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Last painting by Gilbert Stuart (1828). Considered by the family of Bowditch to be the best of
various paintings made, although it was unfinished when the artist died.



NATHANIEL BOWDITCH
(1773-1838)

Nathaniel Bowditch was born on March 26, 1773, in  of Philadelphia at the time. In 1791, when Bowditch was 18,
Salem, Mass., fourth of the seven children of shipmaster ~ two Harvard-educated ministers, Rev. John Prince and Rev.
Habakkuk Bowditch and hiswife, Mary. William Bentley, persuaded the Company to allow Bowditch

Since the migration of William Bowditch from En-  the use of its library. Encouraged by these two men and a third-
gland to the Colonies in the 17th century, the family had ~ Nathan Read, an apothecary and also a Harvard man-Bowd-
resided at Salem. Most of its sons, like those of other fami-  itch studied the works of the great men who had preceded him,
liesin this New England seaport, had goneto sea, andmany ~ especially the mathematicians and the astronomers. By the
of them became shipmasters. Nathaniel Bowditch himself ~ time he became of age, this knowledge, acquired before and
sailed as master on his last voyage, and two of hisbrothers  after his long working hours and in his spare time, had made
met untimely deaths while pursuing careers at sea. young Bowditch the outstanding mathematician in the Com-

It is reported that Nathaniel Bowditch’s father lost twoMonwealth, and perhaps in the country.
ships at sea, and by late Revolutionary days he returned to In the seafaring town of Salem, Bowditch was drawn to
the trade of cooper, which he had learned in his youth. Thigavigation early, learning the subject at the age of 13 from
provided insufficient income to properly supply the need#n old British sailor. A year later he began studying survey-
of his growing family, and hunger and cold were often exing, and in 1794 he assisted in a survey of the town. At 15
perienced. For many years the nearly destitute famil{¢ devised an alimanac reputed to have been of great accu-
received an annual grant of 15 to 20 dollars from the Salefidcy. His other youthful accomplishments included the
Marine Society. By the time Nathaniel had reached the ag@nstruction of a crude barometer and a sundial.
of 10, the family’s poverty necessitated his leaving school When Bowditch went to sea at the age of 21, it was as cap-
and joining his father in the cooper’s trade. tain’s writer and nominal second mate, the officer's berth

Nathaniel was unsuccessful as a cooper, and when Reing offered him because of his reputation as a scholar. Under
was about 12 years of age, he entered the first of two shif-aptain Henry Prince, the stifenry sailed from Salem in the
chandlery firms by which he was employed. It was duringVinter of 1795 on what was to be a year-long voyage to the lle
the nearly 10 years he was so employed that his great mi§ Bourbon (now called Reunion) in the Indian Ocean.
first attracted public attention. From the time he began Bowditch began his seagoing career when accurate time
school Bowditch had an all-consuming interest in learningyas not available to the average naval or merchant ship. A re-
particularly mathematics. By his middle teens he was recodiable marine chronometer had been invented some 60 years
nized in Salem as an authority on that subject. Salem beidxgfore, but the prohibitive cost, plus the long voyages with-
primarily a shipping town, most of the inhabitants sooner oput opportunity to check the error of the timepiece, made the
later found their way to the ship chandler, and news of thiarge investment an impractical one. A system of determin-
brilliant young clerk spread until eventually it came to theing longitude by “lunar distance,” a method which did not
attention of the learned men of his day. Impressed by his degquire an accurate timepiece, was known, but this product of
sire to educate himself, they supplied him with books that hée minds of mathematicians and astronomers was so in-
might learn of the discoveries of other men. Since many ofolved as to be beyond the capabilities of the uneducated
the best books were written by Europeans, Bowditch firsseamen of that day. Consequently, ships navigated by a com-
taught himself their languages. French, Spanish, Latirination of dead reckoning and parallel sailing (a system of
Greek, and German were among the two dozen or more laggiling north or south to the latitude of the destination and
guages and dialects he studied during his life. At the age ##en east or west to the destination). The navigational routine
16 he began the study of NewtorPsincipia, translating of the time was “lead, log, and lookout.”
parts of it from the Latin. He even found an error in that clas-  To Bowditch, the mathematical genius, computation of
sic, and though lacking the confidence to announce it at tHanar distances was no mystery, of course, but he recog-
time, he later published his findings and had them acceptedized the need for an easier method of working them in

During the Revolutionary War a privateer out of Beverly,order to navigate ships more safely and efficiently. Through
a neighboring town to Salem, had taken as one of its prizes ahalysis and observation, he derived a new and simplified
English vessel which was carrying the philosophical library oformula during his first trip.

a famed Irish scholar, Dr. Richard Kirwan. The books were  John Hamilton Moore’§he Practical Navigator was
brought to the Colonies and there bought by a group of educéite leading navigational text when Bowditch first went to
ed Salem men who used them to found the Philosophicaka, and had been for many years. Early in his first voyage,
Library Company, reputed to have been the best library northowever, the captain’s writer-second mate began turning up



errors in Moore’s book, and before long he found it neces- His standing as a mathematician and successful ship-
sary to recompute some of the tables he most often usednraster earned him a lucrative (for those times) position
working his sights. Bowditch recorded the errors he foundashore within a matter of weeks after his last voyage. He was
and by the end of his second voyage, made in the higher dastalled as president of a Salem fire and marine insurance
pacity of supercargo, the news of his findingghe New  company at the age of 30, and during the 20 years he held
Practical Navigator had reached Edmund Blunt, a printer atthat position the company prospered. In 1823 he left Salem
Newburyport, Mass. At Blunt's request, Bowditch agreedo take a similar position with a Boston insurance firm, serv-
to participate with other learned men in the preparation dhg that company with equal success until his death.
an American edition of the thirteenth (1798) edition of  From the time he finished théN&vigator” until 1814,
Moore’s work. The first American edition was published aBowditch’s mathematical and scientific pursuits consisted of
Newburyport by Blunt in 1799. This edition corrected studies and papers on the orbits of comets, applications of Napi-
many of the errors that Moore had failed to correct. Alers rules, magnetic variation, eclipses, calculations on tides, and
though most of the errors were of little significance tothe charting of Salem harbor. In that year, however, he turned to
practical navigation as they were errors in the fifth and sixtiyhat he considered the greatest work of his life, the translation
places of logarithm tables, some errors were significant. into English ofMecanique Cdeste, by Pierre Laplacevieca-

The most significant error was listing the year 1800 asique Ceeste was a summary of all the then known facts about
a leap year in the table of the sun’s declination. The cons#he workings of the heavens. Bowditch translated four of the five
guence was that Moore gave the declination for MARCH 1yolumes before his death, and published them at his own ex-
1800, as 711'. Since the actual value was3B', the calcu- pense. He gave many formula derivations which Laplace had
lation of a meridian altitude would be in error by 22 minuteshot shown, and also included further discoveries following the
of latitude. time of publication. His work made this information available to

Bowditch’s principal contribution to the first American American astronomers and enabled them to pursue their studies

edition was his chapter “The Method of finding the Longi-0n the basis of that which was already known. Continuing his
tude at Sea,” which was his new method for computing thatyle of writing for the learner, Bowditch presented his English
lunar distance. Following publication of the first AmericanVersion ofMecanique Celestein such a manner that the student
edition, Blunt obtained Bowditch’s services in checking theof mathematics could easily trace the steps involved in reaching
American and English editions for further errors. Blunt therfhe most complicated conclusions.
published a second American edition of Moore’s thirteenth ~ Shortly after the publication Ghe New American Prac-
edition in 1800. When preparing a third American editiontical Navigator, Harvard College honored its author with the
for the press, Blunt decided that Bowditch had revisegresentation of the honorary degree of Master of Arts, and in
Moore’s work to such an extent that Bowditch should bel816 the college made him an honorary Doctor of Laws.
named as author. The title was changeth®New Ameri-  From the time the Harvard graduates of Salem first assisted
can Practical Navigator and the book was published in 1802 him in his studies, Bowditch had a great interest in that col-
as a first edition. Bowditch vowed while writing this edition lege, and in 1810 he was elected one of its Overseers, a
to “put down in the book nothing | can’t teach the crew,” andposition he held until 1826, when he was elected to the Cor-
it is said that every member of his crew including the coolporation. During 1826-27 he was the leader of a small group
could take a lunar observation and plot the ship’s position.of men who saved the school from financial disaster by forc-
Bowditch made a total of five trips to sea, over a periodﬂg necessary economies on the college’s reluctant president.
of about nine years, his last as master and part owner of tAé one time Bowditch was offered a Professorship in Math-
three-maste®utnam. Homeward bound from a 13-month €matics at Harvard but this, as well as similar offers from
voyage to Sumatra and the lle de France (now called MalYest Point and the University of Virginia, he declined. In all
ritius) thePutnam approached Salem harbor on Decembepis life he was never known to have made a public speech or
25, 1803, during a thick fog without having had a celestiai® have addressed any large group of people.
observation since noon on the 24th. Relying upon his dead Many other honors came to Bowditch in recognition of
reckoning, Bowditch conned his wooden-hulled ship to th&is astronomical, mathematical, and marine accomplish-
entrance of the rocky harbor, where he had the good fortutieents. He became a member of the American Academy of
to get a momentary glimpse of Eastern Point, Cape Andirts and Sciences, the East India Marine Society, the Royal
enough to confirm his position. TRtnam proceeded in, Academy of Edinburgh, the Royal Society of London, the
past such hazards as “Bowditch’s Ledge” (named after Boyal Irish Academy, the American Philosophical Society,
great-grandfather who had wrecked his ship on the rocie Connecticut Academy of Arts and Sciences, the Boston
more than a century before) and anchored safely at 19ddarine Society, the Royal Astronomical Society, the Paler-
that evening. Word of the daring feat, performed when othno Academy of Science, and the Royal Academy of Berlin.
er masters were hove-to outside the harbor, spread along the Nathaniel Bowditch outlived all of his brothers and sis-
coast and added greatly to Bowditch’s reputation. He wasers by nearly 30 years. Death came to him on March 16,
indeed, the “practical navigator.” 1838, in his sixty-fifth year. The following eulogy by the



Salem Marine Society indicates the regard in which this  editions of the book. After his death, Jonathan Ingersoll
distinguished American was held by his contemporaries: Bowditch, a son who made several voyages, took up the
“In his death a public, a national, a human benefactor hagork and his name appeared on the title page from the elev-
departed. Not this community, nor our country only, but th@nth edition through the thirty-fifth, in 1867. In 1868 the
Whole world, has reason to _do honor to his memory. When tq%w|y organized U.S. Navy Hydrographic Office bought the
voice of Eulogy shall be still, when the tear of SorrOW,Shall;opyright. Revisions have been made from time to time to
cease to flow, no monument will be needed to keep alive h %ep the work in step with navigational improvements. The

memory among men; but as long as ships shall sail, the nee ; . :
point to the north, and the stars go through their wonted courdame has been altered to ican Practical Navigator,

es in the heavens, the name of Dr. Bowditch will be revered 24t the bookis still commonly known as “Bowditch.” A to-
of one who helped his fellow-men in a time of need, who wal! 0f more than 900,000 copies has been printed in about 75

and is a guide to them over the pathless ocean, and of one vitfitions during the nearly two centuries since the book was
forwarded the great interests of mankind.” first published in 1802. It has lived because it has combined

The New American Practical Navigator was revised by the best techniques of each generation of navigators, who
Nathaniel Bowditch several times after 1802 for subsequeihiave looked to it as their final authority.
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PREFACE

The Naval Observatory library in Washington, D.C.,is  igational texts, a practice which continues today with works
unnaturally quiet. It is a large circular room, filled with  such as Sailing Directions and Pilots.
thousands of books. Its acoustics are perfect; a mere whis- Colonial and early American navigators depended ex-
per from the room’s open circular balcony can be easilglusively on English navigation texts because there were no
heard by those standing on the ground floor. A fountain imerican editions. The first American navigational text,
the center of the ground floor softly breaks the room’s siOrthodoxal Navigation, was completed by Benjamin Hub-
lence as its water stream slowly splashes into a small podjard in 1656. The first American navigation text published
A library clerk will lead you into a small antechamberin America was Captain Thomas TruxtoRemarks, In-
where there is a vault containing the Observatory’s mostructions, and Examples Relating to the Latitude and
rare books. In this vault, one can find an original 1802 first.ongitude; also the Variation of the Compass, Etc., Etc.,
edition of theNew American Practical Navigator. published in 1794.

One cannot hold this small, delicate, slipcovered book  The most popular navigational text of the late 18th cen-
without being impressed by the nearly 200-year unbroketury was John Hamilton Moore'§he New Practical
chain of publication that it has enjoyed. It sailed on U.SNavigator. Edmund M. Blunt, a Newburyport publisher,
merchantmen shortly after the quasi-war with France andecided to issue a revised copy of this work for American
during British impressment of merchant seamen that led teavigators. Blunt convinced Nathaniel Bowditch, a locally
the War of 1812. It sailed on U.S. Naval vessels during offamous mariner and mathematician, to revise and update
erations against Mexico in the 1840’s, on ships of both th&he New Practical Navigator. Several other men also as-
Union and Confederate fleets during the Civil War, andisted in the revision. BluntBhe New Practical Navigator
with the U.S. Navy in Cuba in 1898. It went with the Greatwas published in 1799. Blunt also published a second
White Fleet around the world, across the North Atlantic tAmerican edition of Hamilton’s book in 1800.

Europe during both World Wars, to Asia during the Korean By 1802, when Blunt was ready to publish a third edi-
and Vietnam Wars, and to the Middle East during Operaion, Nathaniel Bowditch and others had corrected so many
tion Desert Storm. errors in Hamilton’s work that Blunt decided to issue the

As navigational requirements and procedures havevork as a first edition of thidew American Practical Nav-
changed throughout the yeaBawditch has changed with igator. It is to that 1802 work that the current edition of the
them. Originally devoted almost exclusively to celestialAmerican Practical Navigator traces its pedigree.
navigation, it now also covers a host of modern topics. Itis  The New American Practical Navigator stayed in the
as practical today as it was when Nathaniel Bowditch, magowditch and Blunt family until the government bought the
ter of thePutnam, gathered the crew on deck and taughtcopyright in 1867. Edmund M. Blunt published the book
them the mathematics involved in calculating lunar distanaiantil 1833; upon his retirement, his sons, Edmund and
es. It is that practicality that has been the publication'&eorge, took over publication.The elder Blunt died in 1862;
greatest strength. It is that practicality that makes the publiis son Edmund followed in 1866. The next year, 1867,
cation as useful today as it was in the age of sail. George Blunt sold the copyright to the government for

Seafarers have long memories. In no other professidf25,000. The government has publishBalvditch ever
is tradition more closely guarded. Even the oldest and mosince. George Blunt died in 1878.
cynical acknowledge the special bond that connects those Nathaniel Bowditch continued to correct and revise the
who have made their livelihood plying the sea. This bond isook until his death in 1838. Upon his death, the editorial re-
not comprised of a single strand; rather, it is a rich and vasponsibility for theAmerican Practical Navigator passed to
ied tapestry that stretches from the present back to the birtiis son, J. Ingersoll Bowditch. Ingersoll Bowditch continued
of our nation and its seafaring culture. As this book is a pasgditing theNavigator until George Blunt sold the copyright
of that tapestry, it should not be lightly regarded; rather, ito the government. He outlived all of the principals involved
should be preserved, as much for its historical importande publishing and editing thidavigator, dying in 1889.
as for its practical utility. The U.S. government has published some 52 editions

Since antiquity, mariners have gathered available nawsince acquiring the copyright to the book that has come to
igation information and put it into a text for others tobe known simply by its original author’'s namBpWwditch”.
follow. One of the first attempts at this involved volumes ofSince the government began production, the book has been
Spanish and Portuguese navigational manuals translatkdown by its year of publishing, instead of by the edition
into English between about 1550 to 1750. Writers andumber. During a revision in 1880 by Commander Phillip
translators of the time “borrowed” freely in compiling nav- H. Cooper, USN, the name was change@nerican Prac-
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tical Navigator. Bowditch’s original method of taking added to the body of the text for easier reference.
“lunars” was finally dropped from the book in 1914. After TAB 5, NAVIGATIONAL MATHEMATICS, includes
several more minor revisions and printinBswditch was  chapters relating to such topics as basic navigational mathemat-
extensively revised between 1946 and 1958. ics and computer use in the solution of navigation problems.
The present volume, while retaining the basic formatofthe TAB 6, NAVIGATIONAL SAFETY, discusses as-
1958 version, reorganizes the subjects, deletes obsolete text, pedts of the new distress and safety communications
adds new material to keep pace with the extensive changessiystems now in place or being implemented in the next sev-
navigation that have taken place in the electronic age. eral years, as well as navigation regulations, emergency
This 1995 edition of thémerican Practical Navigator ~ nhavigation procedures, and distress communications.
incorporates extensive changes in organization, format, and TAB 7, OCEANOGRAPHY, is updated and consoli-
content. Recent advances in navigational electronics, commgated, but largely unchanged from the former edition.
nications, positioning, and other technologies have TAB 8, MARINE METEOROLOGY, (formerly
transformed the way navigation is practiced at sea, and it WEATHER) incorporates new weather routing and fore-
clear that even more changes are forthcoming. The changeststing methods and material from former appendices.
this edition of BOWDITCH are intended to ensure that thigncluded are new color plates of the Beaufort Sea States
publication remains the premier reference work for practicglCourtesy of Environment Canada).
marine navigation. Concerted efforts were made to return to  The Glossary has been extensively edited and updated with
Nathaniel Bowditch’s original intention “to put down in the modern navigational terms, including computer terminology.
book nothing I can't teach the crew.” To this end, many com-  This edition was produced largely electronically from
plex formulas and equations have been eliminated, anglart to finish, using the latest in publishing software and data
emphasis placed on the capabilities and limitations of variougansfer techniques to provide a very flexible production sys-
navigation systems and how to use them, instead of explainifgm. This ensures not only that this book is the most
complex technical and theoretical details. This edition replacesificiently produced ever, but also that it can be easily updated
but does not cancel former editions, which may be retained aagid improved when it again becomes dated, as it surely will.
consulted as to navigation methods not discussed herein. The masculine pronoun “he” used throughout is meant
The former Volume Il has been incorporated into thisto refer to both genders.
volume to save space and production cost. A larger page size This book may be kept corrected using the Notice to
has also been chosen for similar reasons. These two changgsriners and Summary of Corrections. Suggestions and
allow us to present a single, comprehensive navigation saiomments for changes and additions may be sent to:
ence reference which explains modern navigational methods
while respecting traditional ones. The goal of the changes is NAVIGATION DIVISION
to put as much useful information before the navigator as gt p 44

possible in the most understandable and readable format. DMA HYDROGRAPHIC/TOPOGRAPHIC CENTER
4600 SANGAMORE ROAD

TAB 1, FUNDAMENTALS, has been reorganized to BETHESDA, MD 20816-5003

include an overview of the types and phases of marine nav-
igation and the organizations which support and regulate it.
It includes chapters relating to the structure, use and limita-

tions of nautical charts; chart datums and their importanc&® )
and other material of a basic nature. The former chapter ong them: U.S. Coast Guard, U.S. Naval Academy, U.S.

the history of navigation has been largely removed. Histor:- aval Oceanograpr_llc Office, Fleet Training Center (Nor-
. . . folk), Fleet Numerical Meteorology and Oceanography
ical facts are included in the text where necessary to EXpIaE'enter (Monterey), the U.S. Naval Observatory, U.S. Mer-
present practices or conventions. ) Y), o Yo 0o
. . chant Marine Academy, U.S. Coast and Geodetic Survey,
TAB 2, PILOTING, now emphasizes the practical ashe National Ocean Service, and the National Weather Ser-
pects of navigating a vessel in restricted waters. vice. In addition to official government expertise, we
TAB 3, ELECTRONIC NAVIGATION, returns to the  appreciate the contributions of private organizations, in
position it held in the 1958 edition. Electronic systems ar@articular the Institute of Navigation, and other organiza-
now the primary means of positioning of the modern navitions and individuals too numerous to mention by name.
gator. Chapters deal with each of the several electronigariners worldwide can be grateful for the experience,
methods of navigation, organized by type. dedication, and professionalism of the people who gener-
TAB 4, CELESTIAL NAVIGATION, has been stream- ously gave their time in this effort.
lined and updated. The text in this section contains updated
examples and problems and a completely re-edited sight re-
duction chapter. Extracts from necessary tables have been THE EDITORS

This book could not have been produced without the
pertise of dedicated personnel from many organizations,

viii



CHAPTER 1

INTRODUCTION TO MARINE NAVIGATION

DEFINITIONS

100. The Art And Science Of Navigation

Marine navigation blends both science and art. A good
navigator gathers information from every available source,
evaluates this information, determines a fix, and compares

» Celedstial navigation involves reducing celestial
measurements to lines of position using tables,
spherical trigonometry, and almanacs. It is used pri-
marily as a backup to satellite and other electronic
systems in the open ocean.

that fix with his pre-determined “dead reckoning” position.

A navigator constantly evaluates the ship’s position, antic-
ipates dangerous situations well before they arise, and
always keeps “ahead of the vessel.” The modern navigator
must also understand the basic concepts of the many navi-
gation systems used today, evaluate their output’s accuracy, -«
and arrive at the best possible navigational decisions.

Navigation methods and techniques vary with the type
of vessel, the conditions, and the navigator's experience.
Navigating a pleasure craft, for example, differs from nav-
igating a container ship. Both differ from navigating a naval
vessel. The navigator uses the methods and techniques best
suited to the vessel and conditions at hand.

Some important elements of successful navigation can-  Electronic integrated bridge concepts are driving fu-
not be acquired from any book or instructor. Btienceof  ture navigation system planning. Integrated systems take
navigation can be taught, but the of navigation must be inputs from various ship sensors, electronically display po-
developed from experience. sitioning information, and provide control signals required
to maintain a vessel on a preset course. The navigator be-
comes a system manager, choosing system presets,
interpreting system output, and monitoring vessel response.

Methods of navigation have changed through history.  In practice, a navigator synthesizes different methodol-
Each new method has enhanced the mariner’s ability togies into a single integrated system. He should never feel
complete his voyage safely and expeditiously. One of theomfortable utilizing only one method when others are
most important judgments the navigator must make inavailable for backup. Each method has advantages and dis-
volves choosing the best method to use. Commonlgdvantages. The navigator must choose methods
recognized types of navigation are listed below. appropriate to each particular situation.

With the advent of automated position fixing and elec-
tronic charts, modern navigation is almost completely an

» Dead reckoning (DR) determines position by ad- electronic process. The mariner is constantly tempted to

vancing a known position for courses and distancesely solely on electronic systems. This would be a mistake.
A position so determined is called a dead reckonindelectronic navigation systems are always subject to failure,
(DR) position. It is generally accepted that onlyand the professional mariner must never forget that the
course and speed determine the DR position. Cossafety of his ship and crew may depend on skills that differ
recting the DR position for leeway, current effects little from those practiced generations ago. Proficiency in

and steering error result in @stimated position  conventional piloting and celestial navigation remains

(EP). An inertial navigator develops an extremely essential.

accurate EP.

Radio navigation uses radio waves to determine po-
sition by either radio direction finding systems or
hyperbolic systems.

Radar navigation uses radar to determine the dis-
tance from or bearing of objects whose position is
known. This process is separate from radar’s use as
a collision avoidance system.

Satellitenavigation uses artificial earth satellites for
determination of position.

101. Types Of Navigation

 Piloting involves navigating in restricted waters 102. Phases Of Navigation
with frequent determination of position relative to

geographic and hydrographic features. Four distinct phases define the navigation process. The

1



2 INTRODUCTION TO MARINE NAVIGATION

mariner should choose the system mix that meets the accu- « Coastal Phase: Navigating within 50 miles of the
racy requirements of each phase. coast or inshore of the 200 meter depth contour.

» Ocean Phase: Navigating outside the coastal area in
 Inland Waterway Phase: Piloting in narrow canals, the open sea.
channels, rivers, and estuaries.
The navigator’s position accuracy requirements, his fix
» Harbor/Harbor Approach Phase: Navigating to a interval, and his systems requirements differ in each phase.
harbor entrance and piloting in harbor approachThe following table can be used as a general guide for se-

channels. lecting the proper system(s).
Inland Harbor/Harbor Coastal Ocean

Waterway Approach
DR X X X X
Piloting X X X
Celestial X X
Radio X X X
Radar X X X
Satellite X* X X X

Table 102. The relationship of the types and phases of navigation.
* Differential GPS may be used if available.

NAVIGATIONAL TERMSAND CONVENTIONS

103. Important Conventions And Concepts voyage.
The meridian of London was used asearly as 1676, and

Throughout the history of navigation, numerous termver the years its popularity grew as England’s maritime in-
and conventions have been established which enjoy worlderests increased. The system of measuring longitude both
wide recognition. The professional navigator, to gain a fuleast and west through 18fhay have first appeared in the
understanding of his field, should understand the origin ofniddle of the 18th century. Toward the end of that century,
certain terms, techniques, and conventions. The followings the Greenwich Observatory increased in prominence, En-
section discusses some of the important ones. glish cartographers began using the meridian of that

Defining aprime meridian is a comparatively recent observatory as a reference. The publication by the Observa-
development. Until the beginning of the 19th century, ther¢ory of the first British Nautical Almanac in 1767 further
was little uniformity among cartographers as to the meridientrenched Greenwich as the prime meridian. An unsuc-
an from which to measure longitude. This did not lead t@essful attempt was made in 1810 to establish Washington,
any problem because there was no widespread method OrC. as the prime meridian for American navigators and car-
determining longitude accurately. tographers. In 1884, the meridian of Greenwich was

Ptolemy, in the 2nd century AD, measured longitudeofficially established as the prime meridian. Today, all mar-
eastward from a reference meridian 2 degrees west of titéme nations have designated the Greenwich meridian the
Canary Islands. In 1493, Pope Alexander VI established prime meridian, except in a few cases where local references
line in the Atlantic west of the Azores to divide the territo-are used for certain harbor charts.
ries of Spain and Portugal. For many years, cartographers Chartsare graphic representations of areas of the earth
of these two countries used this dividing line as the priméor use in marine or air navigation. Nautical charts depict
meridian. In 1570 the Dutch cartographer Ortelius used thieatures of particular interest to the marine navigator.
easternmost of the Cape Verde Islands. John Davis, in hzharts have probably existed since at least 600 BC. Stereo-
1594The Seaman’s Secretsed the Isleof FezintheCa-  graphic and orthographic projections date from the 2nd
naries because there the variation was zero. Mariners paid ~ century BC. In 1569 Gerardus Mercator published a chart
little attention to these conventions and often reckoned their ~ using the mathematical principle which now bears his
longitude from several different capes and ports during a  name. Some 30 years later, Edward Wright published cor-
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rected mathematical tables for this projection, enabling  the metric format. Considerations of expense, safety of nav-

cartographers to produce charts on the Mercator projection.  igation, and logical sequencing will require a conversion

This projection is still widely in use. effort spanning many years. Notwithstanding the conver-
Sailing directionsor pilotshave existed sinceat least  sion to the metric system, the common measure of distance

the 6th century BC. Continuous accumulation of naviga-  at sea is theautical mile.

tional data, along with increased exploration and trade, led The current policy of the Defense Mapping Agency

to incr?ased .proguction of volume_s through the Middle ___Hydrographic/Topographic Center (DMAHTC) and the
Ages. “Routiers” were produced in France about 1500; thRlational Ocean Service (NOS) is to convert new compila-

English referred to them as “rutters.” In 1584 Lucast. : : o
. . ions of nautical, special purpose charts, and publications to
\&V:ﬁsgpszirfgghsvhh?ghLﬁﬁ:ﬁeﬁ; dzef?;/?iith (-[IE? the metric system. This conversion began on January 2,
' P 1970. Most modern maritime nations have also adopted the

lications for several generations of navigators. They were .
known as “Waggoners® by most sailors. Modern pilotsmeter as the standard measure of depths and heights. How-

and sailing directions are based on extensive data colleY€". older charts still on issue and the charts of some
tion and compilation efforts begun by Matthew Fontaind©r€ign countries may not conform to this standard.
Maury beginning in 1842. Thefathom as a unit of length or depth is of obscure
The compass was developed about 1000 years ago_origin. Posidonius reported a sounding of more than 1,000
The origin of the magnetic compass is uncertain, but Norséathoms in the 2nd century BC. How old the unit was then
men used it in the 11th century. It was not until the 1870k unknown. Many modern charts are still based on the fath-
that Lord Kelvin developed a reliable dry card marine comem, as conversion to the metric system continues.
pass. The fluid-filled compass became standard in 1906.  Thesailingsrefer to various methods of mathematical-
Variation was not understood until the 18th century,ly determining course, distance, and position. They have a
when Edmond Halley led an expedition to map lines ohjstory almost as old as mathematics itself. Thales, Hippar-
variation in the South Atlanti®eviation was understood chys, Napier, Wright, and others contributed the formulas
at least as early as the early 1600s, but correction of corfy4¢ permit computation of course and distance by plane,

pass error was not possible until Matthew Flinderg g erse parallel, middie latitude, Mercator, and great cir-
discovered that a vertical iron bar could reduce errors. Af:

" . , Cle sailings.
ter 1840, British Astronomer Royal Sir George Airy and
later Lord Kelvin developed combinations of iron massejé)4 The Earth
and small magnets to eliminate most magnetic compass
erro_rlihe gyrocompass was made necessary by iron and The earth is an oblate sphergid (a.sphere flattened at
steel ships. Leon Foucault developed the basic gyroscopelftf Poles). Measurements of its dimensions and the amount
1852. An American (Elmer Sperry) and a German (Anshut®f its flattening are subjects of geodesy. However, for most
Kampfe) both developed electrical gyrocompasses in th@avigational purposes, assuming a spherical earth introduc-
early years of the 20th century. es insignificant error. The earth’s axis of rotation is the line

Thelog is the mariner's speedometer. Mariners origi-connecting the North Pole and the South Pole.

nally measured speed by observing a chip of wood passing A great circleis the line of intersection of a sphere and
down the side of the vessel. Later developments includedaaplane through its center. This is the largest circle that can
wooden board attached to a reel of line. Mariners measuré@ drawn on a sphere. The shortest line on the surface of a
speed by noting how many knots in the line unreeled as thghere between two points on the surface is part of a great
ship moved a measured amount of time; hence the tergircle. On the spheroidal earth the shortest line is called a
knot. Mechanical logs using either a small paddle wheel Ofeodesic. A great circle is a near enough approximation to
a rotating spinner arrived about the middle of the 17th ceny geodesic for most problems of navigatiorsweall circle

tury. The taffrail log still in limited use today Was jsthe line of intersection of a sphere and a plane which does
developed in 1878. Modern logs use electronic sensors Abt pass through the center. See Figure 104a

spinning devices that induce small electric fields propor- . .
tional to a vessel's speed. An engine revolution counter or The termmeridian is usually applied to thepper branch

shaft log often measures speed onboard large ships. Do?I—the half-circle from pole to pole which passes through a given
pler speed logs are used on some vessels for very accurBfit: The opposite half is called tl@er br.andq. .
speed readings. Inertial and satellite systems also provide A parallel or parallel of latitude is a circle on the
highly accurate speed readings. surface of the earth parallel to the plane of the equator. It
The Metric Conversion Act of 1975 and the Omnibusconnects all points of equal latitude. The equator is a
Trade and Competitiveness Act of 1988 established thgreat circle at latitude0 See Figure 104b. The poles are
metric system of weights and measures in the Unitedsingle points at latitude S0AIl other parallels are small
States. As a result, the government is converting charts tircles.
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Figure 104a. The planes of the meridians meet at the
polar axis.

105. Coordinates

Coordinates, termed latitude and longitude, can de-
fine any position on earth. Latitude (L, lat.) isthe angular
distance from the equator, measured northward or south-
ward along a meridian from 0° at the equator to 90° at the
poles. It is designated north (N) or south (S) to indicate the
direction of measurement.

The difference of latitude (I, DLat.) between two
placesisthe angular length of arc of any meridian between
their parallels. It isthe numerical difference of the latitudes
if the places are on the same side of the equator; it isthe sum
of the latitudes if the places are on opposite sides of the
equator. It may be designated north (N) or south (S) when
appropriate. The middle or mid-latitude (Lm) between
two places on the same side of the equator is half the sum
of their latitudes. Mid-latitude is labeled N or Sto indicate
whether it is north or south of the equator.

The expression may refer to the mid-latitude of two
places on opposite sides of the equator. In this case, it is
equal to half the difference between the two latitudes and
takes the name of the place farthest from the equator. How-
ever, this usage is misleading because it lacks the
significance usually associated with the expression. When
the places are on opposite sides of the equator, two mid-lat-
itudes are generally used. Calcul ate these two mid-latitudes
by averaging each latitude and 0°.

Longitude (I, long.) is the angular distance between

Figure 104b. The equator is a great circle midway
between the poles.

the prime meridian and the meridian of a point on the earth,
measured eastward or westward from the prime meridian
through 180°. It is designated east (E) or west (W) to indi-
cate the direction of measurement.

The difference of longitude (DL o) between two plac-
esisthe shorter arc of the parallel or the smaller angle at the
pole between the meridians of the two places. If both places
are on the same side (east or west) of Greenwich, DLoisthe
numerical difference of the longitudes of the two places; if
on opposite sides, DLo isthe numerical sum unlessthis ex-
ceeds 180°, when it is 360° minus the sum. The distance
between two meridians at any parallel of latitude, expressed
indistance units, usually nautical miles, iscalled departure
(p, Dep.). It represents distance made good east or west as
a craft proceeds from one point to another. Its numerical
value between any two meridians decreases with increased
latitude, while DLo is numerically the same at any latitude.
Either DLo or p may be designated east (E) or west (W)
when appropriate.

106. Distance On The Earth

Distance, as used by the navigator, is the length of the
rhumb line connecting two places. This is a line making
the same angle with all meridians. Meridians and parallels
which also maintain constant true directions may be consid-
ered special cases of the rhumb line. Any other rhumb line
spiras toward the pole, forming a loxodromic curve or
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Figure 106. A loxodrome

loxodr ome. See Figure 106. Distance along the great circle
connecting two pointsis customarily designated gr eat-cir -
cle distance. For most purposes, considering the nautical
mile the length of one minute of latitude introduces no sig-
nificant error.

Speed (S) israte of motion, or distance per unit of time.
A knot (kn.), the unit of speed commonly used in navigation,
isarate of 1 nautical mile per hour. The expression speed of
advance (SOA) is used to indicate the speed to be made
along the intended track. Speed over the ground (SOG) is
the actual speed of the vessal over the surface of the earth at
any given time. To calculate speed made good (SM G) be-
tween two positions, divide the distance between the two
positions by the time elapsed between the two positions.

107. Direction On The Earth

Direction isthe position of one point relative to anoth-
er. Navigators express direction asthe angular differencein
degrees from a reference direction, usualy north or the
ship’s headCourse (C, Cn) is the horizontal direction in
which a vessel is steered or intended to be steered, ex-
pressed as angular distance from north clockwise through
360. Strictly used, the term applies to direction through the
water, not the direction intended to be made good over the
ground.

The course is often designated as true, magnetic, com-
pass, or grid according to the reference directiorack
made good (TMG) is the single resultant direction from
the point of departure to point of arrival at any given time.
Course of advance (COA) is the direction intended to be
made good over the ground, andurse over ground
(COQG) is the direction between a vessel's last fix and an
EP. A course line is a line drawn on a chart extending in the
direction of a course. It is sometimes convenient to express
a course as an angle from either north or south, through 90
or 180C. In this case it is designated course angle (C) and
should be properly labeled to indicate the origin (prefix)
and direction of measurement (suffix). Thus, C NB%

Cn 03% (000 + 35°), C N158W = Cn 208 (360 - 155,

C S47E =Cn 133 (18C - 47°). But Cn 260 may be either
C N10CW or C S80W, depending upon the conditions of
the problem.

Track (TR) is the intended horizontal direction of
travel with respect to the earth. The terms intended track
and trackline are used to indicate the path of intended trav-
el. See Figure 107a. The track consists of one or a series of
course lines, from the point of departure to the destination,
along which it is intended to proceed. A great circle which
a vessel intends to follow is calledgeeat-circle track,
though it consists of a series of straight lines approximating
a great circle.

Yt ol Departare

Poimit ol
Arrival

Figure 107a. Course line, track, track made good, and heading.



6 INTRODUCTION TO MARINE NAVIGATION

Heading (Hdg., SH) isthedirectionin whichavessel  apoint on the earth. A relative bearing is measured relative
is pointed, expressed as angular distance from 000° clock-  to the ship’s heading from 00@dead ahead) clockwise
wise through 360°. Do not confuse heading and course.  through 360. However, it is sometimes conveniently mea-
Heading constantly changesasavessel yawsback and forth ~ sured right or left from Dat the ship’s head through 80
across the course due to sea, wind, and steering error. This is particularly true when using the table for Distance
Bearing (B, Brg.) is the direction of one terrestrial  of an Object by Two Bearings.
point from another, expressed as angular distance from
000° (North) clockwise through 360°. When measured To convert a relative bearing to a true bearing, add the
through 90° or 180° from either north or south, itiscalled  true heading:
bearing angle (B). Bearing and azimuth are sometimes used
interchangeably, but the latter more accurately refers to the True Bearing = Relative Bearing + True Heading.
horizontal direction of a point on the celestial sphere from Relative Bearing = True Bearing — True Heading.

Figure 107b. Relative Bearing.

DEVELOPMENT OF NAVIGATION

108. Latitude And Longitude Deter mination abilities of the average seaman. It was apparent that the so-
lution lay in keeping accurate time at sea.

Navigators have made latitude observations for thou- In 1714, the British Board of Longitude was formed,
sands of years. Accurate sun declination tables have beeffering a small fortune in reward to anyone who could pro-
published for centuries, enabling experienced seamen tdde a solution to the problem.
compute latitude to within 1 or 2 degrees. Mariners still use  An Englishman, John Harrison, responded to the chal-
meridian observations of the sun and highly refined ex-mdenge, developing four chronometers between 1735 and
ridian techniques. Those who today determine their latitud&760. The most accurate of these timepieces lost only 15
by measuring the altitude of Polaris are using a method wedkeconds on a 156 day round trip between London and Bar-
known to 15th century navigators. bados. The Board, however, paid him only half the

A method of finding longitude eluded mariners for promised reward. The King finally intervened on Harri-
centuries. Several solutions independent of time proved t@on’s behalf, and Harrison received his full reward of
cumbersome. The lunar distance method, which determin€20,000 at the advanced age of 80.

GMT by observing the moon’s position among the stars, Rapid chronometer development led to the problem of
became popular in the 1800s. However, the mathematics rdeterminingchronometer error aboard shipTime balls,
quired by most of these processes were far above therge black spheres mounted in port in prominent locations,
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were dropped at the stroke of noon, enabling any ship in
harbor which could see the ball to determine chronometer
error. By the end of the U.S. Civil War, telegraph signals
were being used to key time balls. Use of radio signalsto
send time ticks to ships well offshore began in 1904, and
soon worldwide signals were available.

109. The Navigational Triangle

Modern celestial navigators reduce their celestial obser-
vations by solving anavigational triangle whose points are
the elevated pole, the celestial body, and the zenith of the ob-
server. The sides of thistriangle are the polar distance of the
body (codeclination), its zenith distance (coaltitude), and
the polar distance of the zenith (colatitude of the observer).

A spherical trianglewasfirst used at seain solving lunar
distance problems. Simultaneous observations were made of
the altitudes of the moon and the sun or astar near the ecliptic
and the angular distance between the moon and the other
body. The zenith of the observer and the two celegtial bodies
formed the vertices of a triangle whose sides were the two

sides of the triangle were available. From these the meridian
angle was computed. The comparison of this with the Green-
wich hour angle from the almanac yielded the longitude.

The time sight was mathematically sound, but the navigator
was not always aware that the longitude determined was only as
accurate as the latitude, and together they merely formed a point
on what is known today asliae of position. If the observed
body was on the prime vertical, the line of position ran north and
south and a small error in latitude generally had little effect on
the longitude. But when the body was close to the meridian, a
small error in latitude produced a large error in longitude.

The line of position by celestial observation was un-
known until discovered in 1837 by 30-year-old Captain
Thomas H. Sumner, a Harvard graduate and son of a United
States congressman from Massachusetts. The discovery of
the “Sumner line,” as it is sometimes called, was consid-
ered by Maury “the commencement of a new era in
practical navigation.” This was the turning point in the de-
velopment of modern celestial navigation technique. In
Sumner’'s own words, the discovery took place in this
manner:

coaltitudes and the angular distance between the bodies. Us-

ing a mathematical calculation the navigator “cleared” this
distance of the effects of refraction and parallax applicable to
each altitude. This corrected value was then used as an argu-
ment for entering the almanac. The almanac gave the true
lunar distance from the sun and several stars at 3 hour inter-
vals. Previously, the navigator had set his watch or checked
its error and rate with the local mean time determined by ce-
lestial observations. The local mean time of the watch,
properly corrected, applied to the Greenwich mean time ob-
tained from the lunar distance observation, gave the
longitude.

The calculations involved were tedious. Few mariners
could solve the triangle until Nathaniel Bowditch published his
simplified method in 1802 iThe New American Practical
Navigator.

Reliable chronometers were available in 1802, but their
high cost precluded their general use aboard most ships.
However, most navigators could determine their longitude
using Bowditch’s method. This eliminated the need for par-
allel sailing and the lost time associated with it. Tables for the
lunar distance solution were carried in the American nautical
almanac until the second decade of the 20th century.

110. The Time Sight

The theory of théime sight had been known to mathe-
maticians since the development of spherical trigonometry,
but not until the chronometer was developed could it be used
by mariners.

