to the longer
wavelength, so it's possible to “see” around besmats behind islands if the land masses are
not too high. A typical value to be expected atisesominally 20 nautical miles.

6172 Basic overview

AIS transponders automatically broadcast infornmgtsuch as their position, speed, and
navigational status, at regular intervals via a \tk#asmitter built into the transponder. The
information originates from the ship's navigatiosahsors. Other information, such as the
vessel name and VHF MMSI, is programmed when ilisgaihe equipment and is also
transmitted regularly. The signals are receivedI§/transponders fitted on other ships or on
land based systems, such as VTS systems. The eddeiormation can be displayed on a
screen or chart plotter, showing the other vespektions in much the same manner as a
radar display.

The AIS standard describes two major classes ofuis:

» Class A - mandated for use on SOLAS Chapter V \&sse
= Class B - a low power, lower cost derivative faslge and non-SOLAS markets.
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61721 Class A units

The AIS transponder normally works in an autonomans continuous mode. Transmissions
are found on two frequencies, VHF maritime chan8&B (161.975 MHz) and 88B

(162.025 MHz). Although only one radio channelée@ssary, each station transmits and
receives over two radio channels to avoid interfeegproblems, and to allow channels to be
shifted without communications loss from other shiphe system provides for automatic
contention resolution between itself and otheni@tat and communications integrity is
maintained even in overload situations.

In order to ensure that the VHF transmissions fbéint transponders do not occur at the
same time the signals are time multiplexed usiteghnology called Self-Organized Time
Division Multiple Access$TDMA). In order to make the most efficient use of taadwidth
available, vessels which are anchored or are matowly transmit less frequently than those
that are moving faster or are maneuvering.

Each station determines its own transmission sdbddlot), based upon data link traffic
history and knowledge of future actions by othatishs. A position report from one AIS
station fits into one of 2250 time slots establikgery 60 seconds on each frequency. AlS
stations continuously synchronize themselves tb e#lter, to avoid overlap of slot
transmissions. When a station changes its slagassint, it announces both the new location
and the timeout for that location. In this way n&ations, including those stations which
suddenly come within radio range close to othese&ksswill always be received by those
vessels.

The STDMA broadcast mode allows the system to leeloaded by 400 to 500% through
sharing of slots, and still provide nearly 100%othghput for ships closer than 8 to 10 NM to
each other in a ship to ship mode. In the evesystem overload, only targets further away
will be subject to drop-out, in order to give prefiece to nearer targets that are a primary
concern to ship operators. In practice, the capatithe system is nearly unlimited, allowing
for a great number of ships to be accommodateaeagame time.

AIS transceiver sends the following data every 2@seconds depending on vessels speed

while underway, and every 3 minutes while vessat snchor. This data includes:

» The vessel's Maritime Mobile Service Identity (MNISk unique nine digit identification
number.

= Navigation status - "at anchor”, "under way usingiee(s)", "not under command", etc

» Rate of turn - right or left, 0 to 720 degrees péamnute

= Speed over ground - 0.1-knot (0.19 km/h) resolutrom 0 to 102 knots (189 km/h)

= Position accuracy:

= Longitude - to 1/20000 minute

= Latitude - to 1/10000 minute

= Course over ground - relative to true north todegjree

= True Heading - 0 to 359 degrees from e.g. gyro @ssp

= Time stamp - UTC time accurate to nearest secorah\iis data was generated

In addition, the following data is broadcast evénmyinutes:

» IMO ship identification number - a seven digit nuankhat remains unchanged upon
transfer of the ship's registration to another ¢gun

» Radio call sign - international radio call sign,topseven characters, assigned to the vessel
by its country of registry
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Name - 20 characters to represent the name ofetbsel/

Type of ship/cargo

Dimensions of ship - to nearest meter

Location of positioning system's (e.g. GPS) antesmizoard the vessel
Type of positioning system - such as GPS, DGPSaRAN-C

Draught of ship - 0.1 meter to 25.5 meters

Destination - max 20 characters

ETA (estimated time of arrival) at destination - ©Tmonth/date hour minute

61722 Class B units

Class B AIS is a "polite", listen-before-transmmgiisystem that will transmit on the first
available slot. A position report from one AlStgia fits into one of 2250 time slots
established every 60 seconds.

Ship borne mobile equipment provides facilities metessarily in full accord with IMO AIS
carriage requirements. The Class B is nearly idahto the Class A, except the Class B:

» Has a reporting rate less than a Class A (e.gye8@sec. when under 14 knots, as
opposed to every 10 sec. for Class A)

Does not transmit the vessel's IMO number

Does not transmit ETA or destination

Does not transmit navigational status

Is only required to receive, not transmit, texesaimessages

Is only required to receive, not transmit, applmaidentifiers (binary messages)
Does not transmit rate of turn information

Does not transmit maximum present static draught

61723 Passive use of AIS

Small NON SOLAS vessels may use AIS data obtairad thip AIS receivers in order to
get information about the MMSI, the geographic posi the course and the speed over
ground off other vessels in their vicinity. Saifoirmation can be displayed in Stand alone
AIS equipment, in chart plotters, or in laptops aodprovide to the watch keepers’ vital
information for collision avoidance actions to b&dn.

6173 Examples
61731 Closest Point of Approach (CPA)
Situation: Sailing vessel (R) is sailing a true course CO®40° at a speed of SOG =
5 Kn. At 16 00 local time in position 37° 30"NJa&d23° 45°E, observes in the

AIS screen at a range of 8,2 Sm a target (M) baiqgpsition 37° 36"N and
023° 38'E and moving at a speed of SOG = 14 Kmautdsv110° true.
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Required:

Solution:

(1) Direction (DRM) and speed of Relative Moven{8RM) assuming both
vessels maintain their speed and course.

(2) Bearing and range at Closest Point of ApproécRA).

(3) Estimated time of Arrival at CPA.

(1) Due to the fact the latitude of M is greateeritthe latitude of R and its
longitude is smaller then that from R, the positdiM is some where north
westward from R. From the difference in latitudé°(36°-37° 30"=6 Sm) and
the range at 16 00 (8,2 Sm), calculate the trueaibgaof (M): 360°-arcsin
(6/8,2) = 313°. Plot and label the relative positi1 at 16 00 (8,2 Sm/ 313°)
using for distances the scale factor 1:1 Draw tagerence ship vector er
corresponding to the course and speed of R (5407) using for speeds the
scale factor 2:1. Draw the vector em correspogdmthe course and speed
of M (14 Kn /110°). The third side of the trianglm, is the vector defining
the direction (DRM) and the speed (SRM) of thetredamovement (131° /
13,2 Kn).

(2) Move the relative movement vector rm paralfgte M1 and draw from the
origin of R a perpendicular to it. The distance ahd direction of the vector
from the origin of R to the relative movement veiddhe Closest point of
approach (CPA=1,1Sm/41°).
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Answer:

61732

Situation:

Required:

Solution:

(3) Measure M1 to CPA: 8,1 Sm. With this MRM aR#198,1 Sm/12,6 Kn)
obtain time interval to CPA at 38,5 min. ETA at GP¥6 00 + 38,5 =16 39.

(1) DRM 131° SRM 13,2 Kn
(2) CPA 41° 1,1 Sm.
(3) ETA at CPA 16 39.

Interception

Own vessel (R) in position 37° 25"'N and 023E4dbserves at 14 25 local
time in the AIS screen at a range of 14,5 Sm @etatM) being in position 37°
38N and 023° 48,1'E and moving at a speed of SQ&Kn towards 165°
true. The maximum speed of the own ship is 10 Kn.

(1) The COG to be steered to intercept (M).
(2) Estimated time of interception.
(3) The geographical position of the point of ic&gption.

(1) Due to the fact the latitude as well the lond# of (M) are greater then
those from R, the position of (M) is some wheré¢meastward from (R ).
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Answer:

From the difference in latitude (37° 38"-37° 25"'=381) and the range at 14
25 (14,5 Sm), calculate the true bearing of (M)?-@rcsin (13/14,5) = 26°.
Plot and label the relative position (M) at 14 251(5 Sm / 26°) using for
distances the scale factor 2:1. At the origin &) (draw a circle with a
diameter corresponding to the reference ship ve(@or10 Kn) using for
speeds the scale factor 4:1. The line from theioffiggm ( R) to the position
of (M) defines the direction of the relative movatrad two vessels being at
collision course (CPA=0 Sm). Draw the vector emre&sponding to the
course and speed of M (14 Kn / 165°). Move emrisvine origin of ( R) as
often as it meats the reference ship vector cirdlge third side of the
triangles, created by DRM (rm1 / rm2) and em, & ectors erl and er2
defining the courses the own ship shall steer teraept (M) at a maximum
speed of 10 Kn (90° /138°).

(2) Steering a course of 90° (R) will intercept Maalistance of 9,8 Sm from
origin i.e. at 15 24 local time. If ( R) decidessteer a course of 138°, then it
will intercept (M) at a distance of 20,4 Sm frorgm i.e. at16 27 local time.

(3) Due to the fact (R) is steering 90° the latéwof (R) remains unchanged
whilst it longitude increases by: 9,8 Sm/cos(3741R,4". The geographical
position of (R) reads therefore: 37°25"N / 23° 5E,4The latitude of (R) at 16
27 decreases by: 20,4 Sm* sin(138°-90°) = 15,2 axadls 37° 9,8"N, whilst
its longitude increases by: 20,4 Sm * cos(138°¥0t0s37,3° = 17,2"and
reads 23° 57,2'E

(1) (R) can steer two courses to intercept (Mhez 90° or 138°

(2) ETA at course 90°: 15 24 / ETA at course 13821

(3) 37°25"'N / 23° 52,4°E at 15 24 local time and 98N / 23° 57,2'E at 16
27 local time.
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PART 6

(Maritime safety and communications)

Chapter 2

(Prevention of collisions at sea)

6210 Adoption / Entry in to force

The IMO convention on the international regulatiémspreventing collisions at sea
(COLREGS) has been adopted October th& 2072, and its entry into force occurred July
the 18" 1977.

The 1972 Convention was designed to update andaephe Collision Regulations of 1960
which were adopted at the same time as the 196(AS@onvention. One of the most
important innovations in the 1972 was the recognitiiven to traffic separation schemes.
Rule 10gives guidance in determining safe speed, theofiskllision and the conduct of
vessels operating in or near traffic separatioreSts.

The first such traffic separation scheme was estadd in the Dover Strait in 1967. It was
operated on a voluntary basis at first but in 18&LIMO Assembly adopted a resolution
stating that observance of all traffic separaticimesnes be made mandatory, and the
COLREGs make this obligation clear.

6220 Technical provisions
The COLREGSs include 38 rules divided into five gats and four Annexes:

Part A - General;
Part B - Steering and Sailing;
Part C - Lights and Shapes;
Part D - Sound and Light signals;
Part E — Exemptions and;
Four Annexes containing technical requirements eonnag
- lights their shapes and positioning;
- sound signalling appliances;
- additional signals for fishing vessels when oparain close proximity and;
- International distress signals.

6230 Amendments

In the mean time a number of amendments have beerpoorated into the COLREGS to
consider the needs of specific types of vesselaget)in specific operations, and to clarify
some technical aspects. Those amendments are:
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= The 1981 amendmentif force since June thé'1983) covering a number of rule
changes. However the most important change concel40, which has been amend to
enable vessels carrying out safety operations, asicitedging or surveying, to carry these
functions in traffic separation schemes. The amends affect several rules, including
rule 1(e) classifying the application of the conwem to vessels of special construction,

Rule 3(h) and 10(c) which defines a vessel conmstthby her draught crossing traffic

lanes.

= The 1989 amendmentif force since April the 19th 1991).The amendmemicerns Rule
10 and is designed to stop unnecessary use afishere traffic zone

» The 1993 amendmentif force since November the 4th 1995) mostly comeémwith
positioning of lights.

= The 2001 amendmentif force since November the 29th 2003) introdueedaver rules
relating to Wing-in-Ground (WIG) craft. The follomg are amended:

- General Definitions (Rule 3) - to provide the d@fon of Wing-In-Ground (WIG)
craft;

- Action to avoid collision (Rule 8 (a)) - to makeclear that any action to avoid
collision should be taken in accordance with thevant rules in the COLREGs and to
link Rule 8 with the other steering and sailingesil

- Responsibilities between vessels (Rule 18) - tudea requirement that a WIG craft,
when taking off, landing and in flight near thefsge, shall keep clear of all other
vessels and avoid impeding their navigation and tilat a WIG craft operating on the
water surface shall comply with the Rules as fpoaer-driven vessel;

- Power-driven vessels underway (Rule 23) - to ineladequirement that WIG craft
shall, in addition to the lights prescribed in maegph 23 (a) of the Rule, exhibit a
high-intensity all-round flashing red light wherkitag off, landing and in-flight near
the surface;

- Seaplanes (Rule 31) - to include a provision foGV/etaft;

- Equipment for sound signals and sound signalssitmicged visibility (Rules 33 and
35) - to cater for small vessels;

- Positioning and technical details of lights andpgsa(Annex I) - amendments with
respect to high-speed craft (relating to the valeparation of masthead lights); and

- Technical details of sound signal appliances (Aniligx amendments with respect to
whistles and bell or gong to cater for small vessel

6240 Rules of the international regulation for preenting collision at sea

Part A — General

Rulel. Application
(As amended by the 1981 amendment)
(a) These Rules shall apply to all vessels upon thie $&g@s and in all waters connected
therewith navigable by seagoing vessels.

(b) Nothing in these Rules shall interfere in the openeof special rules made by an
appropriate authority for roadstead’s, harboux®rs, lakes or inland waterways
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connected with the high seas and navigable by ssggessels. Such special rules
shall conform as closely as possible to these Rules

(c) Nothing in these Rules shall interfere with theragien of any special rules made by
the Government of any State with respect to addhligtation or signal lights or
shapes or whistle signals for ships of war andelegsoceeding under convoy, or
with respect to additional station or signal ligfusfishing vessels fishing as a fleet.
These additional station or signal lights or wieistignals shall, so far as possible, be
such that they cannot be mistaken for any lighapshor signal authorized elsewhere
under these Rules.

(d) Traffic separation schemes may be adopted by tgar@ration for the purpose of
these Rules.

(e) Whenever the Government concerned shall have detednthat a vessel of special
construction or purpose cannot comply fully witle firovisions of any of these Rules
with respect to number, position, range or arcisibility of lights or shapes, as well
as to the disposition and characteristics of saigdalling appliances, such vessel
shall comply with such other provisions in regavchtimber, position, range or arc of
visibility of lights or shapes, as well as to thepbsition and characteristics of sound-
signalling appliances, as her Government shall ll@termined to be the closest
possible compliance with these Rules in respettidbvessel.

Rule2. Responsibility

(@) Nothing in these Rules shall exonerate any vess#éthe owner, master, or
crew thereof, from the consequences of any netgemimply with these
Rules or of the neglect of any precaution which fnayequired by the
ordinary practice of seamen, or by the speciabiarstances of the case.

(b) In construing and complying with these Rules dugare shall be had to all
dangers of navigation and collision and to any speacumstances,
including the limitations of the vessels involvedhich may make a
departure from these Rules necessary to avoid inateedanger.

Rule3. General Definitions
(As amended by the 1981 and 2001 amendments)
For the purpose of these Rules, except where thigxiootherwise requires:
€)) The word"vessel" includes every description of watercraft, incluglimon-

displacement craft and seaplanes, used or capb&ny used as a means
of transportation on water.

(b) The term"power driven vessel" means any vessel propelled by
machinery.

(© The term'sailing vessel" means any vessel under sail provided that
propelling machinery, if fitted, is not being used.

