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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,
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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.
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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.

15



16 GEODESY AND DATUMSIN NAVIGATION

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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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
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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,
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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.
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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


http://www.irbs.com/bowditch/pdf/Chapt-26.pdf

NAUTICAL CHARTS 35

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.



NAUTICAL CHARTS 37

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-
si