The time sight used the modern navigational triangle. The
codeclination, or polar distance, of the body could be deter-
mined from the almanac. The zenith distance (coaltitude) was
determined by observation. If the colatitude were known, three

Having sailed from Charleston, S. C., 25th November,
1837, bound to Greenock, a series of heavy gales from the
Westward promised a quick passage; after passing the
Azores, the wind prevailed from the Southward, with thick
weather; after passing Longitude®24/, no observation
was had until near the land; but soundings were had not far,
as was supposed, from the edge of the Bank. The weather
was now more boisterous, and very thick; and the wind still
Southerly; arriving about midnight, 17th December, within
40 miles, by dead reckoning, of Tusker light; the wind
hauled SE, true, making the Irish coast a lee shore; the ship
was then kept close to the wind, and several tacks made to
preserve her position as nearly as possible until daylight;
when nothing being in sight, she was kept on ENE under
short sail, with heavy gales; at about 10 AM an altitude of
the sun was observed, and the Chronometer time noted;
but, having run so far without any observation, it was plain
the Latitude by dead reckoning was liable to error, and
could not be entirely relied on. Using, however, this Lati-
tude, in finding the Longitude by Chronometer, it was
found to put the ship 15' of Longitude E from her position
by dead reckoning; which in Latitude®58 is 9 nautical
miles; this seemed to agree tolerably well with the dead
reckoning; but feeling doubtful of the Latitude, the observa-
tion was tried with a Latitude 10' further N, finding this
placed the ship ENE 27 nautical miles, of the former posi-
tion, it was tried again with a Latitude 20' N of the dead
reckoning; this also placed the ship still further ENE, and
still 27 nautical miles further; these three positions were
then seen to lie in the direction of Small’s light.

It then at once appeared that the observed altitude
must have happened at all the three points, and at
Small’s light, and at the ship, at the same instant of time;
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Figure 110. Thefirst celestial line of position, obtained by Captain Thomas Sumner in 1837.

and it followed, that Small's light must bear ENE, if igator had no choice but to solve each triangle by tedious,
the Chronometer was right. Having been convinced ofnanual computations.

this truth, the ship was kept on her course, ENE, the

Lord Kelvin, generaly considered the father of modern

wind being still SE., and in less than an hour, Small’shavigational methods, expressed interest in abook of tableswith
light was made bearing ENE 1/2 E, and close aboardwhich a navigator could avoid tedious trigonometric solutions.

In 1843 Sumner published a bookNaw and Accurate

However, solving the many thousands of triangles involved
would have made the project too costly. Computersfinaly pro-

Method of Finding a Ship’s Position at Sea by Projection owided a practicd means of preparing tables. In 1936 the first

Mercator's Chart He proposed solving a single time sight
twice, using latitudes somewhat greater and somewhat less
than that arrived at by dead reckoning, and joining the two
positions obtained to form the line of position.

The Sumner method required the solution of two time
sightsto obtain each line of position. Many older navigators
preferred not to draw the lines on their charts, but to fix their
position mathematically by a method which Sumner had
also devised and included in his book. This was a tedious
but popular procedure.

111. Navigational Tables

Spherical trigonometry is the basis for solving every
navigational triangle, and until about 80 years ago the nav-

volumeof Pub. No. 214 wasmadeavailable; later, Pub. No. 249
was provided for air navigators. Pub. No. 229, Sight Reduction
Tables for Marine Navigatigmas replaced Pub. No. 214.
Modern calculators are gradually replacing the tables.
Scientific calculators with trigonometric functions can easi-
ly solve the navigational triangle. Navigational calculators
readily solve celestial sightsand perform avariety of voyage
planning functions. Using a calculator generally gives more
accurate lines of position because it eliminates the rounding
errorsinherent in tabular inspection and interpol ation.

112. Electronics And Navigation

Perhaps the first application of electronics to naviga-
tion involved sending telegraphic time signals in 1865 to
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check chronometer error. Transmitting radio time signals  114. Development Of Hyperbolic Radio Aids
for at sea chronometer checks dates to 1904.

Redio broadcasts providing navigational warnings, be- Various hyperbolic systems were developed from
gunin 1907 by the U.S. Navy Hydrographic Office, helped  world wWar 11, including Loran A. This was replaced by the
increase the safety of navigation at sea. more accurate Loran C system in use today. Using very low

By the latter part of World War | the directional prop-
erties of aloop antenna were successfully used in the radio
direction finder. The first radiobeacon was installed in

frequencies, the Omega navigation system provides world-
wide, though less accurate, coverage for a variety of

1921, Early 20th century experiments by Behm and Lan- applications including marine navigation. Various short
gevirll led to the U.S. Navy's development of the first@nge and regional hyperbolic systems have been devel-

practical echo sounder in 1922 oped by private industry for hydrographic surveying,

Today, electronics touches almost every aspect of naVg)_ffshore facilities positioning, and general navigation.

gation. Hyperbolic systems, satellite systems, and electronic
charts all require an increasingly sophisticated electronicstS- Other Electronic Systems
suite. These systems’ accuracy and ease of use make them in-
valuable assets to the navigator. Indeed, it is no exaggeration The Navy Navigation Satellite System (NAVSAT)
to state that, with the advent of the electronic chart and difulfilled a requirement established by the Chief of Naval Op-
ferential GPS, the mariner will soon be able to navigate frorarations for an accurate worldwide navigation system for all
port to port using electronic navigation equipment alone. naval surface vessels, aircraft, and submarines. The system
was conceived and developed by the Applied Physics Labo-
113. Development Of Radar ratory of The Johns Hopkins University. The underlying
) ) _concept that led to development of satellite navigation dates
As early as 1904, German engineers were experimenting 1957 and the first launch of an artificial satellite into orbit.

with reflected radio waves. In 1922 two American scientistsN AVSAT has been replaced by the far more accurate and
Dr. A. Hoyt Taylor and Leo C. Young, testing a communicas idely availableGlobal Positioning System (GPS).
tion system at the Naval Aircraft Radio Laboratory, note

fluctuations in the signals when ships passed between stations The first '|nert|al nawggnon system was developed in

on opposite sides of the Potomac River. In 1935 the British béY42 for use in the V2 missile by the Peenemunde group under
gan work on radar. In 1937 the USS Leary tested the first sei2€ léadership of Dr. Wernher von Braun. This system used two
going radar. In 1940 United States and British scientists cord-degree-of-freedom gyroscopes and an integrating accelerom-
bined their efforts. When the British revealed the principle ofter to determine the missile velocity. By the end of World War
the multicavity magnetron developed by J. T. Randall and Hl, the Peenemunde group had developed a stable platform with
A. H. Boot at the University of Birmingham in 1939, micro- three single-degree-of-freedom gyroscopes and an integrating
wave radar became practical. In 1945, at the close of Workitcelerometer. In 1958 an inertial navigation system was used to
War Il, radar became available for commercial use. navigate the USHautilusunder the ice to the North Pole.

NAVIGATION ORGANIZATIONS

116. Governmental Roles navigation systems. Many maritime nations have similar
organizations performing similar functions. International

Navigation only a generation ago was an independemrganizations also play a significant role.

process, carried out by the mariner without outside assis-

tance. With compass and charts, sextant and chronometéi,7. The Coast And Geodetic Survey

he could independently travel anywhere in the world. The

increasing use of electronic navigation systems has made TheU.S. Coast and Geodetic Survey was founded in

the navigator dependent on many factors outside his cod807 when Congress passed a resolution authorizing a sur-

trol. Government organizations fund, operate, and regulateey of the coast, harbors, outlying islands, and fishing

satellites, Loran, and other electronic systems. Goverrbanks of the United States. President Thomas Jefferson ap-

ments are increasingly involved in regulation of vessepointed Ferdinand Hassler, a Swiss immigrant and

movements through traffic control systems and regulategrofessor of mathematics at West Point, the first Director of

areas. Understanding the governmental role in supportirtpe “Survey of the Coast.” The survey became the “Coast

and regulating navigation is vitally important to the mari-Survey” in 1836.

ner. In the United States, there are a number of official The approaches to New York were the first sections of

organizations which support the interests of navigatorghe coast charted, and from there the work spread northward

Some have a policy-making role; others build and operatend southward along the eastern seaboard. In 1844 the work
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was expanded and arrangements madeto chart smultaneous-  with the log book data, were compiled into thifid and
ly the gulf and east coasts. Invegtigation of tidal conditions  Current Chart of the North Atlantic” in 1847. This is the an-
began, and in 1855 the first tables of tide predictions were  cestor of today’s Pilot Chart. The United States instigated
published. The California gold rush necessitated asurvey of  an international conference in 1853 to interest other nations
thewest coast. Thissurvey beganin 1850, theyear California  in a system of exchanging nautical information. The plan,
became astate. Coast Pilots, or Sailing Directions, for theAt-  which was Maury’s, was enthusiastically adopted by other
lantic coast of the United States were privately published in - maritime nations. In 1854 the Depot was redesignated the
the first half of the 19th century. In 1850 the Survey began  “U.S. Naval Observatory and Hydrographical Office.” In
accumul ating datathat led to federally produced Coast Pilots. 1861, Maury, a native of Virginia, resigned from the U.S.
The 1889 Pecific Coast Pilot wasan outstanding contribution  Navy and accepted a commission in the Confederate Navy
to the safety of west coast shipping. at the beginning of the Civil War. This effectively ended his
In 1878 the survey was renamed “Coast and Geodetgareer as a navigator, author, and oceanographer. At war’s
Survey.” In 1970 the survey became the “National Oceasnd, he fled the country. Maury’s reputation suffered from
Survey,” and in 1983 it became the “National Ocean Semhis embracing the Confederate cause. In 1867, while Maury
vice.” The Office of Charting and Geodetic Serviceswas still absent from the country to avoid arrest for treason,
accomplished all charting and geodetic functions. In 199&eorge W. Blunt, an editor of hydrographic publications,
the name was changed back to the original “Coast and Ge@rote:
detic Survey,” organized under the National Ocean Service
along with several other environmental offices. Today it In mentioning what our government has done to-
provides the mariner with the charts and coast pilots of all
waters of the United States and its possessions, and tide and
tidal current tables for much of the world. Its administrative
order requires the Coast and Geodetic Survey to plan and
direct programs to produce charts and related information
for safe navigation of the Nation's waterways, territorial
seas, and national airspace. This work includes all activities

related to the National Geodetic Reference System; survey- , . .
ing, charting, and data collection; production and After Maury’s return to the United States in 1868, he

distribution of charts; and research and development of nei";\?r\;.ed az a?twstruct?['r at thi.lv r:rg'gla mn}ta?él;éstggte. I—Le
technologies to enhance these missions. continued at this position until his dea ’|n - >Ince nis

death, his reputation as one of America’s greatest hydrog-
raphers has been restored.

In 1866 Congress separated the Observatory and the
In the first years of the newly formed United States o ydrographic Office, brogdly iqcreasing the functions of
America, charts and instruments used by the Navy and mep-e latter. The Hydrograph|c Qfﬁce was guthonzed t.o cary

T . out surveys, collect information, and print every kind of
chant mariners were left over from colonial days or were ~ ~ . :
obtained from European sources. In 1830 the U.S. Navy eggu'tlcal chart and pL'J’b|IcatI0n for the benefit and use of
tablished a “Depot of Charts and Instruments” inhavigators generally.. i .
Washington, D. C. It was a storehouse from which available ~ The Hydrographic Office purchased the copyright of
charts, sailing directions, and navigational instrumentd "€ New American Practical Navigator in 1867. The first
were issued to Naval ships. Lieutenant L. M. Goldsboroughiotice to Mariners appeared in 1869. Daily broadcast of

and one assistant, Passed Midshipman R. B. HitchcocRavigational warnings was inaugurated in 1907. In 1912,
constituted the entire staff. following the sinking of theTitanic, the International Ice

The first chart published by the Depot was produced@trol was established.
from data obtained in a survey made by Lieutenant Charles In 1962 the U.S. Navy Hydrographic Office was redes-
Wilkes, who had succeeded Goldsborough in 1834. Wilkeignated the U.S. Naval Oceanographic Office. In 1972
later earned fame as the leader of a United States expeditie@rtain hydrographic functions of the latter office were
to Antarctica. From 1842 until 1861 Lieutenant Matthewtransferred to thBefense Mapping Agency Hydr ogr aph-
Fontaine Maury served as Officer in Charge. Under hiéc Center. In 1978 the Defense Mapping Agency
command the Depot rose to international prominencddydrographic/Topographic Center (DMAHTC) as-
Maury decided upon an ambitious plan to increase the magumed hydrographic and topographic chart production
iner's knowledge of existing winds, weather, and currentunctions. DMAHTC provides support to the U.S. Depart-
He began by making a detailed record of pertinent mattanent of Defense and other federal agencies on matters
included in old log books stored at the Depot. He then inawconcerning mapping, charting, and geodesy. It continues to
gurated a hydrographic reporting program amondulfill the old Hydrographic Office’s responsibilities to
shipmasters, and the thousands of reports received, alotfitavigators generally.”

wards nautical knowledge, | do not allude to the
works of Lieutenant Maury, because | deem them
worthless. . . . They have been suppressed since
the rebellion by order of the proper authorities,
Maury’s loyalty and hydrography being alike in
quality.

118. The Defense M apping Agency
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119. The United States Coast Guard

Alexander Hamilton established the U.S. Coast
Guard as the Revenue Marine, later the Revenue Cutter
Service, on August 4, 1790. It was charged with enforcing
the customs laws of the new nation. A revenue cutter, the
Harriet Lane, fired the first shot from a naval unit in the
Civil War at Fort Sumter. The Revenue Cutter Service be-
came the U.S. Coast Guard when combined with the
Lifesaving Service in 1915. The Lighthouse Service was
added in 1939, and the Bureau of Marine Inspection and
Navigation was added in 1942. The Coast Guard was
transferred from the Treasury Department to the Depart-
ment of Transportation in 1967.

The primary functions of the Coast Guard include mar-
itime search and rescue, law enforcement, and operation of

authorized to purchase everything necessary to continue as-
tronomical study. The observatory was completed in 1844
and the results of its first observations were published two
years later. Congress established the Naval Observatory as
a separate agency in 1866. In 1873 a refracting telescope
with a 26 inch aperture, then the world’s largest, was in-
stalled. The observatory, located in Washington, D.C., has
occupied its present site since 1893.

122. The Royal Greenwich Observatory

England had no early privately supported observatories
such as those on the continent. The need for navigational
advancement was ignored by Henry VIII and Elizabeth I,
but in 1675 Charles Il, at the urging of John Flamsteed, Jo-
nas Moore, Le Sieur de Saint Pierre, and Christopher Wren,

the nation’s aids to navigation system. In addition, thestablished thé&reenwich Royal Observatory. Charles
Coast Guard is responsible for port safety and securityimited construction costs to £500, and appointed Flam-
merchant marine inspection, and marine pollution controkteed the first Astronomer Royal, at an annual salary of
The Coast Guard operates a large and varied fleet of shig,00. The equipment available in the early years of the ob-
boats, and aircraft in performing its widely ranging duties.servatory consisted of two clocks, a “sextant” of 7 foot
Navigation systems operated by the Coast Guard irradius, a quadrant of 3 foot radius, two telescopes, and the
clude the system of some 40,000 lighted and unlightestar catalog published almost a century before by Tycho
beacons, buoys, and ranges in U.S. waters; the U.S. statiddrahe. Thirteen years passed before Flamsteed had an in-
of the Loran C system; the Omega navigation system; ra&trument with which he could determine his latitude
diobeacons and racons; differential GPS (DGPS) servicescurately.
in the U.S.; and Vessel Traffic Services (VTS) in major  In 1690 a transit instrument equipped with a telescope
ports and harbors of the U.S. and vernier was invented by Romer; he later added a vertical
circle to the device. This enabled the astronomer to deter-
mine declination and right ascension at the same time. One of
these instruments was added to the equipment at Greenwich
The U.S. Navy was officially established in 1798. Its in 1721, replacing the huge quadrant previously used. The
role in the development of navigational technology has beetevelopment and perfection of the chronometer in the next
singular. From the founding of the Naval Observatory to théundred years added to the accuracy of observations.
development of the most advanced electronics, the U.S. Other national observatories were constructed in the
Navy has been a leader in developing devices and techniquezars that followed: at Berlin in 1705, St. Petersburg in
designed to make the navigator’s job safer and easier. 1725, Palermo in 1790, Cape of Good Hope in 1820, Parra-
The development of almost every device known tamatta in New South Wales in 1822, and Sydney in 1855.
navigation science has been deeply influenced by Naval
policy. Some systems are direct outgrowths of specifid23. The International Hydrographic Organization
Naval needs; some are the result of technological im-
provements shared with other services and with  The International Hydrographic Organization
commercial maritime industry. (IHO) was originally established in 1921 as the Internation-
al Hydrographic Bureau (IHB). The present name was
adopted in 1970 as a result of a revised international agree-
ment among member nations. However, the former name,
One of the first observatories in the United States wakternational Hydrographic Bureau, was retained for the
builtin 1831-1832 at Chapel Hill, N.C. The Depot of ChartslHO’s administrative body of three Directors and a small
and Instruments, established in 1830, was the agency frostaff at the organization’s headquarters in Monaco.
which the U.S. Navy Hydrographic Office and thé. Na- The IHO sets forth hydrographic standards to be
val Observatory evolved 36 years later. Under Lieutenantagreed upon by the member nations. All member states are
Charles Wilkes, the second Officer in Charge, the Depairged and encouraged to follow these standards in their sur-
about 1835 installed a small transit instrument for ratingeys, nautical charts, and publications. As these standards
chronometers. are uniformly adopted, the products of the world’s hydro-
The Mallory Act of 1842 provided for the establish- graphic and oceanographic offices become more uniform.
ment of a permanent observatory. The director waMuch has been done in the field of standardization since the

120. The United States Navy

121. The United States Naval Observatory
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Bureau was founded. Monaco to provide suitable accommodations for the Bureau in
The principa work undertaken by the IHO is: the Principality. There are currently 59 member governments.
Technical assistance with hydrographic matters is available

« To bring about a close and permanent association b&rough the IHO to member states requiring it.

tween national hydrographic offices. Many IHO publications are available to the general
 To study matters relating to hydrography and alliedoublic, such as the International Hydrographic Review, In-
sciences and techniques. ternational Hydrographic Bulletin, Chart Specifications of

« To further the exchange of nautical charts and docuthe IHO, Hydrographic Dictionary, and others. Inquiries
ments between hydrographic offices of membeshould be made to the International Hydrographic Bureau,
governments. 7 Avenue President J. F. Kennedy, B.P. 445, MC98011,

« To circulate the appropriate documents. Monaco, CEDEX.

» To tender guidance and advice upon request, in par-
ticular to countries engaged in setting up orl24. The International Maritime Organization
expanding their hydrographic service.

« To encourage coordination of hydrographic surveys ~ 1he International Maritime Organization (IMO)
with relevant oceanographic activities. was established by United Nations Convention in 1948. The

« To extend and facilitate the application of c)Ceano_.Conven.tion actually gntered intp force in_ 1959, although an
graphic knowledge for the benefit of navigators. mternatlonfal convention on marine pollution was ad.opted in
« To cooperate with international organizations andt924. (Until 1982 the official name of the org.amzauon was
scientific institutions which have related objectives. (h€ Inter-Governmental Maritime Consultative Organiza-
tion.) It is the only permanent body of the U. N. devoted to
many maritime nations estab|_”naritime matters, and the only special U. N. agency to have
jts headquarters in the UK.
The governing body of the IMO is thessembly of
137 member states, which meets every two years. Between
if\ssembly sessions a Council, consisting of 32 member
Sgpvernments elected by the Assembly, governs the organi-
gz_ation. Its work is carried out by the following committees:

During the 19th century,
lished hydrographic offices to provide means for improvind
the navigation of naval and merchant vessels by providin
nautical publications, nautical charts, and other navigatio
al services. There were substantial differences
hydrographic procedures, charts, and publications. In 18
an International Marine Conference was held at Washin
ton, D. C., and it was proposed to establish a “permanent - ) . .
international commission.” Similar proposals were made at * Maritime Safety Committee, with subcommittees
the sessions of the International Congress of Navigation ~ [oF" o
held at St. Petersburg in 1908 and again in 1912. * Safety of Navigation

In 1919 the hydrographers of Great Britain and France * Radiocommunications
cooperated in taking the necessary steps to convene an in- * Life-saving
ternational conference of hydrographers. London was ° Searchand Rescue
selected as the most suitable place for this conference, and * Training and Watchkeeping
on July 24, 1919, the First International Conference * Carriage of Dangerous Goods
opened, attended by the hydrographers of 24 nations. The * Ship Design and Equipment
object of the conference was “To consider the advisability ¢ Fire Protection
of all maritime nations adopting similar methods in the  * Stability and Load Lines/Fishing Vessel Safety
preparation, construction, and production of their charts * Containers and Cargoes
and all hydrographic publications; of rendering the results * Bulk Chemicals
in the most convenient form to enable them to be readily * Marine Environment Protection Committee
used; of instituting a prompt system of mutual exchange of * Legal Committee
hydrographic information between all countries; and of ¢ Technical Cooperation Committee
providing an opportunity to consultations and discussions ¢ Facilitation Committee
to be carried out on hydrographic subjects generally by the
hydrographic experts of the world.” This is still the major IMO is headed by the Secretary General, appointed by
purpose of the International Hydrographic Organization. the council and approved by the Assembly. He is assisted

As a result of the conference, a permanent organizatidsy some 300 civil servants.
was formed and statutes for its operations were prepared. The To achieve its objectives of coordinating international pol-
International Hydrographic Bureau, now the International Hyicy on marine matters, the IMO has adopted some 30
drographic Organization, began its activities in 1921 with 1&onventions and protocols, and adopted over 700 codes and rec-
nations as members. The Principality of Monaco was selecteihmendations. An issue to be adopted first is brought before a
because of its easy communication with the rest of the worlcbmmittee or subcommittee, which submits a draft to a confer-
and also because of the generous offer of Prince Albert | ehce. When the conference adopts the final text, it is submitted
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to member governmentsfor ratification. Ratification by aspeci-
fied number of countries is necessary for adoption; the more
important the issue, the more countries must ratify. Adopted
conventions are binding on member governments.

Codes and recommendations are not binding, but in
most cases are supported by domestic legislation by the
governments involved.

Thefirst and most far-reaching convention adopted by
the IMO was the Convention of Safety of Lifeat Sea (SO-
LAS) in 1960. This convention actually cameinto force in
1965, replacing a version first adopted in 1948. Because of
the difficult process of bringing amendments into force in-
ternationally, none of subsequent amendments became
binding. To remedy this situation, a new convention was
adopted in 1974, and became binding in 1980. Among the
regulations is V-20, requiring the carriage of up-to-date
charts and publications sufficient for the intended voyage.

Other conventions and amendments were a so adopted,
such asthe International Convention on Load Lines (adopt-
ed 1966, cameinto force 1968), aconvention on the tonnage
measurement of ships (adopted 1969, cameinto force 1982),
The International Convention on Safe Containers (adopted
1972, came into force 1977), and the convention on I nter-
national Regulations for Preventing Collisions at Sea
(COLREGYS) (adopted 1972, cameinto force 1977).

The 1972 COLREGS convention contained, among
other provisions, a section devoted to Traffic Separation
Schemes, which became binding on member states after
having been adopted as recommendationsin prior years.

One of the most important conventionsisthe I nter nation-
al Convention for the Prevention of Pollution from Ships
(MARPOL 73/78), which wasfirst adopted in 1973, amended
by Protocol in 1978, and became binding in 1983. This conven-
tion built on aseriesof prior conventions and agreements dating
from 1954, highlighted by severd severe pollution disastersin-
volving oil tankers. The MARPOL convention reduces the
amount of ail discharged into the sea by ships, and bans dis-
charges completely in certain aress. A rdlaed convention
known as the L ondon Dumping Convention regulates dumping
of hazardous chemicals and other debrisinto the sea.

IMO aso develops minimum performance standards
for a wide range of equipment relevant to safety at sea
Among such standardsis onefor the Electronic Chart Dis-
play and Information System (ECDIS), the digita
display deemed the operational and legal equivalent of the
conventional paper chart.

Textsof the various conventions and recommendations,
as well as a catalog and publications on other subjects, are
available from the Publications Section of the IMO at 4 Al-
bert Embankment, London SE1 7SR, United Kingdom.

125. The International Association Of Lighthouse
Authorities

The International Association of Lighthouse Au-
thorities (1AL A) bringstogether representatives of the aids

to navigation services of more than 80 member countries
for technical coordination, information sharing, and coordi-
nation of improvements to visua aids to navigation
throughout the world. It was established in 1957 to provide
a permanent organization to support the goals of the Tech-
nical Lighthouse Conferences, which had been convening
since 1929. The General Assembly of IALA meets about
every 4 years. The Council of 20 members meets twice a
year to oversee the ongoing programs.

Five technical committees maintain the permanent
programs:

e The Marine Marking Committee

The Radionavigation Systems Committee

« The Vessel Traffic Services (VTS) Committee
The Reliability Committee

» The Documentation Committee

IALA committees provide important documentation to
the IHO and other international organizations, while the
IALA Secretariat acts as a clearing house for the exchange
of technical information, and organizes seminars and tech-
nical support for developing countries.

Its principle work since 1973 has been the implemen-
tation of the IALA Maritime Buoyage System, described in
Chapter 5, Visual Aids to Navigation. This system replaced
some 30 dissimilar buoyage systems in use throughout the
world with 2 major systems.

IALA is based near Paris, France in Saint-Germaine-
en-Laye.

126. The Radio Technical Commission for Maritime
Services

The Radio Technical Commission for Maritime
Services is a non-profit organization which serves as a fo-
cal point for the exchange of information and the
development of recommendations and standards related to
all aspects of maritime telecommunications.

Specifically, RTCM:

» Promotes ideas and exchanges information on mari-
time telecommunications.

« Facilitates the development and exchange of views
among government, business, and the public.

» Conducts studies and prepares reports on maritime
telecommunications issues to improve efficiency
and capabilities.

« Suggests minimum essential rules and regulations
for effective telecommunications.

» Makes recommendations on important issues.

« Pursues other activities as permitted by its by-laws
and membership.

Both government and non-government organizations
are members, including many from foreign nations. The or-
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ganization consists of a Board of Directors, the Assembly
consisting of all Members, Officers, staff, technical advi-
sors, and standing and special committees.

Working committees are formed as needed to develop of-
ficid RTCM recommendations regarding technical standards
and policies in the maritime field. Currently committees exist
for maritime safety information, electronic charts, emergency

1957 whose purpose is to coordinate the efforts of marine
electronics manufacturers, technicians, government agen-
cies, ship and boat builders, and other interested groups. In
addition to certifying marine electronics technicians and

professionally recognizing outstanding achievements by
corporate and individual members, the NMEA sets stan-
dards for the exchange of digital data by all manufacturers

position-indicating radiobeacons (EPIRB’s) and personal loef marine electronic equipment. This allows the configura-
cator beacons, survival craft telecommunications, differentidlon of integrated navigation system using equipment from
GPS, and GLONASS. Ad hoc committees address short-terdifferent manufacturers.

concerns such as regulatory proposals.
RTCM headquatrters is in Washington D.C.

127. The National Marine Electronic Association

The National Marine Electronic Association

NMEA works closely with RTCM and other private
organizations and with government agencies to monitor the
status of laws and regulations affecting the marine electron-
ics industry.

It also sponsors conferences and seminars, and pub-
lishes a number of guides and periodicals for members and

(NMEA) is a professional trade association founded irthe general public.



CHAPTER 2

GEODESY AND DATUMSIN NAVIGATION

GEODESY, THE BASISOF CARTOGRAPHY

200. Definition equal and to which the direction of gravity is always perpen-
dicular. The latter is particularly significant because optical
Geodesy is the science concerned with the exact posi-  instruments containing level devices are commonly used to

tioning of points on the surface of theearth. Itasoinvolves  make geodetic measurements. When properly adjusted, the
the study of variations of the earth’s gravity, the applicatiovertical axis of the instrument coincides with the direction of
of these variations to exact measurements on the earth, ag@vity and is, therefore, perpendicular to the geoid.

the study of the exact size and shape of the earth. These fac- The geoid is that surface to which the oceans would con-

tors were unimportant to early navigators because of thgrm over the entire earth if free to adjust to the combined
relative inaccuracy of their methods. The precise accuracigsfect of the earth’s mass attraction and the centrifugal force
of today’s navigation systems and the global nature of sagt the earth’s rotation. The ideal ocean surface would be free

ellite and other long-range positioning methods demand & ocean currents and salinity changes. Uneven distribution
more complete understanding of geodesy than has ever Rhe earth’s mass makes the geoidal surface irregular.

fore been required. The geoid refers to the actual size and shape of the

earth, but such an irregular surface has serious limitations

201. The Shape Of The Earth as a mathematical earth model because:

The irregulartopogr aphic surface is that upon which

actual geodetic measurements are made. The measure- ° |t has no complete mathematical expression.

ments, however, are reduced to tlyeoid. Marine « Small variations in surface shape over time intro-

navigation measurements are made on the ocean surface duce small errors in measurement.

which approximates the geoid. » The irregularity of the surface would necessitate a
The geoid is a surface along which gravity is always prohibitive amount of computations.

GEOID—ELLIPSOID RELATIONSHIPS
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Figure 201. Geiod, ellipsoid, and topographic surface of the earth, and deflection of the vertical due to differences in mass.
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The surface of the geoid, with some exceptions, tends
to rise under mountains and to dip above ocean basins.

For geodetic, mapping, and charting purposes, it is nec-
essary to use a regular or geometric shape which closely
approximates the shape of the geoid either on alocal or glo-
bal scale and which has a specific mathematical expression.
This shapeis called the ellipsoid.

The separations of the geoid and ellipsoid are called
geoidal heights, geoidal undulations, or geoidal
Separ ations.

Theirregularitiesin density and depths of the material
making up the upper crust of the earth also result in dight
alterations of the direction of gravity. These alterations are
reflected in the irregular shape of the geoid, the surface that
is perpendicular to a plumb line.

Since the earth is in fact flattened dightly at the poles
and bulges somewhat at the equator, the geometric figure
used in geodesy to most nearly approximate the shape of the
earthisthe oblate spheroid or ellipsoid of revolution. This
is the three dimensional shape obtained by rotating an €l-
lipse about its minor axis.

202. Defining The Ellipsoid

An ellipsoid of revolution is uniquely defined by spec-
ifying two parameters. Geodesists, by convention, use the
semimajor axis and flattening. The size is represented by
the radius at the equator, the semimajor axis. The shape of
the ellipsoid is given by the flattening, which indicates how
closely an €ellipsoid approaches a spherical shape. The flat-
tening is the ratio of the difference between the semimajor
and semiminor axes of the ellipsoid and the semimajor axis.
See Figure 202. If a and b represent the semimajor and
semiminor axes, respectively, of the dlipsoid, and f is the
flattening,

Figure 202. An ellipsoid of revolution, with semimajor
axis (a), and semiminor axis (b).

Thisratio is about 1/300 for the earth.

Theeéllipsoidal earth model hasits minor axisparallel to the
earth’s polar axis.

203. Ellipsoids And The Geoid As Reference Surfaces

Since the surface of the geoid is irregular and the sur-
face of the ellipsoid is regular, no one ellipsoid can provide
other than an approximation of part of the geoidal surface.
Figure 203 illustrates an example. The ellipsoid that fits
well in North America does not fit well in Europe; there-
fore, it must be positioned differently.

Figure 203. The geoid and two ellipsoids, illustrating how
the ellipsoid which fits well in North America will not fit
well in Europe, and must have a different origin.
(exaggerated for clarity)

A number of reference ellipsoids are used in geodesy
and mapping because an ellipsoid is mathematically sim-
pler than the geoid.

204. Coordinates

The astronomic latitude is the angle between the
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plumb line at a station and the plane of the celestial equator.
It isthe latitude which results directly from observations of
celestial bodies, uncorrected for deflection of the vertica
component in the meridian (north-south) direction. Astro-
nomic latitude applies only to positions on the earth. It is
reckoned from the astronomic equator (0°), north and south
through 90°.

The astronomic longitude is the angle between the
plane of the celestial meridian at a station and the plane of
the celestial meridian at Greenwich. It is the longitude
which results directly from observations of celestial bodies,
uncorrected for deflection of the vertical component in the
prime vertical (east-west) direction. These are the coordi-
nates observed by the celestial navigator using a sextant and
a very accurate clock based on the earth’s rotation.

Astronomic observations by geodesists are made wit
optical instruments (theodolite, zenith camera, prismati
astrolabe) which all contain leveling devices. When proper-
ly adjusted, the vertical axis of the instrument coincides

of the geodetic meridian at a station and the plane of the
geodetic meridian at Greenwich. A geodetic longitude dif-

fers from the corresponding astronomic longitude by the
prime vertical component of the local deflection of the ver-

tical divided by the cosine of the latitude. The geodetic

coordinates are used for mapping.

Thegeocentric latitudeis the angle at the center of the
ellipsoid (used to represent the earth) between the plane of
the equator, and a straight line (or radius vector) to a point
on the surface of the ellipsoid. This differs from geodetic
latitude because the earth is approximated more closely by
a spheroid than a sphere and the meridians are ellipses, not
perfect circles.

Both geocentric and geodetic latitudes refer to the ref-
rence ellipsoid and not the earth. Since the parallels of
titude are considered to be circles, geodetic longitude is
eocentric, and a separate expression is not used.

Because of the oblate shape of the ellipsoid, the length
of a degree of geodetic latitude is not everywhere the same,

with the direction of gravity, and is, therefore, perpendlcu

lar to the geoid. Thus, astronomic positions are referencéq)

to the geoid. Since the geoid is an irregular, non-mathemagP°ut 60.3 nautical miles at the poles.

ical surface, astronomic positions are wholly independent A horizontal geodetic datum usually consists of the

of each other. astronomic and geodetic latitude, and astronomic and geo-
Thegeodetic latitude is the angle which the normal to detic longitude of an initial point (origin); an azimuth of a

the ellipsoid at a station makes with the plane of the geoddtte (direction); the parameters (radius and flattening) of the

ic equator. In recording a geodetic position, it is essentidllipsoid selected for the computations; and the geoidal sep-

that the geodetic datum on which it is based be also statedfation at the origin. A change in any of these quantities

A geodetic latitude differs from the corresponding astroaffects every point on the datum.

nomic latitude by the amount of the meridian component of ~ For this reason, while positions within a given datum are

the local deflection of the vertical. directly and accurately relateable, those from different datums
Thegeodetic longitude is the angle between the plane must be transformed to a common datum for consistency.

reasing from about 59.7 nautical miles at the equator to

TYPES OF GEODETIC SURVEY

205. Triangulation To establish an arc of triangulation between two wide-
ly separated locations, the baseline may be measured and
The most common type of geodetic survey is known a®ngitude and latitude determined for the initial points at
triangulation. Triangulation consists of the measurementach location. The lines are then connected by a series of
of the angles of a series of triangles. The principle of trianadjoining triangles forming quadrilaterals extending from
gulation is based on plane trigonometry. If the distanceach end. All angles of the triangles are measured repeated-
along one side of the triangle and the angles at each end #reto reduce errors. With the longitude, latitude, and
accurately measured, the other two sides and the remainiagimuth of the initial points, similar data is computed for
angle can be computed. In practice, all of the angles of egach vertex of the triangles, thereby establishing triangula-
ery triangle are measured to provide precise measuremertion stations, or geodetic control stations. The coordinates
Also, the latitude and longitude of one end of the measureaf each of the stations are defined as geodetic coordinates.
side along with the length and direction (azimuth) of the  Triangulation is extended over large areas by connect-
side provide sufficient data to compute the latitude and loring and extending series of arcs to form a network or
gitude of the other end of the side. triangulation system. The network is adjusted in a manner
The measured side of the base triangle is callede&  which reduces the effect of observational errors to a mini-
line. Measurements are made as carefully and accurately asim. A denser distribution of geodetic control is achieved
possible with specially calibrated tapes or wires of Invar, ain a system by subdividing or filling in with other surveys.
alloy highly resistant to changes in length resulting from  There are four general classes or orders of triangula-
changes in temperature. The tape or wires are checked pmn. First-order (primary) triangulation is the most precise
riodically against standard measures of length. and exact type. The most accurate instruments and rigorous
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computation methods are used. It is costly and time-con-
suming, and is usually used to provide the basic framework
of control datafor an area, and the determination of thefig-
ure of the earth. The most accurate first-order surveys
furnish control points which can be interrelated with an ac-
curacy ranging from 1 part in 25,000 over short distancesto
approximately 1 part in 100,000 for long distances.

Second-or der triangulation furnishes points closer to-
gether than in the primary network. While second-order
surveys may cover quite extensive areas, they are usually
tied to aprimary system where possible. The proceduresare
less exacting and the proportional error is 1 part in 10,000.

Third-order triangulation is run between pointsin a
secondary survey. It isused to densify local control netsand
position the topographic and hydrographic detail of the ar-
ea. Triangle error can amount to 1 part in 5,000.

The sole accuracy requirement for fourth-order trian-
gulation is that the positions be located without any
appreciable error on maps compiled on the basis of the con-
trol. Fourth-order control is done primarily as mapping
control.

206. Trilateration, Traverse, And Vertical Surveying

Trilateration involvesmeasuring thesidesof achain of tri-
anglesor other polygons. From them, the distance and direction
from A to B can be computed. Figure 206 shows this process.

Traver seinvolves measuring distances and the angles
between them without triangles for the purpose of comput-
ing the distance and direction from A to B. See Figure 206.

Vertical surveying is the process of determining eleva
tions above mean sealevel. In geodetic surveys executed
primarily for mapping, geodetic positionsarereferred to an el-
lipsoid, and the elevations of the positions are referred to the
geoid. However, for satellite geodesy the geoidal heights must
be considered to establish the correct height above the geaid.

Precise geodetic leveling is used to establish a basic
network of vertical control points. From these, the height of
other positions in the survey can be determined by supple-
mentary methods. The mean sea-level surface used as a
reference (vertical datum) is determined by averaging the
hourly water heights for a specified period of time at spec-
ified tide gauges.

There are three leveling techniques: differential, trig-
onometric, and barometric. Differential leveling is the
most accurate of the three methods. With the instrument
locked in position, readings are made on two calibrated
staffsheld in an upright position ahead of and behind thein-
strument. The difference between readingsisthe difference
in elevation between the points.

Trigonometric leveling involves measuring a vertical
angle from a known distance with a theodolite and comput-
ing the elevation of the point. With this method, vertica
measurement can be made at the sametime horizontal angles
are measured for triangulation. It is, therefore, a somewhat
more economical method but less accurate than differential

leveling. It is often the only practical method of establishing
accurate elevation control in mountainous areas.

In barometric leveling, differences in height are deter-
mined by measuring the differencesin atmospheric pressure
at various elevations. Air pressure is measured by mercurial
or aneroid barometer, or a boiling point thermometer. Al-
though the accuracy of thismethod is not as great as either of
the other two, it obtainsrelative heightsvery rapidly at points
which arefairly far apart. It isused in reconnai ssance and ex-
ploratory surveyswhere more accurate measurementswill be
made later or where ahigh degree of accuracy isnot required.
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B TRIANGULATION
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Figure 206. Triangulation, trilateration, and traverse.
DATUM CONNECTIONS
207. Definitions TheNorth American Datum, 1927 (NAD 27) has been

used in the United States for about 50 years, but it is being re-
A datum is defined as any numerical or geometrical placed by datums based on Méorld Geodetic System.
quantity or set of such quantities which serves as arefer- ~ NAD 27 coordinates are based on the latitude and longitude of
ence point to measure other quantities. a triangulation station (the reference point) at Mead’s Ranch in
In geodesy, aswell asin cartography and navigation,two  Kansas, the azimuth to a nearby triangulation station called
types of datums must be considered: ahorizontal datumand ~ Waldo, and the mathematical parameters of the Clarke Ellip-
avertical datum. The horizontal datum forms the basis for  soid of 1866. Other datums throughout the world use different
computations of horizontal position. The vertical datum pro-  assumptions as to origin points and ellipsoids.
vides the reference to measure heights. A horizontal datum The origin of theEuropean Datum is at Potsdam,
may be defined at an origin point onthedlipsoid (local datum)  Germany. Numerous national systems have been joined
such that the center of the ellipsoid coincides with the Earthisto a large datum based upon the International Ellipsoid of
center of mass (geocentric datum). The coordinates for point®24 which was oriented by a modified astrogeodetic meth-
in specific geodetic surveys and triangulation networks ared. European, African, and Asian triangulation chains were

computed from certain initial quantities, or datums. connected, and African measurements from Cairo to Cape
Town were completed. Thus, all of Europe, Africa, and
208. Preferred Datums Asia are molded into one great system. Through common

survey stations, it was also possible to convert data from the

In areas of overlapping geodetic triangulation networkdRussian Pulkova, 1932 system to the European Datum, and
each computed on a different datum, the coordinates of tlas a result, the European Datum includes triangulation as
points given with respect to one datum will differ from thosdfar east as the 84th meridian. Additional ties across the
given with respect to the other. The differences can be useditiddle East have permitted connection of the Indian and
derive transformation formulas. Datums are connected by d&uropean Datums.
veloping transformation formulas at common points, either  TheOrdnance Survey of Great Britain 1936 Datum
between overlapping control networks or by satellitthas no point of origin. The data was derived as a best fit be-
connections. tween retriangulation and original values of 11 points of the

Many countries have developed national datums whickarlier Principal Triangulation of Great Britain (1783-1853).
differ from those of their neighbors. Accordingly, national Tokyo Datum has its origin in Tokyo. It is defined in
maps and charts often do not agree along national bordersterms of the Bessel Ellipsoid and oriented by a single astro-
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Figure 208. Major geodetic datum blocks.

nomic station. Triangulation ties through Korea connect the
Japanese datum with the Manchurian datum. Unfortunately,
Tokyo issituated on a steep dope on the geoid, and the single-
station orientation hasresulted in large systematic geoidal sep-
arations asthe system is extended from itsinitia point.
Thelndian Datum isthe preferred datum for Indiaand
several adjacent countriesin Southeast Asia. It is computed

on the Everest Ellipsoid withitsorigin at Kalianpur, in cen-
tral India. It islargely the result of the untiring work of Sir
George Everest (1790-1866), Surveyor Genera in India
from 1830 to 1843. He is best known by the mountain
named after him, but by far his most important legacy was
the survey of the Indian subcontinent.