(d) The term'vessel engaged in fishing'means any vessel fishing with nets,

lines, trawls, or other fishing apparatus whickiriesmanoeuvrability, but
does not include a vessel fishing with trollingenor other fishing
apparatus which do not restrict manageability.
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(e)
(f)

(9)

(h)

(i)
()
(k)
0

(m)

The term’seaplane” includes any aircraft designed to manoeuvre on the
water.
The term"vessel not under command"means a vessel which through
some exceptional circumstance is unable to maneeas/required by these
Rules and is therefore unable to keep out of theafanother vessel.
The term'vessel restricted in her ability to manoeuvre"means a vessel
which from the nature of her work is restrictechar ability to manoeuvre
as required by these Rules and is therefore utaldeep out of the way of
another vessel. The term shall include but notrbidd to:
(D A vessel engaged in laying, servicing, or pickipgaunavigational
mark, submarine cable or pipeline;
(1 A vessel engaged in dredging, surveying or undema@ierations;
(Il A vessel engaged in replenishment or transferrargqns,
provisions or cargo while underway;
(IV) A vessel engaged in the launching or recovery rof ait;
(V) A vessel engaged in mine clearance operations;
(VI) A vessel engaged in a towing operation such agelguwestricts
the towing vessel and her tow in their ability &vthte from their
course.
The term"vessel constrained by her draft" means a power driven vessel
which because of her draft in relation to the aldé depth and width of
navigable water is severely restricted in her gbib deviate from the
course she is following.
The word'underway” means a vessel is not at anchor, or made faketo t
shore, or aground.
The words'length" and"breadth” of a vessel mean her length overall
and greatest breadth.
Vessels shall be deemed to be in sight of one anothly when one can be
observed visually from the other.
The term "restricted visibility" means any conditim which visibility is
restricted by fog, mist, falling snow, heavy raorsts, sandstorms and any
other similar causes.
The term*WIG craft” means a multimodal craft which, in its main
operational mode, flies in close operational pragiro the surface by
utilising surface-effect action.

Part B - Steering and Sailing Rules

Section | - Conduct of Vessels in any Condition dfisibility

Rule4. Application

Rules in this section apply to any condition oiilvigy.
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Rule5. Look-out

Every vessel shall at all times maintain a propekiout by sight as well as by hearing as
well as by all available means appropriate in tfevailing circumstances and conditions so
as to make a full appraisal of the situation anthefrisk of collision.

Rule6. Safe Speed

Every vessel shall at all times proceed at a gaged so that she can take proper and effective
action to avoid collision and be stopped withinstahce appropriate to the prevailing
circumstances and conditions.

In determining a safe speed the following factdvaldbe among those taken into account:

(@) By all vessels:

()] The state of visibility;

(I The traffic density including concentrations ohiisg vessels or
any other vessels;

(Il The manageability of the vessel with special refeeeto stopping
distance and turning ability in the prevailing ciiahs;

(IV) At night the presence of background light suchrasfshore lights
or from back scatter from her own lights;

(V)  The state of wind, sea and current, and the prayiaofi
navigational hazards;

(VI)  The draft in relation to the available depth of evat

(b) Additionally, by vessels with operational radar:
()] The characteristics, efficiency and limitationgtué radar
equipment;

(I Any constrains imposed by the radar range scalsern

(Il The effect on radar detection of the sea statethgeand other
sources of interference,;

(IV)  The possibility that small vessels, ice and otlaating objects
may not be detected by radar at an adequate range;

(V)  The number location and movement of vessels detdgteadar;

(VI)  The more exact assessment of the visibility that beapossible
when radar is used to determine the range of v&essalther
objects in the vicinity.

Rule?. Risk of Collision

(@) Every vessel shall use all available means ap@t#pto the prevailing
circumstances and conditions to determine if ris&adlision exists. If
there is any doubt such risk shall be deemed tt.exi

(b) Proper use shall be made of radar equipmentéidfi#tnd operational,
including long-range scanning to obtain early wagrof risk of collision
and radar plotting or equivalent systematic obdemaf detected objects.

(c) Assumptions shall not be made on the basis of geafarmation,
especially scanty radar information.
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(d)

In determining if risk of collision exists the folving considerations shall

be among those taken into account:

(D Such risk shall be deemed to exist if the compassifig of an
approaching vessel does not appreciably change;

(1)) Such risk may sometimes exist even when an apjledig@aring
change is evident, particularly when approachingrg large
vessel or a tow or when approaching a vessel aecknge.

Rule8. Action to Avoid Collision

(As amended by the 2001 amendment)

(@)

(b)

(©)

(d)

(€)

(f)

Any action taken to avoid collision shall, if theatimstances of the case
admit, be positive, made in ample time and with cagard to the
observance of good seamanship.

Any alteration of course and/or speed to avoidigioth shall, if the

circumstances of the case admit be large enoulga teadily apparent to

another vessel observing visually or by radar.c@ession of small
alterations of course and/or speed shall be avoided

If there is sufficient sea room, alteration of csrialone may be the most

effective action to avoid a close-quarters situapoovided that it is made

in good time, is substantial and does not resuniother close-quarters
situation.

Action taken to avoid collision with another vessleall be such as to

result in passing at a safe distance. The effautis® of the action shall be

carefully checked until the other vessel is fingdhst and clear.

If necessary to avoid collision or allow more titneasses the situation, a

vessel may slacken her speed or take all way o$ittyyping or reversing

her means of propulsion.

() A vessel which, by any of these rules, is reggiinot to impede the
passage or safe passage of another vessel shallredngred by
the circumstances of the case, take early actiatidw sufficient
sea room for the safe passage of the other vessel.

(I A vessel required not to impede the passage ompsafage of
another vessel is not relieved of this obligatioapproaching the
other vessel so as to involve risk of collision ahdll, when taking
action, have full regard to the action which maydxguired by the
rules of this part.

(Il A vessel the passage of which is not to be impeelehins fully
obliged to comply with the rules of this part whéae two vessels
are approaching one another so as to involve fisklbdsion.

Rule9. Narrow Channels

(@)

A vessel proceeding along the course of a narraammoél or fairway shall
keep as near to the outer limit of the channeaoway which lies on her
starboard side as is safe and practicable.
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(b)

(©)
(d)

(€)

(f)

(9)

A vessel of less than 20 meters in length or angpilessel shall not
impede the passage of a vessel which can safelgatevonly within a
narrow channel or fairway.

A vessel engaged in fishing shall not impede tresage of any other

vessel navigating within a narrow passage or fairwa

A vessel shall not cross a narrow passage or fgirfagich crossing

impedes the passage of a vessel which can safelyate only within such

channel or fairway. The latter vessel may use tlumd signal prescribed
in Rule 34(d) if in doubt as to the intention oéttrossing vessel.

()] In a narrow channel or fairway when overtakaam take place only
when the vessel to be overtaken has to take atiparmit safe
passing, the vessel intending to overtake shaitate her intention
by sounding the appropriate signal prescribed ile Rd(c)(l). The
vessel to be overtaken shall, if in agreement, dabie appropriate
signal prescribed in Rule 34(c)(ll) and take stepgermit safe
passing. If in doubt she may sound the signalscpiesd in Rule
34(d).

(I This rule does not relieve the overtaking s her obligation
under Rule 13.

A vessel nearing a bend or an area of a narrownehan fairway where

other vessels may be obscured by an interveningumb®n shall navigate

with particular alertness and caution and shalhdahe appropriate signal

prescribed in Rule 34(e).

Any vessel shall, if the circumstances of the @abrit, avoid anchoring in

a narrow channel.

Rulel0. Traffic Separation Schemes

(As amended by the 1981, 1989 and 2001 amendments)

(@)
(b)

(©)

(d)

This rule applies to traffic separation schemeg#atbby the Organization

and does not relieve any vessel of her obligatiaten any other rule.

A vessel using a traffic separation scheme shall:

(D Proceed in the appropriate traffic lane in the gaindirection of
traffic flow for that lane.

(1 So far as is practicable keep clear of a trafffasation line or
separation zone.

(Il Normally join or leave a traffic lane at the termiion of the lane,
but when joining or leaving from either side stdalso at as small
an angle to the general direction of traffic flosv@acticable.

A vessel shall so far as practicable avoid crossaijc lanes, but if

obliged to do so shall cross on a heading as naarpracticable at right

angles to the general direction of traffic flow.

()] A vessel shall not use an inshore traffic zareen she can safely
use the appropriate traffic lane within the adjad¢eaffic separation
scheme. However, vessels of less than 20 metégagth, sailing
vessels and vessels engaged in fishing may useshere traffic
zone.

(1 Notwithstanding subparagraph (d)(l), a vessel nsgyan inshore
traffic Zone when en route to or from a port, offshinstallation or
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(€)

(f)
(9)
(h)
(i)
)
(k)

()

structure, pilot station or any other place sitdatéhin the inshore
traffic zone, or to avoid immediate danger.
A vessel, other than a crossing vessel or a v@sigalg or leaving a lane
shall not normally enter a separation zone or caossparation line except:
(D In cases of emergency to avoid immediate danger.
(1n To engage in fishing within a separation zone.
A vessel navigating in areas near the terminatodrigaffic separation
schemes shall do so with particular caution.
A vessel shall so far as practicable avoid anclganra traffic separation
scheme or in areas near its terminations.
A vessel not using a traffic separating schemd sald it by as wide a
margin as is practicable.
A vessel engaged in fishing shall not impede thesage of any vessel
following a traffic lane.
A vessel of less than 20 meters in length or angpilessel shall not
impede the safe passage of a power driven vedi®liiog a traffic lane.
A vessel restricted in her ability to manoeuvre wkagaged in an
operation for the maintenance of safety of navayain a traffic separating
scheme is exempted from complying with this Ruléh®extent necessary
to carry out the operation.
A vessel restricted in her ability to manoeuvre wkagaged in an
operation for the laying, servicing or picking upubmarine cable, within
a traffic separating scheme, is exempted from cgimglwith this Rule to
the extent necessary to carry out the operation.

Section Il - Conduct of Vessels in Sight of One Arber

Rulell. Application

Rules in this section apply to vessels in sightrod another.

Rulel2. Sailing Vessels

(@)

(b)

When two sailing vessels are approaching one anatbes to involve risk

of collision, one of them shall keep out of the vediyhe other as follows:

()] When each of them has the wind on a different siteyessel
which has the wind on the port side shall keepobtihe way of the
other.

(I When both have the wind on the same side, the Mebseh is to
windward shall keep out of the way of the vessaktivis to
leeward.

(1) If the vessel with the wind on the port side seesssel to
windward and cannot determine with certainty whethe other
vessel has the wind on the port or the starboale she shall keep
out of the way of the other.

For the purposes of this Rule the windward siddl fiegedeemed to be the

side opposite that on which the mainsail is caraedn the case of a
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square rigged vessel, the side opposite to thathoch the largest fore-
and-aft sail is carried.

Rulel3. Overtaking

(@)

(b)

(©)
(d)

Notwithstanding anything contained in the Rule®aft B, Sections | and
II, any vessel overtaking any other shall keepafihe way of the vessel
being overtaken.

A vessel shall be deemed to be overtaking whenmmguonp with a another
vessel from a direction more than 22.5 degreed &babeam, that is, in
such a position with reference to the vessel sbeestaking, that at night
she would be able to see only the stern light af #essel but neither of her
sidelights.

When a vessel is in any doubt as to whether sbeadaking another, she
shall assume that this is the case and act acgbydin

Any subsequent alteration of the bearing betweenwo vessels shall not
make the overtaking vessel a crossing vessel witl@nrmeaning of these
Rules or relieve her of the duty of keeping cldahe overtaken vessel
until she is finally past and clear.

Rulel4. Head-on Situation

(@)

(b)

(©)

When two power driven vessels are meeting on recgror nearly
reciprocal courses so as to involve risk of calliseach shall alter her
course to starboard so that each shall pass grotiheide of the other.
Such a situation shall be deemed to exist whersse¥sees the other
ahead or nearly ahead and by night she could semaksthead lights in
line or nearly in line and/or both sidelights andday she observes the
corresponding aspect of the other vessel.

When a vessel is in any doubt as to whether ssifuation exists she shall
assume that it does exist and act accordingly.

Rulel5. Crossing Situation

When two power driven vessels are crossing so swvtdve risk of collision, the vessel
which has the other on her own starboard side kbkalp out of the way and shall, if the
circumstances of the case admit, avoid crossingdib&the other vessel.

Rulel6. Action by Give-way Vessel

Every vessel which is directed to keep out of tlag wf another vessel shall, so far as
possible, take early and substantial action to kespclear.
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Rulel?. Action by Stand-on Vessel

(@)

(b)

(©)

(d)

() Where one of two vessels is to keep out ofvilag of the other
shall keep her course and speed.

(1 The latter vessel may however take actmavoid collision by her
manoeuvre alone, as soon as it becomes appareat tbat the
vessel required to keep out of the way is not @kippropriate
action in accordance with these Rules.

When, from any cause, the vessel required to keepdurse and speed

finds herself so close that collision cannot beide® by the action of the

give-way vessel alone, she shall take such acgomilabest aid to avoid
collision.

A power driven vessel which takes action in a drggsituation in

accordance with subparagraph (a)(ll) of this Ralavoid collision with

another power driven vessel shall, if the circumsts of the case admit,
not alter course to port for a vessel on her own fide.

This Rule does not relieve the give-way vesselerfdbligation to keep out

of the way.

Rulel18. Responsibilities between vessels

(As amended by the 2001 amendment)

Except where rules 9, 10, and 13 otherwise require:

(@)

(b)

(©)

(d)

(€)

(f)

A power driven vessel underway shall keep 6t way of:

()] a vessel not under command,

(1 a vessel restricted in her ability to manoeuvre;

(Il avessel engaged in fishing;

(IV) asailing vessel;

A sailing vessel under way shall keep out efway of:

() a vessel not under command,;

(1 a vessel restricted in her ability to manoeu

(Il avessel engaged in fishing;

A vessel engaged in fishing when underway shalfasas possible, keep

out of the way of:

() a vessel not under command,

(1n a vessel restricted in her ability to manoeuvre.

() Any vessel other than a vessel not ud@nmand or a vessel
restricted in her ability to manoeuvre shall, & ttircumstances of
the case admit, avoid impeding the safe passageedsel
constrained by her draft, exhibiting the signalfure 28.

(1 A vessel constrained by her draft simalVigate with particular
caution having full regard to her special condition

A seaplane on the water shall, in general, keepchesr of all vessels and

avoid impeding their navigation. In circumstandesyever, where risk of

collision exists, she shall comply with the Ruléshis Part.

() A Wig craft shall, when taking off, laimg) and in flight near the
surface, keep well clear of all other vessels armidaimpeding
their navigation
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(1)) A WIG craft operating on the water swéashall comply with the
Rules of this Part as if it were a power-drivensets

Section Il - Conduct of Vessels in Restricted Visility

Rule19. Conduct of Vessels in Restricted Visibility

(@)
(b)

(©)

(d)

(€)

This rule applies to vessels not in sight of onetlaar when navigating in
or near an area of restricted visibility.
Every vessel shall proceed at a safe speed ad@ptiee prevailing
circumstances and condition of restricted visipil& power driven vessel
shall have her engines ready for immediate maneuver
Every vessel shall have due regard to the pregadircumstances and
conditions of restricted visibility when complyingth the Rules of
Section | of this Part.
A vessel which detects by radar alone the presehaerother vessel shall
determine if a close-quarters situation is develg@ind/or risk of collision
exists. If so, she shall take avoiding action irpentime, provided that
when such action consists of an alteration in agwss far as possible the
following shall be avoided:
() An alteration of course to port for a vessel fovaf the beam,
other than for a vessel being overtaken;
(I An alteration of course toward a vessel abeam ait dtre beam.
Except where it has been determined that a rigloltifion does not exist,
every vessel which hears apparently forward ofdeam the fog signal of
another vessel, or which cannot avoid a close-qtsasituation with
another vessel forward of her beam, shall reduceeed to be the
minimum at which she can be kept on her course sBak if necessary
take all her way off and in any event navigate wextreme caution until
danger of collision is over.

Part C - Lights and Shapes

Rule20. Application

(@)

(b)

(©)

(d)
(€)

Rules in this part shall be complied with in allatligers.

The Rules concerning lights shall be complied vintim sunset to sunrise,
and during such times no other lights shall be laidl, except such lights
which cannot be mistaken for the lights specifiethiese Rules or do not
impair their visibility or distinctive characterr mterfere with the keeping
of a proper look-out.

The lights prescribed by these rules shall, ifiedrralso be exhibited from
sunrise to sunset in restricted visibility and rbayexhibited in all other
circumstances when it is deemed necessary.

The Rules concerning shapes shall be compliedhvitiiay.

