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Welcome to the Celestial Navigation Net! Celestial Navigation is the art and
science of finding your way by the sun, moon, stars, and planets, and, in one
form or another, is one of the oldest practices in human history. This
webpage is an attempt to bring together all of the best Celestial Navigation
resources on the internet, with pointers to other resources as well. Find out
why we should study Celestial navigation in the age of GPS; get an

introduction to Celestial Navigation's history, then take a look at the
navigational astronomy page as a background for the theory and practice;
teachers, discover how celestial navigation can enliven the classroom,

whether your field is earth science, astronomy, math, history, or literature,
with special links about Vikings; learn about navigational instruments,

including sextants, astrolabes, nocturnals, and planispheres; learn about
nonwestern, noninstrument Polynesian starpaths and Wayfinding; read

guotations about navigation; check out some schools; or just go directly to
the list of resources which lists the sources from the other pages. Other
links of interest are here.

*The heavens call to you and circle about you, displaying to you their eternal
splendors...." Dante, Purgatorio, Canto XIV
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Marion-Bermuda Race
offers Celestial Certificate All original material copyright 2000 and 2001. Every effort has been made to
use only pictures in the public domain or created by webmistress. (why
"webmistress?") If you are the copyright owner of a picture or quotation
inadvertently used without attribution or permission, contact me. Please
write with links and corrections as well.
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A Poem in Defense of Lunars

T his poem was presented to me by Captain Ted Spurling Sr. of Little Cranberry
Island, Maine, the navigator who most inspires me and to whom this site is dedicated.
He wrote, "T his nautical poem by Mr. E. Plumstead, an ardent defender of lunar
observations, was taken from a popular old English navigation book titled Wrinkles
by S. T.S. Lecky, master mariner, it being the 2oth edition... T his book was given to
me nearly fifty years ago by a cousin, Captain T om Kelley, of West T remont, on
Mount Desert Island, Maine."

T here was a time when Parallax and dear old Mrs. Moon
Were understood by seamen, and esteemed a precious boon.
T hen Wrinkles came; Edition Nine burst forth mid jubilation,
Waxed fat and kicked, and then ensued the following conversation:

"Pack up! Clear out!" said Wrinkles, "T ake notice now, and mind,
Both Parallax and you to Coventry we've consigned.”
"Who's We?" retorted Mrs. Moon, "I've never heard such fudge;
Are you the We? Have | no friends? Are you the only judge?”

"You've hit it off," said Wrinkles, "I am the We, far famed:
You've lost your ancient following, of your conduct they're ashamed,
Except a few 'Old Timers,' who from sundry dark recesses
Sing your praises in the papers, have no names, give no addresses."

“T hat's rather neat," replied the Moon, "But will you have the kindness
Just to state the cause of this revolt, and why this modern blindness
T o the virtues that | still possess? Explain the situation.
What has blighted all my virtues? Who has spoiled my reputation?"

"Where have you been? What have you learned?" said Wrinkles, "Don't you know
What happened here - it must be near a century ago?
You've heard of Sextant, Compass, Log, Mercurial Barometer;
Tremble! a goddess has been born. We've christened her Chronometer.

"Behold my love, is she not fair? so strong, so plump, so pliable."
"All ' Tommy Rot," replied the Moon, "I'll bet she's not reliable."
"Alas!" said Wrinkles, "I know that; for has it not been noted,
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T o her most eccentric conduct my best chapter's been devoted?

"Had you but read what | have said on her merits and demerits
In Chapter Four, not for one hour would you maintain your spirits;
Could I but show you Wrinkles your appearance would cease,
You'd for ever hide your 'bloomin' cheek,' for ever hold your peace."

"Of Wrinkles, sir," replied the Moon, "we've several copies here;
But the chapter headed Lunars is the one we hold most dear.
With equal care we've read them both; compared our notes and reckoned.
No mortal who believed the first could understand the second.

"Tis just about twelve months ago, | said to some inquirers,
"You had no power to banish me, I still had some admirers.’
Adieu! dear boy. I'm off. Good night. To Coventry? No! Never!
Let '"Wrinkles' come, Chronometers go, but | go on for ever."