MODERN GEODETIC SYSTEMS

209. Development Of TheWorld Geodetic System

By the late 1950’s the increasing range and sophistica-
tion of weapons systems had rendered local or nationalas charged with the responsibility for developing an im-
datums inadequate for military purposes; these new weaproved WGS needed to satisfy mapping, charting, and
ons required datums at least continental in scope. lgeodetic requirements. Additional surface gravity observa-
response to these requirements, the U.S. Department of Di@ns, results from the extension of triangulation and
fense generated a geocentric reference system to whitfilateration networks, and large amounts of Doppler and op-
different geodetic networks could be referred and estatical
lished compatibility between the coordinates of sites oflevelopment of WGS 60. Using the additional data and im-

combined leading to the development of the Dabrld
Geodetic System of 1960 (WGS 60).

interest. Efforts of the Army, Navy, and Air Force wereproved techniques, the Committee produ&d8S 66 which

In January 1966, a World Geodetic System Committee

satellite data had become available since the



GEODESY AND DATUMSIN NAVIGATION 21

served DaoD needs following itsimplementation in 1967.

The same World Geodetic System Committee began
work in 1970 to devel op areplacement for WGS 66. Sincethe
development of WGS 66, large quantities of additional data
had become available from both Doppler and optical satellites,
surface gravity surveys, triangulation and trilateration surveys,
high precision traverses, and astronomic surveys.

In addition, improved capabilities had been devel oped
in both computers and computer software. Continued re-
search in computational procedures and error analyses had
produced better methods and an improved facility for han-
dling and combining data. After an extensive effort
extending over a period of approximately three years, the
Committee completed the development of the Department
of Defense World Geodetic System 1972 (WGS 72).

Further refinement of WGS 72 resulted in the new
World Geodetic System of 1984 (WGS 84). As of 1990,
WGS 84 is being used for chart making by DMA. For sur-
face navigation, WGS 60, 66, 72 and the new WGS 84 are
essentially the same, so that positions computed on any
WGS coordinates can be plotted directly on the otherswith-
out correction.

The WGS system is not based on asingle point, but many
points, fixed with extreme precision by satdllite fixesand satis-
tical methods. The reault is an dlipsoid which fits the red
surface of theearth, or geoid, far more accurately than any other.
The WGS system is gpplicable worldwide. All regional datums
can be referenced to WGS once a survey tie has been made.

210. The New North American Datum Of 1983

The Coast And Geodetic Survey of the National Ocean
Service (NOS), NOAA, is responsible for charting United
States waters. From 1927 to 1987, U.S. charts were based
on NAD 27, using the Clarke 1866 €llipsoid. In 1989, the
U.S. officially switched to NAD 83 (navigationally equiva-
lent to WGS 84 and other WGS systems) for all mapping
and charting purposes, and all new NOS chart productionis
based on this new standard.

The grid of interconnected surveyswhich criss-crosses
the United States consists of some 250,000 control paints,
each consisting of the latitude and longitude of the point,
plus additional data such as elevation. Converting the NAD
27 coordinates to NAD 83 involved recomputing the posi-
tion of each point based on the new NAD 83 datum. In
addition to the 250,000 U.S. control points, several thou-
sand more were added to tie in surveys from Canada,
Mexico, and Central America

Conversion of new edition charts to the new datums,
either WGS 84 or NAD 83, involves converting reference
points on each chart from the old datum to the new, and ad-
justing the latitude and longitude grid (known as the
graticule) sothat it reflectsthe newly plotted positions. This
adjustment of the graticule is the only difference between
charts which differ only in datum. All charted features re-
main in exactly the same relative positions.

IMPACTS ON NAVIGATION

211. Datum Shifts

One impact of different datums on navigation appears
when a navigation system provides a fix based on a datum
different from that used for the nautical chart. The resulting
plotted position may be different from the actual location
on that chart. This difference is known as a datum shift.

Another effect on navigation occurs when shifting be-
tween chartsthat have been made using different datums. If
any position is replotted on a chart of another datum using
only latitude and longitude for locating that position, the
newly plotted position will not match with respect to other
charted features. This datum shift may be avoided by re-
plotting using bearings and ranges to common points. If
datum shift conversion notes for the applicable datums are
given on the charts, positions defined by latitude and longi-
tude may be replotted after applying the noted correction.

The positions given for chart correctionsin the Noticeto
Marinersreflect the proper datum for each specific chart and
edition number. Dueto conversion of charts based on old da-
tums to more modern ones, and the use of many different
datums throughout the world, chart corrections intended for
one edition of achart may not be safely plotted on any other.

These datum shifts are not constant throughout a given
area, but vary according to how the differing datums fit to-

gether. For example, the NAD 27 to NAD 83 conversion
results in changes in latitude of 40 meters in Miami, 11
meters in New York, and 20 meters in Seattle. Longitude
changes for this conversion are about 22 metersin Miami,
35 metersin New Y ork, and 93 metersin Seattle.

Most charts produced by DMA and NOS show a “datum
note.” This note is usually found in the title block or in the upper
left margin of the chart. According to the year of the chart edi-
tion, the scale, and policy at the time of production, the note may
say “World Geodetic System 1972 (WGS-72)", “World Geo-
detic System 1984 (WGS-84)", or “World Geodetic System
(WGS).” A datum note for a chart for which satellite positions
can be plotted without correction will read: “Positions obtained
from satellite navigation systems referred to (REFERENCE
DATUM) can be plotted directly on this chart.”

DMA reproductions of foreign chart's will usually be
in the datum or reference system of the producing country.
In these cases a conversion factor is given in the following
format: “Positions obtained from satellite navigation sys-
tems referred to the (Reference Datum) must be moved
X. XX minutes (Northward/Southward) and X.XX minutes
(Eastward/ Westward) to agree with this chart.”

Some charts cannot be tied in to WGS because of lack
of recent surveys. Currently issued charts of some areas are
based on surveys or use data obtained in the age of sailing



ships. The lack of surveyed control points means that they cannot be properly referenced to modern geodetic systems. In
this case there may be a note that says: “Adjustments to WGS cannot be determined for this chart.”

A few charts may have no datum note at all, but may carry a note which says: “From various sources to (year).” In these
cases there is no way for the navigator to determine the mathematical difference between the local datum and WGS positions
However, if a radar or visual fix can be very accurately determined, the difference between this fix and a satellite fix can
determine an approximate correction factor which will be reasonably consistent for that local area.

212. Minimizing Errors Caused By Differing Datums
To minimize problems caused by differing datums:

« Plot chart corrections only on the specific charts and editions for which they are intended. Each chart correctiorids specific
only one edition of a chart. When the same correction is made on two charts based on different datums, the positions for the
same feature may differ slightly. This difference is equal to the datum shift between the two datums for that area.

« Try to determine the source and datum of positions of temporary features, such as drill rigs. In general they are given in the
datum used in the area in question. Since these are usually positioned using satellites, WGS is the normal datum. A datun
correction, if needed, might be found on a chart of the area.

« Remember that if the datum of a plotted feature is not known, position inaccuracies may result. It is wise to allowfa margin o
error if there is any doubt about the datum.

« Know how the datum of the positioning system you are using (Loran, GPS, etc.) relates to your chart. GPS and other
modern positioning systems use the WGS datum. If your chart is on any other datum, you must apply a datum cor-
rection when plotting the GPS position of the chart.

Modern geodesy can support the goal of producing all the world’s charts on the same datum. Coupling an electronic
chart with satellite positioning will eliminate the problem of differing datums because electronically derived positions and
the video charts on which they are displayed are derived from one of the new worldwide datums.



CHAPTER 3

NAUTICAL CHARTS

CHART FUNDAMENTALS

300. Definitions

A nautical chart represents part of the spherical earth
on a plane surface. It shows water depth, the shoreline of
adjacent land, topographic features, aids to navigation, and
other navigational information. It is a work area on which
the navigator plots courses, ascertains positions, and views
the relationship of the ship to the surrounding area. It assists
the navigator in avoiding dangers and arriving safely at his
destination.

The actual form of achart may vary. Traditional nauti-
cal charts have been printed on paper. Electronic charts
consisting of adigital data base and adisplay system arein
use and will eventually replace paper charts for operational
use. An electronic chart is not simply a digital version of a
paper chart; it introduces a new navigation methodology
with capabilities and limitations very different from paper
charts. The electronic chart will eventually become the le-
ga equivalent of the paper chart when approved by the
International Maritime Organization and the various gov-
ernmental agencies which regulate navigation. Currently,
however, mariners must maintain a paper chart on the
bridge. See Chapter 14, The Integrated Bridge, for adiscus-
sion of electronic charts.

Should a marine accident occur, the nautical chart in
use at the time takes on legal significance. In cases of
grounding, collision, and other accidents, charts become
critical records for reconstructing the event and assigning
liability. Charts used in reconstructing the incident can also
have tremendous training value.

301. Projections

Because a cartographer cannot transfer a sphere to a
flat surface without distortion, he must project the surface
of asphere onto adevelopable surface. A devel opable sur-
face is one that can be flattened to form a plane. This
process is known as chart projection. If points on the sur-
face of the sphere are projected from a single point, the
projection is said to be per spective or geometric.

As the use of electronic charts becomes increasingly
widespread, it isimportant to remember that the same car-
tographic principlesthat apply to paper charts apply to their
depiction on video screens.

302. Selecting A Projection

Each projection has certain preferable features. How-
ever, as the area covered by the chart becomes smaller, the
differences between various projections become less no-
ticeable. On the largest scale chart, such as of a harbor, all
projectionsare practically identical. Some desirable proper-
ties of a projection are:

1. True shape of physical features.

2. Correct angular relationship. A projection with this
characteristic is conformal or orthomor phic.

3. Equal area, or the representation of areas in their
correct relative proportions.

4. Constant scale values for measuring distances.

5. Great circles represented as straight lines.

6. Rhumb lines represented as straight lines.

Some of these properties are mutually exclusive. For
example, asingle projection cannot be both conformal and
equal area. Similarly, both great circles and rhumb lines
cannot be represented on a single projection as straight
lines.

303. Types Of Projections

The type of developable surface to which the spheri-
cal surface is transferred determines the projection’s
classification. Further classification depends on whether
the projection is centered on the equator (equatorial), a
pole (polar), or some point or line between (oblique). The
name of a projection indicates its type and its principal
features.

Mariners most frequently use\der cator projection,
classified as aylindrical projection upon a plane, the cyl-
inder tangent along the equator. Similarly, a projection
based upon a cylinder tangent along a meridian is called
transverse (or inverse)Mercator or transverse (or in-
verse)orthomor phic. The Mercator is the most common
projection used in maritime navigation, primarily because
rhumb lines plot as straight lines.

In asimple conic projection, points on the surface of
the earth are transferred to a tangent cone. |h ahgert
conformal projection, the cone intersects the earth (a se-
cant cone) at two small circles. Irpalyconic projection,

a series of tangent cones is used.

23
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In an azimuthal or zenithal projection, pointsonthe cide. These projections are classified asique or
earth are transferred directly to aplane. If the origin of the  transver se projections.
projecting rays is the center of the earth, agnomonic pro-
jection results; if it is the point opposite the plane’s point of
tangency, astereographic projection; and if at infinity e,
(the projecting lines being parallel to each otherpraho-
graphic projection. The gnomonic, stereographic, and
orthographic areer spective projections. In anazimuthal
equidistant projection, which is not perspective, the scale
of distances is constant along any radial line from the point
of tangency. See Figure 303. == fﬂ

N s

Figure 303. Azimuthal projections: A, gnomonic; B,
stereographic; C, (at infinity) orthographic.

Cylindrical andplane projections are special conical
projections, using heights infinity and zero, respectively.

A graticule is the network of latitude and longitude
lines laid out in accordance with the principles of any
projection.

Figure 304. A cylindrical projection.

304. Cylindrical Projecti —
ylindr! rojections 305. Mercator Projection

If a cylinder is placed around the earth, tangent along . o
the equator, and the planes of the meridians are extended, Navigators most often use the plane conformal projection

they intersect the cylinder in a number of vertical lines. Sekhown as thélercator projection. The Mercator projection is
Figure 304. These parallel lines of projection are equidis2°t Perspective, and its parallels can be derived mathematically
tant from each other, unlike the terrestrial meridians fron?S Well as projected geometrically. Its distinguishing feature is
which they are derived which converge as the latitude irthat both the meridians and parallels are expanded at the same
creases. On the earth, parallels of latitude are perpendicuf&fio With increased latitude. The expansion is equal to the secant
to the meridians, forming circles of progressively smalle©f the latitude, with a small correction for the ellipticity of the
diameter as the latitude increases. On the cylinder they af@th- Since the secant of @infinity, the projection cannotin-
shown perpendicular to the projected meridians, but pelude the poles. Since the projection is conformal, expansion is

cause a cylinder is everywhere of the same diameter, iifee same in all directions and angles are correctly shown.
projected parallels are all the same size. Rhumb lines appear as straight lines, the directions of which can

If the cylinder is cut along a vertical line (a meridian)be measured directly on the chart. Distances can also be mea-

and spread out flat, the meridians appear as equally spac%ﬁed direc.tly if the spread of latitude is small. Great _circles,
vertical lines; and the parallels appear as horizontal line§XCePt meridians and the equator, appear as curved lines con-

The parallels’ relative spacing differs in the various types ofave t the equator. Small areas appear in their correct shape but
cylindrical projections. of increased size unless they are near the equator.

If the cylinder is tangent along some great circle other
than the equator, the projected pattern of latitude and long806. Meridional Parts
tude lines appears quite different from that described above,
since the line of tangency and the equator no longer coin- At the equator a degree of longitude is approximately
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Figure 306. A Mercator map of the world.

equal in length to a degree of latitude. Asthe distance from
the equator increases, degrees of latitude remain approxi-
mately the same, while degrees of longitude become
progressively shorter. Since degrees of longitude appear ev-
erywhere the same length in the Mercator projection, it is
necessary to increase the length of the meridians if the ex-
pansionisto beequal indl directions. Thus, to maintain the
correct proportions between degrees of latitude and degrees
of longitude, the degrees of latitude must be progressively
longer asthe distance from the equator increases. Thisisil-
lustrated in figure 306.

The length of a meridian, increased between the equa-
tor and any given latitude, expressed in minutes of arc at the
equator asaunit, constitutes the number of meridional parts
(M) corresponding to that latitude. Meridional parts, given
in Table 6 for every minute of latitude from the equator to
the pole, make it possible to construct a Mercator chart and
to solve problems in Mercator sailing. These values are for
the WGS ellipsoid of 1984.

307. Transverse Mer cator Projections

Constructing a chart using Mercator principles, but

with the cylinder tangent along a meridian, results in a
transverse Mercator or transverse orthomorphic pro-
jection. The word “inverse” is used interchangeably with
“transverse.” These projections use a fictitious graticule
similar to, but offset from, the familiar network of meridi-
ans and parallels. The tangent great circle is the fictitious
equator. Ninety degrees from it are two fictitious poles. A
group of great circles through these poles and perpendicular
to the tangent great circle are the fictitious meridians, while
a series of circles parallel to the plane of the tangent great
circle form the fictitious parallels. The actual meridians and
parallels appear as curved lines.

A straight line on the transverse or oblique Mercator
projection makes the same angle with all fictitious meridi-
ans, but not with the terrestrial meridians. It is therefore a
fictitious rhumb line. Near the tangent great circle, a
straight line closely approximates a great circle. The projec-
tion is most useful in this area. Since the area of minimum
distortion is near a meridian, this projection is useful for
charts covering a large band of latitude and extending a rel-
atively short distance on each side of the tangent meridian.
It is sometimes used for star charts showing the evening sky
at various seasons of the year. See Figure 307.
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Figure 307. A transverse Mercator map of the Western
Hemisphere.

308. Universal Transverse Mercator (UTM) Grid

The Universal Transverse Mercator (UTM) grid is a
military grid superimposed upon a transverse Mercator grati-
cule, or the representation of these grid lines upon any
graticule. Thisgrid system and these projections are often used
for large-scale (harbor) nautical charts and military charts.

309. Oblique Mercator Projections

A Mercator projection in which the cylinder is tangent
along a great circle other than the equator or ameridian is
caled an obliqgue Mercator or oblique orthomorphic
projection. This projection is used principally to depict an
area in the near vicinity of an oblique great circle. Figure
309c, for example, showsthe great circle joining Washing-
ton and Moscow. Figure 309d shows an oblique Mercator
map with the great circle between these two centers as the
tangent great circle or fictitious equator. The limits of the
chart of Figure 309c are indicated in Figure 309d. Note the
large variation in scale as the | atitude changes.

Figure 309a. An oblique Mercator projection.

Figure 309b. The fictitious graticle of an oblique
Mercator projection.
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Figure 309d. An oblique Mercator map based upon a cylinder tangent along the great circle through Washington and
Moscow. The map includes an area 500 miles on each side of the great circle. The limits of this map are indicated on the
Mercator map of Figure 309c

310. Rectangular Projection

A cylindrical projection similar to the Mercator, but
with uniform spacing of the paralels, is called arectangu-
lar projection. It is convenient for graphically depicting
information where distortion isnot important. The principal
navigational use of this projection isfor the star chart of the
Air Almanac, where positions of stars are plotted by rectan-
gular coordinates representing declination (ordinate) and
sidereal hour angle (abscissa). Since the meridians are par-
alel, the paralels of latitude (including the equator and the
poles) are all represented by lines of equal length.

311. Conic Projections

A conic projection is produced by transferring points
from the surface of the earth to a cone or series of cones.
Thisconeisthen cut along an element and spread out flat to
form the chart. When the axis of the cone coincideswith the
axis of the earth, then the parallels appear as arcs of circles,
and the meridians appear as either straight or curved lines

converging toward the nearer pole. Limiting the area cov-
ered to that part of the cone near the surface of the earth
limits distortion. A parallel along which there is no distor-
tion is caled a standard parallel. Neither the transverse
conic projection, in which the axis of the cone is in the
equatorial plane, nor the oblique conic projection, in which
the axis of the cone is oblique to the plane of the equator, is
ordinarily used for navigation. They are typically used for
illustrative maps.

Using cones tangent at various parallels, a secant (in-
tersecting) cone, or a series of cones varies the appearance
and features of a conic projection.

312. Simple Conic Projection

A conic projection using asingle tangent coneisasim-
ple conic projection (Figure 312a). The height of the cone
increases asthelatitude of thetangent parallel decreases. At
the equator, the height reaches infinity and the cone be-
comes a cylinder. At the pole, its height is zero, and the
cone becomes a plane. Similar to the Mercator projection,



28

the simple conic projection is not perspective since only the
meridians are projected geometrically, each becoming an
element of the cone. When this projection is spread out flat
to form a map, the meridians appear as straight lines con-
verging at the apex of the cone. The standard parallel,
where the coneis tangent to the earth, appears as the arc of
acirclewith its center at the apex of the cone. The other

NAUTICAL CHARTS

parallels are concentric circles. The distance along any me-

ridian between consecutive parallelsisin correct relation to
the distance on the earth, and, therefore, can be derived
mathematically. The pole is represented by acircle (Figure
312b). The scale is correct along any meridian and along
the standard parallel. All other parallels are too great in
length, with the error increasing with increased distance
from the standard parallel. Sincethe scaleisnot the samein
all directions about every point, the projection is neither a
conformal nor equal-area projection. Its non-conformal na-
tureisits principal disadvantage for navigation.

Since the scale is correct along the standard parallel
and varies uniformly on each side, with comparatively little
distortion near the standard parallel, this projection isuseful
for mapping an area covering a large spread of longitude
and a comparatively narrow band of latitude. It was devel-
oped by Claudius Ptolemy in the second century A.D. to
map just such an area: the Mediterranean Sea.

313. Lambert Conformal Projection

The useful latitude range of the simple conic projection
can be increased by using a secant cone intersecting the
earth at two standard parallels. See Figure 313. The areabe-
tween the two standard parallels is compressed, and that
beyond is expanded. Such a projection is called either a se-
cant conic or conic projection with two standard
parallels.

Figure 312b. A simple conic map of the Northern Hemisphere.
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The polyconic projection iswidely used in atlases, par-
ticularly for areas of large range in latitude and reasonably
largerangein longitude, such as continents. However, since
it is not conformal, this projection is not customarily used
in navigation.

315. Azimuthal Projections

If points on the earth are projected directly to a plane sur-
face, amap isformed a once, without cutting and flattening, or
“developing.” This can be considered a special case of a conic
projection in which the cone has zero height.

The simplest case of tlezimuthal projection is one in
which the plane is tangent at one of the poles. The meridians are
straight lines intersecting at the pole, and the parallels are con-
centric circles with their common center at the pole. Their
spacing depends upon the method used to transfer points from
the earth to the plane.

If the plane is tangent at some point other than a pole,
straight lines through the point of tangency are great circles,
and concentric circles with their common center at the point
of tangency connect points of equal distance from that
point. Distortion, which is zero at the point of tangency, in-
creases along any great circle through this point. Along any
circle whose center is the point of tangency, the distortion
is constant. The bearing of any point from the point of tan-

If in such aprojection the spacing of the parallelsisa-  gency is correctly represented. It is for this reason that these
tered, such that the distortion is the same along them as  projections are calledzimuthal. They are also calleze-
along the meridians, the projection becomes conformal.  nithal. Several of the common azimuthal projections are
This modification produces the Lambert conformal pro-  perspective.
jection. If the chart is not carried far beyond the standard
parallels, and if these are not a great distance apart, thedis-  316. Gnomonic Projection
tortion over the entire chart is small.

A draight line on this projection so nearly approximates a If a plane is tangent to the earth, and points are projected
great circle that the two are nearly identical. Radio beacon sig-  geometrically from the center of the earth, the result is a gno-
nas travel greet circles, thus they can be plotted on this  monic projection. See Figure 316a. Since the projection is
projection without correction. This fegture, gained without sac-  perspective, it can be demonstrated by placing a light at the
rificing conformaity, has made this projection popular for  center of a transparent terrestrial globe and holding a
aeronautical chartsbecause aircraft make wide use of radio aids

tonavigation. Exceptin high|atitudes, whereadlightly modified ﬁ} i

Figure 313. A secant cone for a conic projection with two
standard parallels.

A

!

form of this projection has been used for polar charts, it has not
replaced the Mercator projection for marine navigation.

314. Polyconic Projection

The latitude limitations of the secant conic projection can
be minimized by using a series of cones Thisresultsin apoly-
conic projection. In this projection, each parallel isthe base of
atangent cone . At the edges of the chart, the area between par-
dlelsis expanded to eliminate gaps. The scale is correct along
any pardld and dong the central meridian of the projection.
Along other meridians the scale increases with increased differ-
ence of longitude from the central meridian. Parallels appear as
nonconcentric circles, meridians appear as curved lines con-
verging toward the pole and concave to the central meridian. Figure 316a. An obligue gnomonic projection.
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flat surface tangent to the sphere.

In an obligue gnomonic proj ection the meridians ap-
pear as straight lines converging toward the nearer pole.
The parallels, except the equator, appear as curves (Figure
316b). As in al azimuthal projections, bearings from the
point of tangency are correctly represented. The distance
scale, however, changes rapidly. The projection is neither
conformal nor equal area. Distortion is so great that shapes,
aswell as distances and areas, are very poorly represented,
except near the point of tangency.

Figure 316b. An oblique gnomonic map with point of
tangency at latitude 30°N, longitude 90°W.

The usefulness of this projection rests upon the fact
that any great circle appears on the map as a straight line,
giving charts made on this projection the common name
great-circlecharts.

Gnomonic charts are most often used for planning the
great-circle track between points. Points along the deter-
mined track are then transferred to a Mercator projection.
The great circle is then followed by following the rhumb
lines from one point to the next. Computer programs which
automatically calculate great circle routes between points
and provide latitude and longitude of corresponding rhumb
line endpoints are quickly making this use of the gnomonic
chart obsolete.

317. Stereogr aphic Projection

A stereographic projection results from projecting
points on the surface of the earth onto a tangent plane, from
apoint on the surface of the earth opposite the point of tan-
gency (Figure 317a). This projection is aso caled an
azimuthal orthomor phic projection.

The scale of the stereographic projection increases
with distance from the point of tangency, but it increases
more slowly than in the gnomonic projection. The stereo-
graphic projection can show an entire hemisphere without
excessive distortion (Figure 317b). As in other azimuthal
projections,

Figure 317a. An equatorial stereographic projection.

Figure 317h. A stereographic map of the Western
Hemisphere.

great circles through the point of tangency appear as
straight lines. Other circles such as meridians and parallels
appear as either circles or arcs of circles.

The principal navigational use of the stereographic
projection is for charts of the polar regions and devices for
mechanical or graphical solution of the navigational trian-
ge. A Universal Polar Stereographic (UPS) grid,
mathematically adjusted to the graticule, is used as arefer-
ence system.
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318. Orthographic Projection

If terrestrial pointsare projected geometrically fromin-
finity to a tangent plane, an orthographic projection
results (Figure 318a). This projection is not conformal; nor
does it result in an equal area representation. Its principal
use isin navigational astronomy becauseit is useful for il-
lustrating and solving the navigational triangle. It is also
useful for illustrating celestial coordinates. If the plane is
tangent at apoint on the equator, the parallels (including the
equator) appear as straight lines. The meridians would ap-
pear as ellipses, except that the meridian through the point
of tangency would appear as a straight line and the one 90°
away would appear as acircle (Figure 318b).

319. Azimuthal Equidistant Projection

An azimuthal equidistant projection is an azimuthal
projection in which the distance scale along any great circle
through the point of tangency is constant. If a pole is the
point of tangency, the meridians appear as straight radial

Figure 318a. An equatorial orthographic projection.

lines and the parallels as equally spaced concentric circles.
If the plane is tangent at some point other than a pole, the
concentric circles represent distances from the point of tan-
gency. Inthiscase, meridians and parallel s appear as curves.
The projection can be used to portray the entire earth, the
point 180° from the point of tangency appearing asthe largest
of the concentric circles. The projection is not conformal,
equal area, or perspective. Near the point of tangency distor-
tion is small, increasing with distance until shapes near the
oppodite side of the earth are unrecognizable (Figure 319).
The projection is useful because it combines the three
features of being azimuthal, having a constant distance scale
from the point of tangency, and permitting the entire earth to
be shown on one map. Thus, if an important harbor or airport
is selected as the point of tangency, the great-circle course,
distance, and track from that point to any other point on the
earth are quickly and accurately determined. For communi-
cation work with the station at the point of tangency, the path
of an incoming signal is at once apparent if the direction of
arrival has been determined and the direction to train adirec-
tional antenna can be determined easily. The projection is
also used for polar charts and for the star finder, No. 2102D.

Figure 318h. An orthographic map of the Western Hemisphere.



32 NAUTICAL CHARTS

Figure 319. An azimuthal equidistant map of the world with the point of tangency latitude 40°N, longitude 100°W.

POLAR CHARTS

320. Polar Projections through a full 360 without stretching or resuming its former
conical shape. The usefulness of such projections is also limited
Specia consideration is given to the selection of pro- by the fact that the pole appears as an arc of a circle instead of a
jections for polar charts because the familiar projections  point. However, by using a parallel very near the pole as the
become special cases with unique features. higher standard parallel, a conic projection with two standard
Inthecaseof cylindrica projectionsinwhichtheaxisofthe  parallels can be made. This requires little stretching to complete
cylinder is pardld to the polar axis of the earth, distortion be-  the circles of the parallels and eliminate that of the pole. Such a
comes excessive and the scale changesrapidly. Suchprojections  projection, called anodified Lambert conformal or Ney's
cannot be carried to the poles. However, boththetransverseand ~ projection, isuseful for polar charts. Itisparticularly familiar to
oblique Mercator projections are used. those accustomed to using the ordinary Lambert conformal
Conic projections with their axes parallel to the earth’s poehartsin lower |atitudes,
lar axis are limited in their usefulness for polar charts because Azimuthal projections are in their simplest form when
parallels of latitude extending through a full 3@® longitude  tangent at a pole. Thisis because the meridians are straight
appear as arcs of circles rather than full circles. This is becausbraes intersecting at the pole, and parallels are concentric
cone, when cut along an element and flattened, does not extanat!es with their common center at the pole. Within a few
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degrees of latitude of the pole they all look similar; howev-
er, as the distance becomes greater, the spacing of the
parallels becomes distinctive in each projection. In the po-
lar azimuthal equidistant it is uniform; in the polar
stereographic it increases with distance from the pole until
the equator is shown at a distance from the pole equal to
twice the length of the radius of the earth; in the polar gno-
monic the increase is considerably greater, becoming
infinity at the equator; in the polar orthographic it decreases
with distance from the pole (Figure 320). All of these but
the last are used for polar charts.
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Figure 320. Expansion of polar azimuthal projections.

321. Selection Of A Polar Projection

The principal considerations in the choice of a suitable
projection for polar navigation are:

1. Conformality: When the projection represents an-
gles correctly, the navigator can plot directly onthe
chart.

2. Gresat circle representation: Because great circles are
more useful than rhumb lines at high dtitudes, the pro-
jection should represent great circlesas straight lines.

3. Scale variation: The projection should have a con-
stant scale over the entire chart.

4. Meridian representation: The projection should show
straight meridians to facilitate plotting and grid
navigation

5. Limits: Wide limits reduce the number of projec-
tions needed to a minimum.

The projections commonly used for polar charts arethe
modified Lambert conformal, gnomonic, stereographic,
and azimuthal equidistant. All of these projections are sim-
ilar near the pole. All are essentially conformal, and a great
circleon each isnearly astraight line.

As the distance from the pole increases, however, the
distinctive features of each projection become important.
The modified Lambert conformal projection is virtually
conformal over itsentire extent. Theamount of itsscaledis-
tortion is comparatively little if it is carried only to about
25° or 30° from the pole. Beyond this, the distortion in-
creases rapidly. A great circleisvery nearly a straight line
anywhere on the chart. Distances and directions can be
measured directly on the chart in the same manner ason a
Lambert conformal chart. However, because this projection
is not strictly conformal, and on it great circles are not ex-
actly represented by straight lines, it is not suited for highly
accurate work.

The polar gnomonic projection is the one polar projec-
tion on which great circles are exactly straight lines.
However, a complete hemisphere cannot be represented
upon a plane because the radius of 90° from the center
would become infinity.

The polar stereographic projection is conformal over its
entire extent, and a straight line closely approximates agreat
circle. See Figure 321. The scale distortion is not excessive
for a considerable distance from the pole, but it is greater
than that of the modified Lambert conformal projection.

Figure 321. Polar stereographic projection.

The polar azimuthal equidistant projection is useful for
showing alarge area such as a hemisphere because thereis
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no expansion along the meridians. However, the projection
is not conformal and distances cannot be measured accu-
rately in any but anorth-south direction. Great circles other
than the meridians differ somewhat from straight lines. The
equator is acircle centered at the pole.

The two projections most commonly used for polar
charts are the modified Lambert conformal and the polar
stereographic. When a directional gyro is used as a direc-
tional reference, the track of the craft is approximately a
great circle. A desirable chart isone on which agreat circle
is represented as a straight line with a constant scale and
with angles correctly represented. These requirements are
not met entirely by any single projection, but they are ap-
proximated by both the modified Lambert conformal and
the polar stereographic. The scale is more nearly constant
on the former, but the projection is not strictly conformal.
The polar stereographic is conformal, and its maximum
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scale variation can be reduced by using a plane which inter-
sects the earth at some parallel intermediate between the
pole and the lowest paralel. The portion within this stan-
dard paraldl is compressed, and that portion outside is
expanded.

The selection of a suitable projection for use in polar
regions depends upon mission requirements. Theserequire-
ments establish the relative importance of various features.
For a relatively small area, any of severa projections is
suitable. For a large area, however, the choice is more dif-
ficult. If grid directions are to be used, it is important that
all unitsin related operations use charts on the same projec-
tion, with the same standard parall€els, so that asingle grid
direction exists between any two points. Nuclear powered
submarine operations under the polar icecap have increased
the need for grid directions in marine navigation.

SPECIAL CHARTS

322. Plotting Sheets on a plane without distortion. Moreover, the appearance of
the surface varies with the projection and with the relation
Position plotting sheets are “charts” designed primarilyof that surface area to the point of tangency. One may want
for open ocean navigation, where land, visual aids to navio identify a location or area simply by alpha-numeric rect-
gation, and depth of water are not factors in navigatiorangular coordinates. This is accomplished wighid. In its
They have a latitude and longitude graticule, and they maysyal form this consists of two series of lines drawn perpen-

have one or more compass roses. The meridians are usugjl¥yarly on the chart, marked by suitable alpha-numeric
unlabeled, so a plotting sheet can be used for any Iong'tUd@esignations.

Plotting sheets on Mercator projection are specific to lati- . .
. A grid may use the rectangular graticule of the Merca-
tude, and the navigator should have enough aboard for Eil(|)|r

latitudes for his voyage. Plotting sheets are less expensive _pro_Ject|on or a set of arbltrary lines on a particular
than charts. projection. The World Geodetic Reference System

One use of a plotting sheet may occur in the event of a@EOREF) is a method of designating Iatitud-e and longi-
emergency when all charts have been lost or are otherwi&l€ by @ system of letters and numbers instead of by
unavailable. Directions on how to construct plotting sheet@ngular measure. Itis not, therefore, strictly a grid. Itis use-

suitable for emergency purposes are given in Chapter o8l for operations extending over a wide area. Examples of
Emergency Navigation. the second type of grid are tbi@iversal Transverse Mer -

cator (UTM) grid, the Universal Polar Stereographic
(UPS) grid, and th& empor ary Geogr aphic Grid (TGG).
Since these systems are used primarily by military forces,
No system exists for showing the surface of the eartthey are sometimes called military grids.

323. Grids

CHART SCALES

324. Types Of Scales represents 80,000 of the same unit on the surface of
the earth. This scale is sometimes calleddtaral

or fractional scale.

A gtatement that a given distance on the earth equals
a given measure on the chart, or vice versa. For exam-
ple, “30 miles to the inch” means that 1 inch on the
chart represents 30 miles of the earth’s surface. Simi-
larly, “2 inches to a mile” indicates that 2 inches on

the chart represent 1 mile on the earth. This is some-

Thescale of a chart is the ratio of a given distance on the
chart to the actual distance which it represents on the earth. It 2.
may be expressed in various ways. The most common are:

1. Asimple ratio or fraction, known as thepresenta-
tive fraction. For example, 1:80,000 or 1/80,000
means that one unit (such as a meter) on the chart
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times called the numerical scale.

3. Alineor bar called agraphic scale may be drawn at
a convenient place on the chart and subdivided into
nautical miles, meters, etc. All charts vary somewhat
in scale from point to point, and in some projections
thescaleisnot thesameindl directionsabout asingle
point. A single subdivided line or bar for use over an
entire chart is shown only when the chart is of such
scale and projection that the scale varies a negligible
amount over the chart, usually one of about 1:75,000
or larger. Since 1 minute of latitude is very nearly
equal to 1 nautical mile, thelatitude scale servesasan
approximate graphic scale. On most nautical charts
the east and west borders are subdivided to facilitate
distance mesasurements.

On a Mercator chart the scale varies with the latitude.
Thisis noticeable on achart covering arelatively large dis-
tance in a north-south direction. On such a chart the border
scale near the latitude in question should be used for mea-
suring distances.

Of the various methods of indicating scale, the graphi-
cal method isnormally available in some form on the chart.
In addition, the scale is customarily stated on charts on
which the scale does not change appreciably over the chart.

The ways of expressing the scale of a chart are readily
interchangeable. For instance, in a nautical mile there are
about 72,913.39 inches. If the natural scale of a chart is
1:80,000, one inch of the chart represents 80,000 inches of
the earth, or a little more than a mile. To find the exact
amount, divide the scale by the number of inchesin amile,
or 80,000/72,913.39 = 1.097. Thus, a scale of 1:80,000 is
the same as ascale of 1.097 (or approximately 1.1) milesto
an inch. Stated another way, there are: 72,913.39/80,000 =
0.911 (approximately 0.9) inch to a mile. Similarly, if the
scaleis 60 nautical milesto aninch, the representative frac-
tionis1:(60 x 72,913.39) = 1:4,374,803.

A chart covering a relatively large area is caled a
small-scale chart and one covering arelatively small areais
caled alarge-scalechart. Sincethetermsarerelative, there
is no sharp division between the two. Thus, a chart of scale
1:100,000 is large scale when compared with a chart of
1:1,000,000 but small scale when compared with one of
1:25,000.

As scale decreases, the amount of detail which can be
shown decreases also. Cartographers selectively decrease
the detail in a process called generalization when produc-
ing small scale charts using large scale charts as sources.
The amount of detail shown depends on several factors,
among them the coverage of the area at larger scalesand the
intended use of the chart.

325. Chart Classification By Scale

Charts are constructed on many different scales, rang-
ing from about 1:2,500 to 1:14,000,000. Small-scale charts
covering large areas are used for route planning and for off-
shore navigation. Charts of larger scale, covering smaller
areas, are used as the vessel approaches|and. Several meth-
ods of classifying charts according to scale are used in
various nations. The following classifications of nautical
charts are used by the National Ocean Service.

Sailing charts are the smallest scale charts used for
planning, fixing position at sea, and for plotting the dead
reckoning while proceeding on along voyage. The scale is
generally smaller than 1:600,000. The shoreline and topog-
raphy are generalized and only offshore soundings, the
principal navigational lights, outer buoys, and landmarks
visible at considerable distances are shown.

General charts are intended for coastwise navigation
outside of outlying reefs and shoals. The scales range from
about 1:150,000 to 1:600,000.

Coastal chartsareintended for inshore coastwise nav-
igation, for entering or leaving bays and harbors of
considerable width, and for navigating large inland water-
ways. The scales range from about 1:50,000 to 1:150,000.

Harbor chartsareintended for navigation and anchor-
age in harbors and small waterways. The scaleis generally
larger than 1:50,000.

In the classification system used by the Defense Map-
ping Agency Hydrographic/Topographic Center, the sailing
charts are incorporated in the general charts classification
(smaller than about 1:150,000); those coast charts especially
useful for approaching more confined waters (bays, harbors)
areclassified asapproach charts. Thereis considerable over-
lap in these designations, and the classification of achart is
best determined by its use and by its relationship to other
charts of the area. The use of insets complicates the place-
ment of chartsinto rigid classifications.

CHART ACCURACY

326. Factors Relating To Accuracy source notes given in the title of the chart. If the chart is
based upon very old surveys, use it with caution. Many ear-
The accuracy of a chart depends upon the accuracy of the  ly surveys were inaccurate because of the technological
hydrographic surveysused to compileit and the suitability of its ~ limitations of the surveyor.

scalefor itsintended use. The number of soundings and their spacing indicates

Estimate the accuracy of a chart’'s surveys from théhe completeness of the survey. Only a small fraction of the
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Figure 326a. Part of a “boat sheet,” showing the soundings obtained in a survey.
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Figure 326b. Part of a nautical chart made from the boat sheet of Figure 326a. Compare the number of soundings in the
two figures.
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soundings taken in a thorough survey are shown on the
chart, but sparse or unevenly distributed soundings indicate
that the survey was probably not made in detail. See Figure
326aand Figure 326b Large blank areas or absence of depth
contours generaly indicate lack of soundings in the area.
Operate in an area with sparse sounding data only if opera-
tionaly required and then only with the most extreme
caution. Run the echo sounder continuously and operate at a
reduced speed. Sparse sounding information does not neces-
sarily indicate an incomplete survey. Relatively few
soundings are shown when there is alarge number of depth
contours, or where the bottom is flat, or gently and evenly
sloping. Additional soundings are shown when they are
helpful inindicating the uneven character of arough bottom.
Even adetailed survey may fail to locate every rock or
pinnacle. In waters where they might be located, the best
method for finding them is a wire drag survey. Areas that
have been dragged may be indicated on the chart by limit-
ing lines and green or purple tint and a note added to show
the effective depth at which the drag was operated.
Changes in bottom contours are relatively rapid in ar-
eas such as entrances to harbors where there are strong
currents or heavy surf. Similarly, there is sometimes a ten-

dency for dredged channels to shoal, especialy if they are
surrounded by sand or mud, and cross currents exist. Charts
often contain notes indicating the bottom contours are
known to change rapidly.

The samedetail cannot be shown on asmall-scale chart
ason alarge scale chart. On small-scale charts, detailed in-
formation is omitted or “generalized” in the areas covered
by larger scale charts. The navigator should use the largest
scale chart available for the area in which he is operating,
especially when operating in the vicinity of hazards.

Charting agencies continually evaluate both the detail
and the presentation of data appearing on a chart. Develop-
ment of a new navigational aid may render previous charts
inadequate. The development of radar, for example, re-
quired upgrading charts which lacked the detail required for
reliable identification of radar targets.

After receiving a chart, the user is responsible for keep-
ing it updated. Mariners reports of errors, changes, and
suggestions are useful to charting agencies. Even with mod-
ern automated data collection techniques, there is no
substitute for on-sight observation of hydrographic condi-
tions by experienced mariners. This holds true especially in
less frequently traveled areas of the world.

CHART READING

327. Chart Dates

charts; the current chart edition number and date is given in
the lower left corner. Certain DMAHTC charts are repro-

NOS charts have two dates. At the top center of thgyctions of foreign charts produced under joint agreements

chartis the date of tHHSt. edition of the ghart. In the lower with a number of other countries. These charts, even though
left corner of the chart is theurrent edition number and

date. This date shows the latest date through which Noticoé recent- date, may be based on fgrelgn charts of.con5|der-
to Mariners were applied to the chart. Any subsequerﬂbly earlier date. Further, new editions of the foreign chart
Change will be printed in the Notice to Mariners. Any notic-Wi” not necessarily result in a new edition of the DMAHTC
es which accumulate between the chart date and tmeproduction. In these cases, the foreign chart is the better
announcement date in the Notice to Mariners will be giveghart to use.
with the annou_n_cemer_wt. Com_par_ing_the dates of the first A revised or corrected print contains corrections
and Cl.ment editions gives an indication of how oiten the\'Nhich have been published in Notice to Mariners. These
chart is updated. Charts of busy areas are updated more
frequently than those of less traveled areas. This interv e ) )
may vary from 6 months to more than ten years for No$f the revision is given, along with the latest Notice to Mar-
charts. This update interval may be much longer for certaitfiers to which the chart has been corrected.
DMAHTC charts in remote areas.