The lights and shapes specified in these Rule$ abraply with the
provisions of Annex | to these Regulations.
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Rule21. Definitions

(@)

(b)

(©)

(d)
(€)
(f)

"Masthead light* means a white light placed over the fore and aft
centreline of the vessel showing an unbroken loyler an arc of horizon
of 225 degreesand so fixed as to show the light from right ahes2R.5
degreesabaft the beam on either side of the vessel.

"Sidelights” means a green light on the starboard side and l&gie on
the port side each showing an unbroken light owneara of horizon of
112.5 degreesnd so fixed as to show the light from right ahes2R.5
degreesabaft the beam on the respective side. In a vessess than 20
meters in length the sidelights may be combineshi® lantern carried on
the fore and aft centreline of the vessel.

"Stern light" , means a white light placed as nearly as pradacattithe
stern showing an unbroken light over an arc ofzmriof135 degreesand
so fixed as to show the ligh7.5 degrees$rom right aft on each side of the
vessel.

"Towing light" means a yellow light having the same charactesists
the"stern light" defined in paragraph (c) of this Rule.

"All round light" means a light showing an unbroken light over anoér
horizon of360 degrees

"Flashing light" means a light flashing at regular intervals aegtdiency
of 120 flashes or more per minute

Rule22. Visibility of Lights

(As amended by the 1993 amendment)

The lights prescribed in these Rules shall havensity as specified in Section 8 of Annex |
to these Regulations so as to be visible at theviddg minimum ranges:

(@)

(b)

(©)

(d)

In vessels of 50 meters or more in length:

- amasthead light, 6 miles;

- asidelight, 3 miles;

- atowing light, 3 miles;

- awhite red, green or yellow all-around light, Jemsi

In vessels of 12 meters or more in length buttleas 50 meters in length;

- amasthead light, 5 miles; except that where thgtleof the vessel is
less than 20 meters, 3 miles;

- asidelight, 2 miles;

- astern light, 2 miles,

- atowing light, 2 miles;

- awhite, red, green or yellow all-round light, 2esi

In vessels of less than 12 meters in length:

- amasthead light, 2 miles;

- asidelight, 1 miles;

- atowing light, 2 miles;

- awhite red, green or yellow all-around light, Jemsi

In inconspicuous, partly submerged vessels or tbjsing towed,;

- awhite all-round light; 3 miles.
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Rule23. Power driven Vessels Underway

(As amended by the 2001 amendment)

(@)

(b)

(©)

(d)

A power driven vessel underway shall exhibit:

()] a masthead light forward;

(1 a second masthead light abaft of and higher tharottivard one,
except that a vessel of less than 50 meters irtHestwll not be
obliged to exhibit such a light but may do so;

(Il)  sidelights:

(IV) astern light.

An air-cushion vessel when operating in non-disphaent mode shall, in

addition to the lights prescribed in paragraphofahis Rule, exhibit an all-

round flashing yellow light.

A WIG craft when taking off, and in flight near e shall, in addition to

the lights prescribed in paragraph (a) of this,rakhibit a high intensity

all-round flashing red light.

()] A power driven vessel of less than 12er®in length may in lieu
of the lights prescribed in paragraph (a) of thiseRexhibit an all-
round white light and sidelights.

(Il A power driven vessel of less than 7 meters intlemdghose
maximum speed does not exceed 7 knots may in fithedights
prescribed in paragraph (a) of this Rule exhibiadmound white
light and shall, if practicable, also exhibit sidéls.

(IV)  The masthead light or all-round white light on avpodriven
vessel of less than 12 meters in length may bdatied from the
fore and aft centreline of the vessel if centrefitteng is not
practicable, provided the sidelights are combimedne lantern
which shall be carried on the fore and aft centeebf the vessel or
located as nearly as practicable in the same fuleaft line as the
masthead light or all-round white light.

Rule24. Towing and Pushing

(@)

(b)

(©)

A power driven vessel when towing shall exhibit:

() instead of the light prescribed in Rule 23(a)(IYax(l), two
masthead lights in a vertical line. When the lerajtthe tow
measuring from the stern of the towing vessel éodfter end of the
tow exceeds 200 meters, three such lights in é&caéfine;

(1 sidelights;

(Il a stern light;

(IvV) atowing light in a vertical line above the staght;

(V)  when the length of the tow exceeds 200 metersaraahd shape
where it can best be seen.

When a pushing vessel and a vessel being pushed ahe rigidly

connected in a composite unit they shall be reghagea power driven

vessel and exhibit the lights prescribed in Rule 23

A power driven vessel when pushing ahead or towloggside, except in

the case of a composite unit, shall exhibit:
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(d)
(€)

(f)

(9)

(h)

() instead of the light prescribed in Rule 23(a)(IYax1l), two
masthead lights in a vertical line. When the leragjtthe tow
measuring from the stern of the towing vessel éodfter end of the
tow exceeds 200 meters, three such lights in &caéline;

(I sidelights;

(1) a stern light.

A power driven vessel to which paragraph (a) oofdhis Rule apply shall

also comply with rule 23(a)(ll).

A vessel or object being towed, other than thosetimeed in paragraph

(g) of this Rule, shall exhibit:

() sidelights;

(1n a stern light;

(Il when the length of the tow exceeds 200 metersaraahd shape
where it can best be seen.

Provided that any number of vessels being towedgzide or pushed in a

group shall be lighted as one vessel,

() a vessel being pushed ahead, not being part ahpasite unit,
shall exhibit at the forward end, sidelights;

(1)) a vessel being towed alongside shall exhibit andight and at the
forward end, sidelights.

An inconspicuous, partly submerged vessel or opggatombination of

such vessels or objects being towed, shall exhibit:

()] if it is less than 25 meters in breadth, one allnewhite light at or
near the front end and one at or near the afteegoept that
dracones need not exhibit a light at or near tidad end,;

(1n if it is 25 meters or more in breadth, two or madslitional all-
round white lights at or near the extremities stiteadth;

Iy if it exceeds 100 meters in length, additionalralind white lights
between the lights prescribed in subparagraptan()(ii) so that
the distance between the lights shall not exce@dniéters.;

(IvV) adiamond shape at or near the aftermost extreshitye last vessel
or object being towed and if the length of the exeeeds 200
meters an additional diamond shape where it canbeeseen and
located as far forward as is practicable.

When from any sufficient cause it is impracticatuea vessel or object

being towed to exhibit the lights or shapes présctiin paragraph (e) or

(g) of this Rule, all possible measures shall kertao light the vessel or

object being towed or at least indicate the presefcuch vessel or object.

()] Where from any sufficient cause it is impracticafolea vessel not
normally engaged in towing operations to displayltghts
prescribed in paragraph (a) or (c) of this Rulehswessel shall not
be required to exhibit those lights when engagddwing another
vessel in distress or otherwise in need of assistalll possible
measures shall be taken to indicate the natureeafetationship
between the towing vessel and the vessel beingd@as@authorized
by Rule 36, in particular by illuminating the tond.
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Rule25. Sailing Vessels Underway and Vessels Und@ars

(@)

(b)

(©)

(d)

(€)

A sailing vessel underway shall exhibit:

()] sidelights;

(1)) a stern light.

In a sailing vessel of less than 20 meters in letige lights prescribed in

paragraph (a) of this Rule may be combined in angeln carried at or

near the top of the mast where it can best be seen.

A sailing vessel underway may, in addition to tights prescribed in

paragraph (a) of this Rule, exhibit at or nearttpeof the mast, where they

can best be seen, two all-round lights in a vdrtione, the upper being red
and the lower Green, but these lights shall naebited in conjunction
with the combined lantern permitted by paragragtofltthis Rule.

() A sailing vessel of less than 7 metertength shall, if practicable,
exhibit the lights prescribed in paragraph (a)raf this Rule, but
if she does not, she shall have ready at handea&trieltorch or
lighted lantern showing a white light which shadl &xhibited in
sufficient time to prevent collision.

(1)) A vessel under oars may exhibit the tggprescribed in this rule for
sailing vessels, but if she does not, she shak heady at hand an
electric torch or lighted lantern showing a whigght which shall
be exhibited in sufficient time to prevent collisio

A vessel proceeding under sail when also beinggiegh by machinery

shall exhibit forward where it can best be seearacal shape, apex

downwards.

Rule26. Fishing Vessels

(As amended by the 2001 amendment)

(@)
(b)

(©)

A vessel engaged in fishing, whether underway @nahor, shall exhibit

only the lights and shapes prescribed by this rule.

A vessel when engaged in trawling, by which is mé¢la@ dragging

through the water of a dredge net or other appsuaad as a fishing

appliance, shall exhibit;

() two all-round lights in a vertical line, the upp®sing green and the
lower white, or a shape consisting of two cone$wheir apexes
together in a vertical line one above the other;

(1n a masthead light abaft of and higher than thecalhd green light; a
vessel of less than 50 meters in length shall eaildiged to
exhibit such a light but may do so;

(1) when making way through the water, in additionh® lights
prescribed in this paragraph, sidelights and andigint.

A vessel engaged in fishing, other than trawlimgllsexhibit:

()] two all-round lights in a vertical line, the upp®¥ing red and the
lower white, or a shape consisting of two cones \wheir apexes
together in a vertical line one above the other;
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(d)

(€)

(I when there is outlying gear extending more thanrhB@ers
horizontally from the vessel, an all-round whitghli or a cone apex
upwards in the direction of the gear.

(1) when making way through the water, in additionh® lights
prescribed in this paragraph, sidelights and andigint.

The additional signals described in Annex Il tost®egulations apply to

a vessel engaged in fishing in close proximitytteeo vessels engaged in

fishing.

A vessel when not engaged in fishing shall not leixtine lights or shapes

prescribed in this Rule, but only those prescritoedh vessel of her length.

Rule27. Vessels Not Under Command or Restricted ifiheir Ability to Manoeuvre

(As amended by the 2001 amendment)

(@)

(b)

(©)

(d)

A vessel not under command shall exhibit:

()] two all-round red lights in a vertical line whehey can best be
seen;

(I)  two balls or similar shapes in a vertical line wadrey can best be
seen;

(1) when making way through the water, in additionh® lights
prescribed in this paragraph, sidelights and andigint.

A vessel restricted in her ability to manoeuvresept a vessel engaged in

mine clearance operations, shall exhibit:

()] three all-round lights in a vertical line whereylean best be seen.
The highest and lowest of these lights shall bearatithe middle
light shall be white;

(I three shapes in a vertical line where they canlieesteen. The
highest and lowest of these shapes shall be balishee middle one
a diamond.

(1) when making way through the water, a masthead, Igiti¢lights
and a stern light in addition to the lights prelsed in subparagraph
(0;

(IV)  when at anchor, in addition to the lights or sisgpescribed in
subparagraphs (I) and (1), the light, or lights shape prescribed in
Rule 30.

A power driven vessel engaged in a towing operaigrh as severely

restricts the towing vessel and her tow in theilitglio deviate from their

course shall, in addition to the lights or shapesgribed in Rule 24(a),

exhibit the lights or shapes prescribed in subpagy(b)(l) and (11) of this

Rule.

A vessel engaged in dredging or underwater operstiwwhen restricted in

her ability to manoeuvre, shall exhibit the lightsd shapes prescribed in

subparagraphs (b)(1),(I) and (lIl) of this Ruledashall in addition when
an obstruction exists, exhibit:

()] two all-round red lights or two balls in a verti¢iale to indicate the
side on which the obstruction exists;

(1 two all-round green lights or two diamonds in &tieal line to
indicate the side on which another vessel may pass;
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(€)

(f)

(9)

(h)

(Il when at anchor, the lights or shapes prescribéuisrparagraph
instead of the lights or shapes prescribed in RQle

Whenever the size of a vessel engaged in divingatipes makes it

impracticable to exhibit all lights and shapes priégd in paragraph (d) of

this Rule, the following shall be exhibited:

()] Three all-round lights in a vertical line whereftean best be seen.
The highest and lowest of these lights shall bearatithe middle
light shall be white;

(1 a rigid replica of the code flag "A" not less thlmeter in height.
Measures shall be taken to ensure its all-roundility.

A vessel engaged in mine clearance operations ishadldition to the

lights prescribed for a power driven vessel in RiBeor to the light or

shape prescribed for a vessel at anchor in Rubs3ppropriate, exhibit
three all-round green lights or three balls. Onthese lights or shapes
shall be exhibited near the foremast head and beaca end of the fore
yard. These lights or shapes indicate that it ydeous for another vessel
to approach within 1000 meters of the mine cleszargssel.

Vessels of less than 12 meters in length, exc@gsetiengaged in diving

operations, shall not be required to exhibit tiyats prescribed in this

Rule.

The signals prescribed in this Rule are not sigofigessels in distress and

requiring assistance. Such signals are contain@amex IV to these

Regulations.

Rule28. Vessels Constrained by their Draft

A vessel constrained by her draft may, in additmthe lights prescribed for power driven
vessels in Rule 23, exhibit where they can besielea three all-round red lights in a vertical
line, or a cylinder.

Rule29. Pilot Vessels

(@)

(b)

A vessel engaged on pilotage duty shall exhibit:

()] at or near the masthead, two all-round lights werical line, the
upper being white and the lower red,

(I when underway, in addition, sidelights and a shigit;

() when at anchor, in addition to the lights presatilvesubparagraph
(D), the light, lights, or shape prescribed in RBGefor vessels at
anchor.

A pilot vessel when not engaged on pilotage dugl @xhibit the lights or

shapes prescribed for a similar vessel of her kengt

Rule30. Anchored Vessels and Vessels Aground

(@)

A vessel at anchor shall exhibit where it can besseen:

()] in the fore part, an all-round white light or oredlp

(1)) at or near the stern and at a lower level tharighé prescribed in
subparagraph (I), an all-round white light.
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(b)

(©)

(d)

(€)

(f)

A vessel of less than 50 meters in length may eixaiball-round white
light where it can best be seen instead of theadighescribed in paragraph
(a) of this Rule.

A vessel at anchor may, and a vessel of 100 matetsnore in length
shall, also use the available working or equivalighits to illuminate her
decks.

A vessel aground shall exhibit the lights presdibreparagraph (a) or (b)
of this Rule and in addition, where they can besséen;

() two all-round red lights in a vertical line;

(1n three balls in a vertical line.

A vessel of less than 7 meters in length, whemahar not in or near a
narrow channel, fairway or where other vessels atlynmavigate, shall
not be required to exhibit the lights or shape qgnibsd in paragraphs (a)
and (b) of this Rule.

A vessel of less than 12 meters in length, wheowagt, shall not be
required to exhibit the lights or shapes prescribeslibparagraphs (d)(l)
and (I1) of this Rule.

Rule31. Seaplanes

(As amended by the 2001 amendment)

Where it is impracticable for a seaplane to exHigfits or shapes of the characteristics or in
the positions prescribed in the Rules of this Blaet shall exhibit lights and shapes as closely
similar in characteristics and position as is dassi

Part D - Sound and Light Signals

Rule32. Definitions

(@)

(b)
(©)

The word'whistle” means any sound signalling appliance capable of
producing the prescribed blasts and which comphi#s the specifications
in Annex lll to these Regulations.

The term’short blast” means a blast of about one second's duration.
The term"prolonged blast” means a blast from four to six seconds'
duration.

Rule33. Equipment for Sound Signals

(As amended by the 2001 amendment)

(@)

A vessel of 12 meters or more in length shall lwavioled with a whistle
and a bell and a vessel of 100 meters or morengitheshall, in addition be
provided with a gong, the tone and sound of whiednot be confused
with that of the bell. The whistle, bell and gorgals comply with the
specifications in Annex Il to these RegulationkeTbell or gong or both
may be replaced by other equipment having the saspective sound
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(b)

characteristics, provided that manual soundindnefarescribed signals
shall always be possible.

A vessel of less than 12 meters in length shalbeabdbliged to carry the
sound signalling appliances prescribed in parag(apbf this Rule but if
she does not, she shall be provided with some otleans of making an
efficient signal.

Rule34. Manoeuvring and Warning Signals

(@)

(b)

(©)

(d)

(€)

When vessels are in sight of one another, a povixgrdvessel under way,
when manoeuvring as authorized or required by tReges, shall indicate
that manoeuvre by the following signals on her tiis

- one short blast to mean "l am altering my courssadoard";

- two short blasts to mean "I am altering my coucspdrt”;

- three short blasts to mean "I am operating astepubsion”.