« Home » Why Celestial Navigation? ¢ History « Navigational Astronomye The Theory « The Practice » Celnav
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Recent Additions

NEW!!!I The "Land and Sea Collection" is

the source for fine quality ship and aircraft models, vintage
ships clocks, polished brass nautica, shipbuilders plates,
marine antiques, and is the largest seller of used and pre-
owned marine sextants on the internet.

| checked out this site and it was awesome! See it at
http://www.landandseacollection.com/

Starpath School of Navigation has a new celestial navigation course that you can
do online. This is the same course that taught me everything | know, but with
updated materials. | have received the materials and they are even better than the
ones | used.

\Classroombsd

ficcelerate your learning online
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Click on the link for the Starpath home page.
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Recent Additions

New book on Viking Navigation by
Leif K. Karlsen: Secrets of the Viking Navigators

Line of ‘Position
Navigation

sHipainr,

Vanvaerreahergh

and
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T

NEW BOOK by Peter Ifland and Michel Vanvaerenbergh: Line of Position Navigation: Sumner

and Saint-Hilaire, The Two Pillars of Modern Celestial Navigation

New link for Palm Pilot Celnav Program
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Celestaire's Cardboard Sextant Kit

Omar Reis's Interactive Sextant on the "Instruments” Page; also his "Build Your Own Sextant”

on the "Classroom" Page.

Sight Worksheets on Reader page

AstroNav PC and Compact Data and other SOFTWARE is at the bottom of the "Practice"
page.

Sail the Sounds Celestial Navigation Course on "Schools" page.

Bowditch's American Practical Navigator - Now with Tables!! On "Practice" and "Classroom"
pages.

David Thompson and Land Navigation (19th century America) on "Classroom" Page.

Pocket Stars PC Program - Integrated Star Chart, Ephemeris, and Celestial Navigation
Software for the Pocket PC

Bowditch Initiative Website - Nathaniel Bowditch on "Classroom" page.

Nova's Shockwave Game on Finding Your Latitude on "Classroom" Page

Navigating Around the World By Observing the Sun on "Classroom" page

How A Sextant Works and Navigating by Sextant on the "Instruments” page

How Columbus and Apollo Astronauts Navigated on "Classroom" page

Celestial Navigation for Dummies on "Practice"

ASNAV and Delta Win on "Practice"

The Abaco Wild Horse Fund on "Other Links" page

"The Sun in the Church: Cathedrals as Solar Observatories" on "Other Links"

Helmer Aslaksen's page on Cultural Astronomy - See "Other Links" and also Astronomy page

http://www.celestialnavigation.net/new.htm (3 of 4) [9/6/2004 12:50:51 PM]


http://www.marinesoft.org/
http://www.celestialnavigation.net/www.nytimes.com/learning/students/pop/101999sci-astronomy-cathedrals.html

Recent Additions

for comment on the java applets Helmer has available.

Aboriginal (Native American) Astronomy - See "Classroom" page

Ed Falk's Sample Page from the Silicon Sea Series (say that three times fast!) - See "Practice"
Page

African Star Lore - "Classroom" page

Longitude at Sea, from the Galileo Project - "Classroom" page

Astronomy without a Telescope - "Astronomy" and "Classroom"

David Thompson and Land Navigation - "Classroom"

Civil and Nautical Twilight; Sunrise Set, Moonrise and Set

Scientific Instruments of Medieval and Renaissance Europe - "Instruments" page -
"Instruments” page

Peter Ifland's lecture, THE HISTORY OF THE SEXTANT - "Instruments"

Celestial Themes in Art and Architecture at Dartmouth - "Dante" page
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A Message from the Webmistress

FIRST: | have changed my email address to webmistress2 at celestialnavigation.net. Put in
the "at" symbol for the word "at." obviously! People have been getting emails with viruses
attached that APPEAR to be from me, but | am actually the victim of areturn address
highjack. Thiskind of virus goes on to someone's system, then sends emails that appear to be
FROM someone who isin their address book. So someone out there with the original
webmistress address needs to update their virus software ASAP!