New editions of charts are both demand and sourc&?8. Title Block
driven. Receiving significant new information may or may

not initiate a new edition of a chart, depending on the de-  See Figure 328. The chart title block should be the first
mand for that th‘?:rt- Ifitis in a:j.sparsfely-travelelzd area, gth?ﬁing a navigator looks at when receiving a new edition chart.
priorities may delay a new edition for several years. Og’{he title itself tells what area the chart covers. The chart's

versely, a new edition may be printed without the receipt | q ecti below the title. The chart will
significant new data if demand for the chart is high andC'€ and projection appear below the title. -The chart wi

stock levels are low. Notice to Mariners corrections are agive both vertical and horizontal datums and, if necessary, a
ways included on new editions. datum conversion note. Source notes or diagrams will list the

DMAHTC charts have the same two dates as the NO8ate of surveys and other charts used in compilation.
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BALTIC SEA
GERMANY—NORTH COAST

DAHMESHOVED TO WISMAR

From German Surveys
SOUNDINGS IN METERS
reduced to the approximate level of Mean Sea Level
HEIGHTS IN METERS ABOVE MEAN SEA LEVEL

MERCATOR PROJECTION
EUROPEAN DATUM
SCALE 1:50,000

Figure 328. A chart title block.

329. Shoreline

The shoreline shown on nautical charts represents the
line of contact between the land and water at a selected ver-
tical datum. In areas affected by tidal fluctuations, thisis
usually the mean high-water line. In confined coastal wa-
ters of diminished tidal influence, a mean water level line
may be used. The shoreline of interior waters (rivers, lakes)
is usually aline representing a specified elevation above a
selected datum. A shoreline is symbolized by a heavy line.
A broken line indicates that the charted position is approx-
imate only. The nature of the shore may be indicated.

If the low water line differs considerably from the high
water line, then a dotted line represents the low water line.
If the bottom in this areais composed of mud, sand, gravel
or stones, the type of material will be indicated. If the bot-
tom is composed of coral or rock, then the appropriate
symbol will be used. The area aternately covered and un-
covered may be shown by a tint which is usualy a
combination of the land and water tint.

The apparent shoreline shows the outer edge of marine
vegetation where that limit would appear as shorelineto the
mariner. It is aso used to indicate where marine vegetation
prevents the mariner from defining the shoreline. A light
line symbolizes this shoreline. A broken line marks the in-
ner edge when no other symbol (such as a cliff or levee)
furnishes such alimit. The combined land-water tint or the
land tint marks the area between inner and outer limits.

330. Chart Symbals

Much of theinformation contained on chartsis shown
by symbols. These symbols are not shown to scale, but they

indicate the correct position of the feature to which they re-
fer. The standard symbols and abbreviations used on charts
published by the United States of America are shown in
Chart No. 1, Nautical Chart Symbols and Abbreviations.
See Figure 330.

Electronic chart symbolsare, within programming and dis-
play limits, much the same as printed ones. The less expensive
eectronic charts have less extensive symboal libraries, and the
screen’s resolution may affect the presentation detail.

Most of the symbols and abbreviations shown in U.S.
Chart No. 1 agree with recommendations of the Internation-
al Hydrographic Organization (IHO). The layout is
explained in the general remarks section of Chart No. 1.

The symbols and abbreviations on any given chart may
differ somewhat from those shown in Chart No. 1. In addi-
tion, foreign charts may use different symbology. When
using a foreign chart, the navigator should have available the
Chart No. 1 from the country which produced the chart.

Chart No. 1 is organized according to subject matter,
with each specific subject given a letter designator. The
general subject areas are General, Topography, Hydrogra-
phy, Aids and Services, and Indexes. Under each heading,
letter designators further define subject areas, and individ-
ual numbers refer to specific symbols.

Information in Chart No. 1 is arranged in columns. The
first column contains the IHO number code for the symbol
in question. The next two columns show the symbol itself,
in NOS and DMA formats. If the formats are the same, the
two columns are combined into one. The next column is a
text description of the symbol, term, or abbreviation. The
next column contains the IHO standard symbol. The last
column shows certain symbols used on foreign reproduc-
tion charts produced by DMA.
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331. Lettering numerical soundings is useful when bottom contour navi-
gating. Such a chart can be made only for areas which have

Except on some modified reproductions of foreign  undergone a detailed survey

charts, cartographers have adopted certain lettering stan- Shoal areas often are given a blue tint. Charts designed

dards. Vertical typeisused for featureswhich aredry at high  to give maximum emphasis to the configuration of the bot-

water and not affected by movement of the water; danting  tom show depths beyond the 100-fathom curve over the

typeis used for underwater and floating features. entire chart by depth contours similar to the contours shown
There are two important exceptions to the two general on land areas to indicate graduations in height. These are

rules listed above. Vertical type is not used to represent  calledbottom contour or bathymetric charts.

heights above the waterline, and slanting type is not used to On electronic charts, a variety of other color schemes may

indicate soundings, except on metric charts. Section 332 be-  be used, according to the manufacturer of the system. Color per-

low discusses the conventions for indicating soundings. ception studies are being used to determine the best presentation.
Evaluating thetype of lettering used to denote afeature, The side limits of dredged channels are indicated by bro-

one can determine whether afeature isvisible at hightide.  ken lines. The project depth and the date of dredging, if
For instance, a rock might bear the title “ Rock” whether oknown, are shown by a statement in or along the channel. The
not it extends above the surface. If the name is given in vepossibility of silting is always present. Local authorities
tical letters, the rock constitutes a small islet; if in slantingshould be consulted for the controlling depth. NOS Charts
type, the rock constitutes a reef, covered at high water.  frequently show controlling depths in a table, which is kept
current by the Notice to Mariners.
332. Soundings The chart scale is generally too small to permit all sound-
ings to be shown. In the selection of soundings, least depths are
Charts show soundings in several ways. Numbers denasbown first. This conservative sounding pattern provides safe-
individual soundings. These numbers may be either vertical ty and ensures an uncluttered chart appearance. Steep changes
slanting; both may be used on the same chart, distinguishing le-depth may be indicated by more dense soundings in the area.
tween data based upon different U.S. and foreign surveyghe limits of shoal water indicated on the chart may be in error,
different datums, or smaller scale charts. and nearby areas of undetected shallow water may not be in-
Large block letters at the top and bottom of the char¢luded on the chart. Given this possibility, areas where shoal
indicate the unit of measurement used for soundingsvater is known to exist should be avoided. If the navigator
SOUNDINGS IN FATHOMS indicates soundings are inmust enter an area containing shoals, he must exercise extreme
fathoms or fathoms and fractions. SOUNDINGS INcaution in avoiding shallow areas which may have escaped de-
FATHOMS AND FEET indicates the soundings are in fath4ection. By constructing a “safety range” around known shoals
oms and feet. A similar convention is followed when theand ensuring his vessel does not approach the shoal any closer
soundings are in meters or meters and tenths. than the safety range, the navigator can increase his chances of
A depth conversion scale is placed outside the neat- successfully navigating through shoal water. Constant use of
line on the chart for use in converting charted depths to feetf)e echo sounder is also important.
meters, or fathoms. “No bottom” soundings are indicated
by a number with a line over the top and a dot over the liné&33. Bottom Description
This indicates that the spot was sounded to the depth indi-
cated without reaching the bottom. Areas which have been Abbreviations listed in Section J of Chart No. 1 are
wire dragged are shown by a broken limiting line, and theised to indicate what substance forms the bottom. The
clear effective depth is indicated, with a characteristic synmeaning of these terms can be found in the Glossary of Ma-
bol under the numbers. On DMAHTC charts a purple orine Navigation. Knowing the characteristic of the bottom
green tint is shown within the swept area. is most important when anchoring.
Soundings are supplemented digpth contours, lines
connecting points of equal depth. These lines present a pictuBd4. Depths And Datums
of the bottom. The types of lines used for various depths are
shown in Section | of Chart No. 1. On some charts depth con- Depths are indicated by soundings or explanatory
tours are shown in solid lines; the depth represented by eaabtes. Only a small percentage of the soundings obtained in
line is shown by numbers placed in breaks in the lines, as with hydrographic survey can be shown on a nautical chart.
land contours. Solid line depth contours are derived from iffhe least depths are generally selected first, and a pattern
tensively developed hydrographic surveys. A broken obuilt around them to provide a representative indication of
indefinite contour is substituted for a solid depth contoubottom relief. In shallow water, soundings may be spaced
whenever the reliability of the contour is questionable. 0.2 to 0.4 inch apart. The spacing is gradually increased as
Depth contours are labeled with numerals in the unit ofvater deepens, until a spacing of 0.8 to 1.0 inch is reached
measurement of the soundings. A chart presenting a moire deeper waters offshore. Where a sufficient number of
detailed indication of the bottom configuration with fewersoundings are available to permit adequate interpretation,
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depth curves are drawn in at selected intervals.

All depths indicated on charts are reckoned from a se-
lected level of the water, called the chart sounding datum.
The various chart datums are explained in Chapter 9, Tides
and Tidal Currents. On charts made from surveys conduct-
ed by the United States, the chart datum is selected with
regard to the tides of the region. Depths shown are the least
depths to be expected under average conditions. On charts
based on foreign charts and surveys the datum is that of the
original authority. When it isknown, the datum used is stat-
ed on the chart. In some cases where the chart isbased upon
old surveys, particularly in areas where the range of tide is
not great, the sounding datum may not be known.

For most National Ocean Service charts of the United
States and Puerto Rico, the chart datum is mean lower low
water. Most Defense Mapping Agency Hydrographic/Topo-
graphic Center charts are based upon mean low water, mean
lower low water, or mean low water springs. The chart datum
for charts published by other countries varies greatly, but is
usually lower than mean low water. On charts of the Baltic
Sean, Black Sea, the Great Lakes, and other areas where tidal
effects are small or without significance, the datum adopted
isan arbitrary height approximating the mean water level.

The chart datum of the largest scale chart of an areais
generally the same asthe reference level from which height
of tideistabulated in the tide tables.

The chart datum is usually only an approximation of
the actual mean value, because determination of the actual
mean height usually requires alonger series of tidal obser-
vations than is usually available to the cartographer. In
addition, the heights of the tide vary as a function of time.

Since the chart datum is generally a computed mean or
average height at some state of the tide, the depth of water
at any particular moment may be less than shown on the
chart. For example, if the chart datum is mean lower low
water, the depth of water at lower low water will be less
than the charted depth about as often asit isgreater. A lower
depth is indicated in the tide tables by a minus sign (-).

335. Heights

ed in Section K of Chart No. 1.

A rock uncovered at mean high water may be shown as
an islet. If an isolated, offlying rock is known to uncover at
the sounding datum but to be covered at high water, the
chart shows the appropriate symbol for a rock and gives the
height above the sounding datum. The chart can give this
height one of two ways. It can use a statement such as
“Uncov 2 ft.,” or it can indicate the number of feet the rock
protrudes above the sounding datum, underline this value,
and enclose it in parentheses (i.8).(A rock which does
not uncover is shown by an enclosed figure approximating
its dimensions and filled with land tint. It may be enclosed
by a dotted depth curve for emphasis.

A tinted, irregular-line figure of approximately true di-
mensions is used to show a detached coral reef which
uncovers at the chart datum. For a coral or rocky reef which
is submerged at chart datum, the sunken rock symbol or an
appropriate statement is used, enclosed by a dotted or bro-
ken line if the limits have been determined.

Several different symbols mark wrecks. The nature of the
wreck or scale of the chart determines the correct symbol. A
sunken wreck with less than 11 fathoms of water over it is con-
sidered dangerous and its symbol is surrounded by a dotted
curve. The curve is omitted if the wreck is deeper than 11 fath-
oms. The safe clearance over a wreck, if known, is indicated
by a standard sounding number placed at the wreck. If this
depth was determined by a wire drag, the sounding is under-
scored by the wire drag symbol. An unsurveyed wreck over
which the exact depth is unknown but a safe clearance depth is
known is depicted with a solid line above the symbol.

Tide rips, eddies, and kelp are shown by symbol or
legend.

Piles, dolphins (clusters of piles), snags, and stumps
are shown by small circles and a label identifying the type
of obstruction. If such dangers are submerged, the letters
“Subm” precede the label.

Fish stakes and traps are shown when known to be per-
manent or hazardous to navigation.

337. Aids To Navigation

The shoreline shown on charts is generally mean high
water. A light's height is usually reckoned from mean sea  Aids to navigation are shown by symbols listed in Sections
level. The heights of overhanging obstructions (bridgesp through S of Chart No. 1. Abbreviations and additional de-
power cables, etc.) are usually reckoned from mean higdtriptive text supplement these symbols. In order to make the
water. A high water reference gives the mariner the minisymbols conspicuous, the chart shows them in size greatly exag-
mum clearance expected. gerated relative to the scale of the chart. “Position approximate”

Since heights are usually reckoned from high watetircles are used on floating aids to indicate that they have no ex-
and depths from some form of low water, the reference lewact position because they move around their moorings. For most
els are seldom the same. Except where the range of tidefligating aids, the position circle in the symbol marks the approx-
very large, this is of little practical significance. imate location of the anchor or sinker. The actual aid may be
displaced from this location by the scope of its mooring.

The type and number of aids to navigation shown on a
chart and the amount of information given in their legends
varies with the scale of the chart. Smaller scale charts may
Dangers are shown by appropriate symbols, as indicaltave fewer aids indicated and less information than larger

336. Dangers
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scale charts of the same area.

Lighthouses and other navigation lights are shown as
black dots with purple disks or as black dots with purple
flare symbols. The center of the dot is the position of the
light. Some modified facsimile foreign charts use a small
star instead of a dot.

On large-scale charts the legend elements of lights are
shown in the following order:

Legend Example Meaning

Characteristic F1(2) group flashing; 2
flashes

Color R red

Period 10s 2 flashes in 10
seconds

Height 80m 80 meters

Range 19M 19 nautical miles

Designation “6” light number 6

The legend for this light would appear on the chart:
FI(2) R 10s 80m 19M “6”

As chart scale decreases, information in the legend is
selectively deleted to avoid clutter. The order of deletionis
usualy height first, followed by period, group repetition in-
terval (e.g. (2)), designation, and range. Characteristic and
color will almost always be shown.

Small triangles mark red daybeacons; small sguares
mark all others. On DMAHTC charts, pictorial beacons are
used when the IALA buoyage system has been implement-
ed. The center of the triangle marks the position of the aid.
Except on Intracoastal Waterway charts and charts of state

A buoy symbol with a horizontal line indicates the
buoy has horizontal bands. A vertical line indicates vertical
stripes; crossed lines indicate a checked pattern. There is no
significance to the angle at which the buoy symbol appears
on the chart. The symbol is placed so as to avoid interfer-
ence with other features.

Lighted buoys are indicated by a purple flare from the
buoy symbol or by a small purple disk centered on the po-
sition circle.

Abbreviations for light legends, type and color of
buoy, designation, and any other pertinent information giv-
en near the symbol are in slanted type. The letter C, N, or S
indicates a can, nun, or spar, respectively. Other buoys are
assumed to be pillar buoys, except for special buoys such as
spherical, barrel, etc. The number or letter designation of
the buoy is given in quotation marks on NOS charts. On
other charts they may be given without quotation marks or
other punctuation.

Aeronautical lights included in the light lists are shown
by the lighthouse symbol, accompanied by the abbreviation
“AERO.” The characteristics shown depend principally upon
the effective range of other navigational lights in the vicinity
and the usefulness of the light for marine navigation.

Directional ranges are indicated by a broken or solid
line. The solid line, indicating that part of the range intend-
ed for navigation, may be broken at irregular intervals to
avoid being drawn through soundings. That part of the
range line drawn only to guide the eye to the objects to be
kept in range is broken at regular intervals. The direction, if
given, is expressed in degrees, clockwise from true north.

Sound signals are indicated by the appropriate word in
capital letters (HORN, BELL, GONG, or WHIS) or an ab-
breviation indicating the type of sound. Sound signals of
any type except submarine sound signals may be represent-
ed by three purple 4%rcs of concentric circles near the top
of the aid. These are not shown if the type of signal is listed.
The location of a sound signal which does not accompany a

waterways, the abbreviation “Bn” is shown beside the symvisual aid, either lighted or unlighted, is shown by a small
bol, along with the appropriate abbreviation for color ifcircle and the appropriate word in vertical block letters.
known. For black beacons the triangle is solid black and  Private aids, when shown, are marked “Priv’ on NOS
there is no color abbreviation. All beacon abbreviations argharts. Some privately maintained unlighted fixed aids are
in vertical lettering. indicated by a small circle accompanied by the word
Radiobeacons are indicated on the chart by a purpléarker,” or a larger circle with a dot in the center and the
circle accompanied by the appropriate abbreviation indicatvord “MARKER.” A privately maintained lighted aid has
ing an ordinary radiobeacon (R Bn) or a radar beacoa light symbol and is accompanied by the characteristics
(Ramark or Racon, for example). and the usual indication of its private nature. Private aids
A variety of symbols, determined by both the chartingshould be used with caution.
agency and the types of buoys, indicate navigation buoys. A light sector is the sector or area bounded by two radii
IALA buoys (see Chapter 5, Short Range Aids to Navigaand the arc of a circle in which a light is visible or in which
tion) in foreign areas are depicted by various styles ait has a distinctive color different from that of adjoining sec-
symbols with proper topmarks and colors; the position cirtors. The limiting radii are indicated on the chart by dotted
cle which shows the approximate location of the sinker is ajr dashed lines. Sector colors are indicated by words
the base of the symbol. spelled out if space permits, or by abbreviations (W, R, etc.)
A mooring buoy is shown by one of several symbols af it does not. Limits of light sectors and arcs of visibility as
indicated in Chart No. 1. It may be labeled with a berttobserved from a vessel are given in the light lists, in clock-
number or other information. wise order.
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338. Land Areas

The amount of detail shown on the land areas of nautical
charts depends upon the scale and theintended purpose of the
chart. Contours, form lines, and shading indicate relief.

Contours are lines connecting points of equal eleva
tion. Heightsare usually expressed in feet (or in meterswith
means for conversion to feet). The interval between con-
tours is uniform over any one chart, except that certain
intermediate contours are sometimes shown by broken line.
When contours are broken, their locations are approximate.

Form lines are approximations of contours used for the
purpose of indicating relative elevations. They are used in
areas where accurate information is not available in suffi-
cient detail to permit exact location of contours. Elevations
of individual form lines are not indicated on the chart.

Spot elevationsare generally given only for summitsor
for tops of conspicuous landmarks. The heights of spot ele-
vations and contours are given with reference to mean high
water when thisinformation is available.

When there isinsufficient space to show the heights of
islets or rocks, they are indicated by slanting figures en-
closed in parentheses in the water area nearby.

339. Cities And Roads

Cities are shown in a generalized pattern that approxi-
mates their extent and shape. Street names are generally not
charted except those along the waterfront on the largest
scale charts. In general, only the main arteries and thor-
oughfares or major coastal highways are shown on smaller
scale charts. Occasionally, highway numbers are given.
When shown, trails are indicated by a light broken line.
Buildingsalong the waterfront or individual onesback from
the waterfront but of special interest to the mariner are
shown on large-scale charts. Specia symbols from Chart
No. 1 are used for certain kinds of buildings. A single line
with cross marksindicates both single and double track rail-
roads. City electric railways are usualy not charted.
Airports are shown on small-scale charts by symbol and on
large-scale charts by the shape of runways. The scale of the
chart determinesif single or double lines show breakwaters
and jetties; broken lines show the submerged portion of
these features.

340. Landmarks

Landmarks are shown by symbolsin Chart No. 1.

A large circle with adot at its center is used to indicate
that the position is precise and may be used without reserva-
tion for plotting bearings. A small circle without a dot is
used for landmarks not accurately located. Capital and lower
case letters are used to identify an approximate landmark:

“Mon,” “Cup,” or “Dome.” The abbreviation “PA” (posi-

When only one object of a group is charted, its name is
followed by a descriptive legend in parenthesis, including
the number of objects in the group, for example “(TALL-
EST OF FOUR)"or “(NORTHEAST OF THREE).”

341. Miscellaneous Chart Features

A measured nautical mile indicated on a chart is accu-
rate to within 6 feet of the correct length. Most measured
miles in the United States were made before 1959, when the
United States adopted the International Nautical Mile. The
new value is within 6 feet of the previous standard length of
6,080.20 feet. If the measured distance differs from the
standard value by more than 6 feet, the actual measured dis-
tance is stated and the words “measured mile” are omitted.

Periods after abbreviations in water areas are omitted
because these might be mistaken for rocks. However, a
lower case i or j is dotted.

Commercial radio broadcasting stations are shown on
charts when they are of value to the mariner either as land-
marks or sources of direction-finding bearings.

Lines of demarcation between the areas in which inter-
national and inland navigation rules apply are shown only
when they cannot be adequately described in notes on the
chart.

Compass roses are placed at convenient locations on
Mercator charts to facilitate the plotting of bearings and
courses. The outer circle is graduated in degrees with zero
at true north. The inner circle indicates magnetic north.

On many DMAHTC charts magnetic variation is given
to the nearest 1' by notes in the centers of compass roses; the
annual change is given to the nearest 1' to permit correction
of the given value at a later date. On NOS charts, variation
is to the nearest 15', updated at each new edition if over
three years old. The current practice of DMAHTC is to give
the magnetic variation to the nearest 1', but the magnetic in-
formation on new editions is only updated to conform with
the latest five year epoch. Whenever a chart is reprinted, the
magnetic information is updated to the latest epoch. On oth-
er charts, the variation is given by a series of isogonic lines
connecting points of equal variation; usually a separate line
represents each degree of variation. The line of zero varia-
tion is called the agonic line. Many plans and insets show
neither compass roses nor isogonic lines, but indicate mag-
netic information by note. A local magnetic disturbance of
sufficient force to cause noticeable deflection of the mag-
netic compass, called local attraction, is indicated by a note
on the chart.

Currents are sometimes shown on charts with arrows
giving the directions and figures showing speeds. The in-
formation refers to the usual or average conditions.
According to tides and weather, conditions at any given
time may differ considerably from those shown.

Review chart notes carefully because they provide im-

tion approximate) may also appear. An accurate landmark portant information. Several types of notes are used. Those

identified by all capital type (“MON,” “CUP,” “DOME?").

in the margin give such information as chart number, pub-
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lication notes, and identification of adjoining charts. Notes
in connection with the chart title include information on
scale, sources of data, tidal information, soundings, and
cautions. Another class of notes covers such topics as local
magnetic disturbance, controlling depths of channels, haz-
ards to navigation, and anchorages.

A datum note will show the datum of the chart (See
Chapter 2, Geodesy and Datumsin Navigation). It may also
contain instructions on plotting positions from the WGS 84
or NAD 83 datums on the chart if such a conversion is
needed.

Anchorage areas are labeled with avariety of magenta,
black, or green lines depending on the status of the area.
Anchorage berths are shown as purple circles, with the
number or letter assigned to the berth inscribed within the
circle. Caution notes are sometimes shown when there are
specific anchoring regulations.

Spail areas are shown within short broken black lines.
Spail areas are tinted blue on NOS charts and labeled.
These areas contain no soundings and should be avoided.

Firing and bombing practice areas in the United States
territorial and adjacent waters are shown on NOS and
DMAHTC charts of the same area and comparable scale.

NAUTICAL CHARTS

Danger areas established for short periods of time are not
charted but are announced locally. Most military commands
charged with supervision of gunnery and missilefiring areas
promul gate aweekly schedule listing activated danger areas.
This schedule is subjected to frequent change; the mariner
should always ensure he has the latest schedule prior to pro-
ceeding into a gunnery or missile firing area. Danger areas
in effect for longer periods are published in the Notice to
Mariners. Any aid to navigation established to mark a dan-
ger area or afixed or floating target is shown on charts.
Traffic separation schemes are shown on standard nautical
charts of scale 1:600,000 and larger and are printed in magenta.
A logarithmic time-speed-distance nomogram with an
explanation of its application is shown on harbor charts.
Tidal information boxes are shown on charts of scales
1:200,000 and larger for NOS charts, and various scales on
DMA charts, according to the source. See Figure 341a.
Tabulations of controlling depths are shown on some
National Ocean Service harbor and coastal charts. See Fig-
ure 341b.
Study Chart No. 1 thoroughly to become familiar with
all the symbols used to depict the wide variety of features
on nautical charts.

TIDAL INFORMATION

Height above datum of soundings

Place Position Mean High Water Mean Low Water
N. Lat. E. Long. Higher Lower Lower Higher
meters meters meters meters
Olongapo . . . ... 14°49' 120°17 ...09.../...04...]...00...[...03...

Figure 341a. Tidal box.

NANTUCKET HARBOR

Tabulated from surveys by the Corps of Engineers - report of June 1972
and surveys of Nov. 1971

Controlling depths in channels entering from
seaward in feet at Mean Low Water

Project Dimensions

Left Middle Right Date Width Length Depth
Name of Channel outside half of outside of (feet) (naut. M. L. W.
quarter channel quarter | Survey miles) (feet).
Entrance Channel 111 15.0 15.0 11-71 300 1.2 15

Note.-The Corps of Engineers should be consulted for changing conditions subsequent to the above.

Figure 341b. Tabulations of controlling depths.



NAUTICAL CHARTS 45

REPRODUCTIONS OF FOREIGN CHARTS

342. Modified Facsimiles

M odified facsimile charts are modified reproductions
of foreign charts produced in accordance with bilateral in-
ternational agreements. These reproductions provide the
mariner with up-to-date charts of foreign waters. Modified
facsimile charts published by DMAHTC are, in general, re-
produced with minimal changes, as listed below:

1. Theoriginal name of the chart may be removed and
replaced by an anglicized version.

2. English language equivalents of names and terms
on the original chart are printed in a suitable glos-
sary on the reproduction, as appropriate.

3. All hydrographic information, except bottom char-
acteristics, is shown as depicted on the origina
chart.

4. Bottom characteristics are as depicted in Chart No.
1, or ason the original with aglossary.

5. The unit of measurement used for soundings is
shown in block letters outside the upper and lower

neatlines.

6. A scalefor converting charted depth to feet, meters,
or fathomsis added.

7. Bluetint isshown from asignificant depth curveto
the shoreline.

8. Bluetint is added to all dangers enclosed by a dot-
ted danger curve, dangerous wrecks, foul areas,
obstructions, rocks awash, sunken rocks, and swept
wrecks.

9. Caution notes are shown in purple and enclosed in
abox.

10. Restricted, danger, and prohibited areas are usually
outlined in purple and labeled appropriately.

11. Traffic separation schemes are shown in purple.

12. A note on traffic separation schemes, printed in
black, is added to the chart.

13. Wire dragged (swept) areas are shown in purple or
green.

14. Corrections are provided to shift the horizontal da-
tum to the World Geodetic System (1984).

INTERNATIONAL CHARTS

343. International Chart Standards

The need for mariners and chart makers to understand
and use nautical charts of different nations became increas-
ingly apparent as the maritime nations of the world
developed their own establishmentsfor the compilation and
publication of nautical charts from hydrographic surveys.
Representatives of twenty-two nations formed a Hydro-
graphic Conference in London in 1919. That conference
resulted in the establishment of the I nternational Hydro-
graphic Bureau (IHB) in Monaco in 1921. Today, the
IHB’s successor, thénternational Hydrographic Orga-
nization (IHO) continues to provide

international

Recognizing the considerable duplication of effort by
member states, the IHO in 1967 moved to introduce the first
international chart. It formed a committee of six member
states to formulate specifications for two series of interna-
tional charts. Eighty-three small-scale charts were
approved; responsibility for compiling these charts has sub-
sequently been accepted by the member states’
Hydrographic Offices.

Once a Member State publishes an international chart,
reproduction material is made available to any other Mem-
ber State which may wish to print the chart for its own
purposes.

International charts can be identified by the letters INT

standards for the cartographers of its member nations. (Skbefore the chart number and the International Hydrographic
Chapter 1, Introduction to Marine Navigation, for a descrip-Organization seal in addition to other national seals which

tion of the IHO.)

may appear.

CHART NUMBERING SYSTEM

344. Description Of The Numbering System

DMAHTC and NOS use a system in which numbers arenymper of Digits

the chart system which are not actually charts.

Scale

assigned in accordance with both the scale and geographical

No Scale

area of coverage of a chart. With the exception of certain charts
produced for military use only, one- to five-digit numbers are
used. With the exception of one-digit numbers, the first digit
identifies the area; the number of digits establishes the scale
range. The one-digit numbers are used for certain products in

OO WNPE

1:9 million and smaller
1:2 million to 1:9 million
Special Purpose

1:2 million and larger
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Figure 344a. Ocean basins with region numbers.

Two- and three-digit numbers are assigned to those
small-scale charts which depict amajor portion of an ocean
basin or alarge area. Thefirst digit identifiesthe applicable
ocean basin. See Figure 344a. Two-digit numbers are used
for charts of scale 1:9,000,000 and smaller. Three-digit
numbers are used for charts of scale 1:2,000,000 to
1:9,000,000.

Dueto the limited sizes of certain ocean basins, no charts
for navigationd use at scales of 1:9,000,000 and smaller are
published to cover these basins. The otherwise unused two-
digit numbers (30 to 49 and 70 to 79) are assigned to special
world charts such as chart 33, Horizontal Intensity of the
Earth’'s Magnetic Field chart 42, Magnetic Variation and
chart 76, Standard Time Zone Chart of the World

One exception to the scale range criteriafor three-digit
numbersisthe use of three-digit numbersfor a series of po-
sition plotting sheets. They are of larger scale than
1:2,000,000 because they have application in ocean basins
and can be used in al longitudes.

Four-digit numbers are used for non-navigational and
special purpose charts, such as chart 5090, Maneuvering
Board chart 5101, Gnomonic Plotting Chart North Atlan-
tic; and chart 7707, Omega Plotting Chart

Five-digit numbers are assigned to those charts of scale
1:2,000,000 and larger that cover portions of the coastline
rather than significant portions of ocean basins. These
charts are based on the regions of the nautical chart index.
See Figure 344b.

Thefirst of the five digits indicates the region; the sec-
ond digit indicates the subregion; the last three digits

indicate the geographical sequence of the chart within the
subregion. Many numbers have been left unused so that any
future charts may be placed in their proper geographical
sequence.

In order to establish alogical numbering system within
the geographical subregions (for the 1:2,000,000 and larg-
er-scale charts), aworldwide skeleton framework of coastal
charts was laid out at a scale 1:250,000. This series was
used as basic coverage except in areas where a coordinated
series at about this scale aready existed (such as the coast
of Norway where a coordinated series of 1:200,000 charts
was available). Within each region, the geographical subre-
gions are numbered counterclockwise around the
continents, and within each subregion the basic series also
is numbered counterclockwise around the continents. The
basic coverage is assigned generally every 20th digit, ex-
cept that thefirst 40 numbersin each subregion are reserved
for smaller-scale coverage. Charts with scales larger than
the basic coverage are assigned one of the 19 numbers fol-
lowing the number assigned to the sheet within which it
falls. Figure 344c shows the numbering sequence in Ice-
land. Note the sequence of numbers around the coast, the
direction of numbering, and the numbering of larger scale
charts within the limits of smaller scales.

Five-digit numbers are aso assigned to the charts pro-
duced by other hydrographic offices. This numbering
system is applied to foreign charts so that they can befiled
inlogical sequencewith the charts produced by the Defense
Mapping Agency Hydrographic/Topographic Center and
the National Ocean Service.
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Figure 344b. Regions and subregions of the nautical chart index.
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345. Exceptions To The System area charts and other special products not available for civil-
ian use, but it does not contain any classified listings. The
Exceptions to the numbering system for military needs ~ NOS catalogs contain all unclassified civilian-use NOS and
are asfollows: DMAHTC charts. Military navigators receive their nautical
1. Bottom contour charts are not intended for surface  charts and publications directly from DMAHTC; civilian
navigation, and do not portray portions of a coastline. They ~ navigators purchase them from NOS sales agents.
chart parts of the ocean basins. They areidentified with aletter

plusfour digits and are not available to civilian navigators. 347. Stock Numbers
2. Combat charts have 6-digit numbers beginning with
an “8.” They are not available to civilian navigators. The stock number and bar code are generally found in
the lower left corner of a DMA chart, and in the lower right
346. Chart Catalogs corner of an NOS chart. The first two digits of the stock

number refer to the region and subregion. These are fol-
Chart catalogs provide information regarding not onljowed by three letters, the first of which refers to the
chart coverage, but also a variety of special purpose chagsrtfolio to which the chart belongs; the second two denote
and publications of interest. Keep a corrected chart cataldge type of chart: CO for coastal, HA for harbor and ap-
aboard ship for review by the navigator. The DMAHTC catproach, and OA for military operating area charts. The last
alog is available to military navigators. It contains operatindive digits are the actual chart number.

USING CHARTS

348. Preliminary Steps ing is updated with the latest correction. A convenient way of
keeping this record is with @hart/Publication Correction

Upon receiving a new paper chart, verify its announceRecord Card system. Using this system, the navigator does
ment in the Notice to Mariners and correct it with allnot immediately update every chart in his portfolio when he
applicable corrections. Read all the chart's notes; theneceives the Notice to Mariners. Instead, he constructs a card
should be no question about the meanings of symbols or tifer every chart in his portfolio and notes the correction on this
units in which depths are given. Since the latitude and lorcard. When the time comes to use the chart, he pulls the chart
gitude scales differ considerably on various chartsand chart’'s card, and he makes the indicated corrections on

carefully note those on the chart to be used. the chart. This system ensures that every chart is properly
Prepare piloting charts as discussed in Chapter 8 amtrrected prior to use.
open ocean transit charts as discussed in Chapter 25. A Summary of Corrections, containing a cumulative

Place additional information on the chart as requiredlisting of previously published Notice to Mariners correc-
Arcs of circles might be drawn around navigational lights tdions, is published annually in 5 volumes by DMAHTC.
indicate the limit of visibility at the height of eye of an ob- Thus, to fully correct a chart whose edition date is several
server on the bridge. Notes regarding other informatiogears old, the navigator needs only the Summary of Correc-
from the light lists, tide tables, tidal current tables, and sailtions for that region and the notices from that Summary
ing directions might prove helpful. forward; he does not need to obtain notices all the way back

The preparation of electronic charts for use is deterto the edition date. See Chapter 4, Nautical Publications, for
mined by the operator's manual for the system. If thea description of the Summaries and Notice to Mariners.
electronic chart system in use is not IMO-approved, the When a new edition of a chart is published, it is nor-
navigator is required to maintain a concurrent plot on papanally furnished automatically to U.S. Government vessels.

charts. It should not be used until it is announced as ready for use
in the Notice to Mariners. Until that time, corrections in the
349. Maintaining Paper Charts Notice apply to the old edition and should not be applied to

the new one. When it is announced, a new edition of a chart
A mariner navigating on an uncorrected chart is courtingeplaces an older one.

disaster. The chart’s print date reflects the latest Notice to Commercial users and others who don’'t automatically
Mariners used to update the chart; responsibility for mainreceive new editions should obtain new editions from their
taining it after this date lies with the user. The weekly Noticesales agent. Occasionally, charts may be received or pur-
to Mariners contains information needed for maintainingchased several weeks in advance of their announcement in
charts. Radio broadcasts give advance notice of urgent cahe Notice to Mariners. This is usually due to extensive re-
rections. Local Notice to Mariners should be consulted foscheming of a chart region and the need to announce groups
inshore areas. The navigator must develop a system to keefcharts together to avoid lapses in coverage. The mariner
track of chart corrections and to ensure that the chart he is usears the responsibility for ensuring that his charts are the
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current edition. The very fact that a new edition has been
prepared indicates that there have been changes that cannot
adequately be shown by hand corrections.

350. Use And Stowage Of Charts

Use and stow charts carefully. This is especially true
with digital charts contained on electronic media. Keep op-
tical and magnetic media containing chart data out of the
sun, inside dust covers, and away from magnetic influenc-
es. Placing a disk in an inhospitable environment will
destroy important data.

Make permanent corrections to paper charts in ink so
that they will not be inadvertently erased. Pencil inall other
markings so that they can be easily erased without damag-
ing the chart. Lay out and label tracks on charts of
frequently-traveled ports in ink. Draw lines and labels no
larger than necessary. Do not obscure sounding data or oth-
er information when labeling a chart. When a voyage is
completed, carefully erase the charts unless there has been
a grounding or collision. In this case, preserve the charts
without change because they will play acritical role in the
investigation.

When not in use, stow chartsflat in their proper portfo-
lio. Minimize their folding and properly index them for
easy retrieval.

351. Chart Lighting

Mariners often work in a red light environment be-
cause red light is least disturbing to night adapted vision.
Such lighting seriously affects the appearance of a chart.
Before using achart in red light, test the effect red light has
on its markings. Do not outline or otherwise indicate navi-
gational hazards in red pencil because red markings
disappear under red light.

The above point cannot be overemphasized; do not
highlight danger areas on charts with red markers. Several
ships have grounded on charted hazards simply because
their conning officers were operating in ared light environ-
ment that obscured dangers highlighted on their charts in
red pen. Always highlight danger areas on chartswith acol-
or that will not disappear in red light.

352. Small-Craft Charts

Although the small-craft charts published by the Na-
tional Ocean Service are designed primarily for boatmen,
these chartsat scales of 1:80,000 and larger arein some cas-
es the only charts available of inland waters transited by
large vessels. In other cases the small-craft charts may pro-
vide a better presentation of navigational hazards than the
standard nautical chart because of scale and detail. There-
fore, navigators should use these charts in areas where they
provide the best coverage.



CHAPTER 4

NAUTICAL PUBLICATIONS

INTRODUCTION

400. Definitions

The navigator uses many information sources when
planning and conducting a voyage. These sources include
noticesto mariners, sailing directions, light lists, tide tables,
sight reduction tables, and amanacs. Historicaly, thisin-
formation has been found in printed publications;
increasingly, it is being integrated into computer-based
electronic systems. The navigator must know what infor-
mation he needs to navigate his ship safely and how to
obtain it.

This chapter will refer only to printed publications. If

navigate his ship safely.
401. Types And Sour ces Of Publications

While voyage planning and navigating, a mariner must
refer to both texts and tables. Examples of text include sail-
ing directions, coast pilots, and notices to mariners.
Examples of tables include light lists and sight reduction
tables.

Navigational publications are available from many
sources. Military customers automatically receive or requi-

sition most required publications. The civilian navigator
obtains his publications from a publisher’'s agent. Larger
agents representing many publishers can completely supply
a ship’s chart and publication library.

the navigator has access to this data on an electronic data-
base, only his method of accesswill differ. The publications
discussed here form a basic navigation library; the naviga-
tor must also obtain all supplementary materials required to

NAUTICAL TEXTS

A Planning Guide’s first chapter contains information
about the countries adjacent to the applicable ocean basin.
Defense Mapping Agency Hydrographic/Topographiclt also covers pratique, pilotage, signals, and shipping reg-
CenterSailing Directions consist of 37Enroutes and 10  ulations. Search and Rescue topics include the location of
Planning Guides. Planning Guides describe general fea-all lifesaving stations.
tures of ocean basins; Enroutes describe features of The second chapter contains information on the physi-
coastlines, ports, and harbors. cal environment of an ocean basin. It consists of Ocean
Sailing Directions are updated when new data requiresSummaries and descriptions of local coastal phenomena.
extensive revision of an existing text. These data are od-his gives the mariner meteorological and oceanographic
tained from several sources, including pilots and foreiginformation to be considered in planning a route.
Sailing Directions. The third chapter lists foreign firing danger areas not
One book comprises the Planning Guide and Enroutghown in other DMAHTC publications. A graphic key
for Antarctica. This consolidation allows for a more effec-identifies Submarine Operating Areas. This chapter also
tive presentation of material on this unique area. identifies publications listing danger areas and gives perti-
The Planning Guides are relatively permanent; by condent navigation cautions.
trast, Sailing Directions (Enroute) are frequently updated.  The fourth chapter describes recommended steamship
Between updates, both are corrected by Mutice to  routes. To facilitate planning, the publication shows entire
Mariners. routes to foreign ports originating from all major U.S. ports.
This chapter also includes all applicable Traffic Separation
Schemes.
The fifth and final chapter describes available radi-

Planning Guides assist the navigator in planning an e@navigation systems and the area’s system of lights,
tensive oceanic voyage. Each of the Guides covers an afé@acons, and buoys.
determined by an arbitrary division of the world’s seas into  Appendices contain information on buoyage systems,
eight “ocean basins.” This division is shown in Figure 403route charts, and area meteorological conditions.

402. Sailing Directions

403. Sailing Directions (Planning Guide)

51
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Figure 403. The 8 ocean basins as organized for Sailing Directions (Planning Guides).

404. Sailing Directions (Enroute)

Each volume of the Sailing Directions (Enroute) con-
tains numbered sections along a coast or through a strait.
Figure 404a illustrates this division. Each sector is dis-
cussed in turn. A preface with detailed information about
authorities, references, and conventions used in each book
precedes the sector discussions. Finaly, each book pro-
vides conversions between feet, fathoms, and meters.

The Chart Information Graphic, the first item in each
chapter, is a graphic key for charts pertaining to a sector.
See Figure 404b. The graduation of the border scale of the
chartlet enables navigatorsto identify thelargest scale chart
for alocation and to find a feature listed in the Index-Gaz-
etteer. These graphics are not maintained by Notice to
Mariners; one should refer to the chart catalog for updated
chart listings.

Other graphics may contain special information on lo-
cal winds and weather, anchorages, significant coastal
features, and navigation dangers.

A foreign terms glossary, an appendix of anchorages,
and acomprehensive | ndex-Gazetteer follow the sector dis-
cussions. The Index-Gazetteer is an aphabetical listing of
described and charted features. The Index lists each feature
by geographic coordinates and sector number for use with
the graphic key. Features mentioned in the text are listed by
page number.