Any vessel may supplement the whistle signals pitestt in paragraph (a)

of this Rule by light signals, repeated as appsadpriwhilst the manoeuvre

is being carried out:

()] these signals shall have the following significance
- one flash to mean "I am altering my course to starth";

- two flashes to mean "l am altering my course td"por
- three flashes to mean "I am operating astern psogull.

(I)  the duration of each flash shall be about one stdbe interval
between flashes shall be about one second, andtéreal between
successive signals shall not be less than ten dscon

(1N the light used for this signal shall, if fitted, &e all-round white
light, visible at a minimum range of 5 miles, aidk comply with
the provisions of Annex | to these Regulations.

When in sight of one another in a narrow channéaioway:

() a vessel intending to overtake another shall inpd@mce with
Rule 9 (e)(l) indicate her intention by the followgi signals on her
whistle.

- two prolonged blasts followed by one short blagh&an "I
intend to overtake you on your starboard side”;

- two prolonged blasts followed by two short blastsnean "
intend to overtake you on your port side".

(I the vessel about to be overtaken when aatiagcordance with
9(e)(I) shall indicate her agreement by the follogvsignal on her
whistle:

- one prolonged, one short, one prolonged and o Blast, in
that order.

When vessels in sight of one another are approg@danh other and from

any cause either vessel fails to understand tleatioins or actions of the

other, or is in doubt whether sufficient actiorb&ng taken by the other to
avoid collision, the vessel in doubt shall immeelindicate such doubt
by giving at least five short and rapid blasts o Wwhistle. Such signal
may be supplemented by at least five short andl iigmhes.

A vessel nearing a bend or an area of a chanralreray where other

vessels may be obscured by an intervening obstrustiall sound one

prolonged blast. Such signal shall be answered avfilolonged blast by
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any approaching vessel that may be within heaniograd the bend or
behind the intervening obstruction.

() If whistles are fitted on a vessel at a distanaatapt more than 100
meters, one whistle only shall be used for givirghoeuvring and warning
signals.

Rule35. Sound Signals in Restricted Visibility

(As amended by the 2001 amendment)

In or near an area of restricted visibility, whethg day or night the signals prescribed in this
Rule shall be used as follows:

(@) A power driven vessel making way through the walel sound at
intervals of not more than 2 minutes one prolonigjadt.
(b) A power driven vessel underway but stopped and mgahko way through

the water shall sound at intervals of no more thamnutes two prolonged
blasts in succession with an interval of aboutcdrds between them.

(c) A vessel not under command, a vessel restricté@ilirability to maneuver,
a vessel constrained by her draft, a sailing veasetssel engaged in
fishing and a vessel engaged in towing or pushiragreer vessel shall,
instead of the signals prescribed in paragrapbr(&)) of this Rule, sound
at intervals of not more than 2 minutes three blassuccession, namely
one prolonged followed by two short blasts.

(d) A vessel engaged in fishing, when at anchor, avesael restricted in her
ability to maneuver when carrying out her work @tlzor, shall instead of
the signals prescribed in paragraph (g) of thieRolund the signal
prescribed in paragraph (c) of this Rule.

(e) A vessel towed or if more than one vessel is btomged the last vessel of
the tow, if manned, shall at intervals of not mttran 2 minutes sound four
blasts in succession, namely one prolonged follolethree short blasts.
When practicable, this signal shall be made imnteljliafter the signal
made by the towing vessel.

)] When a pushing vessel and a vessel being pushed aherigidly
connected in a composite unit they shall be reghadea power driven
vessel and shall give the signals prescribed iagraphs (a) or (b) of this
Rule.

(9) A vessel at anchor shall at intervals of not mbentl minute ring the bell
rapidly for five seconds. In a vessel 100 metemnore in length the bell
shall be sounded in the forepart of the vesselimnokediately after the
ringing of the bell the gong shall be sounded rgor about 5 seconds in
the after part of the vessel. A vessel at anchgrimaddition sound three
blasts in succession, namely one short, one lodgaa short blast, to give
warning of her position and of the possibility @llsion to an approaching
vessel.

(h) A vessel aground shall give the bell signal armrédgfuired the gong signal
prescribed in paragraph (g) of this Rule and shakddition, give three
separate and distinct strokes on the bell immegiatfore and after the
rapid ringing of the bell. A vessel aground mayddition sound an
appropriate whistle signal.
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(1) A vessel of less than 12 meters in length shalbeabbliged to give the
above mentioned signals but, if she does not, shallle some other
efficient sound signal at intervals of not morentfzaminutes.

g) A pilotage vessel when engaged on pilotage duty imagdition to the
signals prescribed in paragraph (a), (b) or (ghsf Rule sound an identity
signal consisting of four short blasts.

Rule36. Signals to Attract Attention

If necessary to attract the attention of anothesgk any vessel may make light or sound
signals that cannot be mistaken for any signalai#éd elsewhere in these Rules, or may
direct the beam of her searchlight in the direcobthe danger, in such a way as not to
embarrass any vessel Any light to attract the atterof another vessel shall be such that it
cannot be mistaken for any aid to navigation. Rergurpose of this Rule the use of high
intensity intermittent or revolving lights, suchstsobe lights, shall be avoided.

Rule37. Distress Signals
When a vessel is in distress and requires assestdreshall use or exhibit the signals

described in Annex IV to these Regulations.

Part E - Exemptions

Rule38. Exemptions
(As amended by the 2001 amendment)

Any vessel (or class of vessel) provided that sivepties with the requirements of the
International Regulations for the Preventing of Colisions at Sea, 196Qhe keel of which
is laid or is at a corresponding stage of constvadbefore the entry into force of these
Regulations may be exempted from compliance thénead follows:

(@) The repositioning of lights as a result of convamsirom Imperial to metric
units and rounding off measurement figures, permageemption
(b) () The repositioning of mastheadtgon vessels of less than 150

meters in length, resulting from the prescriptioh§ection 3 (a) of
Annex | to these regulations, permanent exemption

(1 The repositioning of masthead lightsw@ssels of 150 meters or
more in length, resulting from the prescriptionsSettion 3 (a) of
Annex | to these regulations, until 9 years after date of entry
into force of these Regulations.

(c) The repositioning of masthead lights resglfirom the prescriptions of
Section 2(b) of Annex | to these Regulations, uijears after the date of
entry into force of these Regulations.

(d) The repositioning of sidelights resultingrfr the prescriptions of Section
2(g) and 3(b) of Annex | to these Regulations,luihtiears after the date of
entry into force of these Regulations.
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(e) The requirements for sound signal appliapeescribed in Annex Il to
these Regulations, until 9 years after the daentfy into force of these

Regulations

)] The repositioning of all-round lights resagfifrom the prescription of
Section 9(b) of Annex | to these Regulations, perena exemption

(9) .The installation of lights with ranges prescrilbedRule 22, until 4 years
after the date of entry into force of these regoiet

(h) The installation of lights with colour specificati® as prescribed in Section

7 of Annex | to these Regulations, until 4 yeatsraie entry into force of
these Regulations

6250 Examples for the application of the Rules tprevent collision at sea
Example 1 The 15m LOA sailing vessel (A) is sailing with a&KtbBNNW Wind on Port

tack a true course of RwK=040° at a speed of agpn5In a relative
(Side) bearing of SB=60° (A) observes an objectefBiibiting the

following lights.

U
O

Although the change of the side bearing is margitined distance between
the vessels is continuously decreasing.

1.1 What type of information can be extracted ftbis observation?

1.2 Within which extreme courses is (B) moving? tWéhthe most
probable course of (B)?

1.3 Is there a risk of collision? If yes which \esshall alter course to
avoid collision?

1.4 Describe the actions to be taken by the vedsiged to alter course to
avoid collision.
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Answer 1.1 (B) is a fishing vessel with a LOA>50m engaigetdawling, making
way and exhibiting its port side to (A).

§

EC1=280°

A RwK=40°

EC2=32,5°

>

1.2 The port side light of (B) is visible for (iAJB) is heading directly
down to (A) i.e. with an extreme course EC1=36B0(-RwK-SB)=360°-
(180°-40°-60°)=280°. Due to the fact the arc ofilvilty of a side light has
to be 112,5°, the red side light of (B) is stillibie for (A) even if (B) is
heading EC2=EC1+112,5°-360°= 32,5°. From the obgelreonfiguration
of the lights especially the fact the Mastheadtl@ppears very close to the
two all-round lights and the fact the distance bestw the vessels is
decreasing, it has to be assumed that (Bs) mosigirle heading is:
280°<COG<360° .

1.3 Due to the fact the side bearing does not ghaignificantly, there is a
risk of collision and (A) has to alter course toalimpedance of the
passage of (B).

1.4 (A) can alter course to starboard and passeauride stern of (B).
However (A) shall maintain a safe distance from é3)the trawler may
have deployed nets with a length of some 1.000m.

Example 2 &iling yacht (A) is sailing with a SE breeze a Rv§&°. About 2 Sm
Northward of (A) there is another yacht (B) undailssteering app. 280°.
Westward of (A) a yacht (C) under sails is obserstedring app. 350°.
The side bearings from (B) and (C) taken from @\)dt change, and the
distances between the three vessels are continudasteasing.
2.1 Is there a risk of collision from (A) stand ipioof view?

2.2 Which actions have to be taken to avoid cohi®

2.3 Which actions would have to be taken if thisason would arise at
night?
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Answer

2.1 From (As) stand point of view there is a o$kollision as the side
bearings to the other vessels are not changingthedlistances are
continuously decreasing.

2.2 The actions to be taken to avoid collision @@pending upon the
answer to the question on which tack (A) is sailing

N
A

280°

With (A) on starboard tack:

As (C) is sailing on starboard tack and is withgest to (A) the
leeward yacht she shall maintain her course andh lfa) and (B) shall
keep out of her way.

As (A) is the windward vessel against (C) shel #egp out of the way
of (C), and shall therefore alter course to porpss under her stern.
In order to avoid impedance of the passage of (B)will have to
change her course to starboard

Wlth (A) on port tack:

As (C) is sailing on starboard tack she shall maimter course and
both (A) and (B) shall keep out of her way.

In order to avoid impedance of the passage of (®)will have to
change her course to port to pass under the ste(@)p

In order to avoid impedance of the passage of (B)will have to
change her course to starboard.

Following the course alteration to port in orderdwoid collision with
(C), although (A) is sailing on the same tack as $Be shall keep out
of the way of the leeward yacht (B), and shall ¢fi@re change again
her course to starboard to pass under the ster(iBnf

2.3 (B) and (C) shall assume the worst case sdoathich means that (A)
is on starboard tack.
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Example 3

Answer

A 12m sailing yacht (A) is sailing with a north wiaf 3 Beaufort a
RwK=70° and observe on her port bow in a side begpof 60° the

following lights of (B):

Dead ahead of (A) another vessel (C) exhibitdahewing lights:

The side bearing of the vessels (B) and (C)alahange significantly,
whilst the distances to (A) are rapidly decreasing.

3.1 What type of information can be extracted ftbenlight configuration
exhibited by (B)?

3.2 Within which extreme courses is (B) moving?

3.3 Is there a risk of collision and is (A) oblki keep out of the way of
the other vessels?

3.4 Which actions shall be taken by (A)?
3.1 (B) is a sailing vessel under way exhibititsgstarboard side to (A).

3.2 The starboard side light of (B) is visible {8v) if (B) is heading
directly down to (A) i.e. with an extreme coursalERwK-
SB+180°=70°-60°+180°=190°. Due to the fact the afcvisibility of a
side light has to be 112,5°, the green side lighB) is still visible for (A)
even if (B) is heading EC2=EC1-112,5°=190°-112,57;%"

3.3 (B) can not be on starboard tack, as in tlagipular case (B) would
have to steer a course >180° and this would lead thhanging side
bearing at (A). Due to the fact the side bearingas changing (B) is on
Port tack and has therefore to keep out of the afgA) being the leeward
vessel and out of the way of (C) which is sailingstarboard tack.
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EC2=77,5"

EC1=190°

(A) will have to keep out of the way of (C) as the ésdoubt that (C)
is sailing on Starboard tack.

3.4 (A) shall change course to starboard in otdl@void impedance of the
passage of (C), but shall subsequently maintaiautse against (B).
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PART 6

(Maritime safety and communications)

Chapter 3

(Maritime communications)

6310 Generation of radio waves

Consider electric current as a flow of electrormgla conductor between points of differing
potential. Adirect current flows continuously in the same direction. This wbatcur if the
polarity of the electromotive force causing thect#len flow was constant, such as is the case
with a battery. If, however, the current is indudsdhe relative motion between a conductor
and a magnetic field, as is the case in a rotatiaghine, called generator, then the

resulting current changes direction in the conduasothe polarity of the electromotive force
changes with the rotation of the generator’s rofbis is known aslternating current.

The energy of the current flowing through the cartduis either dissipated as heat (an
energy loss proportional to both the current flayvihrough the conductor and the
conductor’s resistance) or stored in an electroraagfield oriented symmetrically about the
conductor. The orientation of this field is a funotof the polarity of the source producing
the current. When the current is removed from tire,whis electromagnetic field will, after a
finite time, collapse back into the wire.

What would occur should the polarity of the currsotirce supplying the wire be reversed at
a rate which exceeds the finite amount of time iregifor the electromagnetic field to
collapse back upon the wire? In this case, anattagnetic field, proportional in strength but
exactly opposite in magnetic orientation to théahifield, will be formed upon the wire. The
initial magnetic field, its current source gonenmat collapse back upon the wire because of
the existence of this second electromagnetic flalstead, it propagates out into space. This is
the basic principle of a radio antenna, which tnaitsa wave at a frequency proportional to
the rate of pole reversal and at a speed equhktsgeed of light.

6320 The electromagnetic spectrum

The entire range of electromagnetic radiation fegmies is called the electromagnetic
spectrum. The frequency range suitable for radiogmission, the radio spectrum, extends
from 10 kilohertz to 300,000 megahertz. It is deddnto a number of bands, as shown in
Figure 6320a below.

Below the radio spectrum, but overlapping it, is #udio frequency band, extending from 20
to 20,000 hertz. Above the radio spectrum are &edtinfrared, the visible spectrum (light in
its various colours), ultraviolet, X-rays, gammgs;aand cosmic rays. Waves shorter than 30
centimetres are usually called microwaves.
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Within the frequencies from 1-40 GHz (1,000-40,008z), additional bands are defined as
follows:

» L-band: 1-2 GHz (1,000-2,000 MHz)

» S-band: 2-4 GHz (2,000-4,000 MHz

= C-band: 4-8 GHz (4,000-8,000 MHz)

» X-band: 8-12.5 GHz (8,000-12,500 MHz)

= Lower K-band: 12.5-18 GHz (12,500-18,000 MHz)

= Upper K-band: 26.5-40 GHz (26,500-40,000 MHz)

Marine radar systems commonly operate in the SXabands, while satellite navigation
system signals are found in the L-band. The bréakeoK-band into lower and upper ranges
Is necessary because the resonant frequency of vegdeur occurs in the middle region of
this band, and severe absorption of radio wavesrsadno this part of the spectrum.

Band Abbraviation Famge of fraquency Fange of wavelength

Andio frequency AF 20 to 20,000 H= 15,000,000 to 15,000 m
Fadio fraquency EF 10 kHz to 300,000 MH= 30000 mto 0.1 cm

Very low fequency VLE 1010 30 kE= 30,000 10 10,000 m

Low frequency LF 10 to 300 kH= 10,000 to 1,000 m

Madivm fequency MF 300 to 3,000 kH= 1,000 to 100 m

High frequency HF 3 to 30 M= 10040 10m

Very high frequency VHF 30 to 300 MEH=z 0w ]lm

Ultra logh frequency UHF 300 to 3,000 MH= 10010 10 cm

Super hugh frequency SHF 3,000 to 30,000 MH= te ]l om

o remalyhich EHF 30,000 to 300,000 Mz 14001 em

equancy

Heat and infrared* 10% 1o 39108 MHz 0.03 to 7.6x10% cm
Vizble spectum® 39108 to 7.9x10% MHz | 7.6¢107 to 3.8<10 cm
Ultraviolet* 7.9x10% t0 23101 MHz | 3.8%10°7 to 1.3x100 em
Heayst 20107 to 30105 MEz | 152107 t0 1.0x10-F cm
amma rays* 2 3x1002 to 301004 MH=[ 1 3=10-8 to 101010 em
Cosmic rays* =4.8x1015 MHz= =6.2x10°12 em

¥ Values approccimate.

Figure 6320a Electromagnetic spectrum

Within the VHF band and in the area of 150 MHz ch@nnels are according to GMDSS
requirements reserved for maritime communicatidh®se are the channels 01 to 28, the
channels 60 to 88 plus two additional channelsrvesefor the Automatic Identification
System (AIS). For further details refer to FiguB26b below.
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Station Frequencies Ship Harbour traffic control Public
Channels . - o
Set Shore Ship Simplex Duplex communications
60 156,025 160,625 X X
1 156,050 160,650 X X
61 156,075 160,675 X X
2 156,100 160,700 X X
62 156,125 160,725 X X
3 156,150 160,750 X X
63 156,175 160,775 X X
4 156,200 160,800 X X
64 156,225 160,825 X X
5 156,250 160,850 X X
65 156,275 160,875 X X
6 156,300 X
66 156,325 160,925 X X
7 156,350 160,950 X
67 156,375 156,375 X X
8 156,400 X
68 156,425 156,425 X
9 156,450 156,450 X X
69 156,475 156,475 X X
10 156,500 156,500 X X
70 156,525 156,525 Digital selective calling (distress, urgency anfésacommunication)
11 156,550 156,550 X
71 156,575 156,575 X
12 156,600 156,600 X
72 156,625 X
13 156,650 156,650 X X
73 156,675 156,675 X X
14 156,700 156,700 X
74 156,725 156,725 X
15 156,750 156,750 X X
75 156,775 X
16 156,800 156,800 Distress, urgency, safety and calling channel.
76 156,825 X
17 156,850 156,850 X X
77 156,875 X
18 156,900 161,500 X X X
78 156,925 161,525 X X
19 156,950 161,550 X X
79 156,975 161,575 X X
20 157,000 161,600 X X
80 157,025 161,625 X X
21 157,050 161,650 X X
81 157,075 161,675 X X
22 157,100 161,700 X X
82 157,125 161,725 X X X
23 157,150 161,750 X X
83 157,175 161,775 X X X
24 157,200 161,800 X X
84 157,225 161,825 X X X
25 157,250 161,850 X X
85 157,275 161,875 X X X
26 157,300 161,900 X X
86 157,325 161,925 X X X
27 157,350 161,950 X X
87 157,375 X
28 157,400 162,000 X X
88 157,425 X
AIS 1 161,975 161,975
AIS 2 162,025 162,025

Figure 6320b Maritime communication channels
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6330 Antenna Characteristics

Antenna design and orientation have a marked effgah radio wave propagation. For a
single-wire antenna, strongest signals are tramsthétlong the perpendicular to the wire and
virtually no signal in the direction of the wireoiFa vertical antenna, the signal strength is the
same in all horizontal directions. Unless the ps&iron undergoes a change during transit,
the strongest signal received from a vertical tn@ttsng antenna occurs when the receiving
antenna is also vertical.

For a vertical antenna, efficiency increases wittater length of the antenna. The power
received is inversely proportional to the squarthefdistance from the transmitter, assuming
there is no attenuation of the wave.

For a typical VHF equipment with a vertical antetwrgasmitting e.g. on Chanel 16 i.e. on
156,8 MHz, a minimum antenna length of :

A 3000008 1 4783m
4 sec 1568MHz

6340 VHF Horizon

The VHF horizon is greater than the horizon ofrdmdar, whilst the radar horizon is greater
than the optical one. The distances in said caseautical miles are approximately the
following (All heights in meters):

= Optical horizon: D, = 2,075D(\/ Nopserver *y/ hLight)
* Radar horizon: Dg,,, = 223 D(\/ PRagar T \/ Nobstruction )
= VHF horizon: Dy =25 D(\/ N ansmite T \/ Neceiver )

6350 Message Type Priorities
The following message type priorities are recoghizg GMDSS including DSC.

= Routine messages
= Safety messages

»= Urgency messages
» Distress messages

6351 Routine communication format

Routine calls are normally addressed to a singestoor ship station. They should be made on
a channel reserved for non-distress traffic. Onadana call should not be repeated, since the
receiving station either received the call andextat, or did not receive it because it was not
in service. At least 5 minutes should elapse betveadls by vessels on the first attempt, then
at 15 minute minimum intervals. To initiate a rowtiship to shore or ship to ship call to a
specific station, the following procedures are agupl
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DSC call

Call to a shore station with unknown

working Chanel.
VHF on Chanel 70
Format: Selective call.
MMSI of the shore station.
Category: Routine.
Telecom: Phone.
Proposed Working Chaneiton.
Submit.
Acknowledgment
MMSI of the station.
Format: Acknowledge able.
Telecom: Phone.
Working Chanel(e.g. Ch 28).
Reply to shore station
(See Non — GMDSS)

Confirmation by the shore station
(See Non — GMDSS)

Call to a ship station
VHF on Chanel 70.
Format: Selective call.
MMSI of the ship station.
Category: Routine.
Telecom: Simplex.

Proposed Working Chandke.g. Ch 28).

Submit.

Acknowledgment by the ship station
MMSI of the ship station.
Format: acknowledge able.
Telecom: simplex.
Working Chanel(e.g. Ch 28).

Reply to ship station

Non — GMDSS

Call to a shore station with known
working Chanel or on Chanel 16:
= VHF on Stations working Chanel.
= Call station with its official designation
(e.g. Olympia radio 3x).
= Vessels name and call sighhis is...).
= Reason for calling | have a call for you)
= Over

Acknowledgment
= MMSI of the station.
= Call stations designatigfThis is...).
= Type of required servicde.g. What can
| do for you?)
Reply to shore station
= Vessels name and MM&his is..).
» Requested servicgs.g. | have a
telephone call to..).
= Accounting authority identification
number(AAIC is ...DPQ7).
= Over.
Confirmation by the shore station
= Vessels name and call sign.
= Call stations designatigfThis is...).
= Instructions from the statigjplease
stand by...).

Call to a ship station
= VHF on Chanel 16.
= Call ship station with its nam@nd its
call sign if known 3x).
= Calling vessels name and call sigiis
is...3X).
= Reason for calling | have a question).
= Notification of the proposed working
Chanel.
= OQver.
Acknowledgment by the ship station
= Name of the calling vessel.
= Ship stations designatid@ihis is...).
= Acknowledgment of the working Chanel
or proposal for an other Chanel.
Reply to ship station
Communication on the agreed working
Chanel.
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6352 Safety communication format

Safety messages are transmitted in order to disé&ribavigational or weather warnings for
hazards affecting every body at sea.

DSC call Non — GMDSS
= VHF on Chanel 70. = VHF on Chanel 16.
= Format: all ships. = SECURITE (3x).
= Category: Safety. = ALL STATIONS (3x).
= Chanel: Ch 16. = Name of the statio(Bx) and call sign
= Telecom: Simplex. (Thisis...).
=  Submit. = Safety message.
= Over
Acknowledgment Acknowledgment
No acknowledgement required. No acknowledgement required.
Transmission of the information

= VHF on Chanel 16.
» SECURITE (3x).
= ALL STATIONS (3x).
= MMSI of the station, its name and call

sign(This is...).
= Safety message.
= Qver.

Cancellation of the safety warning Cancellation of the safety warning

(See Non — GMDSS) Safety messages should additionally be

offered to the nearest coast station too. The
coast station will than decide whether or not
the message will be distributed by NAVTEX
and will take care for the cancellation of the
warning.
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6353 Urgency communication format

An urgency message of a station distributes inftionaffecting the safety of a vessel or of

an individual person.
DSC call

VHF on Chanel 70.
Format: all ships.
Category: Urgency.
Chanel: Ch 16.
Telecom: Simplex.
Submit.

Acknowledgment
No acknowledgement required.

Transmission of the information
VHF on Chanel 16.
PAN PAN (3x).
ALL STATIONS (3x).
MMSI of the station, its name and call
sign(This is...).
= Urgency message.
= Qver

Cancellation of the safety warning
(See Non — GMDSS)

Non — GMDSS

VHF on Chanel 16.

PAN PAN (3x).

ALL STATIONS (3x).

Name of the station and call sigfhis
IS...).

Urgency message.

Over.

Acknowledgment
No acknowledgement required.

Cancellation of the safety warning

Urgency messages transmitted to all stations
shall be cancelled if no further actions are
required, as follows:
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VHF on Chanel 16.

ALL STATIONS (3x).

Name of the statio(8x) and call sign
(This is...).

(date time)UTC.

Name of the station which issued the
urgency message.

URGENCY TRAFIC FINI.

Over.



6354 Distress communication format

A distress case exists if a vessel or an indivighgason faces a serious, immediate and not

avertable danger.

DSC call

Non — GMDSS

Once activated, a distress signal is repeated VHF on Chanel 16.

automatically every few minutes until an

= MAYDAY (3x)

acknowledgment is received or the function= Name of the vessel in distre@x) and

is switched off. The DSC distress signal is
activated by a specific “Distress button”, is
transmitted on Ch 70 and must contain the
following information:
= VHF an Chanel 70.
= Format: Distress.
= MMSI of the vessel in distress.
= Nature of distresfAs offered from the
VHF).
» Latest known position of the vessel in
distress.
= Time at which the position has been
determined.
= Category: Distress.
= Telecom: Simplex.
= Submit.
Acknowledgment
The receiving stations shall monitor Ch 16
for 5" after receipt of the distress signal.
Within this period the MRCC will normally
acknowledge the distress signal by DSC.
Acknowledgement by the MRCC is always
addressed téll Stationsin order to make

call sign.(This is...)
= MAYDAY, Name of the vessel in
distress and call sign.
Vessels position.
Nature of distress.
Type of assistance required.
Any further useful information.
Over.

Acknowledgment
Confirmation is expected from RCC first.
However if a receiving station is in the
position to offer appropriate assistance to the
transmitting station, the receipt of the distress
message should be acknowledged as follows:
= VHF on Chanel 16.

sure that all receiving stations are aware that MAYDAY.

the MRCC has already received the distress Name of the vessel in distre@x) and
signal. Acknowledgment of a distress signal  call sign.

by DSC stops the automatic repetition of the Name of the receiving statid8x) and

transmission of the distressed signal.
Receiving stations are not authorised to

call sign.(This is...).
= Received MAYDAY

acknowledge distress signals by DSC, unless

explicitly authorised by the MRCC. After a
period of 5" and if the receiving station can
offer appropriate assistance should

acknowledge the receipt of the distress signal

on Chanel 16 as follows:

= VHF on Chanel 16.

= MAYDAY

= MMSI of the vessel in distre$38x).

= Name of the receiving statidBx) and
call sign.(This is...)

» Received MAYDAY
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Transmission of detail information
Following the acknowledgment of receipt of
the distress signal either by DSC through a
MRCC or by Ch 16 by another station, the
calling station should immediately start
transmission of detail information with
respect to as follows:
= VHF on Chanel 16.
= MAYDAY.
= MMSI, name and call sign of the vessel

in distresqThis is...).
= Vessels position.

» Detail information of the nature of
distress and the required assistance.
= Qver.

Offer of assistance Offer of assistance
(See Non — GMDSS) = VHF on Chanel 16.
= MAYDAY, Name and call sign of the
vessel in distress.
= Name and call sign of the receiving
station(This is...).
= When and what kind of assistance is
offered.
= Qver.

Request for silence Request for silence

(See Non — GMDSS) Request for silence in case of distress can be
addressed to all stations or a specific station
disturbing the communication as follows:
= All stations, or name of a station.
= SILENCE MAYDAY.

Cancellation of a distress warning Cancellation of a distress warning
(See Non — GMDSS) After completion of all activities initiated

because of a distress, the MRCC or the on-

scene co-ordinator shall cancel the distress

communication as follows:

= VHF on Chanel 16.

= MAYDAY

= All stations(3x).

= Name and call sign of the station
authorised to cancel the distress
communicatior(This is...).

= at(time)UTC.

= Name and call sign of the vessel in
distress.

=  SILENCE FINI.
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Transmission of a distress warning by a
station which is not in a distress situation.

In general no station is authorized to relay a
distress signal received by DSC to all
stations or a MRCC. However, if a station
has knowledge of a distress situation either
by own observation or transmission on
Chanel 16, it should relay a distress signal
either to all stations or the MRCC as follows:

VHF on Chanel 70.

Format: Distress relay.

MMSI of the MRCC or all ships.
Category: Distress

Telecom: Simplex.

Position of the vessel in distress if
known.

Submit.

Content of the distress message
VHF on Chanel 16. .
MAYDAY. "
MMSI, Name and call sign of the
relaying vessel(This is...).
Vessels position. .
Information concerning the time, positiorr
(if known) and the nature of distress as
received on Ch 16 or according to own
observation.

Name and call sign of the relaying vessel.

(This is...).
Over. =

Cancellation of an erroneously issued

distress warning.

The issue of a distress signal causes all

affected station to stand by at Chanel 16. It is

therefore not necessary to cancel an

erroneously issued distress warning by DAC.

VHF on Chanel 16.

ALL STATIONS (3x).

MMSI, Name and call sign of the vessel
which issued the distress warnifithis
is...).

Vessels position.

Please cancel my distress alert from
(Datetime) UTC.

Masters name.

(Datetime) UTC.
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Transmission of a distress warning by a
station which is not in a distress situation.

Content of the distress message
VHF on Chanel 16.
MAYDAY RELAY (3x).
Name(3x) and call sign of the relaying
vessel(This is...).
Vessels position.
Information concerning the time, position
(if known) and the nature of distress as
received on Ch 16 or according to own
observation.
Name and call sign of the relaying vessel.
(This is...).
Over

Cancellation of an erroneously issued

distress warning.
(Not applicable.)



APPENDIX A
(Refraction Table)

Refraction deviation angléR) for an observer at sea level, for apparent (iediifaltitude
angles of astronomical lines of sighf) through a standard atmosphere.