405. Coast Pilots

The National Ocean Service publishes nine United
Sates Coast Pilots to supplement nautical charts of U.S.
waters. Information comes from field inspections, survey
vessels, and various harbor authorities. Maritime officials
and pilotage associations provide additional information.
Coast Pilots provide more detailed information than Sailing
Directions because Sailing Directions are intended exclu-
sively for the oceangoing mariner. The Notice to Mariners
updates Coast Pilots.

Each volume contains comprehensive sections on local
operational considerationsand navigation regulations. Follow-
ing chapters contain detail ed discussions of coastal navigation.
An gppendix provides information on obtaining additional
weather information, communications services, and other da-
ta. Anindex and additional tables complete the volume.

406. Other Nautical Texts

The government publishes several other nautical texts.
The Defense Mapping Agency, for example, publishes the
Maneuvering Board Manual (Pub. 217), The Radar Navi-
gation Manual (Pub.1310) and the American Practical
Navigator (Pub. 9).

The U.S. Coast Guard publishes navigation rules for
international and inland waters. This publication, officially
known as Commandant Instruction M16672.2b, contains
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Figure 404a. Sector Limits graphic.
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Additional chart coverage may be found in CATP2 Catalog of Nautical Charts.
Figure 404b. Chart Information graphic.
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the Inland Navigation Rules enacted in December 1980 and  visions of the Code of Federal Regulations (CFR) relating
effective on all inland waters of the United Statesincluding  to maritime matters. A number of private publishers also
the Great L akes, aswell astheInternational Regulationsfor  provide maritime publications.
the Prevention of Callisions at Sea, enacted in 1972 (1972
e ey Hyograpic rganzaton, and ihr govering ama-
user's manuals for the Omega, Loran, and GPS navigatioﬁmf”‘l o_rgamzatlon_s provide mformatfon on |nternat|oqal
systemsNavigation and Vessel Inspection Circulars; and QaV|gat|on regulations. Chapter 1 gives these organiza-
the Chemical Data Guide for Bulk Shipment by Water. tions’ addresses. Regulations for various Vessel Traffic
The Government Printing Office provides several pubServices (VTS), canals, lock systems, and other regulated
lications on navigation, safety at sea, communicationgyaterways are published by the authorities which operate
weather, and related topics. Additionally, it publishes prothem.

The International Maritime Organization, International

USING THE LIGHT LISTS

407. Light Lists early, an observer located below the light's visible horizon
cannot see it. The Distance to the Horizon table gives the
The United States publishes two different light lists.distance to the horizon for various heights of eye. The light
The U.S. Coast Guard publishes thight List for lights in  lists contain a condensed version of this table. Abnormal re-
U.S. territorial waters; DMAHTC publishes tHast of  fraction patterns might change this range; therefore, one
Lights for lights in foreign waters. cannot exactly predict the range at which a light will be seen.
Light lists furnish complete information about naviga-
tion lights and other navigation aids. They supplement, but08. Deter mining Range And Bearing Of A Light At
do not replace, charts and sailing directions. Consult thimitial Sighting
chart for the location and light characteristics of all naviga-
tion aids; consult the light lists to determine their detailed A light's luminous range is the maximum range at
description. which an observer can see a light under existing visibility
The Notice to Mariners corrects both lists. Corrections conditions. This luminous range ignores the elevation of the
which have accumulated since the print date are included in thght, the observer's height of eye, the curvature of the
Notice to Mariners as aSummary of Corrections. All of these  earth, and interference from background lighting. It is de-
summary corrections, and any corrections published subsermined from the knownominal range and the existing
guently, should be noted in the “Record of Corrections.”  visibility conditions. The nominal range is the maximum
A navigator needs to know both the identity of a lightdistance at which a light can be seen in weather conditions
and when he can expect to see it; he often plans the shipidhere visibility is 10 nautical miles.
track to pass within a light's range. If lights are not sighted The U.S. Coast Guard Light List usually lists a light's
when predicted, the vessel may be significantly off coursaominal range. Use the Luminous Range Diagram shown in
and standing into danger. the Light List and Figure 408a to convert this nominal range
A circle with a radius equal to the visible range of theto luminous range. Remember that the luminous ranges ob-
light usually defines the area in which a light can be seettained are approximate because of atmospheric or
On some bearings, however, obstructions may reduce thackground lighting conditions. Estimate the meteorological
range. In this case, the obstructed arc might differ withvisibility by the Meteorological Optical Range Table, Figure
height of eye and distance. Also, lights of different colorg#08b. Next, enter the Luminous Range Diagram with the
may be seen at different distances. Consider these facts baoibminal range on the horizontal nominal range scale. Follow
when identifying a light and predicting the range at whicha vertical line until it intersects the curve or reaches the re-
it can be seen. gion on the diagram representing the meteorological
Atmospheric conditions have a major effect on avisibility. Finally, follow a horizontal line from this point or
light's range. Fog, haze, dust, smoke, or precipitation caregion until it intersects the vertical luminous range scale.
obscure a light. Additionally, a light can be extinguished.
Always report an extinguished light so maritime authorities ~ Example 1: The nominal range of a light as extracted

can issue a warning. fromthe Light List is 15 nautical miles.

On a dark, clear night, the visual range is limited by ei-  Required: The luminous range when the meteorol ogi-
ther: (1) luminous intensity, or (2) curvature of the earth. cal visbility is (1) 11 nautical miles and (2) 1
Regardless of the height of eye, one cannot see a weak light nautical mile.

beyond a certain luminous range. Assuming light travels lin-  Solution: To find the luminous range when the meteo-
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Figure 408a. Luminous Range Diagram.

rological visibility is 11 nautical miles, enter the
Luminous Range Diagram with nominal range 15
nautical miles on the horizontal nominal range
scale; follow a vertical line upward until it inter-
sects the curve on the diagram representing a
meteorological visibility of 11 nautical miles;
fromthis point follow a horizontal line to the right
until it intersectsthe vertical luminousrange scale
at 16 nautical miles. A similar procedure is fol-
lowed to find the luminous range when the
meteorological visibility is 1 nautical mile.
Answers: (1) 16 nautical miles; (2) 3 nautical miles.

to the horizon based on its height to calculate a light's geo-
graphic range. See Figure 408c. This illustration uses a light
150 feet above the water. Table 12, Distance of the Horizon,
yields a value of 14.3 nautical miles for a height of 150 feet.
Within this range, the light, if powerful enough and atmo-
spheric conditions permit, is visible regardless of the height of
eye of the observer. Beyond 14.3 nautical miles, the geograph-
ic range depends upon the observer's height of eye. Thus, by
the Distance of the Horizon table mentioned above, an observ-
er with height of eye of 5 feet can see the light on his horizon
if he is 2.6 miles beyond the horizon of the light. The geo-
graphic range of the light is therefore 16.9 miles. For a height
of 30 feet the distance is 14.3 + 6.4 = 20.7 miles. If the height

A light's geographic range depends upon the height of of eye is 70 feet, the geographic range is 14.3 + 9.8 = 24.1
both the light and the observer. Sum the observer’s distancertiles. A height of eye of 15 feet is often assumed when tabu-
the horizon based on his height of eye and the light's distandating lights’ geographic ranges.
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Code Yards
No.
Weather
0 Densefog................. Less than 50
1 Thickfog ...........ccoiii.t. 50-200
2 Moderatefog .................. 200-500
3 Lightfog.................... 500-1000
Nautical Miles
4 Thinfog ...........cooiiiiin. 12-1
5 Haze............... ... ... 1-2
6 LightHaze .................... 2-51/2
7 Clear......cooiiiiiiiiia.. 512-11
8 VeyClear .................. 11.0-27.0.
9 ExceptionallyClear ........... Over 27.0

From the International Visibility Code.

Figure 408b. Meteorlogical Optical Range Table

To predict the bearing and range at which avessdl will ini-

light and with a radius equal to the lesser of the geographic or
luminous ranges. Extend the vessel's track until it intersects
the visibility arc. The bearing from the intersection point to the
light is the light's predicted bearing at first sighting.

If the extended track crosses the visibility arc at a small
angle, a small lateral track error may result in large bearing
and time prediction errors. This is particularly apparent if
the vessel is farther from the light than predicted; the vessel
may pass the light without sighting it. However, not sight-
ing a light when predicted does not always indicate the
vessel is farther from the light than expected. It could also
mean that atmospheric conditions are affecting visibility.

Example 2: The nominal range of a navigational light
120 feet above the chart datum is 20 nautical
miles. The meteorological visibility is 27 nautical
miles.

Required: The distance at which an observer at a
height of eye of 50 feet can expect to seethe light.

Solution: The maximum range at which the light may
be seenisthelesser of the luminous or geographic
ranges. At 120 feet the distance to the horizon, by
table or formula, is 12.8 miles. Add 8.3 miles, the
distanceto the horizon for a height of eye of 50 feet
to determine the geographic range. The geograph-
ic range, 21.1 miles, is less than the luminous

tially sight a light first determine the light's geographic range. range, 40 miles.
Compare the geographic range with the light's luminous Answer: 21 nautical miles. Because of various uncer-
range. The lesser of the two ranges is the range at which the tainties, the range is rounded off to the nearest

light will first be sighted. Plot a visibility arc centered on the

whole mile.

Figure 408c. Geographic Range of a light.
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When first sighting a light, an observer can determine
if it ison the horizon by immediately reducing his height of
eye. If the light disappears and then reappears when the ob-
server returns to his original height, the light is on the
horizon. This processis called bobbing a light.

If a vessel has considerable vertical motion due to
rough seas, a light sighted on the horizon may alternately
appear and disappear. Wave tops may also obstruct the light
periodically. This may cause the characteristic to appear

light and the meteorological visibility.
409. USCG Light Lists

The U.S. Coast Guard Light List (7 volumes) givesin-
formation on lighted navigation aids, unlighted buoys,
radiobeacons, radio direction finder calibration stations, day-
beacons, racons, and Loran stations.

Each volume of the Light Listcontainsaidsto navigation

different than expected. The light’s true characteristics caim geographic order from north to south along the Atlantic
be observed either by closing the range to the light or by themast, from east to west along the Gulf coast, and from south
observer’s increasing his height of eye. to north aong the Pacific coast. It lists seacoast aidsfirst, fol-
If a light’s range given in a foreign publication approx-lowed by entrance and harbor aids listed from seaward.
imates the light's geographic range for a 15-foot observer’ktracoastal Waterway aidsarelisted last in geographic order
height of eye, assume that the printed range is the lightis the direction from New Jersey to Florida to the Texas/
geographic range. Also assume that publication has listédexico border.
the lesser of the geographic and nominal ranges. Therefore, Thelistings are preceded by a description of the aids to
if the light's listed range approximates the geographic rangeavigation system in the United States, luminous range dia-
for an observer with a height of eye of 15 feet, then assungeam, geographic range tables, and other information.
that the light's limiting range is the geographic range. Then,
calculate the light’s true geographic range using the actudll0. DMAHTC List of Lights, Radio Aids, and Fog
observer's height of eye, not the assumed height of eye &fgnals
15 feet. This calculated true geographic range is the range
at which the light will first be sighted. The Defense Mapping Agency Hydrographic/Topo-
graphic Center publishesthe List of Lights, Radio Aids, and
Fog Signalqusually referred to asthe List of Lights not to
be confused with the Coast Guartight List). In addition
to information on lighted aids to navigation and sound sig-
nals in foreign waters, the DMAHTQ.ist of Lights
height of eye of 50 feet can expect to seethelight.  provides information on storm signals, signal stations, ra-
Solution: Calculate the geographic range of thelight ~ cons, radiobeacons, and radio direction finder calibration
assuming a 15 foot observer's height of eye. Astations located at or near lights. For more details on radio
120 feet the distance to the horizon is 12.8 milemavigational aids, consuRub. 117, Radio Navigational
Add 4.5 miles (the distance to the horizon at aAids.
height of 15 feet) to 12.8 miles; this range is 17.3  The DMAHTCList of Lightsdoes not include informa-
miles. This approximates the range listed on thdion on lighted buoys inside harbors. It does include certain
chart. Then assuming that the charted range is thaeronautical lights situated near the coast; however, these
geographic range for a 15-foot observer height oflights are not designed for marine navigation and are sub-
eye and that the nominal range is the greater tharect to unreported changes.
this charted range, the predicted range is found by  Foreign notices to mariners are the main correctional in-
calculating the true geographic range with a 50 formation source for the DMAHTQ.ists of Lights, other
foot height of eye for the observer. sources, such as ship reports, are also used. Many aids to nav-
Answer: The predicted range = 12.8 mi. + 8.3 mi. = igation in less developed countries may not be well
21.1 mi.. The distance in excess of the chartedhaintained. They are subject to damage by storms and vandal-
range depends on the luminous intensity of thésm, and repairs may be delayed for long periods.

Example 3: The range of a light as printed on a foreign
chart is17 miles. Thelight is 120 feet above chart da-
tum. Themeteorological visihility is 10 nautical miles.

Required: The distance at which an observer at a

MISCELLANEOUSNAUTICAL PUBLICATIONS

411. DMAHTC Radio Navigational Aids (Pub. 117) communications, medical advice via radio, long-range nav-
igation aids, the AMVER system, and interim procedures

This publication is a selected list of worldwide radiofor U.S. vessels in the event of an outbreak of hostilities.
stations which perform services to the mariner. Topics cowrub. 117 is corrected via thilotice to Mariners and is up-
ered include radio direction finder and radar stations, radidated periodically with a new edition.

time signals, radio navigation warnings, distress and safety ThoughPub. 117 is essentially a list of radio stations
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providing vital maritime communication and navigation  publication became effective in 1969.

services, it also containsinformation which explainstheca— According to this code, each Signa| has a unique and
pabilities and limitations of the various systems. complete meaning. The signals can be transmitted via Morse
light and sound, flag, radio-telegraphy and -telephony, and
semaphore. Since these methods of signaling are internation-
ally recognized, differences in language between sender and
receiver are immaterial; the message will be understood
when decoded in the language of the receiver, regardless of
the language of the sender. Thiatice to Mariners corrects

Pub. 102.

412. Chart No. 1

Chart No. 1 is not actually a chart but a book contain-
ing akey to chart symbols. Most countries which produce
charts also produce such alist. The U.S. Chart No. 1 con-
tains alisting of chart symbolsin four categories:

« Chart symbols used by the National Ocean Service416' Almanacs
e Chart symbols used by the Defense Mapping

Agency For celestial sight reduction, the navigator needa-an

« Chart symbols recommended by the Internationamanac for ephemeris data. Thdautical Almanac,
Hydrographic Organization produced jointly by H.M. Nautical AlImanac Office and the

« Chart symbols used on foreign charts reproduced by.S. Naval Observatory, is the most common almanac used
DMAHTC for celestial navigation. It also contains information on sun-

rise, sunset, moonrise, and moonset, as well as compact
Subjects covered include general features of charts, teight reduction tables. THéautical Almanac is published
pography, hydrography, and aids to navigation. There ignnually.
also a complete index of abbreviations and an explanation The Air Almanac contains slightly less accurate
of the IALA buoyage system. ephemeris data for air navigation. It can be used for marine
navigation if slightly reduced accuracy is acceptable.
Chapter 19 provides more detailed information on us-
ing theNautical Almanac.

413. DMAHTC World Port Index (Pub. 150)

TheWorld Port Index contains a tabular listing of thou-
sands of ports throughout the world, describing their . .
locations, characteristics, facilities, and services availablé.ﬂ' Sight Reduction Tables

Information is arranged geographically; the index is ar- i
ranged alphabetically. Without a calculator or computer programmed for

Coded information is presented in columns and rowsSight reduction, the navigator neesifght reduction tables

This information supplements information in tBailing  to solve the celestial triangle. Two different sets of tables
Directions. The applicable volume ofailing Directions ~ are commonly used at sea.

and the number of the harbor chart are given inkbdd Sght Reduction Tables for Marine Navigation, Pub.

Port Index. TheNotice to Mariners corrects this book. 229, consists of six volumes of tables designed for use with
the Nautical Almanac for solution of the celestial triangle

414. DMAHTC Distances Between Ports (Pub. 151) by theMarcq Saint Hilaire orinter cept method. The tab-

. o _ _ ~ ular data are the solutions of the navigational triangle of
This publication lists the distances between majoiyhich two sides and the included angle are known and it is

ports. Reciprocal distances between two ports may differﬁecessary to find the third side and adjacent angle.
due to different routes chosen because of currents and cli- Each volume of Pub. 229 includes two 8 degree zones

matic conditions. To reduce the number of I|st|ngsComprising 15 degree bands from 0 to 90 degrees, with a 1

needed, junction points along major routes are used t | | S i
consolidate routes converging from different directions. -2 cc overap between volumes. Pub. 229 is a joint publi-
cation produced by the Defense Mapping Agency, the U.S.

This book can be most effectively used for voyag .
planning in conjunction with the proper volume(s) of theeNavaI Observatory, and the Royal Greenwich Observatory.

Sailing Directions (Planning Guide). It is corrected via the Sight Reduction Tables for Air Navigation, Pub. 249, is
Notice to Mariners. also a joint production of the three organizations above. Itis

issued in three volumes. Volume 1 contains the values of the
415. DMAHTC International Code Of Signals(Pub. 102)  altitude and true azimuth of seven selected stars chosen to
provide, for any given position and time, the best observa-
This book lists the signals to be employed by vessels &pns. A new edition is issued every 5 years for the upcoming
sea to communicate a variety of information relating teastronomical epoch. Volumes 2°(tb 4C) and 3 (39 to
safety, distress, medical, and operational information. Thi89°) provide for sights of the sun, moon, and planets.
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418. Catalogs the chart regions 1 through 9. A special section of miscella-

neous charts and publications is included. This section also

A chart catalog is avaluable reference to the navigator  lists products produced by NOS, the U.S. Army Corps of

for voyage planning, inventory control, and ordering. There  Engineers, U.S. Coast Guard, U.S. Naval Oceanographic

aretwo major types of catalogs, onefor themilitary andone  Office, and some foreign publications from the United
for the civilian market. Kingdom and Canada.

The military navigator will seethe DMA navtical chart Thecivilian navigator should refer to catal ogs produced

f]gtuatls:gl a(spp;?trt :Sf ilzrgerrwgiec o(fp(;?ialzc))g;r:jclttédlcr:gr ae;cl)c by the National Ocean Service. For U.S. waters, NOS charts
» nyarograp ' Pograp are listed in a series of single sheet “charts” showing a major

Ejfnags3L)Jr?crgizicftiZdI|EDalsﬂhAPr?raL:izgglscing acr)g(la};)tredr?grSa\r/f |2_ region of the U.S. with individual chart graphics shown.
' " These catalogs also list charts showing titles and scales. Fi-

Volume 1. This is available only to U.S. military users, 7
DoD contractors, and those who support them. nally, it lists sales agents from whom the products may be

This catalog contains comprehensive ordering ingtruc- ~ Purchased.
tions and information about the products listed. Also listed DMA products for the civilian navigator are listed by
are addresses of all Combat Support Center field offices, in-  NOS in a series of regionalized catalogs similar to Part 2
formation on crisis support, and other special situations. The ~ Volume 1. These catalogs are also available through autho-
catalog is organized by geographic region correspondingto  rized NOS chart agents.

MARITIME SAFETY INFORMATION

419. Notice To Mariners weekly, another third are bi-monthly or monthly, and the
rest irregularly issued according to need. Much of the data
The Notice to Mariners is published weekly by the in the U.S.Notice to Mariners is obtained from these for-
Defense Mapping Agency Hydrographic/Topographiceign notices.
Center (DMAHTC), prepared jointly with the National Correct U.S. charts with the U.Hoticeto Mariners.
Ocean Service (NOS) and the U.S. Coast Guard. It advis&milarly, correct foreign charts using the foreign notice
mariners of important matters affecting navigational safebecause chart datums often vary according to region and
ty, including new hydrographic information, changes ingeographic positions are not the same for different
channels and aids to navigation, and other important datdatums.
The information in théotice to Marinersis formatted to The Notice consists of a page ¢fydrograms list-
simplify the correction of paper charts, sailing directionsjng important items in the notice, a chart correction
light lists, and other publications produced by DMAHTC,section organized by ascending chart number, a publica-
NOS, and the U.S. Coast Guard. tions correction section, and a summary of broadcast
It is the responsibility of users to decide which of theirnavigation warnings and miscellaneous information.
charts and publications require correction. Suitable records Mariners are requested to cooperate in the correction of
of Noticeto Mariners should be maintained to facilitate the charts and publications by reporting all discrepancies be-
updating of charts and publications prior to use. tween published information and conditions actually
Information for theNotice to Mariners is contributed observed and by recommending appropriate improvements.
by: the Defense Mapping Agency Hydrographic/Topo-A convenient reporting form is provided in the back of each
graphic Center (Department of Defense) for waterdNoticeto Mariners.
outside the territorial limits of the United States; National ~ Noticeto Mariners No. 1 of each year contains impor-
Ocean Service (National Oceanic and Atmospheric Adtant information on a variety of subjects which supplements
ministration, Department of Commerce), which is chargednformation not usually found on charts and in navigational
with surveying and charting the coasts and harbors of theublications. This information is published $gecial No-
United States and its territories; the U.S. Coast Guard (Deiceto Mariners Paragraphs. Additional items considered
partment of Transportation) which is responsible for theof interest to the mariner are also included in Notce.
safety of life at sea and the establishment and operation of
aids to navigation; and the Army Corps of Engineers (De420. Summary Of Corrections
partment of Defense), which is charged with the
improvement of rivers and harbors of the United States. In A close companion to thMotice to Mariners is the
addition, important contributions are made by foreign hySummary of Corrections. The Summary is published in
drographic offices and cooperating observers of alfive volumes. Each volume covers a major portion of the
nationalities. earth including several chart regions and many subregions.
Over 60 countries which produce nautical charts als&olume 5 also includes special charts and publications cor-
produce a notice to mariners. About one third of these amected by theNotice to Mariners. Since theSummaries



60 NAUTICAL PUBLICATIONS

contain cumulative corrections, any chart, regardless of its  locator, a list of marine sediments samples, a datum conver-
print date, can be corrected with the proper volume of the  sion program for NAD 27 to NAD 83 datum conversions,

Summary and all subsequent Notice to Mariners. and a list of aerial photographs available from NOAA. The
modem phone number is (301) 713-4573, the voice line
421. The Navigation I nfor mation Networ k (301) 713-2653, and FAX (301) 713-4581. The address of

the office is NOAA, NOS, C&GS, (N/CG211), 1315 East-

Most of the weekly Notice to Mariners production is  West Highway, Silver Spring, MD, 20910
computerized. Thissystem isknown asthe Automated No-
tice to Mariners System (ANMS). Design work on this 422, | ocal Notice To Mariners
system began in 1975, and the first Notice produced with it
was issued in 1980. This system’s software allows remote  The | ocal Notice to Mariners is issued by each U.S.
query via modem. This remote access system is known gg,ast Guard District to disseminate important information
theNavigation Information Network (NAVINFONET).  tfecting navigational safety within that District. ThNe-

Data available through NAVINFONET includes chart iice reports changes and deficiencies in aids to navigation
corrections, DMAList of Lights corrections, Coast Guard mgaintained by the Coast Guard. Other marine information
Light List corrections, radio warnings, MARAD AdVisO- gych as new charts, channel depths, naval operations, and
ries, DMA hydrographic product catalog corrections, drill ggattas is included. Since temporary information of short
rig locations, ship hostile action report (SHAR) files, andyration is not included in the weeKNotice to Mariners,

GPS navigation system status reports. Mes.sages can alsqR€| ocal Notice to Mariners may be the only source of
left for DMAHTC staff regarding suggestions, changesgych information. Small craft using the Intracoastal Water-
corrections or comments on any navigation products.  \ay and small harbors not normally used by oceangoing
_ The system does not have the capability to send grapjassels need it to keep charts and publications up-to-date.
ics files, which prevents the transfer of chartlets. Howevergj,ce correcting information for U.S. charts in the

navigators can access most other significant informatiop, AHTC Notice is obtained from the Coast Gudrdcal
contained in théloticeto Mariners. Information is updated Ngtices it is normal to expect a lag of 1 or 2 weeks for the

daily or weekly according to thilotice to Mariners pro-  pMAHTC Notice to publish a correction from this source.
duction schedule. The system supports most internationally The Local Notice to Mariners may be obtained free of

recognized telephone protocols and can presently tranngﬁarge by contacting the appropriate Coast Guard District

dataNa;\?lmggm;_T rate (tjf 9600| baud. t for th K Commander. Vessels operating in ports and waterways in
'S not a replacement for In€ WEEKY ¢\ a5 districts must obtain thecal Notice to Mariners

NOt'Ce to_Marmers, and in c_:grtam respects the accuracy 0from each district. See Figure 422 for a complete list of U.S.
information cannot be verified by DMA. Certain files, for o
. . . oast Guard Districts.

example, are entered directly into the data base without eg—
iting by DMA staff. Also, drill rig locations are furnished . . )
by the companies which operate them. They are not ré23 Electronic Notice To Mariners
quired to provide these positions, and they cannot be
verified. However, within these limitations, the system can  Electronic chart development is proceeding rapidly.
provide information 2 to 3 weeks sooner than the printedhe correction of these charts will become a major issue. In
Noticeto Mariners, because the papiptice must be com- the near future, the quality standards of digital charts will
piled, edited, printed, and mailed after the digital version igermit the replacement of traditional paper charts. Neither
completed. paper nor electronic charts should be used unless corrected

NAVINFONET access is free, but the user must payhrough the latestiotice to Mariners. Chapter 14 discusses
telephone charges. All users must register and receiveptential methods for correcting electronic charts.
password by writing or calling DMAHTC, Attn.: MCC- Until the electronic chart is recognized as being the le-
NAVINFONET, Mail Stop D-44, 4600 Sangamore Rd.,gal equivalent of the paper chart, however, it cannot replace
Bethesda, MD, 20816-5003; telephone (301) 227-3296. the paper chart on the bridge. Presently, therefore, the mar-

The U.S. Coast and Geodetic Survey operates a similarer must continue to use traditional paper charts. Their use,
free computerized marine information bulletin board conin turn, necessitates the continued use oNitece to Mar-
taining a list of wrecks and obstructions, a nautical chaihers correction system.
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i CESTRECT
SEATTLE

1dih CESTRRCT
LR L |II

COMMANDER, FIRST COAST GUARD DISTRICT
408 ATLANTIC AVENUE
BOSTON, MA 02110-3350
PHONE: DAY 617-223-8338, NIGHT 617-223-8558

COMMANDER, SECOND COAST GUARD DISTRICT
1222 SPRUCE STREET

ST. LOUIS, MO 63103-2832

PHONE: DAY 314-539-3714, NIGHT 314-539-3709

COMMANDER, FIFTH COAST GUARD DISTRICT
FEDERAL BUILDING

431 CRAWFORD STREET

PORTSMOUTH, VA 23704-5004

PHONE: DAY 804-398-6486, NIGHT 804-398-6231

COMMANDER, SEVENTH COAST GUARD DISTRICT
BRICKELL PLAZA FEDERAL BUILDING

909 SE 1ST AVENUE, RM: 406

MIAMI, FL 33131-3050

PHONE: DAY 305-536-5621, NIGHT 305-536-5611

COMMANDER GREATER ANTILLES SECTION
U.S. COAST GUARD

P.O. BOX S-2029

SAN JUAN, PR 00903-2029

PHONE: 809-729-6870

COMMANDER, EIGHTH COAST GUARD DISTRICT
HALE BOGGS FEDERAL BUILDING

501 MAGAZINE STREET

NEW ORLEANS, LA 70130-3396

PHONE: DAY 504-589-6234, NIGHT 504-589-6225

Atlantic Area
COMLANTAREA

DS TN
BRLS

Sik DILTRECT
PORTSEOUITH

it DETRCT
b K

amn [STRCT
MEW FLEAME

COMMANDER, NINTH COAST GUARD DISTRICT
1240 EAST 9TH STREET

CLEVELAND, OH 44199-2060

PHONE: DAY 216-522-3991, NIGHT 216-522-3984

COMMANDER, ELEVENTH COAST GUARD DISTRICT
FEDERAL BUILDING

501 W. OCEAN BLVD.

LONG BEACH, CA 90822-5399

PHONE: DAY 310-980-4300, NIGHT 310-980-4400

COMMANDER, THIRTEENTH COAST GUARD DISTRICT
FEDERAL BUILDING

915 SECOND AVENUE

SEATTLE, WA 98174-1067

PHONE: DAY 206-220-7280, NIGHT 206-220-7004

COMMANDER, FOURTEENTH COAST GUARD DISTRICT
PRINCE KALANIANAOLE FEDERAL BLDG.

9TH FLOOR, ROOM 9139

300 ALA MOANA BLVD.

HONOLULU, HI 96850-4982

PHONE: DAY 808-541-2317, NIGHT 808-541-2500

COMMANDER, SEVENTEENTH COAST GUARD DISTRICT
P.O. BOX 25517

JUNEAU, AK 99802-5517

PHONE: DAY 907-463-2245, NIGHT 907-463-2000

Figure 422. U.S. Coast Guard Districts.
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CHAPTER 5

SHORT RANGE AIDSTO NAVIGATION

DEFINING SHORT RANGE AIDSTO NAVIGATION

500. Terms And Definitions es, radiobeacons, racons, Loran C, sound signals, buoys,
and daybeacons on the navigable waters of the United
The term “short range aids to navigation” encompasseStates, its territories, and possessions. Additionally, the
lighted and unlighted beacons, ranges, leading light$ oast Guard exercises control over privately owned navi-
buoys, and their associated sound signals. Each short rarggion aid systems.
aid to navigation, commonly referred to as a NAVAID, fits A beacon is a stationary, visual navigation aid. Large
within a system designed to warn the mariner of dangetghthouses and small single-pile structures are both bea-
and direct him toward safe water. An aid's function detereons. Lighted beacons are callgghts; unlighted beacons
mines its color, shape, light characteristic, and sound. Thire daybeacons. All beacons exhibit @aymark of some
chapter explains the U.S. Aids to Navigation System asort. In the case of a lighthouse, the color and type of struc-
well as the international IALA Maritime Buoyage System. ture are the daymarks. On small structures, these daymarks,
The placement and maintenance of marine aids to naconsisting of colored geometric shapes catagboards,
igation in U.S. waters is the responsibility of the Unitedoften have lateral significance. Conversely, the markings
States Coast Guard. The Coast Guard maintains lighthousa lighthouses and towers convey no lateral significance.

FIXED LIGHTS

501. Major And Minor Lights With few exceptions, all major lights are operated au-
tomatically. There are also many automatic lights on
Lights vary from tall, high intensity coastal lights to smaller structures maintained by the Coast Guard or other
battery-powered lanterns on single wooden piles. Immovattendants. Unmanned major lights may have emergency
able, highly visible, and accurately charted, fixed lightsggenerators and automatic monitoring equipment to increase
provide navigators with an excellent source for bearingghe light's reliability.
The structures are often distinctively colored to aid in iden-  Light structures’ appearances vary. Lights in low-lying
tification. See Figure 501a. areas usually are supported by tall towers; conversely, light
A major light is a high-intensity light exhibited from structures on high cliffs may be relatively short. However
a fixed structure or a marine site. Major lights include priits support tower is constructed, almost all lights are simi-
mary seacoast lights and secondary lighsimary larly generated, focused, colored, and characterized.
seacoast lights are those major lights established for mak- ~ Some major lights use modern rotating or flashing
ing landfall from sea and coastwise passages from headlalights, but many older lights useesnel lenses. These lens-
to headlandSecondary lights are those major lights estab- es consist of intricately patterned pieces of glass in a heavy
lished at harbor entrances and other locations where hiditass framework. Modern Fresnel-type lenses are cast from
intensity and reliability are required. high-grade plastic; they are much smaller and lighter than
A minor light usually displays a light of low to mod- their glass counterparts.
erate intensity. Minor lights are established in harbors, A buoyant beacon provides nearly the positional ac-
along channels, rivers, and in isolated locations. They usiguracy of a light in a place where a buoy would normally be
ally have numbering, coloring, and light and soundused. See Figure 501b. The buoyant beacon consists of a
characteristics that are part of the lateral system of buoyadeeavy sinker to which a pipe structure is tightly moored. A
Lighthouses are placed where they will be of most use:buoyancy chamber near the surface supports the pipe. The
on prominent headlands, at harbor and port entrances, tight, radar reflector, and other devices are located atop the
isolated dangers, or at other points where mariners can bgspe above the surface of the water. The pipe with its buoy-
use them to fix their position. The lighthouse’s principalancy chamber tends to remain upright even in severe
purpose is to support a light at a considerable height aboveeather and heavy currents, providing a smaller watch cir-
the water, thereby increasing its geographic range. Suppate than a buoy. The buoyant beacon is most useful along
equipment is often housed near the tower. narrow ship channels in relatively sheltered water.

63
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Figure 501a. Typical offshore light station.

502. Range Lights

Rangelightsarelight pairsthat indicate a specific line
of position when they are in line. The higher rear light is
placed behind the front light. When the mariner sees the
lights vertically in line, he is on the range line. If the front
light appears|eft of therear light, the observer isto theright
of the rangeling; if the front appears to the right of the rear,
the observer isleft of the rangeline. Range lights are some-
times equipped with high intensity lights for daylight use.
These are effective for long channels in hazy conditions
when dayboards might not be seen. The range light struc-
tures are usually also equipped with dayboards for ordinary
daytime use. Some smaller ranges, primarily in the Intrac-
oastal Waterway and other inland waters, have just the
dayboards with no lights. See Figure 502.

To enhance the visibility of range lights, the Coast
Guard has developed 15-foot long lighted tubes called light
pipes. They are mounted vertically, and the mariner sees
them as vertical bars of light distinct from background

LIGHT. —— FOCAL PLANE ———
15
PLATFORM
WATER LINE

1t
BUOTANCY ~g] '|!
CHAMBER ': :
1

HI

Jl‘ FI G 2 5sec "15"

Figure 501b. Typical design for a buoyant beacon.

lighting. Installation of light pipesis proceeding on several
range markers throughout the country. The Coast Guard is
also experimenting with long range sodium lights for areas
requiring visibility greater than the light pipes can provide.

The output from a low pressure sodium light is almost
entirely at one wavelength. This alows the use of an inex-
pensive band-passfilter to makethelight visible even during
the daytime. This arrangement eliminates the need for high
intensity lights with their large power requirements.

Rangelightsare usudly white, red, or green. They display
various characteristics differentiating them from surrounding
lights.

A directional light isasinglelight that projectsahighin-
tengity, special characteristic beam in a given direction. It is
used in cases where a two-light range may not be practicable.
A directional sector light isadirectional light that emits two
or more colored beams. The beams have a precisdly oriented
boundary between them. A normal application of asector light
would show three colored sections: red, white, and green.
The white sector would indicate that the vessel is on the
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Figure 502. Range lights.

channel centerline; the green sector would indicate that the
vessdl is off the channel centerline in the direction of deep
water; and the red sector would indicate that the vessel is
off the centerline in the direction of shoal water.

503. Aeronautical Lights

Aeronautical lights may bethefirst lights observed at
night when approaching the coast. Those situated near the
coast and visible from sea are listed in the List of Lights.
These lights are not listed in the Coast Guard Light List.
They usually flash alternating white and green.

Aeronautical lights are sequenced geographically in
the List of Lights along with marine navigation lights. How-
ever, since they are not maintained for marine navigation,
they are subject to changes of which maritime authorities
may not be informed. These changes will be published in
Notice to Airmen but perhaps not in Notice To Mariners.

504. Bridge Lights

Red, green, and white lights mark bridges across naviga-
blewatersof the United States. Red lights mark piersand other
parts of the bridge. Red lights are also used on drawbridgesto
show when they are in the closed position. Green lights mark
open drawbridges and mark the centerline of navigable chan-
nelsthrough fixed bridges. The position will vary according to
the type of structure. Navigational lightson bridgesinthe U.S.
are prescribed by Coast Guard regulations.

Infrequently-used bridges may be unlighted. In foreign
waters, the type and method of lighting may be different from
those normdly found in the United States. Drawbridgeswhich
must be opened to allow passage operate upon sound and light
dgnals given by the vessel and acknowledged by the bridge.
Theserequired signasaredetailed in the Code of Federal Reg-

ulations and the applicable Coast Filot. Certain bridges may
also be equipped with sound signals and radar reflectors.

505. ShorelLights

Shore lights usualy have a shore-based power supply.
Lights on pilings, such as those found in the Intracoastal Wa-
terway, are battery powered. Solar panels may be installed to
enhance the light's power supply. The lights consist of a power
source, a flasher to determine the characteristic, a lamp chang-
er to replace burned-out lamps, and a focusing lens.

Various types of rotating lights are in use. They do not
have flashers but remain continuously lit while a lens or re-
flector rotates around the horizon.

The whole light system is carefully engineered to pro-
vide the maximum amount of light to the mariner for the
least power use. Specially designed filaments and special
grades of materials are used in the light to withstand the
harsh marine environment.

Theflasher electronically determines the characteris-
tic by selectively interrupting the light's power supply
according to the chosen cycle.

Thelamp changer consists of several sockets arranged
around a central hub. When the circuit is broken by a
burned-out filament, a new lamp is rotated into position.
Almost all lights have daylight switches which turn the
light off at sunrise and on at dusk.

Thelens for small lights may be one of several types.
The common ones in use are omni-directional lenses of
155mm, 250mm, and 300mm. In addition, lights using par-
abolic mirrors or focused-beam lenses are used in leading
lights and ranges. The lamp filaments must be carefully
aligned with the plane of the lens or mirror to provide the
maximum output of light. The lens’ size is chosen according
to the type of platform, power source, and lamp characteris-
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tics. Additionally, environmental characteristics of the
location are considered. Various types of light-condensing
panels, reflex reflectors, or colored sector panels may bein-

stalled inside the lens to provide the proper characteristic.
A specia heavy 200mm lantern is used in locations
where ice and breaking water are a hazard.

LIGHT CHARACTERISTICS

506. Characteristics

A light has digtinctive characteristics which distin-
guish it from other lights or convey specific information. A
light may show a distinctive sequence of light and dark in-
tervals. Additionally, alight may display adistinctive color
or color sequence. In the Light Lists, the dark intervals are
referred to as eclipses. An occulting light is alight totally
eclipsed at regular intervals, the duration of light alwaysbe-
ing greater than the duration of darkness. A flashing light
isalight which flashes at regular intervals, the duration of
light always being less than the duration of darkness. An
isophase light flashes at regular intervals, the duration of
light being equal to the duration of darkness.

Light phase characteristics (Figure 506a and Figure
506b) are the distinctive sequences of light and dark inter-
valsor sequencesin the variations of the luminousintensity
of alight. The light phase characteristics of lights which
change color do not differ from those of lights which do not
change color. A light showing different colors alternately is
described asan alter nating light. The alternating character-
istic may be used with other light phase characteristics.

Light-sensitive switches extinguish most lighted navi-
gation aids during daylight hours. However, owing to the
various sengitivity of the light switches, al lights do not
come on or go off at the same time. Mariners should ac-
count for this when identifying aids to navigation during
twilight periods when some lighted aids are on while others
are not.

507. Light Sectors

Sectors of colored glass or plastic are sometimes
placed in the lanterns of certain lightsto indicate dangerous
waters. Lights so equipped show different colors when ob-
served from different bearings. A sector changes the color
of alight, but not its characteristic, when viewed from cer-
tain directions. For example, a four second flashing white
light having ared sector will appear as a four second flash-
ing red light when viewed from within the red sector.

Sectors may be only afew degreesin width or extend
in awide arc from deep water toward shore. Bearingsrefer-
ring to sectors are expressed in degrees true as observed
froma vessel.

In most cases, areas covered by red sectors should be
avoided. The nature of the danger can be determined from
the chart. In some cases a narrow sector may mark the best
water across ashoal, or aturning point in achannel.

Sectors generated by shadow-casting filters do not
have precise boundaries as directional sector lights do.

Therefore, the transition from one color to another is not
abrupt. The colors change through an arc of uncertainty of
2° or greater, depending on the optical design of the light.
Therefore determining bearings by observing the color
changeisless accurate than obtaining a bearing with an az-
imuth circle.

508. Factor s Affecting Range And Characteristics

The condition of the atmosphere has a considerabl e effect
upon a light's range. Sometimes lights are obscured by fog,
haze, dust, smoke, or precipitation. On the other hand, refrac-
tion may cause a light to be seen farther than under ordinary
circumstances. A light of low intensity will be easily obscured
by unfavorable conditions of the atmosphere. For this reason,
the intensity of a light should always be considered when look-
ing for it in thick weather. Haze and distance may reduce the
apparent duration of a light's flash. In some conditions of the
atmosphere, white lights may have a reddish hue. In clear
weather green lights may have a more whitish hue.

Lights placed at great elevations are more frequently
obscured by clouds, mist, and fog than those near sea level.
In regions where ice conditions prevail, an unattended
light's lantern panes may become covered with ice or snow
This may reduce the light's luminous range and change the
light's observed color.

The distance from a ligleinnot be estimated by its ap-
parent brightness. There are too many factors which can
change the perceived intensity. Also, a powerful, distant
light may sometimes be confused with a smaller, closer one
with similar characteristics. Every light sighted should be
carefully evaluated to determine if it is the one expected.

The presence of bright shore lights may make it diffi-
cult to distinguish navigational lights from background
lighting. Lights may also be obscured by various shore ob-
structions, natural and man-made. The Coast Guard
requests mariners to report these cases to the nearest Coast
Guard station.

A light's loom is seen through haze or the reflection
from low-lying clouds when the light is beyond its geo-
graphic range. Only the most powerful lights can generate
aloom. The loom may sometimes be sufficiently defined to
obtain a bearing. If not, an accurate bearing on a light be-
yond geographic range may sometimes be obtained by
ascending to a higher level where the light can be seen, and
noting a star directly over the light. The bearing of the star
can then be obtained from the navigating bridge and the
bearing to the light plotted indirectly.