Observed Refraction Observed Refraction
Apparent altitude Deviation apparent altitude deviation
(ha) (R) (ha) (R)

(deg) (min) (min) (deg) (min)
0 00 34,5 10 53
0 15 31,4 11 4,9
0 30 28,7 12 4,5
0 45 26,4 13 4,1
1 00 24,3 14 3,8
1 15 22,5 15 3,6
1 30 20,9 16 3,3
1 45 19,5 17 3,1
2 00 18,3 18 2,9
2 15 17,2 19 2,8
2 30 16,1 20 2,6
2 45 15,2 25 2,1
3 00 14,4 30 1,7
3 30 12,9 35 1,4
4 00 11,8 50 0,8
4 30 10,7 55 0,7
5 00 9,9 60 0,6
6 00 8,5 65 0,5
7 00 7,4 70 0,4
8 00 6,6 80 0,2
9 00 59 90 0,0
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APPENDIX B
(Navigational stars epoch 2010)

Alphabetical Order Order of SHA
Magnitude Magnitude
Namsa Na. SHA Dec Name Moo SHA Dec
Visual 54 Visual 54
' = PR .,
Acamar 7 3z 32 | 315 20 5 an 16 ||«Markab 57 25 23| 13 4 M 15 16
ACHERNAR 5 0.5 01 [ @3s zo | & &7 11 || FOMALRAUT 56 12 13| 1527 | 5 234
ACRLX 30 13 D5 | 47313 | 5 63 oa |[+AINST 55 17 1B| 2747 | § 4655
*Adha= 10 15 1.2 | 255 18 5 28 50 || Enf 54 2.4 4B | 3350 M os&s
ALDEBARAN 10 0o 31 | zon 53 | M 16 32 || DENES 53 13 14 | 4833 M 45 18
Alioth 3z 1.6 15 | 186 23 | M 55 54 || Peacock 52 19 17| 5324 5 5642
zia 34 18 15 | 5301 | M 49 16 || ATAR 51 08 10| 8211 [N BS54
Al Nair 55 17 18 | o747 | § 48 55 || Munk 50 20 18| 7802 | 5 2617
*Alnilam 15 17 13 | o7548 | 5 1 12 || VEGA ) a8 0.0 00 | 80 H N 38 48
Alphar 25 20 4.4 [ 297 50 & 8 42 (|+Kaus Awstralis 48 19 20| 8347 5 3423
Alphacca a1 22 21 | q26 13 | M 25 41 |[«Etanin a7 22 46| =047 | N 5128
Alpheratz 1 21 18 | 357 25 | M 29 o || Fesathague 26 2.1 22| ss08 | N 1233
ALTAIR 51 0B 10| gz11 | N a4 || Sheula a5 16 13| @26 | 5 3707
*Ankaa 2 24 3.8 | 353 18 5 42 15 ||«Sabik a4 2.4 25 | 102 16 5 15 44
ANTARES a2 1.0 37 | 112 30 5 26 a7 ||+Alna a3 19 4.1 | 107 34 5 6003
ARCTURLS 37 0.0 18 | qu5 58 | M 19 0a || ANTARES 42 10| 37| 1z | 5 e
*Atria 43 18 41 [ 1p7 34 | 5 &9 o3 || Abhecca a1 22 21| 12813 | N 26 41
*Awior 22 18 33 | 234 180 § 50 33 || Mochab | an 2.1 43 | 137 20 M 74 07
*Seilatix 13 16 12 | 27635 | N & 2 ||«Jubeneigenuly | 3p 28 32 | 137 08 5 1605
BETELGEUSE | 16 | 0112 [ 25368 | ayioa | M 7 24 || AAGILKENT 38| -03 08 | 139 54 5 B0 53
CANOPUS 17| -o7| 98| ze3sr | 5 52 4z || ARCTURUS a7 0.0 18| 14558 | N 1908
CAPELLA 12 0.1 13 [ zs0 3@ | N 46 01 ||+Menkent 36 2.1 35 | 148 11 5 3625
DeNER 53 13 14 | sp33 | M 45 19 [[=HADAR 35 06 03| 14852 | 5 6025
Deneboia 28 21 22 | qaz 36 | M 14 31 || Akaid 34 19 15 | 153 01 M 4o 16
Dphda 8 2.0 36 | gap e | 5 17 5 || SACA 33 1.0 o7 | 15834 | 5 1113
Dubhe 27 18 34 | o355 | M g1 42 || Aloth 3z 18 15| 16623 | N 55 54
*Einath 14 17 14 | 276 16 | W 28 37 ||+Gacux 3 18 41| 172 4 5§ ST 10
‘E:E,ﬂlﬂ a7 23 i-g o0 47 | M 51 29 g-_;ﬁg‘f 30 13 05 | 173 13 5 B3 00
J 54 24 : ass0 | M oss ) 20 26 25| 17555 | § 17 38
FOMALHAUT | 55 12 13| 4527 | 5 29 34 || Densbolz 28 2.1 2z | 18236 | N 143
*+Gacrux Y| 16 41 | 172 4 5 57 10 || Dubhe a7 18 3.4 | 183 55 M &1 42
Gieng 20 26 25 | 175 55 S 17 38 || AEGLLUS 26 14 10 | 207 46 M 11 55
*HADAR 35 0.6 03 | qap 52 | & g0 25 || Abhard 35 20 44 | 2758 | § B4z
Hama B 20 28 | 3op g4 | N 23 m || Miaplacids 24 17 16| 22140 | 5 6048
*Kaus Australis | gp 18 20 | @34r | 5 34 23 || Svhai 23 22 48 | 222355 | 5 4328
‘ﬁl‘;ig a0 2.1 ;g 13720 | M 74 o7 w“#fn;_ux 22 19 33 | 234 19 5 5033
(el 57 25 : 15 41 | M 15 18 || POL L 1.1 25 | 243 31 M 2B 0D
Menkar B 25 E3 | 3418 | N 2 a || PROCTON 20 0.4 0B | 2508 | N 512
*Menkent 36 2.1 35 | 148 11 & 36 25 ||+Adhara 19 15 12| 28515 | 5 2B S0
Mipiacidus 24 17 18 | 291 40 5 69 45 || SIAIUS 18 | -15| -15| 258 36 5 16 44
Mirtak g 1B 24 | 308 44 | N 40 54 || CANOPUS 17| -07 | -0B | 283 57 § 5242
Nunki 50 20 189 | pop | 5 2517 || OETELGEUSE | 46 | o112 (2536 | 27104 | N 724
Paacock 52 18 17 | 5324 | 5 55 42 ||-Ahiam 15 17 13| 27548 | 5 112
POLLLY 21 11 25 | 24331 | M 28 oo |[«Ehath 14 17 14 | 27816 | N 2B 37
PROCYON 20 0.4 08 (24503 | N 5 12 ||+Balatnx 13 16 12 | 278 35 N 621
Aasahague 46 21 22 | gaog | M o123 || CAPELLA 12 0.1 13| =803 [ N 46 m
AEGULUS 26 14 10 | ag7 25 | M o191 55 || AGEL 11 0.1 oo | =15 | 8 B
RIGEL 11 0.1 00 | 23115 | 5 & 11 || ALDEBARAN 10 GE 31| =053 | N 1632
RIGIL KENT. 38 | -03 02 | 430 54 | 5 s0 53 || Minkk 3 18 24 | 30844 | N 4054
*Sabik a4 24 25 | 102 18 S 15 44 || Menkar 8 25 53 | 314 18 M 408
Schedar 3 22 41 | qap a4 | M 58 38 || Acmar 7 32 32| s520 | 5 4018
Shaul 45 16 13 | o8 28 & ar o7 || Hamal e 2.0 36 | 328 04 M 23 31
SiRILS 18| -15| —-15| 2sm 36 | 5 16 41 || ACHERANAR 5 0.5 01| =352 | 5 571
SPICA 33 10 0.7 | 158 34 5 11 13 || Diphda 4 2.0 36 | 348 50 5 17 56
Suhai 23 23 4.6 | 220 55 & 43 28 || Schedar 3 2.0 41 | 340 44 M 56 3B
VEGA | s oo 00 | gp41 | M 33 48 |[«Amka3 2 24 30| 35318 | 8§ 4215
*Zubeneiganubi | gg 26 3.2 | 137 o8 5 16 05 || Abheratz 1 21 1.6 | 357 48 M 2009

The star members and names are the same &s in The Air Aimanac.
* Mot in tabular pages of Volume 1.
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APPENDIX C

(Identification of stars)

Stars in the vicinity of Pegasus
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APPENDIX C

(Identification of stars)

Stars in the vicinity of Orion
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APPENDIX C

(Identification of stars)

Stars in the vicinity of Ursa Major

g Arcturus 'ﬁ!-‘_____

———

. Dimnabicld ™

Hurail

_—
- i
!

P

FLORFILS
E
Shauda &
L

& - -

“
mbinus Ausratd

227



APPENDIX C

(Identification of stars)

Stars in the vicinity of Cygnus
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APPENDIX D
(GHA of the Aries for the years 2006-2014)

2. GHA Y AT 00" ON THE FIRST D&Y OF EACH MOMNTH

-‘l’ea: Jam. 1 | Feb1 | Mar 1 | Apr.1 | Mayt [ Jumed | July1 | Awg 1 [ Sept. 1| Oct1 | Mow 1 | Dec i
2006 | 100 30 131 04 | 158 40 183 13 | 2B 47 | 249 20 | 27B BS | 309 20 | 340 01 | 009 35 (040 09 (063 43
007 | 100 16 | 130 4 | 158 25 |18 50 |21B 33 |249 06 | 270 40 (309 14 | 338 47 | 009 21 | 039 B4 (068 29
2008 | 100 02 | 130 36 | 159 10 |[189 44 |2 1B | 249 B1 | 27D 25 | 300 50 | 240 32 |00 D& [ 040 32 (07D 13
2000 | 100 47 (131 20 | 158 B6 (183 29 |Z1B 03 | 249 37 | 279 11 |309 44 | 340 18 | 009 B2 | 040 25 | 0GB 58
M0 100 33 131 06 | 153 42 | 18316 | 210 43 | 249 22 | 27B BT (309 30 | 340 03 | 009 37 | 040 11 (068 45
21| 100 18 | 130 B2 | 158 27 (189 01 |HE 35 | 249 08 | 270 42 |300 16 | 3230 49 | 009 23 (030 BE (06D A
2042 | 100 04 | 130 37 | 159 12 |1B3 45 |21B 20 | 249 B3 | 278 27 |10 00 | 340 34 | 040 08 | 040 41 | OFD 15
2013|100 48 (131 22 |18 B3 (188 31 | AP 05 | 249 38 |2Z7B 13 | 309 46 | 340 18 | 009 B3 | 040 27 (07D OI
24100 34 | 131 08 | 153 43 | 18317 | 2B 51 |249 2 |27 B3 (309 32 | 340 06 | 009 30 | 040 12 (068 47
b. INCREMENT OF GHA Y FOR DAYS AND HOURS
Day 1 2 3 4 5 & 7 8 -] 10 1 12 13 14 15 16
L] 0 oD 0 a8 158 2 BT 3 BT 4 56 B Bb 6 B4 T E3 B &2 B 51 10 B1 11 50 12 48 13 48 14 47
m 15 2 16 02 17 o 18 00 18 B8 19 58 | 20 &7 2166 | 2266 | 2356 | 2464 | 25 B3 | 2662 | 2T &1 28 50 | 29 BO
Li ] a0 0s H 04 a2 03 3 e MM a0 3& 00 35 BB a7 B8 g 57 3o & 40 BE 41 BS 42 54 43 53 44 B2
Li<] & 07 46 07 47 06 48 06 48 04 50 03 51 02 B2 o Em 54 00 B4 5B E5 B8 56 &7 57 56 58 5B B9 B4
o4 | &0 10 61 09 G208 | B3 07 | 6406 B5 06 BE 05 B7 04 | B3 03 6@ 02 mm 71 72 00 12 58 T3 BB | T4ET
s [ T 1 mi Ta i T8 09 B0 08 B o7 B2 0e 230 B4 05 BE 04 =] a7 o2 g M ge 0o B9 BB
i3] al 15 314 82 13 Ba 12 84 11 85 10 86 10 BT 08 98 08 83 07 100 06 (101 05 | 102 04 (103 04 | 104 03 | 105 02
oF |1 17 | 106 16 | 107 16 | 108 16 | 108 94 |10 13 | 11112 |12 11 | 11310 (114 08 | 1ME D (116 0B | 1T 07 | 1B 06 | 118 0B | 120 M
08 [ 120 20 (121 19 [122 18 |123 17 | 124 16 |12 16 | 126 16 | 127 14 [ 12813 | 12812 (130 11 [131 10 | 132 09 (133 09 | 134 08 [ 135 OF
09 | 135 22 |138 21 | 137 20 | 138 20 | 139 19 | 140 10 | 141 17 | 142 16 | 143 15 (144 14 | 146 14 [ 146 13 | 147 12 | 148 11 | 142 10 | 1ED D@
10 | 150 25 (151 24 | 152 23 |1B3 22 154 21 | 156 20 | 166 18 [1E7 1 158 18 | 168 17 [180 16 | 161 1B | 162 14 (163 13 | 164 13 | 165 12
1M | 185 27 [166 26 | 167 26 |168 26 (169 24 170 23 1M 2 (172 21 |173 20 (17419 (1R 1B |17 18 | 177 17 |[17B 16 |17 16 | 180 14
12 (180 30 |181 29 (182 28 |[1B3 27 |184 26 |185 25 | 186 24 | 187 24 | 188 23 | 189 22 | 180 21 |18 20 | 192 19 (193 18 |14 18 | 186 17
13 | 195 32 (106 31 | 197 30 |108 20 | 199 20 |200 20 |204 27 (202 26 | 203 35 (204 24 (206 23 |206 23 |07 22 (208 21 | 200 20 | 210 18
14 | 210 34 (211 34 |32 33 |213 32 (214 31 21530 | A6 28 (297 28 |28 28 (219 27 (220 26 | 221 26 | 222 24 (223 23 | 234 22 |23 2
15 | 225 37 | 226 36 |Z2T 36 |228 3 (ZM 3 (23033 |2 W (23 3 | 233 30 (23 29 (236 2B | 236 2T | FIT ET (238 26 | 238 26 | 240 M
16 (240 39 | 241 39 (242 38 | 243 37 | 244 36 |245 35 | 246 34 | 247 33 | 240 33 | 240 32 | 260 31 | 261 30 | 252 29 (263 20 | 284 2T | 285 2T
17 | 255 42 | 266 41 | 257 40 | 268 30 | 2530 38 | 260 30 | 281 37 (262 36 | 263 35 (264 34 (265 33 | 266 12 | BT X2 | 288 31 | 260 A0 | 270 X
18 | 270 44 |27 43 (272 43 |2T3 42 (274 41 (275 40 | 276 38 (277 38 |27 37 (279 37 |280 36 | 281 36 (232 34 | 283 33 | 284 A2 (285 W
19 | 285 47 |2B6 46 |287 46 | 288 44 | 239 43 (280 43 | 291 42 (282 41 | 293 40 (254 39 (286 38 | 286 37 | 297 36 | 208 36 | 286 36 | 200 M
20 | 30049 (301 48 (302 48 |303 47 | 304 46 | 305 45 | 306 44 | 307 43 | 300 42 | 309 42 | 310 41 [ 311 40 | 312 33 (313 38 | 304 3T |25 6
A |36 B2 |36 S |NT B0 | 318 40 | 310 49 | 320 47 |31 47 |222 46 | X221 45 (324 44 |33 43 | 326 42 | 3T 41 | 320 41 | 320 40 | 230 MO
Z2 |30 B4 |33 53 |32 B2 |333 62 |3M B |336 50 | 336 4D | 337 48 | 300 47 (330 46 | 340 46 | 341 45 (342 44 (343 43 | 344 42 (45 4
Z3 | 345 67 | 346 56 |47 5 | 348 B4 | 349 B3 | 3BD 52 | 351 B2 |3B2 B1 | 353 B0 (354 40 | 356 4B | 356 47 | 35T 46 | 358 45 | 358 45 0 44
Day 17 18 19 20 21 22 3 24 25 26 27 28 29 30 A 32
L] 15 48 16 45 17 44 18 44 18 43 20 42 2 4 22 40 23 24 30 35 38 b T a7 & 2 36 204 0 3
m a0 49 3 48 az 47 33 46 345 35 44 3G 44 a7 43 3 42 g 41 40 40 41 8 42 38 4 a7 44 a7 45 3
Lix] &5 Bl 46 &0 47 48 48 48 48 43 B 4T 51 46 E2 45 53 44 b4 43 BB 43 BE 42 a4 58 40 &b 38 B0 38
03 | &0 B4 6153 | 62 62 | 63 B1 64 B B5 43 BE 48 B7 48 | 63 47 68 46 TO46 | T 4 72 43 13 42 a2 | Ta 4
[ 75 BE TE 55 7T B4 | T E3 T8 B3 B) &2 B &5 B2 B0 | 83 49 B4 48 BE 47 | BG 47 | &7 46 B8 45 8BS 44 | BO 43
05 a0 Ba 8 58 82 &7 B3 BE 94 BS 85 54 86 53 BT B3 98 B2 83 51 100 5O (101 48 | 102 48 (103 47 | 104 46 | 105 46
D8 | 106 01 | 107 00 | 107 6@ | 108 BB |09 BA | MO ET | 111 86 | 112 BB | 113 B4 (114 53 | 11B B2 [116 B2 |7 B1 | MBS0 | 119 48 | 120 48
OF [121 03 (12203 (123 02 |124 01 | 125 00 | 125 50 | 126 5B |127 &7 (128 67 (129 56 | 130 66 | 131 B4 | 132 B3 (133 52 [134 61 [136 B
08 [136 06 (13705 (138 04 |139 03 | 140 02 |141 02 | 142 01 | 143 00 | 143 B9 | 144 50 | 145 &7 [ 146 B6 | 147 B6 (148 55 | 148 54 |1B0 B3
09 | 151 0@ | 152 08 | 163 07 |14 06 | 155 05 | 166 04 | 157 03 | 168 02 | 15002 (16D O | 161 0O [161 BB | 162 B8 | 163 &7 | 184 BE | 165 BB
10 | 166 11 [167 10 | 168 08 |16 08 (170 OF |11 OF (172 06 (173 06 | 174 04 (1703 (176 02 177 00 |78 01 |178 00 |17 5@ |1B0 B8
11 (181 13 | 182 12 [ 183 12 |[184 11 | 185 10 |1B6 09 |187 08 | 188 O7 |189 06 | 190 06 | 161 OB |162 04 | 193 03 (194 OF | 186 01 |186 0O
12 (196 16 | 197 156 [ 198 14 [189 13 | 200 12 |20 11 |202 11 | 203 10 | 204 09 |205 00 | 206 OF |207 06 | 208 05 (209 05 | 290 O4 |291 (@
13 |21 18 [ 29217 | A3 17 |24 16 [ 21516 |26 14 | AT 13 (2812 | 21911 (220 11 (22110 |222 00 |22 08 |22 O7 | 226 06 |22 06
14 | 226 21 |237 20 |Z2e 10 |220 18 (23017 |21 16 | 232 16 (233 16 | 234 14 (236513 238 12 | 237 11 | 238 10 230 10 | 240 00 | 241 08
15 (241 23 | 242 22 (243 21 | 244 21 | 245 20 | 246 19 | 247 1B | 248 17 | 240 16 | 26D 16 | 261 16 | 282 14 | 253 13 [254 12 | 286 11 | 286 10
16 (256 26 | 257 25 (258 24 | 260 23 | 260 22 (261 21 | 262 20 | 263 20 | 264 19 | 26518 | 266 1T | 267 16 | 28B 15 (268 14 | 270 14 |27 13
17 |21 28 (27227 |273 26 |2T4 2% |27T6 2 |2/ 24 (2773 |(2Te 2 (27921 (200 20 (281 10 | 282 10 | 283 18 | 284 17 | 286 16 | 288 16
18 | 286 31 |2087 30 (208 20 | 280 P8 (200 27 |201 26 |202 26 (200 25 | 204 24 (206 2] (206 322 | 207 21 | 208 20 (209 19 | 300 1@ |2 1B
19 | 301 33 (302 32 |303 31 | 304 30 (305 30 |306 29 |07 28 (308 2 |08 26 (025 [T 24 |2 |33 EF |34 22 |36 2 |26 20
20 |36 36 (3T 36 (B 34 |219 33 |30 32 |3 N |F2 W |3} 0 32420 |35 20 |3 2T (327 X |28 25 (329 24 | 330 23 (331 2@
A |3 3 |33 37 |36 |334 36 | 335 35 336 34 | 337 33 |33 3 | 330 31 (340 30 |341 20 342 B | 343 20 | 344 27 | 346 26 | 348 36
Z2 | 346 40 | 347 40 | 4B 20 | 340 38 | 350 37 | 361 36 | 352 36 | 363 34 | 354 34 (355 33 | 366 32 | AET 31 | 350 30 | 36D 29 028 12
3 143 2 42 ada 4 40 534 & 39 738 aar B 35 10 35 11 34 12 33 13 3 14 32 16 31 16 30
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APPENDIX D

(Increment of GHA of the Aries for minutes
and seconds)

c. INCREMENT OF GHA Y FOR MINUTES AND SECONDS

m‘|u4“|m’|1z‘ 1a“|zur‘|24“|za’ n‘|sa“|m’|44“ Aa’|sz‘|sa“|m’
00 | 000 00 00 OO3| OO4 DO6E 006 OO7F| 00 | DO @@ 040 O4if 012 D13 014 D1E| OO
o D16 016 017 O0iB| 019 02 02 02| W 023 02 025 02| 02 028 029 030 W
02 |03 03 03 033 0 03 0B 03I7| 02 | 090 03I 040 041 042 043 044 04E| 02
03 | 045 046 047 D48 049 OB OB O0G2| 08 | 0Bl OGB4 OG5 OGE| 0OSF OGE OB 100| 03
04 | 100 101 102 03[ 104 1065 108 107 04 | 108 109 110 141 112 113 114 115| 04
05 116 116 117 11e| 119 120 121 122 05 120 124 125 126|127 128 129 130| 05
06 130 13 132 133|134 13 136 137| 06 130 13 140 141 14 143 144 145 D6
OF | 145 146 147 148 149 1560 151 1&82| oF | 163 154 155 1G66( 15 158 168 Z2O00| OF
08 | 200 201 202 ZO3A| 204 206 206 207| 0B | 208 2080 210 2141|212 213 214 2 15| 0@
08 | 215 216 217 Zzie| 219 220 22 22| 0@ | 223 224 225 226|227 228 22 zaD| 0@
0 | 220 23 23 23a| 234 236 236 237| W | 238 230 240 241 24 243 244 Z 45| 10
11 245 245 247 24p| 249 2H0 2B 252| T 251 264 265 256| 257 258 269 300 1
12 | 300 301 302 304| 205 306 307 208 12 | 300 240 341 342|243 344 345 3 16| 12
19 | 316 347 348 316| 2320 33 a3z 223 13 | 3 32 326 337|322 32 AW 3| 13
4 | 331 33 333 3| 23 33 337 238 4 | 330 340 341 342 343 344 345 346 W
16 | 348 347 340 340| 2B0 36 362 253| 15 | 364 365 356 AGT| 2@ 36D 400 401 16
16 | 40 402 403 404 405 406 407 408 16 | 409 410 411 212 413 414 215 4 16| 18
17 | 416 417 448 416| 420 43 422 423 17 | 424 425 426 437 4280 4320 430 43| 17
18 | 43 43 433 42| 435 436 437 430 18 | 430 440 441 442 443 444 L45 4 46| 1B
19 | 448 447 440 440| 460 45 452 453 19 | 454 455 456 457 458 450 500 EO1| 18
20 | 6EM 502 503 GE04| 505 GO0 507 508) 20 | EOO 510 511 512 513 B4 515 E 16| 20
7 E16 G617 10 GE18| E20 EHM £33 21| W EJ 525 E28 GI7T| B2 E2 30 a3l o
22 | B 53 531 EM| 535 62 537 530 2 | 63 540 541 542 543 544 545 E4B| 22
21 | G4 47T G40 E4B| B0 ER G667 EG1| 9 | GER4 GG GGE GET| EEA GG BO0 EO1| 23
24 | B 602 G0} EO04| B05 GO0 607 60| 2 | ED0 B0 611 €12 613 614 615 E 16| M
25 | E16 617 G618 E10| 620 62 622 621| 25 | 624 625 G626 G27T| 628 620 630 E3| 25
26 | EW 63 631 EM| 6385 62 €37 6230| 28 | €3 ©40 641 642 643 E44 E45 E4B| 26
27T | 646 647 G40 E40| G50 G5 662 6651) 27 | 664 655 G656 GGT| 6S@ GG TOD TOU| o7
20 | THW 7o 7ol TO4| Tos Toe Tor 7om| 28 | To@ T T4 7i2[ 73 T4 7is TiE| 28
2 | 7B TAT TR TiG| 7m0 T 7= 72| W | TM T T2 TI|THm T THM TIH| 2
3 | TH TE T3 TM| 7 T T 73| 3 | T T4 T4 T42| T4 Ta4 T4s T4E| 30
31 T4 747 T4 T4p| TED TH 7B Ts53| H T54 7E5 TS6 TE7T| 758 TE0 800 BoOl| 3
32 |BM 80 B0l BO4| BOS BOE 807 oo0R| 3 | EO0 @0 BA1 @42 B3 B4 @i5 B1E| 32
33 | 216 817 B1E Ei0| 820 B2 82 82| 3 | e 82 826 827|822 B2 am B3| 33
3 | BX 83 £33 B3| 03 B3 837 030 34 | B30 840 D41 842 D4 pa4 @45 B4E| M
35 | B4 847 D40 B40| BED BH 862 0G5 35 | BB BG5S BDG56 GG DE@ BEY o0 BO1| 35
3 | B8M 902 B0l BO04| 005 o0 907 90B| 3 | B0 911 842 943 914 piE @16 BIT| 36
a7 | 817 9@ 819 B20| 82 o2 oz 024| I | B3 92 927 o ex® pa0 oM eaI| I
3 |83 93 034 B36| 03 037 93 039 3 | B4) 941 042 043 044 D4AE 048 D4T| 38
3 | B47 948 049 BED| OB1 OGP 9E3 0G4 3 | BEE 9GE OS57 OGE[ 989 1000 OO D02| 38
40 |1002 1008 1004 1006(1006 1007 1008 1009) 40 |1040 0 11 1042 1013[10 14 10145 1016 10 17| 40
4 |1017 018 1019 W020(10 1022 W02 1024 H |03 W2 W W2E[(1020 1030 W 03| M
42 |03 1033 1034 1035(1036 1037 1030 1039 42 |1040 041 1042 1043(10 &4 1045 1045 10 47| 42
43 |10 47 1048 1049 0 G0(10 61 1062 10E3 1054) 43 |1065 066 1057 10OGE[(1089 1100 o1 11 02| 43
4 |1102 108 1104 MO[11 06 1107 0@ 1109 48 |19490 91 1 4142 11311 18 1145 18 17| M
45 |1947 1B 1119 M0 112 HE 1124 4 |13 12 1127 W[ 1130 WM Iz 45
48 (1137 1133 1134 1136(11 36 1137 113 1139 4 |1140 91 41 1142 114311 & 114 1148 11 47| 46
47 |1147 1148 1140 1160|1161 116 1163 11 54| 47 |11 66 11 68 1157 M EE[11 80 1200 12 01 12 02| 47
48 |1202 1200 1204 1206(12 06 1207 1208 1200) 48 |1210 12 11 12142 1213[12 14 1246 1216 12 17| 48
40 |1217 1210 1219 1220(1221 1220 4223 1224| 40 |1235 1226 1227 1238(1220 1290 12 12 37| 48
50 |1237 1233 1234 1236(1236 1297 12230 12230 S0 |1240 1241 1242 1243(12 44 1245 1248 12 47| &0
§1 |1247 1248 1249 1260(12 51 1252 1263 1264 S0 |12565 1256 1257 126B[128 1300 1301 13 02| B
52 |1302 1300 1304 1306(13 08 1307 1308 1209 52 |1310 13 11 1312 1313[12 14 1316 1318 12 17| &2
53 |1317 1348 1319 1320(43 21 1322 132 1224| 53 |1336 132 1327 1328(1220 1330 13X 1232| B3
54 |1337 1333 1334 1335(1336 1337 1338 12239 54 |1340 1341 1342 1343(12 44 1345 1348 12 47| 54
55 |1347 1348 1349 1360(13 51 1352 1363 1254 S5 |13 65 1356 1357 13GE[12859 1400 1401 14 02| 55
56 (1402 1400 1404 14065(14 06 1407 1408 1409 56 |14 10 4 11 14142 1213[14 14 1415 12 16 14 17| &6
ST |1417 1418 1419 1420(18421 1422 1423 1424 ST |1435 426 1427 1428(1429 1430 143 1432| &
58 (1437 1433 1434 1435(14 36 1437 1430 1439 5B |14 40 4 41 1442 1443(14 44 14 45 1445 14 47| G5B
50 |1447 1448 14 49 14 50(14 51 1452 1463 1454| 50 |14 565 14 56 1457 14G6B[1480 1500 1501 15 02| G

Example. The value of GHAY for 2012 August 17 &1 05" 11™ 41% UT is (8} 310° 00 + (b) 090° 59° + (c) 002° 55' = 043° 54",
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APPENDIX E
(GHA and declination of the Sun)

I - it A

L 6L+ |810Z |4 2L+ |po0z ||, gb+ [zesl
s-|awz| - |vooz| 6 - | eesi
ez 2z 1Z|0z 6 8|2b 9L S|pL eL zlzi Lb o6 8 2|9 § v|e z L|ezfii it otfor 6 6|8 8 2|2 8 ele g slv v oele z ozl L 0| Wt Lelgoz| V- |eooz| €- | a6l
7z 1z 0Z|6L 81 1|21 9L SLYL €L ZL[LL OL 6|8 4 9|9 § v|c Z L|zz|oLoL 6|6 B 8|8 2 2|8 8 6|c g v|v € e|le z 2|1 L o]0k L+|vi0z| ¢+ |z00z] €+ oesl
1z 0z 6L(8L 8L ZL[oL Gl vi|eL zL LL{Lb oL 6|8 4 8|S v v|€c 2 1|26 6 8|8 8 L|Z 9 8|0 ¢ g|c v vle € €|z 2z 2|y b of6 g1+ | €10z | 0b+ | L00Z | 6 + | 696t
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APPENDIX E
(GHA and declination of the Sun)

¢. Hours and Tens of Minutes of GMT

00m 10m 20m 30m 40m 50m
h ° L4 -] 7 ° ’ -] ’ -] ' -] ’
00 175 00 177 30 180 00 182 30 185 00 187 30
01 190 00 192 40 195 00 197 a0 200 00 202 30
02 205 00 207 30 210 00 212 30 215 00 217 30
03 220 00 222 30 225 00 227 30 230 00 232 30
04 235 00 237 30 240 00 242 30 245 00 247 30
05 260 00 252 30 255 0D 257 30 260 00 262 30
06 265 00 267 30 270 00 272 30 275 00 277 30
a7 280 00 282 30 205 00 287 30 200 00 202 30
08 285 00 207 30 300 00 302 30 a0s 00 307 30
09 310 00 312 30 315 00 317 30 320 00 322 30
=1 10 225 00 327 20 330 00 332 30 335 00 337 30
11 340 00 342 30 345 00 347 30 350 00 382 30
12 355 00 357 30 o 00 2 30 5 00 7 430
13 1G 00 12 30 15 00 17 30 20 00 22 30
14 25. 00 27 30 30 00 32 30 a5 00 a7 30
15 40 00 42 30 45 00 47 30 50 00 52 30
18 85 00 67 30 80 00 g2 30 65 00 87 30
17 70 00, 72 30 76 00 77 30 80 00 82 30
18 85 00 87 30 80 00 g2 30 95 00 g7 30
19 100 00 02 30 105 00 107 30 110 00 112 30
20 115 00 117 30 120 00 122 30 125 00 127 30
21 130 00 182 30 135 00 137 30 140 00 142 30
22 145 00 147 30 150 00 162 30 155 00 157 30
23 180 00 162 30 165 00 167 30 170 00 172 30
d. Minutes and Seconds of GMT {in critical cases ascend)
ms °' T O m s . ms °7 ms °° m s !
01 g o4 41 g 26 21 g5 | 0501 4 45 41 4 4 21 2 0
06 g oz 46 g 27 26 g 52 05 4 47 45 1 42 25 5 o7
08 g p3 48 o 28 2% g 53 09 4 18 45 1 43 28 3 o
3 0 5 o 29 3 954 13119 83 4 44 3 2 09
17 go05 | 057 o 3 37 085 17 420 | 9867 4 45 37 210
21 0 08 02 01 0 3 41 0 56 21 1 29 07 01 1 46 41 2 14
2 oo 05 o a2 45 9 57 % 42 05 1 47 5 2 12
28 o o8 08 g 33 48 g 58 2 42 % 1 4 8 2 13
33 g 0 13 g 53 ¢ 59 3 4o 13 4 49 53 2 14
a g 10 17 o a8 03867 4 pp 37 4 25 17 4 50 08 67 3 45
41 ¢ 1 21 g | 0401 ¢ o 4“1 ¢ 26 21 451 | 0901 5 45
46 o 12 2% o g7 08 1 02 4 4 2 4 82 06 2 17
49 o 13 28 g g 08 4 o3 48 1 28 28 4 g3 09 5 48
63 5 14 33 9 39 13 4 04 83 ¢29 0 3 4 54 18 249
00 57 ¢ 48 87 g 40 17 4 05 | 0857 4 39 0 37 4 g5 17 2 20
0101 o 45 41 g 4 21 4 op | 0601 4 39 | 41 4 s 21 2 24
06 g 47 45 g 42 25 4 g7 05 4 a2 45 4 g7 25 a2
0 g 13 49 g 43 2% 4 98 09 4 33 48 4 5g 2 2 23
12 o 49 53 o 4 3 4 o9 13 4 34 8 4 5 3 3 24
17 520 | 0257 g 45 37 1 10 17 1 35 | 0767 5 go 7 ;5 28
21 g 23 | 0301 g 4 441 21 q 35 | 0801 5 g 41 2 28
285 52 06 g 47 45 4 42 26 4 37 05 2 02 45 9 27
2 o2 9 g 48 49 4 13 26 4 3 09 2 03 48 2 28
3 0 24 13 9 49 53 4 14 3B 4 39 13 2 04 93 2 29
37 p 25 17 g 50 | 4567 4 45 37 4 40 17 2 05 | 0857 3 3
01 41 03 21 05 01 06 41 08 21 10 00
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APPENDIX F