At short distances, some of the brighter flashing lights
may show a faint continuous light, or faint flashes, between
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regular flashes. Thisis due to reflections of arotating lens  alternating flashing white and red (F W AIW R). This is be-
on panes of glassin the lighthouse. cause for a given candlepower, white is the most visible
If alight is not sighted within areasonable time after  color, green less so, and red least of the three. This fact also
prediction, adangeroussituation may exist. Conversely,the  accounts for the different ranges given in the Light Lists for
light may simply be obscured or extinguished. The ship’some multi-color sector lights. The same lamp has different
position should immediately be fixed by other means to d&anges according to the color imparted by the sector glass.

termine any possibility of danger. A light may beextinguished due to weather, battery

The apparent characteristic of a complex light may,_. )
. . failure, vandalism, or other causes. In the case of unattend-
change with the distance of the observer. For example, a, . . . . : .
ed lights, this condition might not be immediately

light with a characteristic of fixed white and alternating _ : .
flashing white and red may initially show as a simple flashcorrected. The mariner should re_port thl_s condition to the
ing white light. As the vessel draws nearer, the red flasjearest Coast Guard station. During periods of armed con-
will become visible and the characteristic will apparently bdlict, certain lights may be deliberately extinguished
alternating flashing white and red. Later, the fainter fixeg/Vithout notice.

white light will be seen between the flashes and the true Offshore light stations should always be left well off
characteristic of the light finally recognized as fixed white the course whenever searoom permits.

BUOYS

509. Definitions And Types

Buoysare floating aids to navigation. They mark chan-
nels, indicate shoals and obstructions, and warn the mariner
of dangers. Buoys are used where fixed aids would be un-
economical or impractical due to the depth of water. By
their color, shape, topmark, number, and light characteris-
tics, buoys indicate to the mariner how to avoid hazards and
stay in safe water. The federal buoyage system in the U.S.
is maintained by the Coast Guard.

There are many different sizes and types of buoys de-
signed to meet a wide range of environmental conditions
and user requirements. The size of a buoy is determined pri-
marily by its location. In general, the smallest buoy which
will stand up to local weather and current conditions is
chosen.

There are five types of buoys maintained by the Coast
Guard. They are:

1. Lateral marks.

2. lIsolated danger marks. Figure 509. Buoy showing counterweight.

3. Safe water marks. . _ . . _

4. Special marks. 15 to 20 feet high. The designed nominal visual range is 3.8
5. Information/regulatory marks. miles, and the radar range 4 miles. Actual conditions will

cause these range figures to vary considerably.

These conform in general to the specifications of the ~ The smallest buoys are designed for protected water.
International Association of Lighthouse Authorities =~ Some are made of plastic and weigh only 40 pounds. Spe-
(IALA) buoyage system. cially designed buoys are used for fast current, ice, and

A lighted buoy is a floating hull with a tower on which Other environmental conditions.

a light is mounted. Batteries for the light are in watertight A variety of special purpose buoys are owned by other
pockets in the buoy hull or in watertight boxes mounted ogovernmental organizations. Examples of these organiza-
the buoy hull. To keep the buoy in an upright position, dions include the Panama Canal Commission, the St.
counterweight is attached to the hull below the water sul-awrence Seaway Development Corporation, NOAA, and

face. A radar reflector is built into the buoy tower. the Department of Defense. These buoys are usually navi-

The largest of the typical U.S. Coast Guard buoys cagational marks or data collection buoys with traditional
be moored in up to 190 feet of water, limited by the weightound, boat-shaped, or discus-shaped hulls.
of chain the hull can support. The focal plane of the lightis A special class of buoy, th@cean Data Acquisition
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System (ODAS) buoy, is moored or floats free in offshore
waters. Positions are promulgated through radio warnings.
These buoys are generally not large enough to cause dam-
age in a collision, but should be given a wide berth
regardless, as any loss would almost certainly result in the
interruption of valuable scientific experiments. They are
generaly bright orange or yellow in color, with vertical
stripes on moored buoys and horizontal bands on free-float-
ing ones, and have a strabe light for night visibility.

Even in clear weather, the danger of collision with a
buoy exigts. If struck head-on, a large buoy can inflict se-
vere damage to a large ship; it can sink a smaller one.
Reduced visibility or heavy background lighting can con-
tribute to the problem. The Coast Guard sometimes
receives reports of buoys missing from station that were ac-
tually run down and sunk. Tugboats and towboats towing or
pushing barges are particularly dangerous to buoys because
of poor over-the-bow visibility when pushing or yawing
during towing. The professional mariner must report any
collision with a buoy to the nearest Coast Guard unit. Fail-
ure to do so may cause the next vessel to miss the channel
or hit the obstruction marked by the buoy; it can also lead
tofinesand legal liability.

Routine on-station buoy maintenance consists of in-
specting the mooring, cleaning the hull and superstructure,
replacing the batteries, flasher, and lamps, checking wiring

Under normal conditions, tHenses used on buoys are
155mm in diameter at the base. 200 mm lenses are used
where breaking waves or swells call for the larger lens.
They are colored according to the charted characteristic of
the buoy. As in shore lights, the lamp must be carefully fo-
cused so that the filament is directly in line with the focal
plane of the lens. This ensures that the majority of the light
produced is focused in a 36hBorizontal fan beam A buoy
light has a relatively narrow vertical profile. Because the
buoy rocks in the sea, the focal plane may only be visible
for fractions of a second at great ranges. A realistic range
for sighting buoy lights is 4-6 miles in good visibility.

511. Sound Signals On Buoys

Lighted sound buoys have the same general configura-
tion as lighted buoys but are equipped with either a bell,
gong, whistle, or horrBells andgongs are sounded by tap-
pers hanging from the tower that swing as the buoys roll in
the sea. Bell buoys produce only one tone; gong buoys pro-
duce several tones. The tone-producing device is mounted
between the legs of the pillar or tower.

Whistle buoys make a loud moaning sound caused by
the rising and falling motions of the buoy in the sea. A
sound buoy equipped with an electroharn will produce
a pure tone at regular intervals regardless of the sea state.

and venting systems, and verifying the buoy’s exact posiyp|ighted sound buoys have the same general appearance

tion. Every few years, each buoy is replaced by a similar aigs |ighted buoys, but their underwater shape is designed to
and returned to a Coast Guard maintenance facility fof4ke them lively in all sea states.

complete refurbishment.

The placement of a buoy depends on its purpose and g;st' Buoy Moorings
position on the chart. Most buoys are placed on charted posi-
tion as accurately as conditions allow. However, if a buoy’s B . inasto hold them i ition. Tvo-
purpose is to mark a shoal and the shoal is found to be in a dif- Uoys requirenooringsto no em In position. Typ
ferent position than the chart shows, the buoy will be placed {Sally the mooring consists @hain and a large concrete
properly mark the shoal, and not on its charted position.

510. Lights On Buoys

Buoy light systems consist obattery pack, aflasher
which determines the characteristitamp changer which
automatically replaces burned-out bulbkeres to focus the
light, and ahousing which supports the lens and protects
the electrical equipment.

Thebatteries consist of 12-volt lead/acid type batter-
ies electrically connected to provide sufficient power to run
the proper flash characteristic and lamp size. These batte
packs are contained in pockets in the buoy hull, accessibl
through water-tight bolted hatches or externally mounted
boxes. Careful calculations based on light characteristics
determine how much battery power to install.

Theflasher determines the characteristic of the lamp.
It is installed in the housing supporting the lens. :

Thelamp changer consists of several sockets arranged
around a central hub. A new lamp rotates into position if the=
active one burns out.

T L e e i

Figure 512. A sinker used to anchor a buoy.
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or castironsinker. See Figure 512. Becausebuoysaresub- 36 feet above the water. Emergency lights automatically
jected to waves, wind, and tides, the moorings must be  energize if the main light is extinguished. These buoys may
deployed with chain lengths much greater than the water  also have a radiobeacon and sound signals. Their condition
depth. The scope of chain will normally be about 3 times  j5 monitored by radio from shore.

the water depth. The length of the mooring chain defines a

watch circle within which the buoy can be expected to 514. Wreck Buoys

swing. Itisfor thisreason that the charted buoy symbol has

a position apprquate _c_wclg o indicate its charted posi- A wreck buoy usually cannot be placed directly over
tion, whereas a light position is shown by a dot at the exact L

location. Actual watch circles do not necessarily coincidéhe wreck it is intended to mark because the buoy tender

with the “position approximate” circles which represent™ay not want t.o pass ovgr a shallow wreck or ris.k fouling
them. the buoy mooring. For this reason, a wreck buoy is usually

Over several years, the chain gradually wears out arfyjaced as closely as possible on the seaward or channelward
must be replaced with new. The worn chain is often castide of a wreck. In some situations, two buoys may be used

into the concrete of new sinkers. to mark the wreck, one lying off each end. The wreck may
lie directly between them or inshore of a line between them,
513. Large Navigational Buoys depending on the local situation. Tlhacal Notice To Mar-

iners should be consulted concerning details of the

L arge navigational buoys are moored in open water placement of wreck buoys on individual wrecks. Often it

at approaches to major seacoast ports. These 40-foot diawill also give particulars of the wreck and what activities
eter buoys (Figure 513) show lights from heights of aboutay be in progress to clear it.

=l e

- -:.—11-"-. g
L gt T
- s =

Figure 513. Large navigational buoy.
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The charted position of a wreck buoy will usually be
offset from the actual geographic position so that the wreck
and buoy symbols do not coincide. Only on the largest scale
chart will the actual and charted positions of both wreck and
buoy bethe same. Where they might overlap, it isthewreck
symbol which occupies the exact charted position and the
buoy symbol which is offset.

Wreck buoys are required to be placed by the owner of
the wreck, but they may be placed by the Coast Guard if the
owner is unable to comply with this requirement. In gener-
al, privately placed aids are not as reliable as Coast Guard
aids.

Sunken wrecks are sometimes moved away from their
buoys by storms, currents, freshets, or other causes. Just as
shoals may shift away from the buoys placed to mark them,
wrecks may shift away from wreck buoys.

515. Fallibility Of Buoys

Buoys cannot be relied on to maintain their charted po-
sitions consistently. They are subject to avariety of hazards
including severe weather, collision, mooring casualties, and
electrical failure. Report any discrepancy noted in abuoy to
the U.S. Coast Guard.

The buoy symbol shown on charts indicates the ap-

proximate position of the sinker which secures the buoy to
the seabed. The approximate position is used because of
practical limitationsin placing and keeping buoys and their
sinkersin precise geographical locations. These limitations
include prevailing atmospheric and sea conditions, the
slope and type of material making up the seabed, the scope
of the mooring chain, and the fact that the positions of the
buoys and the sinkers are not under continuous surveil-
lance. The position of the buoy shifts around the areashown
by the chart symbol due to the forces of wind and current.

A buoy may not be in its charted position because of
changesin the feature it marks. For example, a buoy meant
to mark a shoal whose boundaries are shifting might fre-
quently be moved to mark the shoal accurately. A Local
Notice To Marinerswill report the change, and a Notice To
Mariners chart correction may also be written. In some
small channels which change often, buoys are not charted
even when considered permanent; local knowledge is ad-
vised in such areas.

For these reasons, a mariner must not rely completely
upon the position or operation of buoys, but should navigate
using bearings of charted features, structures, and aids to
navigation on shore. Further, avessel attempting to passtoo
close aboard a buoy risks a collision with the buoy or the
obstruction it marks.

BUOYAGE SYSTEMS

516. Lateral And Cardinal Systems

There are two major types of buoyage systems: the
lateral system and the cardinal system. The lateral sys-
tem is best suited for well-defined channels. The
description of each buoy indicates the direction of danger
relative to the course which is normally followed. In prin-
ciple, the positions of marks in the lateral system are
determined by the general dir ection taken by the mariner
when approaching port from seaward. These positions
may also be determined with reference to the main stream
of flood current. The United States Aids to Navigation
System is alateral system.

The cardina system is best suited for coasts with nu-
merous isolated rocks, shoals, and islands, and for dangers
in the open sea. The characteristic of each buoy indicates
the approximate true bearing of the danger it marks. Thus,
an eastern quadrant buoy marks a danger which lies to the
west of the buoy. The following pages diagram the cardinal
and lateral buoyage systems as found outside the United
States.

517. ThelALA Maritime Buoyage System

Although most of the major maritime nations have
used either thelateral or the cardinal system for many years,
details such as the buoy shapes and colors have varied from
country to country. With the increase in maritime com-

merce between countries, the need for a uniform system of
buoyage became apparent.

In 1889, an International Marine Conference held in
Washington, D.C., recommended that in the lateral system,
starboard hand buoys be painted red and port hand buoys
black. Unfortunately, when lights for buoys were intro-
duced some years later, some European countries placed
red lights on the black port hand buoys to conform with the
red lights marking the port side of harbor entrances, while
in North America red lights were placed on red starboard
hand buoys. In 1936, a League of Nations subcommittee
recommended a coloring system opposite to the 1889
proposal.

The International Association of Lighthouse Au-
thorities (IALA) is a non-governmental organization
which consists of representatives of the worl dwide commu-
nity of aids to navigation services to promote information
exchange and recommend improvements based on new
technologies. In 1980, with the assistance of IMO and the
IHO, the lighthouse authorities from 50 countries and rep-
resentatives of 9international organizations concerned with
aids to navigation met and adopted the IALA Maritime
Buoyage System. They established two regions, Region A
and Region B, for the entire world. Region A roughly cor-
respondsto the 1936 L eague of Nations system, and Region
B to the older 1889 system.

Lateral marks differ between Regions A and B. Latera
marksin Region A use red and green colors by day and night
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to indicate port and starboard sides of channels, respectively. 3. Sphere.

In Region B, these colors are reversed with red to starboard 4. Pillar.

and green to port. In both systems, the conventional direction 5. Spar.

of buoyage is considered to be returning from sea, hence the

phrase “red right returning” in IALA region B. In the case of can, conical, and spherical, the shapes
have lateral significance because the shape indicates the

518. Types Of Marks correct side to pass. With pillar and spar buoys, the shape
has no special significance.

ThelALA Maritime Buoyage System applies to all The term “pillar” is used to describe any buoy which is

fixed and floating marks, other than lighthouses, sectogmaller than a “large navigation buoy (LNB)” and which has
lights, leading lights and daymarks, lightships and large tall, central structure on a broad base; it includes beacon
navigational buoys, and indicates: buoys, high focal plane buoys, and others (except spar buoys)
whose body shape does not indicate the correct side to pass.
The side and center-lines of navigable channels.
Natural dangers, wrecks, and other obstructions. Topmarks
Regulated navigation areas.
Other important features. The IALA System makes use cén, conical, spheri-
cal, andX-shaped topmarks only. Topmarks on pillar and
Most lighted and unlighted beacons other than leadingpar buoys are particularly important and will be used
marks are included in the system. In general, beacon topsherever practicable, but ice or other severe conditions
marks will have the same shape and colors as those usedmay occasionally prevent their use.
buoys. The system provides five types of marks which may
be used in any combination: Colors Of Lights

NS

1. Lateral marks indicate port and starboard sides of Where marks are lighted, red and green lights are re-
channels. served for lateral marks, and yellow for special marks. The
2. Cardinal marks, named according to the four pointsther types of marks have a white light, distinguished one
of the compass, indicate that the navigable watefrom another by phase characteristic.
lies to the named side of the mark.
3. Isolated danger marks erected on, or moored direcPhase Char acteristics Of Lights
ly on or over, dangers of limited extent.
Safe water marks, such as midchannel buoys. Red and green lights may have any phase characteris-
5. Special marks, the purpose of which is apparent frontic, as the color alone is sufficient to show on which side
reference to the chart or other nautical documents. they should be passed. Special marks, when lighted, have a
yellow light with any phase characteristic not reserved for
Characteristics Of Marks white lights of the system. The other types of marks have
clearly specified phase characteristics of white light: vari-
The significance of a mark depends on one or moreus quick-flashing phase characteristics for cardinal marks,

e

features: group flashing (2) for isolated danger marks, and relatively
long periods of light for safe water marks.
1. By day—color, shape, and topmark. Some shore lights specifically excluded from the IALA

2. By night—light color and phase characteristics. System may coincidentally have characteristics correspond-
ing to those approved for use with the new marks. Care is
Colors Of Marks needed to ensure that such lights are not misinterpreted.

The colors red and green are reserved for lateral mark§19. IALA Lateral Marks
and yellow for special marks. The other types of marks
have black and yellow or black and red horizontal bands, or Lateral marks are generally used for well-defined

red and white vertical stripes. channels; they indicate the port and starboard hand sides of
the route to be followed, and are used in conjunction with a
Shapes Of Marks conventional direction of buoyage.

This direction is defined in one of two ways:
There are five basic buoy shapes:

1. Local direction of buoyage is the direction taken
1. Can. by the mariner when approaching a harbor, river es-
2. Cone. tuary, or other waterway from seaward.
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2. General direction of buoyage is determined by Colors
the buoyage authorities, following a clockwise di-
rection around continental land-masses, given in Black and yellow horizontal bands are used to color a
sailing directions, and, if necessary, indicated on  cardinal mark. The position of the black band, or bands, is
charts by alarge open arrow symbol. related to the points of the black topmarks.

In some places, particularly straits open at both ends, N Points up Black above yellow.
the local direction of buoyage may be overridden by the S Points down Black below yellow.
general direction. W Points together  Black, yellow above and below.
Along the coasts of the United States, the characteris- E Points apart Yellow, black above and below.
tics assume that proceeding “from seaward” constitutes a
clockwise direction: a southerly direction along the Atlantic ~ Shape
coast, a westerly direction along the Gulf of Mexico coast,
and a northerly direction along the Pacific coast. On the The shape of a cardinal mark is not significant, but
Great Lakes, a westerly and northerly direction is taken gsuoys must be pillars or spars.
being “from seaward” (except on Lake Michigan, where a
southerly direction is used). On the Mississippi and Ohio  Lights
Rivers and their tributaries, the characteristics of aids to
navigation are determined as proceeding from sea toward When lighted, a cardinal mark exhibits a white light; its
the head of navigation. On the Intracoastal Waterway, pr@haracteristics are based on a group of quick or very quick
ceeding in a generally southerly direction along the Atlantiglashes which distinguish it as a cardinal mark and indicate
coast, and in a generally westerly direction along the gulfs quadrant. The distinguishing quick or very quick flashes

coast, is considered as proceeding “from seaward.” are:
North—Uninterrupted
520. IALA Cardinal Marks East—three flashes in a group
South—six flashes in a group followed by a long flash
A cardinal mark is used in conjunction with the com- West—nine flashes in a group

pass to indicate where the mariner may find the best
navigable water. It is placed in one of the four quadrants  As a memory aid, the number of flashes in each group
(north, east, south, and west), bounded by the true bearingsn be associated with a clock face as follows:
NW-NE, NE-SE, SE-SW, and SW-NW, taken from the (3 o’clock—E, 6 o'clock—S, and 9 o’clock—W).
point of interest. A cardinal mark takes its name from the
quadranin whichit is placed. The long flash (of not less than 2 seconds duration),
The mariner is safe if he passes north of a north markmmediately following the group of flashes of a south car-
east of an east mark, south of a south mark, and west ofial mark, is to ensure that its six flashes cannot be
west mark. mistaken for three or nine.
A cardinal mark may be used to: The periods of the east, south, and west lights are, re-
spectively, 10, 15, and 15 seconds if quick flashing; and 5,
1. Indicate that the deepest water in an area is on th&, and 10 seconds if very quick flashing.
named side of the mark. Quick flashing lights flash at a rate between 50 and 79
2. Indicate the safe side on which to pass a danger. flashes per minute, usually either 50 or 60. Very quick
3. Emphasize a feature in a channel, such as a berfthshing lights flash at a rate between 80 and 159 flashes per

junction, bifurcation, or end of a shoal. minute, usually either 100 or 120.
It is necessary to have a choice of quick flashing or
Topmarks very quick flashing lights in order to avoid confusion if, for

example, two north buoys are placed near enough to each
Black double-cone topmarks are the most importantther for one to be mistaken for the other.
feature, by day, of cardinal marks. The cones are vertically
placed, one over the other. The arrangement of the conesbal. IALA Isolated Danger Marks
very logical: North is two cones with their points up (as in
“north-up”). South is two cones, points down. East is two  Anisolated danger mark is erected on, or moored on
cones with bases together, and west is two cones withr above, an isolated danger of limited extent which has
points together, which gives a wineglass shapeestis a  navigable water all around it. The extent of the surrounding
Wineglass” is a memory aid. navigable water is immaterial; such a mark can, for exam-
Cardinal marks carry topmarks whenever practicableple, indicate either a shoal which is well offshore or an islet
with the cones as large as possible and clearly separatedseparated by a narrow channel from the coast.
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Position

On achart, the position of adanger is the center of the
symbol or sounding indicating that danger; an isolated dan-
ger buoy may therefore be dightly displaced from its
geographic position to avoid overprinting the two symbols.
The smaller the scale, the greater this offset will be. At very
large scales the symbol may be correctly charted.

Topmark

A black double-spheretopmark is, by day, themost im-
portant feature of an isolated danger mark. Whenever
practicable, thistopmark will be carried with the spheres as
large as possible, disposed vertically, and clearly separated.

Color

Black with one or more red horizontal bands are the
colors used for isolated danger marks.

Shape

The shape of anisolated danger mark is not significant,
but a buoy will be a pillar or a spar.

Light

When lighted, a white flashing light showing a group
of two flashesis used to denote an isolated danger mark. As
a memory aid, associate two flashes with two balls in the
topmark.
522. IALA Safe Water Marks

A safewater mark isused toindicate that thereisnav-
igable water all around the mark. Such amark may be used
as acenter line, mid-channel, or landfall buoy.

Color

Red and white vertical stripes are used for safe water
marks, and distinguish them from the black-banded, dan-
ger-marking marks.

Shape

Spherical, pillar, or spar buoys may be used as safe wa-
ter marks.

Topmark
A single red spherical topmark will be carried, when-

ever practicable, by a pillar or spar buoy used as a safe
water mark.

Lights

When lighted, safe water marks exhibit a white light.
Thislight can be occulting, isophase, a single long flash, or
Morse “A.” If a long flash (i.e. a flash of not less than 2 sec-
onds) is used, the period of the light will be 10 seconds. As
a memory aid, remember a single flash and a single sphere
topmark.

523. IALA Special Marks

A special mark may be used to indicate a special area
or feature which is apparent by referring to a chart, sailing
directions, or notices to mariners. Uses include:

Ocean Data Acquisition System (ODAS) buoys.
Traffic separation marks.

Spoil ground marks.

Military exercise zone marks.

Cable or pipeline marks, including outfall pipes.
Recreation zone marks.

o0k wNE

Another function of a special mark is to define a chan-
nel within a channel. For example, a channel for deep draft
vessels in a wide estuary, where the limits of the channel
for normal navigation are marked by red and green lateral
buoys, may have its boundaries or centerline marked by
yellow buoys of the appropriate lateral shapes.

Coalor

Yellow is the color used for special marks.

Shape

The shape of a special mark is optional, but must not
conflict with that used for a lateral or a safe water mark. For
example, an outfall buoy on the port hand side of a channel
could be can-shaped but not conical.

Topmark

When a topmark is carried it takes the form of a single
yellow X.

Lights

When a light is exhibited it is yellow. It may show any
phase characteristic except those used for the white lights of
cardinal, isolated danger, and safe water marks, In the case
of ODAS buoys, the phase characteristic used is group-
flashing with a group of five flashes every 20 seconds.
524. |ALA New Dangers

A newly discovered hazard to navigation not yet shown
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on charts, included in sailing directions, or announced by a
Notice To Marinersistermed a new danger. The term cov-
ers naturally occurring and man-made obstructions.

Marking

A new danger ismarked by one or more cardinal or lat-
eral marksin accordancewiththe lALA systemrules. If the
danger is especially grave, at least one of the marks will be
duplicated as soon as practicable by an identical mark until
the danger has been sufficiently identified.

Lights

If alighted mark is used for a new danger, it must ex-
hibit a quick flashing or very quick flashing light. If a
cardinal mark is used, it must exhibit awhite light; if alat-
eral mark, ared or green light.

Racons

The duplicate mark may carry a Racon, Morse coded
D, showing a signal length of 1 nautical mile on a radar

display.
525. Chart Symbols And Abbreviations

Spar buoys and spindle buoys are represented by the
same symbol; it is slanted to distinguish them from up-
right beacon symbols. The abbreviated description of the
color of abuoy is given under the symbol. Where a buoy
is colored in bands, the colors are indicated in sequence
from the top. If the sequence of the bandsis not known, or
if the buoy is striped, the colors are indicated with the
darker color first.

Topmarks

Topmark symbolsare solid black except when the top-
mark isred.

Lights

The period of thelight of acardinal mark isdetermined
by its quadrant and its flash characteristic (either quick-

Radar Reflectors

Radar reflectors are not affected by the IALA buoyage
rules. They are not charted for several reasons. It can be as-
sumed that most major buoys are fitted with radar reflectors. It
is also necessary to reduce the size and complexity of buoy
symbols and associated legends. Finally, it is understood that,
in the case of cardinal buoys, buoyage authorities site the re-
flector so that it cannot be mistaken for a topmark. For these
reasons, radar reflectors are not charted under IALA rules.

The symbols and abbreviations of the IALA Maritime
Buoyage System may be found in U.S.. Chart No. 1, Nautical
Chart Symbols and Abbreviations, and in foreign equivalents.

526. Description Of The U.S. Aidsto Navigation System

In the United States, the U.S. Coast Guard has incorpo-
rated the major features of the IALA system with the existing
infrastructure of buoys and lights as explained below.

Colors

Under this system, green buoys mark a channel’s port
side and obstructions which must be passed by keeping the
buoy on the port hand. Red buoys mark a channel’s star-
board side and obstructions which must be passed by
keeping the buoy on the starboard hand.

Red and green horizontally bandaaferred channel
buoys mark junctions or bifurcations in a channel or ob-
structions which may be passed on either side. If the
topmost band is green, the preferred channel will be fol-
lowed by keeping the buoy on the port hand. If the topmost
band is red, the preferred channel will be followed by keep-
ing the buoy on the starboard hand.

Red and white vertically striped safe water buoys mark
a fairway or mid-channel.

Reflective material is placed on buoys to assist in their
detection at night with a searchlight. The color of the reflec-
tive material agrees with the buoy color. Red or green
reflective material may be placed on preferred channel
(junction) buoys; red if topmost band is red or green if the
topmost band is green. White reflective material is used on
safe water buoys. Special purpose buoys display yellow re-
flective material. Warning or regulatory buoys display
orange reflective horizontal bands and a warning symbol.
Intracoastal Waterway buoys display a yellow reflective

flashing or a very quick-flashing). The light's period is lesssquare, triangle, or horizontal strip along with the reflective
important than its phase characteristic. Where space Qfaterial coincident with the buoy’s function.

charts is limited, the period may be omitted.

Light flares

Shapes

Certain unlighted buoys are differentiated by shape. Red

Magenta light-flares are normally slanted and insertetuoys and red and green horizontally banded buoys with the
with their points adjacent to the position circles at the bas@pmost band red are cone-shaped buoys callad Green
of the symbols so the flare symbols do not obscure the topoys and green and red horizontally banded buoys with the

mark symbols.

topmost band green are cylinder-shaped buoys caltexd
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Unlighted red and white verticaly striped buoys may be
pillar shaped or spherical. Lighted buoys, sound buoys, and spar
buoys are not differentiated by shape to indicate the side on
which they should be passed. Their purpose isindicated not by
shape but by the color, number, or light characteristics.

Numbers

All solid colored buoys are numbered, red buoys bear-
ing even numbers and green buoys bearing odd numbers.
(Note that this same rule appliesin IALA System A also.)
The numbers increase from seaward upstream or toward

obstructions, will flash not less than 50 flashes but not more
than 80 flashes per minute (quick flashing, Q). Lights on
preferred channel buoys will show a series of grouped
flashes with successive groups in a period having different
number of flashes—composite group flashing (or a quick
light in which the sequence of flashes is interrupted by reg-
ularly repeated eclipses of constant and long duration).
Lights on safe water buoys will always show a white Morse
Code “A” (Short-Long) flash recurring at the rate of ap-
proximately eight times per minute.

Daylight Controls

land. No other colored buoys are numbered; however, any

buoy may havealetter for identification. Lighted buoys have a special device to energize the

light when darkness falls and to de-energize the light when
day breaks. These devices are not of equal sensitivity;
therefore all lights do not come on or go off at the same
time. Mariners should ensure correct identification of aids
during twilight periods when some light aids to navigation
are on while others are not.

Light colors

Red lights are used only on red buoys or red and green
horizontally banded buoyswith the topmost band red. Green
lights are used only on the green buoys or green and red hor-
izontally banded buoys with the topmost band green. White
lights are used on both “safe water” aids showing a Morse A

characteristic and on Information and Regulatory aids. Special Purpose Buoys

Buoys for special purposes are colored yellow. White
buoys with orange bands are for information or regulatory

Lights on red buoys or green buoys, if not occulting opurposes. The shape of special purpose buoys has no signif-
isophase, will generally be regularly flashing (FI). For ordi-icance. They are not numbered, but they may be lettered. If
nary purposes, the frequency of flashes will be not morkghted, special purpose buoys display a yellow light usual-
than 50 flashes per minute. Lights with a distinct cautionarly with fixed or slow flash characteristics. Information and
significance, such as at sharp turns or marking dangerowsgulatory buoys, if lighted, display white lights.

Light Characteristics

BEACONS
527. Definition And Description

Beaconsare fixed aids to navigation placed on shore or
on pilings in relatively shallow water. If unlighted, the bea-
con is referred to astaybeacon. A daybeacon is identified
by its color and the color, shape, and number oflégs
board. The simplest form of daybeacon consists of a single
pile with a dayboard affixed at or near its top. See Figure
527. Daybeacons may be used to form an unlighted range.

Dayboards identify aids to navigation against daylight
backgrounds. The size of the dayboard required to make the
aid conspicuous depends upon the aid’s intended range.

Most dayboards also display numbers or letters for
identification. The numbers, letters, and borders of most
dayboards have reflective tape to make them visible at
night.

The detection, recognition, and identification distances
vary widely for any particular dayboard. They depend upon
the luminance of the dayboard, the sun’s position, and the
local visibility conditions.

Figure 527. Daybeacon.
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SOUND SIGNALS
528. Types Of Sound Signals 2. Under certain atmospheric conditions, when a
sound signal has a combination high and low tone,
Most lighthouses and offshore light platforms, as well it is not unusual for one of the tones to be inaudible.
assome minor light structures and buoys, are equipped with In the case of sirens, which produce a varying tone,
sound-producing devices to help the mariner in periods of portions of the signal may not be heard.
low visibility. Charts and Light Lists contain the informa- 3. When the sound is screened by an obstruction,
tion required for positive identification. Buoys fitted with there are areas where it is inaudible.
bells, gongs, or whistles actuated by wave motion may pro- 4. Operators may not activate a remotely controlled
duce no sound when the seais calm. Sound signals are not sound aid for a condition unobserved from the con-
designed to identify the buoy or beacon for navigation pur- trolling station.
poses. Rather, they allow the mariner to pass clear of the 5. Some sound signals cannot be immediately started.
buoy or beacon during low visibility. 6. The status of the vessel's engines and the location
Sound signals vary. The navigator must use the of the observer both affect the effective range of the
Light List to determine the exact length of each blast and aid.
silent interval. The various types of sound signals also
differ in tone, facilitating recognition of the respective These considerations justify the utmost caution when
stations. navigating near land in a fog. A navigator can never rely

Diaphones produce sound with aslotted piston moved  on sound signals alone; he should continuously man both
back and forth by compressed air. Blasts may consist of a  the radar and fathometer. He should place lookouts in po-
high and low tone. These alternate-pitch signals are called  sitions where the noises in the ship are least likely to
“two-tone.” Diaphones are not used by the Coast Guard, birterfere with hearing a sound signal. The aid upon which
the mariner may find them on some private navigation aids sound signal rests is usually a good radar target, but col-

Horns produce sound by means of a disc diaphragrlision with the aid or the danger it marks is always a
operated pneumatically or electrically. Duplex or triplexpossibility.
horn units of differing pitch produce a chime signal. Emergency signals are sounded at some of the light and

Sirens produce sound with either a disc or a cup-fog signal stations when the main and stand-by sound sig-
shaped rotor actuated electrically or pneumatically. Sirensals are inoperative. Some of these emergency sound

are not used on U.S. navigation aids. signals are of a different type and characteristic than the
Whistlesuse compressed air emitted through a circummain sound signal. The characteristics of the emergency
ferential slot into a cylindrical bell chamber. sound signals are listed in the Light List.
Bellsand gongs are sounded with a mechanically oper-
ated hammer. The mariner should never assume:
529. Limitations Of Sound Signals 1. That he is out of ordinary hearing distance because he

fails to hear the sound signal.
As aids to navigation, sound signals have serious limi2. That because he hears a sound signal faintly, he is far
tations because sound travels through the air in an fromit.
unpredictable manner. 3. That because he hears it clearly, he is near it.
It has been clearly established that: 4. That the distance from and the intensity of a sound on
any one occasion is a guide for any future occasion.
1. Sound signals are heard at greatly varying distances That the sound signal is not sounding because he does
and that the distance at which a sound signal can be not hear it, even when in close proximity.
heard may vary with the bearing and timing of the6. That the sound signal is in the direction the sound ap-
signal. pears to come from.

MISCELLANEOUSU.S. SYSTEMS

530. Intracoastal Waterway Aids To Navigation rivers, sloughs, estuaries, tidal channels, and other natural
waterways, connected with dredged channels where neces-
The Intracoastal Waterway (ICW) runs parallel to thesary. Some of the aids marking these waters are marked with
Atlantic and Gulf of Mexico coasts from Manasquan Inlet oryellow; otherwise, the marking of buoys and beacons follows
the New Jersey shore to the Texas/Mexican border. It followthe same system as that in other U.S. waterways.
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Yellow symbols indicate that an aid marks the Intrac-  from more than one direction, aids to navigation having car-
oastal Waterway. Y ellow triangles indicate starboard hand  dinal significance may be used. The aids conforming to the
aids, and yellow squares indicate port hand aids when fol-  cardinal system consist of three distinctly colored buoys.
lowing the ICW's conventional direction of buoyage. Non-
lateral aids such as safe water, isolated danger, and front 1. A white buoy with a red top must be passed to the

range boards are marked with a horizontal yellow band. south or west of the buoy.

Rear range boards do not display the yellow band. At a 2. A white buoy with a black top must be passed to the
junction with a federally-maintained waterway, the pre- north or east of the buoy.

ferred channel mark will display a yellow triangle or square 3. A buoy showing alternate vertical red and white
as appropriate. Junctions between the ICW and privately stripes indicates that an obstruction to navigation
maintained waterways are not marked with preferred chan- extends from the nearest shore to the buoy and that
nel buoys. he must not pass between the buoy and the nearest

shore.

531. Western Rivers System
The shape of buoys has no significance under the
Aids to navigation on the Mississippi River and its trib-USWMS.
utaries above Baton Rouge generally conform to the lateral Regulatory buoys are colored white with orange hor-
system of buoyage in use in the rest of the U.S. The followzontal bands completely around them. One band is at the

ing differences are significant: top of the buoy and a second band just above the water-
line of the buoy so that both orange bands are clearly
1. Buoys are not numbered. visible.

2. The numbers on lights and daybeacons do not have Geometric shapes colored orange are placed on the
lateral significance; they indicate the mileage fromwhite portion of the buoy body. The authorized geometric
a designated point, normally the river mouth. shapes and meanings associated with them are as follows:
3. Flashing lights on the left side proceeding upstream
show single green or white flashes while those on 1. A vertical open faced diamond shape means

the right side show group flashing red or white danger.
flashes. 2. A vertical open faced diamond shape with a cross
4. Diamond shaped crossing daymarks are used to in- centered in the diamond means that vessels are ex-
dicate where the channel crosses from one side of cluded from the marked area.
the river to the other. 3. A circular shape means that vessels in the marked
area are subject to certain operating restrictions.

532. The Uniform State Waterway Marking System 4. A square or rectangular shape indicates that direc-
(USWMS) tions or information is written inside the shape.

This system was developed jointly by the U.S. Coast Regulatory markers consist of square and rectangular
Guard and state boating administrators to assist the smalhiaped signs displayed from fixed structures. Each sign is
craft operator in those state waters marked by participatinghite with an orange border. Geometric shapes with the
states. Th&JSWM S consists of two categories of aids to same meanings as those displayed on buoys are centered on
navigation. The first is a system of aids to navigation, gerthe sign boards. The geometric shape displayed on a regu-
erally compatible with the Federal lateral system ofatory marker tells the mariner if he should stay well clear
buoyage, supplementing the federal system in state wateds.the marker or if he may approach the marker in order to
The other is a system of regulatory markers to warn smaléad directions.
craft operator of dangers or to provide general information.

On a well-defined channel, red and black buoys are estab33. Private Aids T o Navigation
lished in pairs calledates, the channel lies between the buoys.

The buoy which marks the left side of the channel viewed A private navigation aid is any aid established and
looking upstream or toward the head of navigation is black; theaintained by entities other than the Coast Guard.
buoy which marks the right side of the channel is red. The Coast Guard must approve the placement of pri-

In an irregularly-defined channel, buoys may be stagvate navigation aids. In addition, the District Engineer, U.S.
gered on alternate sides of the channel, but they are spadeuny Corps of Engineers, must approve the placement of
at sufficiently close intervals to mark clearly the channel lyany structure, including aids to navigation, in the navigable
ing between them. waters of the U.S.

When there is no well-defined channel or when a body Private aids to navigation are similar to the aids estab-
of water is obstructed by objects whose nature or location Ished and maintained by the U.S. Coast Guard; they are
such that the obstruction can be approached by a vessplecially designated on the chart and in the Light List. In
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some cases, particularly on large commercial structures, the
aids are the same type of equipment used by the Coast
Guard. Although the Coast Guard periodically inspects
some private navigation aids, the mariner should exercise
special caution when using them.

In addition to private aids to navigation, numerous
types of construction and anchor buoys are used in various
oil drilling operations and marine construction. These
buoys are not charted, as they are temporary, and may not
be lighted well or at all. Mariners should give a wide berth
to drilling and construction sites to avoid the possibility of
fouling moorings. Thisisaparticular danger in offshore oil

fields, where large anchors are often used to stabilize the
positions of drill rigs in deep water. Up to eight anchors
may be placed at various positions as much as amile from
the drill ship. These may or may not be marked by buoys.

534. Protection By Law

It is unlawful to impair the usefulness of any naviga-
tion aid established and maintained by the United States. If
any vessel collides with an navigation aid, it is the legal
duty of the person in charge of the vessel to report the acci-
dent to the nearest U.S. Coast Guard station.



CHAPTER 6

MAGNETIC COMPASS ADJUSTMENT

GENERAL PROCEDURES FOR MAGNETIC COMPASS ADJUSTMENT

600. Introduction

This chapter presents information and procedures
for magnetic compass adjustment. Sections 601 and 613
cover procedures designed to eliminate compass errors
satisfactorily. Refer to Figure 607 for condensed infor-2.
mation regarding the various compass errors and their
correction.

The termcompass adjustmentefers to any change of
permanent magnet or soft iron correctors to reduce normal
compass errors. The termompass compensatiorefers to
any change in the current slupplied to the compass compen-
sating coils to reduce degaussing errors. 3.

601. Adjustment Check-Off List

If the magnetic adjustment necessitates (a) movement
of degaussing compensating coils, or (b) a change of
Flinders bar length, check also the coil compensation per
section 646.

Expeditious compass adjustment depends on the appli-
cation of the various correctors in an optimum sequence
designed to minimize the number of correction steps. Cer-
tain adjustments may be made conveniently at dockside,
simplifying the at sea adjustment procedures. 4,

Moving the wrong corrector wastes time and upsets all
previous adjustments, so be careful to make the correct ad-
justments. Throughout an adjustment, special care should
be taken to pair off spare magnets so that the resultant field
about them will be negligible. To make doubly sure that the
compass is not affected by a spare magnet's stray field,
keep them at an appropriate distance until they are actually
inserted into the binnacle.

A. Dockside tests and adjustments.

1. Physical checks on the compass and binnacle.

a. Remove any bubbles in compass bowl (section
610).

b. Test for moment and sensibility of compass nee-
dles (section 610).

c. Remove any slack in gimbal arrangement.

d. Magnetization check of spheres and Flinders bar
(section 610).

f.

g.

h.

Alignment of magnets in binnacle.

Alignment of heeling magnet tube under pivot
point of compass.

See that corrector magnets are available.

Physical checks of gyro, azimuth circle, and peloruses.

a.

b.
c.

Alignment of peloruses with fore-and-aft line of
ship (section 610).

Synchronize gyro repeaters with master gyro.
Ensure azimuth circles and peloruses are in good
condition.

Necessary data.

a.

b.

Past history or log data which might establish
length of Flinders bar (sections 610 and 623).
Azimuths for date and observer’s position (section
633 and Chapter 17).

Ranges or distant objects in vicinity if needed (lo-
cal charts).

Correct variation (local charts).

Degaussing coil current settings for swing for resid-
ual deviations after adjustment and compensation
(ship’s Degaussing Folder).

Precautions.

a.

b.

C.

Determine transient deviations of compass from
gyro repeaters, doors, guns, etc. (sections 636 and
639).

Secure all effective magnetic gear in normal seagoing
position before beginning adjustments.

Make sure degaussing coils are secured before be-
ginning adjustments. Use reversal sequence, if
necessary.

Whenever possible, correctors should be placed
symmetrically with respect to the compass.

5. Adjustments.
a.

Place Flinders bar according to best available infor-
mation (sections 610, 622 through 625).

Set spheres at mid-position, or as indicated by last
deviation table.