(Formulae for plane trigonometry)

Darstellung einer Funktion durch eine andere Funktion desselben Win-
kels*:

 —— t 02 f—
sine=Ji—cos2a = B e 2 = VseRa—1 .. :
J1+tg2a Vi+cte?a il a0
—_— £ 25— 1
cos o = V1—sinZ & PR . OB & T =—-——-}[csca :
V1+te?e Vi+ctg2a SCO GHE o
=) —
tga=——-——_s.in_“_=vl Lo S =V&cga—1=-—-—_~_1—,
Vl— sin? & 605 & ctg o Vcscz a—1
Vl— sin? & cos & 1 1 :
ctg & = - B =—— = JescZa—1.
St o Vi—cos2 & g o Vscznx-—l

Funktionen der Summe und der Differenz zweier Winkel:
sin (¢ B) =sin « cos § £ cos «sin B, cos (x * B) =cos « cos B F sin e ein f,
tg o & tg ctgxctgfF+ 1
1T tgatef’ ctg § totga
sin (a + B+ ) = sin & cos B cos p - cos « sin f cos y 4+ cos & cos fsin y —sin asin Bsin y,
cos (& + B+ y) = cos & cos f cos p — sin & sin f cos y —sin & cos Bsin y — cos o sin fsin y.

tg (e £ B)= ctg (o + B) =

Funktionen fur Winkelvielfache:
gin 2o =2 sin « cos o, sin 8o = 3 sin & — 4 8in® o,
cos 2a=c0s2 o —sin? ov;  cos 3x=4 cos? & — 3 cos o3
sin 4 o =8 cos® a sin & — 4 cos « sin &,

cos 4o =8 cost x— B cos? x+ 13

2 tg o Stga—tgda dtga—4teda
tg 2pp = — tg8aa = ——— tg 4o = '
® 1—tg?« 1—-8tg2a & 1—6tg?a+tgla
ctgfa—1 ctg® a— 3 ctg o ctgt a — 6 etg? o+ 1
ctg2a==—g———, cthcx:—gnz—g—, ctgda = £ 5
2 otg o Sctg2a—1 4ctgda—4ctg o

sin n« und cos na fiir groBe » ermittelt man vorteilhaft unter Verwendung der Moivreschen
Formel fiir komplexe Zahlen,

cos ne + §sin e = (cos & + isin &) = cos™ & + in cos" Lasin &

- (f) cos™ 2 sin o — 4 (g) cos® 3 asinda -+ (Z’) cos"txginda + -,

=

woraus

n 05 i3 = bes .
cos nev = cos o — (2) cos" 2xsine + (4) cos® tasinta — (6) cos™ Caninbo + - -,

HE " 7 _ G Ve L -
sinfie =ncos P lysina — (3) cos™ 3y sinda + (r ) cos® Sasinba — ...
4]
folgt.
* Tn diesen Formeln ist der Wurzel das positive oder negative Vorzeichen zu geben, je

nachdem, in welchem Quadranten der Winkel liegt.
+ (™) sind die Binomialkoetizienten (val. . 140).
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APPENDIX F

(Formulae for plane trigonometry cont.)

Punktionen des halben Winkels:*

. i__'l/l fors ) ¢ i_l/l—comx_l-ﬂmsa_" sin &
sinoe= [ or{l—008a), 8o =V Tlese  sne 1+cosa ’
o ol :x_V1+cosac#1+coaa__ sin «
COSEFVE(LHDS“)' %8> =V I1_cose  sine  1—oco8&

dumme und Differenz zweler Funktionen:
+{:‘ ~(3‘ _ sin(a £ #)
gin & +sin f =2 sin — tgo:-_’ctgﬂﬁ—-——-—-cmamsﬂ ’
S +ﬁ __ﬁ sin (x + )
sin & — sin § =2 cos 2 sin T ctgo £ otg f==E Toaing
_ a+f o—B __cos (a— B)
cos &+ cos f=2 cos S €08 —5— » tg &+ ctg = G B
- st B o—F g Cos(atB)
cos &« —cos f=—28in 5 sin = 5 otg o — tg B il

Produkte von Funktionen:

gin x gin g = = [cos (&— B) — cos (a+ B)],

cos & cos f = — [cos (¢— B)+cos («+ )],

sin & cos f = = [sin (a— P) + sin (« +H)1

gin « aln fsin y = = [gin (¢ + B— ) +ein (f+p—a) + sin (¥ +a— By—sin(a+ £+ M1

O O S T 1R

sin & cos B eos y = — [sin (a4 f— y)—sin (B + 9 — &) +sin (y + & — B)+sin (a+ B+ P

o

gin o sin B cos p = — [—cos(& + f—») +cos(B+ y— &) + cos (p +a — ) —cos(x+ B+ )],

=

cos & cos ffcos p = ~1—[cos(ac—I—ﬁ—?)+cou(ﬂ+?—“)+005(P+“—ﬁ)+005(“+ﬂ+?)]-

Potenzen von Funktionen:

sin? & = % (1—cos2«), sindo= % (3 sin & — 8in 3«),
g 1 3 1
008* & = —- (14cos2«), COs°a= i (cos B« + 8cos &),
gint o = —% (cos 4& — 4 cos 2 +38),

cost o= % (cos 42 +4 cos 2 + 3).

7idr Berechnung von sin” & und cos™ & bel grofem 7 kann man nacheinander die Formeln
fiir cos na und sin ne von S. 156 verwenden.
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APPENDIX G

(Weather patterns / information /
Interpretation)

To foresee the weather, navigators mainly relymarmation provided by outside sources.
These are forecasts provided by wireless interoi@ections, Navtex receivers, or shipping
forecasts available at short wave or VHF transmsitt@dditionally navigators can extract

valuable information from the clouds, the run of #ee and from the indication of traditional
aneroid barometers.

A basic guide for the understanding of the wea#tterorth latitudes looks as follows.

» Winds circulate around high and low pressure system

= Lows (depressions) tend to move eastwards

» Wind doesn’t blow in and out of pressure systemnstréams clockwise around highs and
anticlockwise around lows, running more or lessiglthe isobars on the weather map

~oz0t

Cold front
v //\/

Diagram of a frontal depression

If low pressure is passing north of you, you capeet south or southwest winds to “veer”
westerly (shift clockwise, or to the right as yook at the wind), then north westerly.
These passing depressions are the most commoresafuichanging weather in north
latitudes.

The closer the isobars, the stronger the wind.esgsure drop of 5mb within a distance of
200Sm may mean a force 7 wind.

Highs (anticyclones) bring settled weather. Lowes sually more active, especially if

you are going to be involved with the “fronts” whispread out — generally in a southerly
direction — from the centre.
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= A “warm front” is the first to arrive. It may indily back the wind (shift to the left i.e.
anticlockwise) as far round as south — east bdfonging a steady veer with increasing
cloud cover and rain. The barometer which has fe&ng now steadies.

A halo around the sun is caused by very high clouds
and indicates a warm front coming up behind.
The moon does the same thing if it's full.

* You arte now in the “warm sector”, with tropical ntime air that's comparatively warm
and muggy, often with rain in a south-westerlysaieam.

= A few hours later as the “glass” rises, the cotthfrcan bring a sharp veer — perhaps to
the northwest, plus heavy showers, maybe withdradlthunder, and big, white clouds
called cumulonimbus pile up with anvil-headed tapsoler, fresher air rushes down from
the north.

Retreating cold front with cumulonimbus cloud

= After the cold has passed, there is a reasonahlecelfor some decent weather.

= Finally, when a warm front catches up with the aoh@, they meld together to form an
“occlusion”. These generally veer the wind as walit the weather pattern is difficult to
predict.
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Weather forecasts should be continuously checkedyénour on passage and every four
hours in port, by logging the aneroid barometedirggor by means of an electronic
barometer able to record trends. The “glass” canfiico or give the lie to a broadcast
bulletin, as prophesy turns into reality with tipgnsiing of the earth. The fact that the
instrument is e.g. going down earlier than expectadgests that the incoming system is
moving more rapidly than predicted.

In general terms, a forecast of wet and windy wexathill often involve a warm front
followed by the full depression cycle. The firggrsiof the front is typically a run of high,
mare’s tail cirrus clouds, followed by ever-decregsloud height, backing and increasing
wind, then rain.

Mare’s tail cirrus clouds

All the while the “glass” will be falling. The imptant question for the sailor is however what
the rate of the decreasing atmospheric pressuragfiélhe following rules of thumb for
interpreting the rate of decrease of the baromé&targs are quite helpful:

If it is dropping at 1mb per hour, it will probabibyow force 6.

If it starts plunging at 2mb per hour for more tleacouple of hours, he is likely in for a
moderate gale.

If it is dropping at three or more he would reailgint to be somewhere else.

The same rules of thumb apply to a rising barometgrecially after a cold front. Sometimes
the wind drops quite suddenly and stipulatesatlisver, but a sharp rise after low means a
stronger blow. If the “glass” is going up like &t', stand by as the breeze will be back with
a vengeance before it is finished.
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APPENDIX H
(Sailing upwind)

Wind speed and its direction are measured on bafead’essel by a masthead transducer
consisting of an Anemometer measuring the winddgpe&nots and a wind vane exhibiting
the angle between the longitudinal axis of the @easd the direction the wind is acting in
degrees.

If the vessel has cam to complete stand stillfithee exhibited below indicates a wind
acting with a speed magnitudeWf knots at an anglB. In this particular case the data
provided by the apparatus are those of the sodcalleie wind” .

Apparent wind speed U = f (Vessels speed V)

However the data provided by the masthead transdvittethe vessel moving forward at a
speedV, stipulate a wind acting with a speed magnitude &hots which is obviously
greater thawV, and at an angle, which is apparently smaller thfn In spite of the fact
magnitude and angle of the True wind remained emmsthe forward movement of the
vessels creates aApparent wind” acting with a greater force than the true wind and
smaller angle of attack.

It is therefore obvious that a vessel travelinghateasing speed relative to the prevailing
wind will encounter the wind driving the sail atlacreasing angle and increasing velocity.
Eventually, the increased drag and diminished degfefficiency of a sail at extremely low
angles will cause a loss of accelerating forces Tonstitutes the main limitation to the speed
of wind-driven vessels and vehicles.
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How closely a boat can sail into the apparent vdepends on the boat's design, sail shape
and trim, the sea state, and the wind speed. Tlypigdes to the wind are:

= about 35° for modern racing yachts which have loggimized for upwind performance
(like Americas cup yachts)

= about 42 to 45° for modern cruiser-racer yachtst @auising yachts)

= about 50 to 60° for cruisers with an emphasis terior space, ease of handling and often
low draught rather than sailing performance, amd@ats carrying two or more masts
(since the forward sails adversely affect the afssvhen sailing upwind)

= close to 90° for square riggers and similar vesseésto the sail shape which is very
ineffective when sailing upwind

A basic rule of sailing is that it is not possibdesail directly into the wind, simply because
the angle of attack of the wind on the sail wouddzkro. Generally speaking, a modern boat
can sail 45° off the wind. When a boat is sailinig tlose to the wind, it islose-hauledor
beating. Because a boat cannot sail directly into the wane can only get to an upwind
destination by sailing close-hauled with the windnéng from one side, then tacking and
sailing with the wind coming from the other side. tBis method of zigzagging into the wind
it is possible to reach any destination directlyima. However when beating the master of
the vessel should be aware that there is a wordidesy beating as a sailing for twice the
distance at half the speed and three times themifsct.

Furthermore in order to avoid any adverse implaraicreated by sudden wind shifts, when
beating for a long period of time to a destinatimectly upwind, the vessel should - until is
close to the target - remain inside a con¢ ef5° of each side of the middle axis defined by
the wind direction through the destination. Ona@\tassel is close to the target the cone
angle can be increaseddic= 10°.

Target

\ 4
Wind direction

Using a series of close-hauled legs to beat a caaitgowind.

The important question to the navigator is whemshabout to leave the 5° cone area and
therefore when he should tack from port to starth@end vice versa in order to make sure he
is always sailing inside the cone area. The answite question is therefore the knowledge
of the anglé?, i.e. the angle enclosed between the course ofdsgel and the bearing of the
target, which is nothing else than the angle oftthe wind corrected b¢.

I=L[t¢
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Based on the values provided by the vessels logsfepeed through the wai@&f) in knots,
the magnitude of the apparent wiid) in knots and the value of the angle of attqof} in
degrees as exhibited by the masthead transdueemdinitude of the true wir(lv) can be
calculated by the cosines law equation exhibite86820 as follows:

W[kn] =+JU2+V2-2*V *U * cosa

Using the cosines definitions for the angle ofatgcosn = (X+V)/U] and for the angle of the

true wind (cof = X/W) and substituting W by the formula exhibitecbab, the angle of the
true wing can be calculated as follows:

U * cosa -V

[ = arccos
JU2+V2-2%V *U * cosa

Using the formulas exhibited above one can findtbat if the master of a vessel sailing close
hauled at an apparent wind of U = 25 Kn with anlaid attack ofx = 40° and a speed over
ground of V = 6 Kn wish to remain inside a 5° costepuld tack if the bearing of the target
relative to the vessels heading does not exit\B2th respect to the upwind sailing
performance of the vessel one can expect the vEsbelable to tag under these conditions
through an angle of (62 - 5) * 2 = 114°.

The diagram below exhibits the influence of thetlaetievable angle of attack to the angle of
tack of a vessel beating with a constant SOG=6 tkraaous apparent wind magnitudes.
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APPENDIX |

(Comparison of radio navigation
System accuracies)

95% accuracy

System . Comments
Lateral/vertical

LORAN-C 460m / 460m | Specified absolute accuracy of the LORAN-C
specification system
LORAN-C 50m / 50m The U.S. Coast Guard reports "return to positio
Measured accuracies of 50 meters in time difference modg¢
repeatability.
eLORAN ?7? Modern LORAN-C receivers, which use all the

repeatability

available signals simultaneously and H-field
antennas.

-

A4

e

Distance 185m (Linear) | DME is a radio navigation aid that can calculate
Measuring the linear distance from an aircraft to ground
EquipmentDME) equipment.

specification

GPS specification 100m / 150m | Selective Availability option was applied by the

with Selective U.S. Government until 01.05.2000.

Availability (SA)

turned on.

GPSmeasured. 205m/4,7m | The actual measured accuracy of the system
excluding receiver errors, with Selective
availability turned off, based on the findings loét
FAA's National Satellite Test Bed (NSTB).

Differential GPS 10m/ 10m This is the worst-case DGPS accuracy. Accordi

(DGPS) to the 2001 Federal Radio navigation Systems
(FRS) report published jointly by the U.S. DOT
and U.S. DOD accuracy degrades with distance
from the facility.

Wide Area 7,6m/7,6m | This is the worst case accuracy the WAAS mus

Augmentation provide if it shall be used for precision approach

System(WAAS)

specification

WAAS measured. 0,9m/1,3m | The actual measured accuracy of the system
excluding receiver errors, based on the NSTB
findings

Local Area <lm The goal of the programme is to providategory

augmentation [l (ILS) capability, to allow aircraft to land with

System(LAAS) zero visibility using autoland systems.

programme.
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NGO RAWNE

Apart from the publications exhibited above infotioa from additional sources like yacht
master courses, web and oral information have heed as descriptive material for the
compilation of this compendium. However, it shoaléarly understood, that where third
parties information complied with the spirit ofskitompendium, sentences, paragraphs,
figures or pictures of said information have bedopged and where applicable used
unchanged in the compendium.
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