Adjust heeling magnet, using balanced dip needle
if available (section 637).

e. Alignment of compass with fore-and-aft line of B. Adjustments at sea. Make these adjustments with the ship

ship (section 610).

on an even keel and steady on each heading. When using
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the gyro, swing slowly from heading to heading and check

Fore-and-aft and athwartship magnets

Quadrantial spheres

Flinders bar

Deviation Easterly oneast |Westerly on east Deviation E.on N-E, W. on N-E, Deviation change E on E.andW. on WW. on E.and E. on W
andwesterly on andeasterly on > E. on SE, E.on SE, with latitude when sailing towardivhen sailing toward
> west. west. W. on SW, W. on SW, change equator from nort quator from  north
and andE. on NW. > latitude or away fromatitude or away from
Magnets (+B error) (-B error) Spheres W. on NW. (-D error) Bar equator o soUtquator to south ?(atituce.
(+D error) \l/ latitude.
o fore and aft Place magnets red [Place magnets req\o spheres on Place spheres Place spheres fore Place required of bgPlace required amount
magnets in forward. aft. binnacle. athwartship. and aft. No bar in holder. |forward. of bar aft.
binnacle.
Fore and aft Raise magnets. Lower magnets. Spheres at Move spheres towargMove spheres ncrease amount of bfideacrease amount
magnets red athwartship compass or use outwards or removegl Bar forward of binnac|éorward. of bar forward.
forward. position. larger spheres.
Fore and aft Lower magnets. Raise magnets. Spheres at foreode spheres ove spheres towar Decrease amount @hcrease amount of
magnets red aft. aft position. outward or remove. | compass or use Bar aft of binnacle. |bar aft. bar aft.
Iarger seheres.
Deviation Easterly on nortfWesterly on nort§ Deviation E.on N, W.on N, .onE.and E.on W.E.onE. and W.onW.
> and westerly orfand easterly o RN W.onE, E.onE, when sailing towardiwhen sailing towar
south. south. E.onS, W.onS, Bar equator from southequator from  south
Magnets Spheres and and latitude or away fromlatitude or away fron|
-C error) W. on W. E.onW. Deviation change equator to  northequator to south latitude
+C error) \l/ (+E error) (-E error) with latitude latitude.
change—>
[¢] athwartshigPlace  athwartshilace athwartshflo spheres offPlace spheres at pgplace spheres t Heeling magnet
magnets i magnets re@imagnets red portfbinnacle. forward and starboardstarboard  forewal (Adjust with changes in magnetic latitude)
binnacle. starboard. aft  intercardinaland  port  aff |f compass north is attracted to high side of ship when rolling, [raise
positions. intercardinal he heeling magnet if red end is up aowver the heeling magnet if bijie
positions. bnd is up.
Athwart{shm Ta'se magnets. Lower magnets thpTrﬁs Sllewk ) ts;)hereSlew orcl ksp_here If compass north is attracted to low side of ship when rolliogye
magnets re athwartship clockwise  throug counter-clockwise Ry q paeling magnet if red end is up aradse the heeling magnet if bljie
starboard. position. required angle. through require Lnd is up
angle. i y . . .
- - g NOTE: Any change in placement of the heeling magnet will affe¢t the
Athwartship Lower magnets. Raise magnets. Spheres at fore@lad spheres counteriSlew spheres

magnets red port.

aft position.

clockwise through
required angle.

clockwise through
required angle.

Peviations on all headings.

Figure 601. Mechanics of magnetic compass adjustment.

gyro error by sun’s azimuth or ranges on each heading to

ensure a greater degree of accuracy (section 631). Be sure
gyro is set for the mean speed and latitude of the vessel.

Note all precautions in section A-4 above. Fly the “OSCAR
QUEBEC” international code signal to indicate such work

is in progress. Section 631 discusses methods for placing

the ship on desired headings.

1.

Adjust the heeling magnet while the ship is rolling

on north and south magnetic headings until the os-
cillations of the compass card have been reduced
to an average minimum. This step is not required

magnet.

Come to a cardinal magnetic heading, e.g., eash section 615.

(090). Insert fore-and-aft B magnets, or move the
existing B magnets, to remoedl deviation.

Come to a south (18pmagnetic heading. Insert
athwartship C magnets, or move the existing
C magnets, to remowal deviation.
Come to a west (27Pmagnetic heading. Correct
half of any observed deviation by moving the

B magnets.

Come to a north (009 magnetic heading. Correct

half of any observed deviation by moving the

C magnets.
The cardinal heading adjustments should now be

complete.

6.

by moving the spheres in or out.

e.g., southeast (13p Correct half of any ob-
served deviation by moving the spheres.

Come to any intercardinal magnetic heading, e.g.,
northeast (04%9. Correct any observed deviation

Come to the next intercardinal magnetic heading,

The intercardinal heading adjustments should now be
if prior adjustment has been made using a dip neeeomplete, although more accurate results might be ob-
dle to indicate proper placement of the heelingtained by correcting the D error determined from the

deviations on all four intercardinal headings, as discussed

8. Secure all correctors before swinging for residual
deviations.

9.

Swing for residual undegaussed deviations on as

many headings as desired, although the eight car-

dinal

and

sufficient.
10. Should there still be any large deviations, analyze
the deviation curve to determine the necessary

intercardinal

headings should be
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corrections and repeat as necessary steps the unlike poles will attract each other.
through 9 above. Magnetism can be eithgrermanent or induced. A
11. Record deviations and the details of corrector positionbar having permanent magnetism will retain its magnetism
on the deviation card to be posted near the compasswhen it is removed from the magnetizing field. A bar hav-
12. Swing for residual degaussed deviations with théng induced magnetism will lose its magnetism when

degaussing circuits properly energized. removed from the magnetizing field. Whether or not a bar
13. Record deviations for degaussed conditions on theill retain its magnetism on removal from the magnetizing
deviation card. field will depend on the strength of that field, the degree of

hardness of the iron (retentivity), and also upon the amount

The above check-off list describes a simplified methodof physical stress applied to the bar while in the magnetiz-
of adjusting compasses, designed to serve as a workabiiey field. The harder the iron, the more permanent will be
outline for the novice who chooses to follow a step-by-steghe magnetism acquired.
procedure. The dockside tests and adjustments are essential
as a fpundation for the adjustments at_sea. Neglecting thens Terrestrial Magnetism
dockside procedures may lead to spurious results or need-
less repetition of the procgdures at sea. Give gareful Consider the earth as a huge magnet surrounded by
consideration to these dockside checks prior to making the : . L .
final adjustment. This will allow time to repair or replace magnetic flux .Ilnes connecting 1ts twmagn.etlc.: poles :
faulty compasses, anneal or replace magnetized spheres-laflese magnetic polgs are nea_r, but not comude_ntal with,
Flinders bars, realign the binnacle, move a gyro repeater 1€ €arth’s geographic poles. Since the north seeking end of

it is affecting the compass, or to make any other necessa® compass needle is conventionally calledrnbeth pole,
preliminary repairs. or positive polg it must therefore be attracted tosauth

Expeditious compass adjustment depends upon the ap®!€ ornegative pole
plication of the various correctors in a logical sequence so  Figure 603a illustrates the earth and its surrounding mag-
as to achieve the final adjustment with a minimum numbenetic field. The flux lines enter the surface of the earth at
of steps. The above check-off list accomplishes this purdifferent angles to the horizontal, at different magnetic ati-
pose. Figure 607 presents the various compass errors atitles. This angle is called thangle of magnetic dig6, and
their correction in condensed form. Frequent, careful obser-
vations should be made to determine the constancy of

deviations, and results should be systematically recorde: ! P 3
Significant changes in deviation will indicate the need for I
readjustment. y T

i
Warkl e
To avoid Gaussin error (section 636) when adjusting - 1;..:..,.|-;.,,hi.- f'h‘;;'; >

e
and swinging ship for residuals, the ship should be stead = ™-._ \:’ ! Pale A J-}. -
on the desired heading for at least 2 minutes prior to obsen Fs: ™ 'I | E iiﬁfﬂ-—_ N e
ek x 52

ing the deviation. ?-:::T::.r . "“'L-h_\"\:- - s A
602. The Magnetic Compass And Magnetism / ﬁ-jf_-:' AN )
/ 2 A )
The principle of the present day magnetic compass i ."' i’j\ TP W T
no different from that of the compasses used by ancier| N Pl [ B
mariners. It consists of a magnetized needle, or an arraya( E{.J-;-’ i g £ H
needles, allowed to rotate in the horizontal plane. The supe ke j ;2:’
riority of the present day compasses over ancient onelH e _f”f L T \ J,-“:' g
results from a better knowledge of the laws of magnetisn ! 4 i i
which govern the behavior of the compass and from greate Y d T
precision in construction. - Y S )
Any piece of metal on becoming magnetized will de- ® Wiamiic—
velop regions of concentrated magnetism catletés Any — st § i "HH_.
such magnet will have at least two poles of opposite polar ;‘,'I‘_"I‘r:_l by \ i S Magnetie
ity. Magnetic force (flux) lines connect one pole of such a i i E N Pole
magnet with the other pole. The number of such lines pe PR ke, ST

unit area represents the intensity of the magnetic field ir p
that area. If two such magnetic bars or magnets are placed
close to each other, the like poles will repel each other and Figure 603a. Terrestrial magnetism.
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Figure 603b. Magnetic dip chart, a simplification of chart 30.
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Figure 603c. Magnetic variation chart, a simplification of chart 42.
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increases from ) at the magnetic equator, to9& the mag- A ship, then, has a combination of permanent, subperma-
netic poles. The total magnetic field is generally considered agent, and induced magnetism. Therefore, the ship’s apparent
having two components: H, the horizontal component; and Zpermanent magnetic condition is subject to change from dep-
the vertical component. These components change as the angheing, excessive shocks, welding, and vibration. The ship’s
8, changes, such that H is maximum at the magnetic equatarduced magnetism will vary with the earth’s magnetic field
and decreases in the direction of either pole; Z is zero at thgtrength and with the alignment of the ship in that field.
magnetic equator and increases in the direction of either pole.
The values of magnetic dip may be found@mart 30 (shown  605. Magnetic Adjustment
simplified in Figure 603b). The values of H and Z may be
found on charts 33 and 36. A rod of soft iron, in a plane parallel to the earth’s hor-
Since the magnetic poles of the earth do not coincidézontal magnetic field, H, will have a north pole induced in
with the geographic poles, a compass needle in line with theéhe end toward the north geographic pole and a south pole
earth’s magnetic field will not indicate true north, but mag-induced in the end toward the south geographic pole. This
netic north. The angular difference between the true meridiasame rod in a horizontal plane, but at right angles to the hor-
(great circle connecting the geographic poles) and the magzontal earth’s field, would have no magnetism induced in it,
netic meridian (direction of the lines of magnetic flux) is because its alignment in the magnetic field is such that there
calledvariation. This variation has different values at differ- will be no tendency toward linear magnetization, and the rod
entlocations on the earth. These values of magnetic variatias of negligible cross section. Should the rod be aligned in
may be found on Chart 42 (shown simplified in Figure 603c),some horizontal direction between those headings which
on pilot charts, and, on the compass rose of navigationareate maximum and zero induction, it would be induced by
charts. The variation for most given areas undergoes an aan amount which is a function of the angle of alignment. If
nual change, the amount of which is also noted on charts. a similar rod is placed in a vertical position in northern lati-
tudes so as to be aligned with the vertical earth’s field Z, it
604. Ship’'s Magnetism will have a south pole induced at the upper end and a north
pole induced at the lower end. These polarities of vertical in-
A Sh|p under construction or major repair will acquire duced magnetization will be reversed in southern latitudes.

permanent magnetism due to hammering and jarring while ~ The amount of horizontal or vertical induction in such
sitting stationary in the earth’s magnetic field. After launch-rods, or in ships whose construction is equivalent to combi-
ing, the ship will lose some of this original magnetism as ahations of such rods, will vary with the intensity of H and
result of vibration and pounding in varying magnetic fields, Z, heading and heel of the ship.
and will eventually reach a more or less stable magnetic  The magnetic compass must be corrected for the ves-
condition. The magnetism which remains is fggmanent ~ sel's permanent and induced magnetism so that its
magnetismof the ship. operation approximates that of a completely nonmagnetic
The fact that a ship has permanent magnetism does nggssel. Ship’s magnetic conditions create magnetic com-
mean that it cannot also acquire induced magnetism whepass deviations and sectors of sluggishness and
placed in the earth’s magnetic field. The magnetism inUnsteadines®eviationis defined as deflection right or left
duced in any given piece of soft iron is a function of theof the magnetic meridian. Adjusting the compass consists
field intensity, the alignment of the soft iron in that field, Of arranging magnetic and soft iraorrectors about the
and the physical properties and dimensions of the iron. Thiginnacle so that their effects are equal and opposite to the
induced magnetism may add to, or subtract from, the pereffects of the magnetic material in the ship.
manent magnetism already present in the ship, depending The total permanent magnetic field effect at the com-
on how the ship is aligned in the magnetic field. The softepass may be broken into three components, mutualty 90
the iron, the more readily it will be magnetized by the apart, as shown in Figure 605a.
earth’s magnetic field, and the more readily it will give up The vertical permanent component tilts the compass
its magnetism when removed from that field. card, and, when the ship rolls or pitches, causes oscillating
The magnetism in the various structures of a shipgeflections of the card. Oscillation effects which accompa-
which tends to change as a result of cruising, vibration, opy roll are maximum on north and south compass headings,
aging, but which does not alter immediately so as to be&nd those which accompany pitch are maximum on east and
properly termed induced magnetism, is caleperma-  Wwest compass headings.
nent magnetism This magnetism, at any instant, is part of The horizontal B and C components of permanent mag-
the ship’s permanent magnetism, and consequently must setism cause varying deviations of the compass as the ship
corrected by permanent magnet correctors. It is the princiswings in heading on an even keel. Plotting these deviations
pal cause of deviation changes on a magnetic compasagainst compass heading yields the sine and cosine curves
Subsequent reference to permanent magnetism will refer hown in Figure 605b. These deviation curves are called
the apparent permanent magnetism which includes the egemicircular curves because they reverse direction by 180
isting permanent and subpermanent magnetism. Avector analysis is helpful in determining deviations or
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Figure 605a. Components of permanent magnetic field.

the strength of deviating fields. For example, a ship asvould be maximum on a north heading and minimum on a
shown in Figure 605c on an east magnetic heading will subsouth heading because the deviations for both conditions are
ject its compass to a combination of magnetic effects; oo

namely, the earth’s horizontal field H, and the deviating . _
field B, at right angles to the field H. The compass needle The magnl.tud.e of the dewatllon (I:aused by the perma-
will align itself in the resultant field which is represented by NNt B magnetic field will vary with different values of H;
the vector sum of H and B, as shown. A similar analysis willnence, deviations resulting from permanent magnetic fields
reveal that the resulting directive force on the compassvill vary with the magnetic latitude of the ship.
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Figure 605b. Permanent magnetic deviation effects.
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rounding field, the mass of metal, and the alignment of the metal
Resuliani Field in in the field. Since the intensity of the earth’s magnetic field var-
Magnitude {Directive Foree) ies over the earth’s surface, the induced magnetism in a ship will
and Direction (Deviation) vary with latitude, heading, and heel of the ship.
With the ship on an even keel, the resultant vertical induced
arth's Ficld s A 5T magnetism, if not directed through the compass itself, will create
" T deviations which plot as a semicircular deviation curve. This is
true because the vertical induction changes magnitude and po-
larity only with magnetic latitude and heel, and not with heading
J of the ship. Therefore, as long as the ship is in the same magnetic
latitude, its vertical induced pole swinging about the compass
Easi will produce the same effect on the compass as a permanent pole
Magnetic swinging about the compass.
Heading The earth’s field induction in certain other unsymmetrical
arrangements of horizontal soft iron create a constant A devia-
Deviating Fiekd tion curve. In addition to this magnetic A error, there are
Compiss Needle b constant A deviations resulting from: (1) physical misalign-
ments of the compass, pelorus, or gyro; (2) errors in calculating
Figure 605c. General force diagram. the sun’s azimuth, observing time, or taking bearings.
The nature, magnitude, and polarity of all these in-
606. Induced Magnetism And Its Effects On The duced effects are dependent upon the disposition of metal,
Compass the symmetry or asymmetry of the ship, the location of the
binnacle, the strength of the earth’s magnetic field, and the
Induced magnetism varies with the strength of the surangle of dip.

compass Magnetic or compass
Coefficient Typecgrev\gatlon hggg;;]%sm()f Causes of such errors Correctors for such errors | headings on which to
L apply correctors

deviation

Human-error in calculations  _ _ _ _ _ _ _ _ _ _ _ Check methods and calculations _ _| _
A Constant. Same on all. Physical-compass, gyro, pelorus alignment_ | Checkalignments _ _ _ _ _ _ _|Any.
Magnetic-unsymmetrical arrangements of horiz. soft iron{Rare arrangement of soft iron rods.
Semicircular 090° Fore-and-aft component of permanent magnetic field_ _|Fore-and-af8 magnets _ _ _ _ _ |

B sing . 270° Induced magnetism in unsymmetrical vertical iron forwargFbnders bar (forward or aft) _ _ _ | 090° or 270°.
aft of compass.

Semicircular 000° Athwartship component of permanent magnetic field— - | AthwartshipC magnets
@ cosp . 180° Induced magnetism in unsymmetrical vertical iron port o Flinders bar (port or starboard) _ _ | 000° or 180°.
starboard of compass.

Quadrantral 045: o ) Spheres on appropriate axis.
D in2 135 Indu_ced magnetism in all symmetrical arrangements of (athwartship for +D)
SInzQ . 225° horizontal soft iron. (fore and aft for -D) 045°, 135°, 225°, or 315°.
315° See sketch a
000° Spheres on appropriate axis.
E Quadrantral 090° Induced magnetism in all unsymmetrical arrangements of (port fwd.-stb’d for +E)
CoS2¢ . 180° horizontal soft iron. (stb’'d fwd.-port aft for -E) 000°, 090°, 180°, or 270°.
270° See sketch b
Oscillations with roll 000° } oll Change in the horizontal component of the induced or permaheteeling magnet (must be readjusted 10090° or 270° with dip needle.
. or pitch. 180° magnetic fields at the compass due to rolling or pitching of fhéatitude changes). 000° or 180° while rolling.
Heeling | peviations with 090° ¢ pitc | ship.
constant list. 270° h

Deviation= A + Bsing+ Ccosp+ Dsin2¢+ Ecos2¢ ((p = compass headir)g

Figure 607. Summary of compass errors and adjustments.
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Certain heeling errors, in addition to those resulting vertical tube.
from permanent magnetism, are created by the presence of 2. Fore-and-afB permanent magnetdn their trays.
both horizontal and vertical soft iron which experience 3. AthwartshipC permanent magnetsn their trays.
changing induction as the ship rolls in the earth’s magnetic 4. Vertical soft irorFlinders bar in its external tube.
field. This part of the heeling error will naturally change in 5. Soft ironquadrantal spheres
magnitude with changes of magnetic latitude of the ship.
Oscillation effects accompanying roll are maximum on The heeling magnet is the only corrector which cor-
north and south headings, just as with the permanent magects for both permanent and induced effects. Therefore, it

netic heeling errors. must be adjusted occasionally for changes in ship’s latitude.
However, any movement of the heeling magnet will require
607. Adjustments And Correctors readjustment of other correctors.

Figure 607 summarizes all the various magnetic condi-
Since some magnetic effects are functions of the vestions in a ship, the types of deviation curves they create, the
sel's magnetic latitude and others are not, each individuatorrectors for each effect, and headings on which each cor-
effect should be corrected independently. Furthermore, toector is adjusted. Apply the correctors symmetrically and
make the corrections, use (1) permanent magnet correctoas far away from the compass as possible. This preserves
to compensate for permanent magnetic fields at the conthe uniformity of magnetic fields about the compass needle
pass, and (2) soft iron correctors to compensate for induceakray.
magnetism. The compass binnacle provides support for Fortunately, each magnetic effect has a slightly differ-
both the compass and such correctors. Typical binnaclesnt characteristic curve. This makes identification and
hold the following correctors: correction convenient. Analyzing a complete deviation
curve for its different components allows one to anticipate
1. Vertical permanertieeling magnetin the central the necessary corrections.

COMPASS OPERATION

608. Effects Of Errors On The Compass ple, a ship whose compass is frozen to a north reading would
require fore-and-aft B corrector magnets with the positive
An uncorrected compass suffers large deviations andnds forward in order to neutralize the existing negative pole
sluggish, unsteady operation. These conditions may be ag/ich attracted the compass. If made on an east heading,
sociated with the maximum and minimum directive forcesuch an adjustment would be practically complete when the
acting on the compass. The maximum deviation occurs atompass card was freed to indicate an east heading.
the point of average directive force; and the zero deviations
occur at the points of maximum and minimum directive 609. Reasons For Correcting Compass
force.
Applying correctors to reduce compass deviation ef-  There are several reasons for correcting the errors of
fects compass error correction. Applying correctors tathe magnetic compass:
equalize the directive forces across the compass position
could also effect compass correction. The deviation method 1. Itis easier to use a magnetic compass if the devia-
is most often used because it utilizes the compass itself as tions are small.
the correction indicator. Equalizing the directive forces
would require an additional piece of test and calibration 2. Even known and compensated for deviation intro-

equipment. duces error because the compass operates
Occasionally, the permanent magnetic effects at the lo- sluggishly and unsteadily when deviation is
cation of the compass are so large that they overcome the present.

earth’s directive force, H. This condition will not only create

sluggish and unsteady sectors, but may even freeze the com- 3. Even though the deviations are compensated for,
pass to one reading or to one quadrant, regardless of the they will be subject to appreciable change as a
heading of the ship. Should the compass become so frozen, function of heel and magnetic latitude.

the polarity of the magnetism which must be attracting the

compass needles is indicated; hence, correction may be ef- Once properly adjusted, the magnetic compass devia-
fected simply by the application of permanent magnetions should remain constant until there is some change in
correctors, in suitable quantity to neutralize this magnetismthe magnetic condition of the vessel resulting from magnetic
Whenever such adjustments are made, it would be well ttreatment, shock from gunfire, vibration, repair, or structural
have the ship placed on a heading such that the unfreezing ofianges. Frequently, the movement of nearby guns, doors,
the compass needles will be immediately evident. For exangyro repeaters, or cargo affects the compass greatly.
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DETAILED PROCEDURES FOR COMPASS ADJUSTMENT

610. Dockside Tests And Adjustments section 611.
Adjust the Flinders bar first because it is subject to

Section 601, the Adjustment Checkoff List, gives theinduction from several of the correctors and its adjust-
physical checks required before beginning an adjustmentnent is not dependent on any single observation. To
The adjustment procedure assumes that these checks hadjust the Flinders bar, use one of the following
been completed. The navigator will avoid much delay bymethods:
making these checks before starting the magnet and soft
iron corrector adjustments. The most important of these 1. Use deviation data obtained at two different mag-

checks are discussed below. netic latitudes to calculate the proper length of

Should the compass have a small bubble, add compass Flinders bar for any particular compass location.
fluid through the filling plug on the compass bowl. If an ap- Sections 622 through 624 contain details on acquir-
preciable amount of compass liquid has leaked out, check ing the data and making the required calculations.

the sealing gasket and filling plug for leaks.
Take the compass to a place free from all magneticin- 2. If the above method is impractical, set the Flinders

fluences except the earth’s magnetic field for tests of bar length by:

momentandsensibility. These tests involve measurements

of the time of vibration and the ability of the compass card a. Using a Flinders bar length determined by

to return to a consistent reading after deflection. These tests other ships of similar structure.

will indicate the condition of the pivot, jewel, and magnetic

strength of the compass needles. b. Studying the arrangement of masts, stacks,
Next, check the spheres and Flinders bar for residual and other vertical structures and estimating the

magnetism. Move the spheres as close to the compass as Flinders bar length required.

possible and slowly rotate each sphere separately. Any ap-

preciable deflection (2or more) of the compass needles If these methods are not suitable, omit the Flinders bar

resulting from this rotation indicates residual magnetism iruntil the required data are acquired.

the spheres. The Flinders bar magnetization check is pref- The iron sections of Flinders bar should be continu-

erably made with the ship on an east or west compassus and placed at the top of the tube with the longest

heading. To make this check: (a) note the compass readirggction at the top. Wooden spacers are used at the bottom

with the Flinders bar in the holder; (b) invert the Flindersof the tube.

bar in the holder and again note the compass reading. Any Having adjusted the length of Flinders bar, place the

appreciable difference {2r more) between these observedspheres on the bracket arms at an approximate position.

readings indicates residual magnetism in the Flinders baif the compass has been adjusted previously, place the

Spheres or Flinders bars which show signs of such residuapheres at the position indicated by the previous devia-

magnetism should kennealed i.e., heated to adullred and tion table. In the event the compass has never been

allowed to cool slowly. adjusted, place the spheres at the midpoint on the bracket
Correct alignment of the lubber’s line of the com- arms.

pass, gyro repeater, and pelorus with the fore-and-aft The next adjustment is the positioning of the heeling

line of the ship is important. Any misalignment will pro- magnet using a properly balanced dip needle. Section 637

duce a constant error in the deviation curve. All of thesediscusses this procedure.

instruments may be aligned correctly with the fore-and-  These three dockside adjustments (Flinders bar, qua-

aft line of the ship by using the azimuth circle and a met-drantal spheres, and heeling magnet) will properly establish

al tape measure. Should the instrument be located on thbe conditions of mutual induction and shielding of the

centerline of the ship, a sight is taken on a mast or othecompass. This minimizes the steps required at sea to com-

object on the centerline. If the instrument is not on theplete the adjustment.

centerline, measure the distance from the centerline of

the ship to the center of the instrument. Mark this dis-611. Expected Errors

tance off from the centerline forward or abaft the

compass and place reference marks on the deck. Take Figure 607 lists six different coefficients or types of de-

sights on these marks. viation errors with their causes and corresponding
Align the compass so that the compass’ lubber’s line iorrectors. A discussion of these coefficients follows:

parallel to the fore-and-aft line of the ship. Steering com-  TheA error is caused by the miscalculation of azimuths

passes may occasionally be deliberately misaligned in order by physical misalignments rather than magnetic effects of

to correct for any magnetic A error present, as discussed innsymmetrical arrangements of horizontal soft iron. Thus,
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checking the physical alignments at dockside and making TheB error results from both the fore-and-aft perma-
careful calculations will minimize the A error. Where an azi- nent magnetic field across the compass and a resultant
muth or bearing circle is used on a standard compass tansymmetrical vertical induced effect forward or aft of the
determine deviations, any observed A error will be solely mageompass. The former is corrected by the use of fore-and-aft
netic A error because such readings are taken on the face of tBemagnets, and the latter is corrected by the use of the
compass card rather than at the lubber’s line of the compasslinders bar forward or aft of the compass. Because the
On a steering compass where deviations are obtained byFRinders bar setting is a dockside adjustment, any remaining
comparison of the compass lubber’s line reading with theB error is corrected by the use of fore-and-aft B magnets.
ship’s magnetic heading, as determined by pelorus or gyro, The C error results from the athwartship permanent
any observed A error may be a combination of magnetic A anghagnetic field across the compass and a resultant unsym-
mechanical A (misalignment). These facts explain the procametrical vertical induced effect athwartship of the compass.
dure in which only mechanical A is corrected on the standardhe former is corrected by the use of athwartship C mag-
compass, by realignment of the binnacle, and both mechanicakts, and the latter by the use of the Flinders bar to port or
A and magnetic A errors are corrected on the steering compasgarboard of the compass. Because the vertical induced ef-
by realignment of the binnacle. On the standard compass, thect is very rare, the C error is corrected by athwartship
mechanical A error may be isolated from the magnetic A erroC magnets only.

by making the following observations simultaneously: TheD error is due only to induction in the symmetrical

arrangements of horizontal soft iron, and requires correction

1. Record acurve of deviations by using an azimutl"by spheres, generally athwartship of the compass.
(or bearing) circle. Any A error found will be solely E error of appreciable magnitude is rare, since it is

magnetic A. caused by induction in the unsymmetrical arrangements of
horizontal soft iron. When this error is appreciable it may be

2. Record a curve ,0 f Qewatlor_w by_comparls_o,n of thecorrected by slewing the spheres, as described in section 620.
compass lubber’s line reading with the ship’s mag-

netic heading as determined by pelorus or by gyro. As stated previously, the heeling error is adjusted at
Any A error found will be a combination of me- dockside with dalanced dip needlgsee section 637).
chanical A and magnetic A. As the above discussion points out, certain errors are
rare and others are corrected at dockside. Therefore, for most
3. The mechanical A on the standard compass is theships, only the B, C, and D errors require at sea correction.
found by subtracting the A found in the first in- 1hese errors are corrected by the fore-and-aft B magnets,
stance from the total A found in the second @thwartship C magnets, and quadrantal spheres respectively.

instance, and is corrected by rotating the binnacle

in the proper direction by that amount. It is neither 612. Study Of Adjustment Procedure

convenient nor necessary to isolate the two types of

A on the steering compass and all A found by using Inspecting the B, C, and D errors pictured in Figure
the pelorus or gyro may be removed by rotating the612a demonstrates a definite isolation of deviation effects
binnacle in the proper direction. on cardinal compass headings.
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Figure 612a. B, C, and D deviation effects.
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Figure 612b. A and B deviation.

For example, on 090or 27C¢ compass headings, the the 090 heading would then be’£& due to B undercorrec-
only deviation which is effective is that due to B. This iso- tion. To eliminate this endlessly iterative process and
lation, and the fact that the B effect is greatest on these twoorrect the B error to the best possible flat curve, split this
headings, make these headings convenient for B correctiod? E difference, leaving 2E deviation on each opposite
Correction of the B deviation on a 098eading will correct  heading. This would, in effect correct the B error, leaving
the B deviation on the 27teading by the same amount but only the A error of 2 E which must be corrected by other
in the opposite direction and naturally, it will not change themeans. It is for this reason that, (1) splitting is done between
deviations on the 000and 180 headings, except where B the errors noted on opposite headings, and (2) good adjust-
errors are large. However, the total deviation on all the iniments entail checking on all headings rather than on the
tercardinal headings will be shifted in the same direction agundamental three.
the adjacent 090or 27(C deviation correction, but only by
seven-tenths (0.7) of that amount, since the sine ¢f 45613. Adjustment Procedures At Sea
equals 0.707. The same convenient isolation of effects and
corrections of C error will also change the deviations on all Before proceeding with the adjustment at sea the fol-
the intercardinal headings by the seven-tenths rule. lowing precautions should be observed:

Note that only after correcting the B and C errors on the
cardinal headings, and consequently their proportional val- 1. Secure all effective magnetic gear in the normal
ues of the total curve on the intercardinal headings, can the seagoing position.

D error be observed separately on any of the intercardinal
headings. The D error may then be corrected by use of the 2. Make sure the degaussing coils are secured, using

spheres on any intercardinal heading. Correcting D error the reversal sequence, if necessary (See section
will, as a rule, change the deviations on the intercardinal 643).

headings only, and not on the cardinal headings. Only when
the D error is eXCGSSive, the Spheres are magnetiZEd, or the The adiustments are made with the Shlp on an even
permanent magnet correctors are so close as to create %ei, Swinging from heading to heading SlOle, and after
cessive induction in the spheres will there be a change in th&ieadying on each heading for at least 2 minutes to avoid
deviations on cardinal headings as a result of sphere adjusttaussin error.
ments. Although sphere correction does not generally  \ost adjustments can be made by trial and error, or by
correct deviations on cardinal headings, it does improvgoytine procedure such as the one presented in section 601.
compass stability on these headings. However, the procedures presented below provide analyti-
If it were not for the occasional A or E errors, adjusting cal methods in which the adjuster is always aware of the
observed deviations to zero on two adjacent cardinal heagrrors’ magnitude on all headings as a result of his move-
ings and then on the intermediate intercardinal headingnent of the different correctors.
would be sufficient. However, Figure 612b, showing a  Analysis Method. A complete deviation curve can be
combination of A and B errors, illustrates why the adjustingtaken for any given condition, and an estimate made of all
procedure must include correcting deviations on more thaghe approximate coefficients. See section 615. From this es-
the three essential headings. timate, the approximate coefficients are established and the
Assuming no A error existed in the curve illustrated in appropriate corrections are made with reasonable accuracy
Figure 612b, and the total deviation of & on the 090  on a minimum number of headings. If the original deviation
heading were corrected with B magnets, the error on theurve has deviations greater than®2fbugh adjustments
270 heading would be4E due to B overcorrection. If this should be made on two adjacent cardinal headings before
4° E error were taken out on the 2#ading, the error on recording curve data for such analysis. The mechanics of
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1 2 3 4 5 6
Anticipated Anticipated Anticipated Anticipated Anticipated
. Original curve after curve after curve after curve after curve after
Heading by deviation first next next next next
compass curve correcting correcting correcting correcting correcting
A=1CE B=12.0E C=8.CE D=5.CE E=15E
Degrees Degrees Degrees Degrees Degree Degregs Degrges

000 10.5E. 95E. 9.5E. 15E. 15E. 0.0
045 20.0 E. 19.0 E. 10.6 E. 5.0 E. 0.0 0.0
090 11.5E. 10.5E. 15W. 15W. 15W. 0.0
135 1.2W. 2.2 W. 10.6 W. 5.0 W. 0.0 0.0
180 55W. 6.5 W. 6.5W. 15E. 15E. 0.0
225 8.0 W. 9.0 W. 0.6 W. 5.0 E. 0.0 0.0
270 12.5W. 13.5W. 15W. 1.5W. 1.5W. 0.0
315 6.8 W. 7.8 W. 0.6 E. 5.0W. 0.0 0.0

Figure 613a. Tabulating anticipated deviations.

applying correctors are presented in Figure 601. A methodecord of deviations is available at all times during the
of tabulating the anticipated deviations after each correcswing. Arrows indicate where each change is made.
tion is illustrated in Figure 613a. The deviation curve used

for illustration is the one which is analyzed in section 615.fjrst. Therefore, on a 09theading the 115E deviation

Analysis revealed these coefficients:

mooOw>»

One-Swing Method More often it is desirable to
begin adjustment immediately, eliminating the origina
swing for deviations and the estimate of approximate co-

1.0°E
12.0°E
8.0°E
50°E
15°E

Since the B error is generally greatest, it is corrected

is corrected to approximately zero by using fore-and-aft
B magnets. A lot of time need not be spent trying to re-
duce this deviation to exactly zero since the B coefficient
may not be exactly 11?5, and some splitting might be
desirable later. After correcting on the 09@eading, the
swing would then be continued to 13@here a 9.2W
error would be observed. This deviation is recorded, but
no correction is made because the quadrant error is best
corrected after the deviations on all four cardinal head-
ings have been corrected. The deviation on the°180

heading would be observed as 5W. Since this devia-
|tion is not too large and splitting may be necessary later,
it need not be corrected at this time. Continuing the

efficients. In this case the above problem would peSWing to 228 a 0.0 deviation would be observed and re-
solved by tabulating data and anticipating deviationcorded. On the 27Theading the observed error would be
changes as the corrections are made. Figure 613b illug-0" W, which is compared with 0:0deviation on the
trates this procedure. Note that a new column of value§pposite 090 heading. This could be split, leaving
is started after each change is made. This method of tat§.5* W deviation on both 090and 270, but since this is
ulation enables the adjuster to calculate the new residualo small it may be left uncorrected. On 315° the observed
deviations each time a corrector is changed, so that deviation would be 1.2E. At 00Q° a deviation of 10.5

Observed Anticipated Anticipated Anticipated Anticipated
) First obser- deviations deviations deviations deviations deviations
Heading - after after after after after
vation . ) ) ) .
correcting correcting correcting correcting correcting
B=115E C=8.CE D =5.CE A=1CE E=15E
Degrees Degrees Degrees Degrees Degreeq Degrees Degre]
000 10.5E. 25E. 25E. 15E. 0.0
045 6.4 E. 14E.- 0.4 E. 0.4E.
090 115E. 0.0 0.0 0.0 1.0W. 0.5E.
135 9.2 W. 3.6W. 14E. 0.4 E. 0.4 E.
180 55W. 25E. 25E. 15E. 0.0
225 0.0 5.6 E. 0.6 E. 0.4 W. 0.4 W.
270 1.0W. 1.0W. 1.0w. 20W. 0.5W.
315 1.2 E. 4.4W. 0.6 E. 0.4 W. 0.4 W.

Figure 613b. Tabulating anticipated deviations by the one-swing.
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E would be observed and compared with’5V8on 180.  614. Deviation Curves
Analysis of the deviations on 00@nd 180 headings re-
veals an 8.0 E, C error, which should then be corrected The last step, after completion of either of the above
with athwartship C magnets leaving 2.6 deviation on methods of adjustment, is to secure all correctors in posi-
both the 000 and 180 headings. tion and to swing for residual deviations. These residual
All the deviations in column two are now recalculated deviations are for undegaussed conditions of the ship,
on the basis of such an adjustment at088ading and en- which should be recorded together with details of corrector
tered in column three. Continuing the swing, the deviatiorpositions. Figure 614 illustrates both sides of NAVSEA
on 045 would then be noted as 6.&. Knowing the devi- 3120/4 with proper instructions and sample deviation and
ations on all intercardinal headings, it is now possible toFlinders bar data. Should the ship be equipped with de-
estimate the approximate coefficient D. D is5Bso the gaussing coils, a swing for residual deviations under
6.4° E deviation on 045is corrected to 14E and new an- degaussed conditions should also be made and data record-
ticipated values are recorded in another column. Thi€d on NAVSEA 3120/4.
anticipates a fairly good curve, an estimate of which re-  On these swings, exercise extreme care in taking bear-
veals, in addition to the B of 0°5E which was not ings or azimuths and in steadying down on each heading
considered large enough to warrant correction, an A df 1.0since this swing is the basis of standard data for the partic-
E and an E of 1.5E. These A and E errors may or may not ular compass. If there are any peculiar changeable errors,
be corrected, as practical. If they are corrected, the subssuch as movable guns, listing of the ship, or anticipated de-
guent steps would be as indicated in the last two columnsay from deperming, which would effect the reliability of
Now the ship has made only one swing, all corrections havéhe compass, they should also be noted on the deviation
been made, and some idea of the expected curve i=ard at this time. Section 639 discusses these many sources

available. of error in detail.
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Figure 614. Deviation table, NAVSEA 3120/4.
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If the Flinders bar adjustment is not based on accurate
data, as with a new ship, exercise particular care in record-
ing the conventional Daily Compass Log data during the
first cruise on which a considerable change of magnetic lat-
itude occurs.

In order to have a reliable and up-to-date deviation card
at all times, swing the ship to check compass deviations and
to make readjustments, after:

1. Radical changes in magnetic latitude.

2. Deperming. (Delay adjustment for several days af-
ter treatment.)

3. Structural changes.

4. Long cruises or docking on the same heading, caus-
ing the permanent magnetic condition of the
vessels to change.

5. Altering magnetic equipment near the binnacle.

6. Reaching the magnetic equator to acquire Flinders
bar data.

7. Atleast once annually.

8. Changing the heeling magnet position, if Flinders

bar is present.

Readjusting any corrector.

10. Changing magnetic cargo.

11. Commissioning.

©

DEVIATION CURVES AND THE ESTIMATION OF APPROXIMATE COEFFICIENTS

615. Simple Analysis

Since A is the coefficient of constant deviation, its ap-

o _ o proximate value is obtained from the above data by
The data for the deviation curve illustrated in Figure estimating the mean of the algebraic sum of all the devia-

615is !isted below: _ - tions. Throughout these computations the sign of east
Ship’s Compass Hizadlng TOtfl Deviation  yeviation is considered plus, and west deviation is consid-
N 000 10.5°E ered minus.
NE 045° 20.0° E
E 090° 11.5°E
SE 135° 12°wW 8A = +10.5°+20.0°+11.5°- 1.2°-5.5°- 8.0°- 12.5°- 6.8°
S 180° 5.5°W 8A = +42.0°-34.0°
SW 225° 8.0°W 8A =+8.0°
W 270° 12.5°W A =+1.0°(1.0°E)
NW 315° 6.8°W
l JMotal Deviation Curve
Easl 20 A=1E
i
i / \ Efﬁ .
£ BE : /
(1
il £
Wesl =)
i-) #
12
Compass Heading-Degrees

Dwv.=A+ B uaingh + Ceongh +Duin 26 4+ K con 2eh

Figure 615. Example of typical deviation curve and its components.
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Since B is the coefficient of semicircular sine devia-the original curve.
tion, its value is maximum, but of opposite polarity, on 690 This method of analysis is accurate only when the de-
and 270 headings. The approximate B coefficient is esti-viations are less than 20The mathematical expression for
mated by taking the mean of the deviations at0@@d 270  the deviation on any heading, using the approximate coef-

with the sign at 270reversed. ficients, is:
2B = +11.5° (+12.5°) Deviatin=A+Bsin@+Ccosd+DsinB+Ecos®
2B = +24.0°
B = +12.0°(12.0°E) (where® represents compass heading).

Similarly, since C is the coefficient of semicircular co-
sine deviation, its value is maximum, but of opposite  The directions given above for calculating coefficients
polarity, on 000 and 180 headings; and the approximate A and B are not based upon acceptadoreticalmethods
C coefficient is estimated by taking the mean of the deviaof estimation. Some cases may exist where appreciable dif-

tions at 000 and 180 with the sign at 180reversed. ferences may occur in the coefficients as calculated by the
above method and the accepted theoretical method. The
2C = +10.5° + (+5.5) proper calculation of coefficients B and C is as follows:
2C = +16.0° Letting D1, D2, .. ., D8 be the eight deviation data, then
C = +8.0°(8.0°E)

B

D is the coefficient of quadrantal sine deviation having
maximum, but alternately opposite, polarity on the intercar-
dinal headings. Hence, the approximate D coefficient is C
estimated by taking the mean of the four intercardinal devi-
ations with the signs at 13and 318 reversed.

#2(D,+D4~Dg-Dg+ 2(D3-D;)

fz(Dz D,-Dg+Dg+7 (Dl Ds)

Substituting deviation data algebraically, east being
plus and west minus,

4D = (+20.0°) + (+1.2°) + (-8.0°) + (+6.8")
4D = +20.0° ¥ .
D = +5.0°(5.0°E) B = °57(20.0-1.2-8.0- 6.8+ 7(11.5- 12.9

E is the coefficient of quadrantal cosine deviation hav-
ing maximum, but alternately opposite, polarity on the B = +12
cardinal headings. Therefore, the approximate E coefficient
is estimated by taking the mean of the four cardinal devia-

tions with the signs at 090° and 270° reversed. C = %2(20_0_ 1.2—8.0+ 6.8+ %(10.5— 5.9
4E = (+10.5°) + (-11.5°) + (-5.5°) + (+12.5")
4E = +6.0° C=+8
E = +1.5° (1.5 E)

This method of estimating approximate coefficients is
These approximate coefficients are estimated from dezq v enient for:

viations on compass headings rather than on magnetic
headings. The arithmetical solution of such coefficients
will automatically assign the proper polarity to each
coefficient.

Summarizing the above we find the approximate coef-
ficients of the given deviation curve to be:

1. Analyzing an original deviation curve in order to
anticipate necessary corrections.

2. Analyzing a final deviation curve for the determi-
nation of additional refinements.

3. Simplifying the actual adjustment procedure by an-
ticipating effects of certain corrector changes on

A = 10E e .

B = 120°FE the deviations at all other headings.
C = 80E . -

D = 50°E 616. Approximate And Exact Coefficients
E = 15°E

The above estimations are for the approximate coeffi-

Each of these coefficients represents a component afients and not for exact coefficients. Approximate

deviation which can be plotted as shown in Figure 615. Theoefficients are in terms of angular deviations which are
polarity of each component in the first quadrant must agreeaused by certain magnetic forces, and some of these devi-
with the polarity of the coefficient. A check on the compo- ations are subject to change with changes in the directive
nents in Figure 615 will reveal that their summation equaldorce, H. The exact coefficients are expressions of magnetic
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forces, dealing with: (a) arrangements of soft iron, (b) comproximate coefficients. The exact coefficients are for
ponents of permanent magnetic fields, (c) components ahathematical considerations while the approximate coeffi-
the earth’s magnetic field, and (d) the shielding factor.cients are more practical for adjustment purposes. For this
Thus, the exact coefficients are expressions of magnetieason, the exact coefficients, and the associated mathemat-
force which produce the deviations expressed by the apes, are not expanded further in this text.

__f[:l-r-'. intions on Compass Headings

Easi

Deg
Ly

West
{=14 Heading — Degries

Figure 617. Comparison of deviation curves. (magnetic heading versus compass heading.)

CORRECTOR EFFECTS

617. Compass Heading And Magnetic Heading separate correction effects. Additional inductions exist in

the soft iron correctors from the magnetic needles of the
When deviations are large, there is an appreciable difcompass itself. The adjuster should be familiar with the na-

ference in the deviation curve if it is plotted on cross-ture of these interactions.

section paper against compass headings or against magnetic

headings of the ship. Not only is there a difference in the619. Quandrantal Sphere Correction

shape of the curves, but if only one curve is available, nav-

igators will find it difficult in applying deviations when Figure 619 presents the approximate quadrantal cor-

converting between magnetic and compass headings. Wheection available with different sizes of spheres, at various

deviations are small, no conversion is necessary. Figurpositions on the sphere brackets, and with different magnet-

617 illustrates the differences mentioned above by presenie moment compasses. These quadrantal corrections apply

ing the deviation values used in Figure 617 plotted againsivhether the spheres are used as D, E, or combination D and

both magnetic and compass headings. E correctors. Quadrantal correction from spheres is due par-
tially to the earth’s field induction and partially to compass

618. Understanding Interactions Between Correctors needle induction. Since compass needle induction does not
change with magnetic latitude but earth’s field induction

Until now the principles of compass adjustment havedoes, the sphere correction is not constant for all magnetic

been considered from a qualitative point of view. In generalatitudes. A reduction in the percentage of needle induction

this is quite sufficient since the correctors need merely bén the spheres to the earth’s field induction in the spheres

moved until the desired amount of correction is obtainedwill improve the constancy of sphere correction over all

However, it is often valuable to know the quantitative ef-magnetic latitudes. Such a reduction in the percentage of

fects of different correctors as well as their qualitativeneedle induction may be obtained by:

effects. All the correctors are not completely independent

of each other. Interaction results from the proximity of the 1. Utilizing a low magnetic moment compass.

permanent magnet correctors to the soft iron correctors. 2. Utilizing special spheroidal-shaped correctors,

Consequently any shift in the relative position of the vari- placed with their major axes perpendicular to their

ous correctors will change their interactive as well as their axis of position.
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Figure 619. Quandrantal correction curves.

3. Using larger spheres farther away from thespheresinthe new slewed position to correct for both D and

compass. E coefficients. The total D and E coefficients may be calcu-
_ lated by an analysis of deviations on the uncorrected
620. Slewing Of Spheres binnacle, or by summarizing the uncorrected coefficients

) o with those already corrected. The data in Figure 619 and
Figure 620 shows a chart for determining the Propelsoo will be useful in either procedure.

slewed position for spheres. The total values of the D and E Example: A ship having a Navy Standard binnacle,

quadrantal coefficients are used on the chart to locate a._ . " . "
point of intersection. This point directly locates the angleWith 7" spheres at 13" position athwartship, and a 12
and direction of slew for the spheres on the illustrated binflinders bar forward, is being swung for adjustment. It is
nacle. This point will also indicate, on the radial scale, theobserved that4E D error and 8 E E error exist with the

resultant amount of quadrantal correction required from thepheres in position. Since the spheres are athwartship, the

i, . ; o
A W " - e
o S [ TR

A ek — 0T ¢ [I—12 A.:-'a.—ru-ur-'gm—-

Figure 620. Slewing of quandrantal spheres.
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total E coefficient for the ship is°6E, as observed. Figure when inserting the Flinders bar, move the regular spheres
619 indicates that the spheres in their present position amdoser to correct for the increased plus D error. Conversely,
correcting 8 E D error, hence the total D coefficient of the move the regular spheres away when removing the Flinders
ship and Flinders bar is 2(E. Figure 620 indicates that6 bar. This D error in the Flinders bar is due mostly to com-
E E and 10 E D coefficients require slewing the spherespass needle induction because the bar is small in cross-
15.5 clockwise from their present athwartship position. section and close to the compass. Such needle induction is
The resultant quadrantal error is indicated as 1Fgure  practically constant; therefore, the deviation effects on the
619 indicates that the 7" spheres should then be moved {&mpass will change with magnetic latitudes because the
the 11" position after slewing 15.%lockwise so as to cor- gijrective force, H, changes. However, when balanced by
rect both the D and E errors. Using this chart eliminatesphere correctors, this effect tends to cancel out the variable

trial-and-error adjustment methods for quadrantal errorgayt of the sphere correction caused by the compass needle
and provides information for moving the spheres. induction.

621. Corrector Magnet Inductions In Spheres 623. Flinders Bar Adjustment
Should a ship have both spheres and many permanent

) : One must have reliable data obtained in two widely
B and C magnet correctors close to the compass, mductlosne arated magnetic latitudes to place the correct amount of
will exist between these correctors. This induction will re- P 9 P

quire some shuttling back and forth between headingglmders bar. Placing the Flinders bar by any other method

while making adjustments. This situation can be improved® merely an approximation. Obtaining the required mag-

by using larger spheres further out, by approximately sethetic data will necessitate further refinements. There are
' veral methods of acquiring and using latitude data in or-

ting the spheres before starting adjustments, and by usi : ‘
more magnets further from the spheres and compass. M;}:r to determine the proper amount of Flinders bar:

netized spheres Flinders bars will cause difficulty during ~ The data required for correct Flinders bar adjustment
adjustment, and introduce an unstable deviation curve igonsists of accurate tables of deviations with details of cor-

they suffer a change of magnetic condition. rector conditions at two different magnetic latitudes; the
farther apart the better. Should it be impossible to swing
622. Flinders Bar Effects ship for a complete table of deviations, the deviations on

east and west magnetic headings would be helpful. Ship’s
Figure 622 presents the approximate quadrantal errdpg data is usually not reliable enough for Flinders bar cal-
introduced by the presence of the Standard Navy Flindersulation. Observe the following precautions when taking
bar. Since the Flinders bar is usually placed in the forwardlata. These precautions will ensure that deviation changes
or aft position, it acts as a small minus D corrector as wellare due only to changes in the H and Z components of the
as a corrector for vertical induced effects. This means thatarth’s field.

H= 1Bmg
Vo) cgs Compass
14580 eps l.'umEn:-u:. #d—’f

a
t /
E 2 o
r. il _'_'-F
3 -
t 1 s"/ il Trwqﬁnmm
a - rections. Dif ferent compass
| . lp arrays will nlter
5 - theas valoes aomewhat
0 o g i2 ] H

L ngth of Flinders Bar—Inehes

Figure 622. Quadrantal error from standard Navy Flinders bar.
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1. Degaussing should be secured, by a reversal pro- Z; = earth’s field, Z, at 1st latitude.
cess if necessary, at both latitudes before data are H, = earth’s field, H, at 2nd latitude.

taken. B, = degrees B deviation at 2nd latitude (magnetic

. . . headings).
2. If the ship has been in dock or steaming, on one 7, = earth's field, Z, at 2nd latitude.

heading for several days prior to the taking of these ] )
data, the resulting temporary magnetism (Gaussin 1 NiS constant ¢ represents a resultant mass of vertical

error) would create erroneous deviations. A shakelron in the ship which requires Flinders bar correction. If
down on other headings prior to taking data will re- the Flinders bar is present at the time of calculations, it must
duce such errors. be remembered that it is already correcting an amount of ¢

3. Any major change in the ship’s magnetic fiel
(caused, for example, by deperming, structur
changes, heavy gunfire, shifting magnetic cargoe
between data sets will make the comparative r
sults meaningless.

ThejE e, LnETee Lhan
i - "

permanent magnetism changes between the t
latitudes, it will likewise be unreliable if any of the
binnacle correctors are changed.

4. Because the data will not be reliable if the ship’| ® /

im Lhegrees

In the event that an approximation as to Flinders b
length cannot be made, then the deviations at the two I 10
tudes should be taken with no Flinders bar in the holder. TI{~
procedure would also simplify the resulting calculations. =~ -1 A

]

Corstant © or

624. Methods Of Determining Flinders Bar Length i _/ S S

Method 1. Having obtained reliable deviation data at tw 4 / A
different magnetic latitudes, the changes in the deviations ..—*”
any, may justifiably be attributed to an incorrect Flinders bar & /, |
justment. E/W and N/S deviations are the ones which are sub
to major changes from such an incorrect adjustment. If thert o o .|I., ; Hl.r ]
no change in any ofthese dev!atlons, the Flln_dgrs ba_\r a_djustn PP Pika dm“h:’-: :1;1 ’illl; e
is probably correct. A change in the E/W deviations indicateS |  away from binnacle for Heeling
unsymmetrical arrangement of vertical iron forward or aft of tt [i;ﬂj:hlwm;":}?'“mfé this dita
compass, which requires correction by the Flinders bar, forwa,u"_"'_w'u
or aft of the compass. A change in the N/S deviations indicates
an unsymmetrical arrangement of vertical iron to port or star-  Figure 624a. Dip deviation curves for Flinders bar.
board of the compass, which requires correction by the Flinders
bar to port or starboard of the compass. This latter case is velf} the ship which must be added to the uncorrected c, calcu-
rare, but can be corrected. lated by the above formula. This total value of c is used in

Determine the B deviations on magnetic east/wesEonjunction with Figure 624a to indicate, directly, the nec-
headings at both latitudes. The constant ¢ may then be cagssary total amount of Flinders bar. If this total ¢ is

2]

2
1

culated from the following formula: negative, Flinders bar is required on the forward side of the
binnacle; and if it is positive, a Flinders bar is required on

H, tan B,—H,tanB, the aft side of the binnacle. The iron sections of Flinders bar

C=A should be continuous and at the top of the tube with the

Z1-2 longest section at the top. Wooden spacers are used at the
where bottom of the tube. It will be noted that the B deviations
A = shielding factor (0.7 to 1.0 average). used_m this formula are based on datq on E/W r_nagnetlc
H. = earth’s field. H. at 1st latitude. head_mgs rather.than on compass headings, as with the ap-
1 P proximate coefficients.
B, = degrees B deviation at 1st latitude (magnetic Method 2. Should the exact amount of correction re-
headings). quired for vertical induction in the ship at some particular

magnetic dip, g, be known, Figure 624a will directly indi-  cate the correct amount of Flinders bar to be placed at the



100 MAGNETIC COMPASS ADJUSTMENT

Navy Standard Binnacle

el \ - Stamlard Hesling Magnet
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Figure 624b. Induction effects in Flinders bar due to heeling.

top of the holder. The exact amount of correction would bamagnet, if Flinders bar is present.

known when one of the latitudes is the magnetic equator,

and the deviations there are negligible. Then the B deviag25. Slewing Of Flinders Bar

tion, in degrees, on magnetic headings at the other latitude,

is the exact amount to correct by means of curves in Figure  The need for slewing the Flinders bar is much more

624a. rare than that for slewing spheres. Also, the data necessary
Method 3. Lord Kelvin's rule for improving the for slewing the Flinders bar cannot be obtained on a single

Flinders bar setting is: “Correct the deviations observed ofatitude adjustment, as with the spheres. Slewing the bar to

east or west courses by the use of fore-and-aft B magnet®me intermediate position is, in effect, merely using one

when the ship has arrived at places of weaker vertical magar to do the work of two: one forward or aft, and the other

netic field, and by the use of Flinders bar when she hagort or starboard.

arrived at places of stronger vertical magnetic field, wheth-  Section 624 explains that a change of the E/W devia-

er in the Northern or Southern Hemisphere.” tions, with changes in latitude, indicates the need for
After determining the correct amount of Flinders bar, Flinders bar forward or aft of the compass; and a change of

by either method (1) or (2) above, the bar should then be inthe N/S deviations, with changes in latitude, indicates the

serted at the top of the holder, and the fore-and-aft Bheed for Flinders bar to port or starboard of the compass.

magnets readjusted to correct the remaining B error. Sphere a change of the B deviations on magnetic E/W head-

adjustments should likewise be refined. ings is used, as explained in section 624, to determine the
Itis quite possible that on inserting the Flinders bar, noproper amount of Flinders bar forward or aft of the com-

visible deflection of the compass will be observed, even Ofpass, by calculating the constant c.

an east or west heading. This should cause no concern be- |fthereisa change of the C deviations on magnetic N/S

cause certain additional induction effects exist in the barheadings, a similar analysis may be made to determine the

from: proper amount of Flinders bar to port or starboard of the

compass by calculating the constant f from:
1. The heeling magnet.

The existing fore-and-aft magnets.
3. The vertical component of the ship’s permanent f=A
magnetic field.

n

H 1tanC1—H 2tanC2
Z1-2,

when
Figure 624b presents typical induction effects in the  » = shielding factor (0.7 to 1.0 average).

Flinders bar _f_or different positions of heeling magnet. An H, = earth’s field, H, at 1st latitude.
adjuster familiar with the nature of these effects will appre-
ciate the advantages of establishing the Flinders bar and )
heeling magnet combination before leaving dockside. De- headings).

viations must also be checked after adjusting the heeling Z1 = earth’s field, H, at 1st latitude.

C, = degrees C deviation at 1st latitude (magnetic
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H, = earth’s field, H, at 2nd latitude.

C, = degrees C deviation at 2nd latitude (magnetic

headings).

Z, = earth’s field, Z, at 2nd latitude.

Any value of thisf constant indicates the need for
Flinders bar adjustment athwartship of the compass, just ¢
a value of the ¢ constant indicates the need for Flinders be
adjustment forward or aft of the compass. Theonstant f J
curve in Figure 624b is used for the determination of this ?'-H
Flinders bar length. If is negative, Flinders bar is required
on the starboard side of the binnacle.

Should both ¢ and f exist on a ship, the angular positior
for a Flinders bar to correct the resultant vertical induction

e
™

effects may be found by: Figure 626a. Magnetic fields across compass needle arrays.
_ f _goaf .
tanf= c o B= tan s The constant is then used on theor f constant curve

] i in Figure 624b to determine the total amount of Flinders
B is the angle to slew the Flinders bar from the fore-p,, necessary in the slewed position.

and-aft axis. Ifc andf are negative, the bar will be slewed
clockwise from the forward position; if is negative and  626. Compasses

is positive, the bar will be slewed counterclockwise from
the aft position. Compasses themselves play a very important part in

After determining the angle to slew the Flinders barcompass adjustment, although it is common belief that the

. . compass is only an indicating instrument, aligning itself in
from the fore-and-aft line, the total amount of Flinders barthe resultant magnetic field. This would be essentially true

necessary to correct the resultant vertical induction effectg e magnetic fields were uniform about the compass; but,

in this position is found by: unfortunately, magnetism close to the compass imposes
nonuniform fields across the needles. In other words, ad-
[2 2 justment and compensation sometimes employ non-

r=a+c +f

uniform fields to correct uniform fields. Figure 626a indi-

B Magmet Fielda C Magnet Fields

Figure 626b. Arrangements of corrector magnets.
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cates the difference between uniform and nonuniform fieldangements are not available. The desire for symmetrical
effects on a compass. Such unbalanced torques, arisimgagnetic fields is one reason for maintaining a sphere of spec-
from nonuniform magnetic fields, create deviations of theified radius, commonly called th@magnetic circle about the
compass which have higher frequency characteristicsnagnetic compass location. This circle is kept free of any mag-
Compass designs include many combinations of differennetic or electrical equipment.
length needles, different numbers of needles, and different Themagnetic momentof the compass needle array, an-
spacings and arrangements of needles all designed to mirother factor in compass design, ranks in importance with the
mize the higher order deviations resulting from suchproper arrangement of needles. This magnetic moment con-
nonuniform magnetic fields. Although compass design idrols the needle induction in the soft iron correctors, as
rather successful in minimizing such deviations, it is obvi-discussed in section 619 and section 622, and hence governs
ous that different compasses will be affected differently bythe constancy of those corrector effects with changes in mag-
the same magnetic fields. It is further stressed that, evenetic latitude. The 372" Navy No. 1 alcohol-water compass
with proper compass design, it is the responsibility of allhas a magnetic moment of approximately 4000 cgs units,
adjusters to exercise care in applying correctors, in order tavhereas the172" Navy No. 1 oil compass has a magnetic mo-
create the most uniform magnetic field possible. ment of approximately 1650 cgs units. The lower magnetic
This is the basis for the rule which requires the use ofmoment compass allows considerably less change in quadran-
strong correctors symmetrically arranged, as far away from thl correction, although the periods are essentially comparable,
compass as possible, instead of weak correctors very closeltecause of the difference in the compass fluid characteristics.
the compass. In general it is better to use larger spheres placed Other factors which must be considered in compass de-
at the extremities of the brackets, equally distant from the cersign are period, fluid, swirl, vibration, illumination, tilt,
ter of the compass. B and C permanent magnet correctogsvot friction, fluid expansion, and others. These factors,
should always be placed so as to have an equal number of magpwever, are less important from an adjuster’s point of
nets on both sides of the compass where possible. They shoulidw than the magnetic moment and arrangement of nee-
also be centered as indicated in Figure 626b, if regular tray adles, and are therefore not discussed further in this text.

SHIP’S HEADING

627. Ship’'s Heading will generally cause the compass needle to deflect from the
magnetic meridian. This angle of deflection is caltili-

Ship’s heading is the angle, expressed in degreesation. If the north end of the needle points east of the

clockwise from north, of the ship’s fore-and-aft line with magnetic meridian, the deviation is easterly; if it points

respect to the true meridian or the magnetic meridian. Whewest of the magnetic meridian, the deviation is westerly.

this angle is referred to the true meridian, it is calladu

heading When this angle is referred to the magnetic merid-629. Heading Relationships

ian, it is called anagnetic heading Heading, as indicated

on a particular compass, is termed the ship’s compass head- A summary of heading relationships follows:

ing by that compass. It is alwaysssentialto specify

heading as true heading, magnetic heading, or compass 1 peviation is the difference between the compass

heading. In order to obtain the heading of a ship, it is essen- heading and the magnetic heading.

tial that the line through the pivot and the forward lubber’s

line of the compass be parallel to the fore-and-aft line of the

ship. This applies also to the peloruses and gyro repeaters,

which are used for observational purposes.

2. Variation is the difference between the magnetic
heading and the true heading.

3. The algebraic sum of deviation and variation is the
compass error

Figure 629 illustrates these relationships. The follow-

ing simple rules will assist in naming errors and in

converting from one heading to another:

628. Variation And Deviation

Variation is the angle between the magnetic meridian
and the true meridian at a given location. If the northerly o .
part of the magnetic meridian lies to the right of the true me- 1. Compass least, deviation east, compass best, devi-

ridian, the variation is easterly, and if this part is to the left ation west.

of the true meridian, the variation is westerly. The local 2. When correcting, add easterly errors, subtract west-
variation and its smallnnual changeare noted on the erly errors.

compass rose of all navigational charts. Thus the true and 3. When uncorrecting, subtract easterly errors, add
magnetic headings of a ship differ by the local variation. westerly errors.

Chart 42 shows approximate variation values for the world.
As previously explained, a ship’s magnetic influence Typical heading relationships are as follows:
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Compass Deviation Magnetic Variation True
358 5°E 003 6°E 009
120° 1°W 119 3°E 122
18C¢° 6°E 186 8°wW 178
240 5°W 235 7°W 228

Figure 629. Magnetic heading relationships.

Use the memory aid “Can Dead Men Vote Twice atheading (section 631) and correct the compass so that it
Elections” to remember the conversion process (Compassgads the same as this magnetic heading. This is the pre-
Deviation, Magnetic, Variation, True, add east). When conferred method.
verting Compass Heading to True Heading, add east
deviations and variations and subtract west deviations and Method 2. Place the ship on the desired compass head-
variations. ing and determine the corresponding magnetic heading of

the ship. Correct the compass so that it reads the same as
Complete facility with conversion of heading data is this known magnetic heading. Use this method whenever it
essential for expeditious compass adjustment. is impractical to place the ship on a steady magnetic head-
ing for direct correction.

630. Use Of Compass Heading And Magnetic Heading

For Adjustment One can easily observe compass deviation when using
the first method because it is simply the difference between

The primary object of adjusting compasses is to reduc¢he compass reading and the known magnetic heading of the
deviations; that is, to minimize the difference between theship. The difficulty in using this method lies in placing the
magnetic and compass headings. There are two methods felip on the desired magnetic heading and holding the ship
accomplishing this: steady on that heading while adjustments are being made.

The difficulty in using the second method lies in the

Method 1. Place the ship on the desired magneticdetermining deviation. Further difficulty arises because the

r— Ship's Dasiired
| s Hemding 5

_‘.-:,‘:"l__,r"’- Muagmedic
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Ariminth Circle

N Ao Sum :
Azimuih Circle et Magnetic 210
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e Magnetic 115"

Figure 630. Azimuth circle set-ups.
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helmsman steers by an uncorrected compass whose devia- Method 4. Use a pelorus to place a ship on a magnetic
tions are changing while the technician is making the necedieading using the sun’s azimuth in much the same manner as
sary adjustments. Therefore, as each adjustment is beingth the azimuth circle. Using the pelorus allows the magnet-
made, the helmsman should hold the ship’s heading steady heading of the ship to be observed continuously as the ship
by some means other than the compass that is beirgwings. Clamp the forward sight vane to the dial at the value
corrected. of the sun’s magnetic azimuth. Then, train the sight vanes so
If the compass has no appreciable deviation, the devithat the sun is reflected in the mirror. As the ship turns, ob-
ation taken on compass headings will closely approximateerve the magnetic heading under the forward lubber’s line.
those taken on magnetic headings. However, as the magms the desired magnetic course is approached, the compass
tude of errors increases, there will be a marked differencean be read and corrected even before that magnetic course
between the deviations taken on compass headings arglactually obtained. A final check can be made when the ship
those taken on magnetic headings. is on the exact course. Always keep the pelorus level while
making observations, particularly of celestial bodies.
631. Methods Of Placing Ship On Magnetic Headings
Method 5. A distant object can be used in conjunction
Method 1. Bring the ship onto a magnetic heading by ref-with the pelorus, as with the azimuth circle, in order to
erencing a gyrocompass. The magnetic variation applied to trygace the ship on magnetic headings.
heading determines the gyro course to be steered to place the
ship on the required magnetic heading. Take gyrocompass er682. Methods Of Determining Deviations On Compass
into consideration in determining gyro course to be steered. Heading
The difference between gyro heading and magnetic
heading will be constant on all headings as long as the gy- Method 1. Determine the compass’ deviation by com-
rocompass error is constant and the variation does ngtaring the sun’s calculated magnetic azimuth to the
change. Determine gyrocompass error by comparing thazimuth observed using an azimuth circle. The next section
calculated true azimuth of the sun and the azimuth as oldiscusses methods of calculating the sun’s azimuths. Place
served on a synchronized repeater. the ship on the desired compass heading and take an azi-
It should be remembered that gyrocompasses have cemuth of the sun on the compass card’s face. The difference
tain errors resulting from latitude and speed changes, andetween the observed azimuth and the calculated magnetic
these errors are not always constant on all headings. Fezimuth of the sun is the deviation on that compass course.
these reasons, the gyro error must be checked constantly,
especially if the gyro is being used to obtain data for deter-  Method 2. Use the pelorus with the sun’s azimuth to
mining residual deviation curves of the magnetic compasabtain deviations on compass headings. Bring the ship to the
desired compass heading and set the forward sight vane on
Method 2. Place the ship on a magnetic heading bythe value calculated for the sun’'s magnetic azimuth. Then
aligning the vanes of an azimuth circle with the sun over thdrain the sight vanes on the sun. The pelorus indicates the
topside compass. The sun is a distant object whose azimughip’s magnetic heading. The difference in degrees between
(angle from the north) may be computed for any given timethe compass heading and magnetic heading of the ship indi-
Methods of calculating sun’s azimuths are discussed in theated by the pelorus is the deviation on that compass course.
next section. By setting the line of sight of the vanes at an
angle to the right (or left) of the fore-and-aft line of the ship Method 3. Use the azimuth circle or pelorus in conjunc-
equal to the difference between the computed magnetic azion with ranges or a distant object to obtain deviations on
imuth and the desired magnetic heading of the ship, andompass courses. The procedure is similar to that used with the
then swinging the ship until the sun is aligned with thesun. A range consists of any two objects or markers, one in the
vanes, the ship will be on the desired magnetic headingoreground and the other in the background, which establishes
Simple diagrams with the ship and sun drawn in their relaa line of sight having a known magnetic bearing. Determine
tive positions, will aid in visualizing each problem. Always the range’s true bearing from a chart; then, convert this true
keep the azimuth circle level while making observationsbearing to the magnetic bearing by applying the variation list-
This holds especially true for observing celestial bodies. ed on the chart. Bring the ship to the desired compass course
and, at the instant of crossing the line of sight of the range, take
Method 3. Use a distant object (10 or more miles a bearing to the range. With the azimuth circle, the difference
away) with the azimuth circle when placing the ship onbetween the observed range bearing and the known magnetic
magnetic headings. This procedure is similar to that usedange bearing represents the deviation on that compass course.
with the sun except that the magnetic bearing of the objedf using a pelorus, set the forward sight vanes to the magnetic
is constant. With an object 11.4 nautical miles distant, @earing of the range and read the ship’s magnetic heading
change in position of 400 yards at right angles to the line ofvhen taking a sight on the range. The deviation is the differ-
sight introduces an error of.1 ence between the compass heading of the ship and the known
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magnetic heading of the ship as indicated by pelorus. ship. The ship’s bearing from shore on the reversed pelorus
is the magnetic bearing of the shore position from the ship.
Method 4. Obtain deviations on compass courses byContinuous communication between ship and shore is nec-
using reciprocal bearings. Set up a pelorus on shore aressary when employing this method.
align the dial's south end with magnetic north. A ship then
sights the pelorus on shore, using an azimuth circle or  Additional methods of determining deviations are by
pelorus, at the same instant the observer on shore sights tttee use of azimuths of the moon, stars, and planets.

AZIMUTHS

633. Azimuths Of The Sun termine the deviation of the compass being adjusted. The
sun’s azimuth continually changes as the earth rotates.
The sun is a valuable reference point for compass adjus€ompensate for this by preparingarve of magnetic az-
ment because one can easily obtain accurate compass bearimgsaths. Compute true azimuths at frequent intervals. Then,
of the sun and compare these bearings with the sun’s calculapply the variation at the center of the maneuvering area to
ed true bearing (azimuth) to obtain compass error. One can usetermine the equivalent magnetic azimuths. Plot the mag-
the azimuths of other celestial bodies to make this comparisometic azimuths versus time and fair a curve through the
however, none are as convenient as the sun. points. Plotting at least three points at intervals of half an
Calculating an azimuth of the sun is covered in Chapter 1/hour is usually sufficient. If the sun is near the celestial me-
ridian and relatively high in the sky, plot additional points.
634. Curve Of Magnetic Azimuths Unless extreme accuracy is required, determine the
Greenwich hour angle and declination for the approximate
During the course of compass adjustment and swingmidtime. Additionally, use the same declination for all
ing ship, a magnetic direction is needed many times, eithecomputations. Assume the Greenwich hour angle increase
to place the vessel on desired magnetic headings or to dat 15 per hour.

TRANSIENT DEVIATIONS OF THE MAGNETIC COMPASS

635. Stability apart, since the compass might possibly be affected on one
heading and not on another.

So far this chapter has discussed only the principles of Some magnetic items which cause variable deviations
steady-state magnetism. However, a carefully made corred-placed too close to the compass are as follows:
tion based on these steady-state phenomenon may turn out
to be inaccurate due to transient magnetic effects. A com-
pass adjuster cannot place correctors on the binnacle for
such variable effects; he must recognize and handle them in
the best possible manner. A good adjuster not only provides
an accurate deviation curve which is reliable under steady
state conditions, but he also records transient magnetic ef-
fects which cannot be eliminated.

Guns on movable mounts.
Ready ammunition boxes.
Variable quantities of ammunition in ready boxes.
Magnetic cargo.
Hoisting booms.
Cable reels.
Metal doors in wheelhouse.
Chart table drawers.
636. Sources Of Transient Error 9. Movable gyro repeater.

10. Windows and ports.

The magnetic circle about the magnetic compassisin-  11. Signal pistols racked near compass.

tended to reduce any transient conditions, but there stillare  12. Sound powered telephones.
many items which cause the compass to act erratically. The 13. Magnetic wheel or rudder mechanism.
following is a list of some such items. If in doubt about the 14. Knives or tools near binnacle.
effect of an item on compass performance, a test can be 15.Watches, wrist bands, spectacle frames.
made by swinging any movable object or energizing any  16. Hat grommets, belt buckles, metal pencils.
electrical unit while observing the compass for deviations.  17. Heating of smoke stack, or exhaust pipes.
This would best be tried on two different headings® 90 18. Landing boats.

ONogOA~LONE
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Some electrical items which cause variable deviation®ds of time. For example, a ship traveling north for several
if placed too close to the compass are:

days, especially if pounding in heavy seas, will tend to retain
some fore-and-aft magnetism hammered in under these in-

1. Electric motors. duction conditions. Although this effect is transient, it may
2. Magnetic controllers. cause incorrect observations or adjustments. This same type
3. Gyro repeaters. of error occurs when ships are docked on one heading for
4. Nonmarried conductors. long periods of time. A short shakedown, with the ship on
5. Loudspeakers. other headings, will tend to remove such errors. A similar
6. Electric indicators. sort of residual magnetism is left in many ships if the de-
7. Electric welding. gaussing circuits are not secured by the reversal sequence.
8. Large power cireuits. A source of transient deviation trouble shorter in dura-
9. Searc_hhghts. . tion than retentive error is known &aussin error. This

10. Electrical control panels or switches.

. Telephone headsets.
. Windshield wipers.
. Rudder position indicators, solenoid type.

error is caused by eddy currents set up by a changing num-
ber of magnetic lines of force through soft iron as the ship
changes heading. Due to these eddy currents, the induced
magnetism on a given heading does not arrive at its normal

14. Minesweeping power circuits. . . . .

15. Engine order telegraphs. value until about 2 minutes after changing to the heading.
16. Radar equipment. Deperming and other magnetic treatment will change
17. Magnetically controlled switches. the magnetic condition of the vessel and therefore require

18. Radio transmitters.
19. Radio receivers.
20. Voltage regulators.

compass readjustment. The decaying effects of deperming
are sometimes very rapid. Therefore, it is best to delay re-
adjustment for several days after such treatment. Since the
magnetic fields used for such treatments are sometimes

Another source of transient deviation is teéentive er-  rather large at the compass locations, the Flinders bar, com-
ror . This error results from the tendency of a ship’s structurgpass, and related equipment are sometimes removed from
to retain some of the induced magnetic effects for short perithe ship during these operations.

HEELING ADJUSTMENTS

637. Use Of The Dip Needle In Heeling Adjustments Readjust the heeling magnet when the ship changes
magnetic latitude appreciably because the heeling magnet
The heeling effects of both the permanent and inducedorrects for induced as well as permanent magnetic effects.
magnetism are corrected by adjusting the position of théloving the heeling magnet with Flinders bar in the holder
vertical permanent heeling magnet. This adjustment can beill change the induction effects in the Flinders bar and
made in either of two ways: consequently change the compass deviations. Thus, the
navigator is responsible for:
Method 1. With the ship on an even keel and as close
to the east or west magnetic heading as possible, adjust the 1. Moving the heeling magnet up or down (invert when
heeling magnet until a dip needle inserted in the compass necessary) as the ship changes magnetic latitude, to
position is balanced at some predetermined position. maintain a good heeling adjustment for all latitudes.

Method 2. Adjust the heeling magnet, while the ship is 2. Checking his deviations and noting changes result-
rolling on north and south headings, until the oscillations of ing from movements of the heeling magnet when
the compass card have been reduced to an average Flinders bar is in the holder. Any deviation changes
minimum. should be either recorded or readjusted by means of

the fore-and-aft B magnets.

To establish an induction condition between the heel-
ing magnet and Flinders bar and to minimize heeling  There are two types of dip needles. One assumes the an-
oscillations before at-sea adjustments, set the heeling magte of inclination for its particular location, and one uses a
net at dockside by the first method above. Further, positiomoveable weight to balance any magnetic torque. The latter
the Flinders bar and spheres before making any heeling atlype renders the needle’s final position more independent of
justments because of the heeling correction and shieldinthe horizontal component of magnetic fields. It, therefore, is
effect they produce. more useful on uncorrected compasses.
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For ships with no shielding of the earth’s field at the pass locations and 0.9 for standard compass locations. By
compass (having no surrounding metal structure), the preeither method, the weight on the dip needle should be moved
cedure for adjusting the heeling magnet is quite simpleinto its new position. Next, level the instrument in the com-
Take the dip needle to a nearby area where there is no locphss position on board ship and adjust the heeling magnet
magnetic attraction, level the instrument, and set the weighintil the needle assumes the balanced condition.
to balance the needle. It is preferable to align the instrument  Theoretically, these methods of adjusting the heeling
so that the north seeking end of the needle is pointing nortrmagnet with a dip needle should be employed only with the
Next, level the instrument in the compass position on boardhip on east or west magnetic headings. This avoids heeling
ship, place the spheres in their approximate position, andrrors resulting from unsymmetrical induced magnetism. If
adjust the heeling magnet until the needle assumes the bail-s impractical to place the ship on such a heading, make
anced condition. This presumes that all the effects of thapproximations on any heading and refine these approxi-
ship are canceled, leaving only the effect of the verticalmations when convenient.
earth’s field. Secure the degaussing circuits during this  To summarize, a successful heeling magnet adjustment
adjustment. is one which minimizes the compass oscillations caused by

Some ships have shielding effects at the compass. Sudhe ship’s rolling. Therefore, the rolling method is a visual
would be the case for a metal enclosed wheelhouses. In thisethod of adjusting the heeling magnet or checking the ac-
case, the procedure is essentially the same as above exceptacy of the last heeling magnet adjustment. Generally,
that the weight on the dip needle should be moved towarthe oscillation effects due to roll on both the north and south
the pivot to balance against some lesser value of earthsompass headings will be the same. However, some un-
field. The new position of the weight, expressed in centimesymmetrical arrangements of fore-and-aft soft iron will
ters from the pivot, can be approximately determined byintroduce different oscillation effects on these two head-
multiplying the value of lambda\, for the compass location ings. Such effects cannot be entirely eliminated on both
by the original distance of the weight from the pivot in cen-headings with one setting of the heeling magnet. Therefore,
timeters. Should, for the compass location be unknown, it the heeling magnet is generally set for the average mini-
may generally be considered as about 0.8 for steering conmaum oscillation condition.

USE OF THE HORIZONTAL FORCE INSTRUMENT

638. Determining The Horizontal Shielding Factor measured with the ship on any heading, since this reduced
earth’s directive force is the only force acting on the com-
Occasionally, the navigator must determine the magpass. If the compass is not corrected for the ship’s
netic field strength at some compass location for one of thenagnetism and the deviations are large, H' is determined
following reasons: from the several resultant directive forces observed with
equally spaced headings of the ship. The Horizontal Shield-
1. To determine the horizontal shielding factor, lamb-ing Factor should be determined for every compass location

da @), for: on every ship.
a. A complete mathematical analysis.
b. Accurate Flinders bar adjustment. 639. Measurement Of Magnetic Fields

c. Accurate heeling adjustment.
d. Calculations on a dockside magnetic Use a suitablenagnetometeror ahorizontal force in-

adjustment. strument to measure magnetic fields. The magnetometer
e. Determining the best compass location onmethod is a direct reading method requiring no calculation.
board ship. However, the force instrument method requires much less

2. To make a dockside magnetic adjustment for detereomplicated test equipment so this method is discussed below.
mining the magnitude and direction of the existing The horizontal force instrument is simply a magnetized
directive force at the magnetic compass. needle pivoted in a horizontal plane, much the same as a

compass. It will settle in some position which will indicate

Thehorizontal shielding factor is the ratio of the re- the direction of the resultant magnetic field. Determine the

duced earth’s directive force, H', on the compass to theesulting field’s strength by comparing it with a known field.

horizontal earth’s field, H. If the force needle is started swinging, it will be damped
H' down with a certain period of oscillation dependent upon the
A= H strength of the surrounding magnetic field. The stronger the

magnetic field, the shorter the period of time for each cycle
The navigator can determinefor a compass location of swing. The ratio is such that the squares of the period of

by making a measurement of the reduced earth’s directiveibration are inversely proportional to the strengths of the

force, H'. On a corrected compass, this value H' may benagnetic fields. This relationship is expressed as follows:
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In the above formula, let H represent the strength of the/alue ofA, and where compass deviations exce®ed 4
earth’s horizontal field in gauss and T represent the time in
seconds for 10 cycles of needle vibration in that earth’s 127 cosd, cosd, cosdg cosd,,
field. A comparative measurement of time in seconds, T, A= 7| ~—5—*—5—~*—— >
for 10 cycles of vibration of the same needle in the un- Tn Te Ts Tw
known field will enable the navigator to calculate H'.
SinceA is the ratio of two magnetic field strengths, it where:
may be found directly by the inverse ratio of the squares of
the periods of vibration for the same horizontal force instru- T is the time period for the field H.
ment in the two different magnetic fields by the same T, is the time period for the resultant field on a north
formula, without bothering about the values of H and H'. heading, etc.
The above may be used on one heading of the ship if  cos g, is the cos of the deviation on the north heading, etc.
the compass deviations are less than 4
Use the following equation to obtain a more precise

DEGAUSSING (MAGNETIC SILENCING) COMPENSATION

640. Degaussing the ship with degaussing off and with it on. This procedure
leads to having two separate columns in the deviation table.

A steel vessel has a certain amount pgfrmanent

magnetismin its “hard” iron andinduced magnetismin ~ 641. A Vessel's Magnetic Signature

its “soft” iron. Whenever two or more magnetic fields oc-

cupy the same space, the total field is the vector sum of the A simplified diagram of the distortion of the earth’s

individual fields. Thus, near the magnetic field of a vesselmagnetic field in the vicinity of a steel vessel is shown in

the total field is the combined total of the earth’s field andFigure 641a. The field strength is directly proportional to

the vessel's field. Therefore, the earth’s magnetic field is althe line spacing density. If a vessel passes over a device for

tered slightly by the vessel. detecting and recording the strength of the magnetic field, a
Since certain mines are triggered by a vessel's magnetertain pattern is traced. Figure 641b shows this pattern.

ic influence of a vessel passing near them, a vessel tries Bince the magnetic field of each vessel is different, each

minimize its magnetic field. One method of doing this is to produces a distinctive trace. This distinctive trace is re-

neutralize each component of the field with an oppositderred to as the vesselsagnetic signature

electromagnetic field produced by electric cables coiled  Severaldegaussing stationdiave been established to

around the vessel. These cables, when energized, counteletermine magnetic signatures and recommend the currents

act the permanent magnetism of the vessel, rendering iteeded in the various degaussing coils. Since a vessel’s in-

magnetically neutral. This obviously has severe effects omluced magnetism varies with heading and magnetic latitude,

magnetic compasses. the current settings of the coils may sometimes need to be
A unit sometimes used for measuring the strength of ahanged. Adegaussing foldeiis provided each vessel to in-

magnetic field is theggauss Reducing of the strength of a dicate the changes and to give other pertinent information.

magnetic field decreases the number of gauss in that field. A vessel’'s permanent magnetism changes somewhat

Hence, the process is callédgaussing with time and the magnetic history of the vessel. Therefore,
When a vessel's degaussing coils are energized, thife data in the degaussing folder should be checked period-

magnetic field of the vessel is completely altered. This introically at the magnetic station.

duces large deviations in the magnetic compasses. This is

removed by introducing at the magnetic compass an equé42. Degaussing Coils

and opposite force with energized coils. This is catteth-

pass compensationWhen there is a possibility of confusion For degaussing purposes, the total field of the vessel is

with compass adjustment to neutralize the effects of the natlivided into three components: (1) vertical, (2) horizontal

ural magnetism of the vessel, the expressimgaussing fore-and-aft, and (3) horizontal athwartships. The positive

compensationis used. Since compensation may not be per{+) directions are considered downward, forward, and to

fect, a small amount of deviation due to degaussing mayort, respectively. These are the normal directions for a ves-

remain on certain headings. This i