SECOND: It iswith great sorrow that | report that Captain Ted Spurling Sr., to whom this
site is dedicated and without whom it would not have existed, died earlier thisyear. It ishe
who gave me the poem in defense of lunars, "Wrinkles." Captain Spurling was the kindest
and most interesting man on the Maineisland | call my second home, with many, many
years of experiencein celestial navigation. | spent hours with him in his home and many
more sitting on the dock or by the museum, just talking. He will be greatly, greatly missed.

THIRD: The mystery of Marvin Creamer has been solved! A kind reader sent me an Ocean
Navigator back issue with awhole story. As soon as | get a chance | will fill you in!

Now, PLEASE READ BELOW!

* * * * * * * * * * * * * * *

As you all know, this is an educational, nonprofit, noncommercial site - a labor of
love. | intend to keep it that way. However, it has come to this: | have to do
SOMETHING to pay for the upkeep! All along, the books and videos on this site
have been linked to places you could buy them from. With Amazon, | get a teeny-
tiny percentage of the book sales (so far, not enough to keep a dust mite in dust!),
but your price isn't increased one penny by clicking through my site.

| have decided to add some general Amazon links, like the one below, because if
more books and videos are bought through my site, | will get MORE pennies to help
pay for it!.

| apologize profusely for the appearance of "advertising" but it beats begging people
to send me checks!

So please, if you are going to buy ANYTHING from Amazon this holiday season or
any other time, please click through my site! Besides books and videos, they sell all
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Search by keywords

kinds of things - toys, software, etc., and again, anything you buy helps me and
doesn't add a cent to your cost!

TRY THE LINK BELOW! Put in "sailing" or "navigation" or whatever interests you
and see what comes up!

Thank you!

« Home « Why Celestial Navigation? ¢ History
Search by keywords: Navigational Astronomye The Theory * The
Practice ¢ Celnav in the Classroom ¢ Vikings ¢
Navigational Instruments « Wayfinding
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Why Celestial Navigation?

Why Celestial Nlavigation?

Celestial Navigation is the art and science of navigating by the stars, sun, moon, and
planets, and is one of the oldest of human arts. With the rise of radio and electronic
means of finding location - especially with the increasingly popular GPS, based on
satellite transmissions that can tell us our latitude and longitude within feet - knowledge of
celestial navigation has experienced a precipitous decline. So why should anyone study
it? Your webmistress believes that if you have to ask, well.... and anyway, as that great
sage Bob Weir once said, "You ain't gonna learn what you don't want to know." But if you
want reasons, here are a few:

. Understanding navigation; emergency and back-up
. Tradition

« Fun

. Perspective on life

. Beautiful!

Understanding Navigation

| feel the same way about navigation as | feel about computer use. People who came up
to computers and the Web through DOS or Unix, and the earlier form of the Internet, or
those who through experience or trial and error have learned just about everything that
needs to be done on their computers, can trouble-shoot problems a dozen different ways.
Those who can only point and click, or follow cookbook instructions exactly one way, are
at the mercy of the people on the other end of the computer help lines. | have met people
who use only GPS and would be totally lost without it. I have nothing against GPS and
would not go offshore without it, but it could be a problem for emergencies - electronics
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go out, batteries die, things get wet, etc. - and if you are a big reader of sea and sailing
stories, you know people's lives have been saved by their knowledge of celestial
navigation. But those kinds of emergencies are rare, and a better argument might be that
some knowledge of celestial navigation makes you a better sailor, because you
understand what's under the surface and can solve problems more than one way.

Tradition

Your webmistress spends as much of the summer as she can on a little Maine island
(don't ask, I'm not telling) where life is really the way it should be. People become their
true selves once more, and the reason is community in the fullest, truest sense of the
word. Part of being a community is being interdependent and part of that is being self-
reliant. This isn't a paradox; people self-reliant in different ways can give their gifts back to
the community. Now, | am not saying that anyone there wants or needs celestial
navigation, but there is a real respect for traditional arts, crafts, and techniques. There are
still men (I'm not being sexist, but they are mostly men) on the island who remember
when celestial navigation was all there was, and did it in the Navy and Merchant Marine,
and there is still interest and respect for an art that calls upon us to regard the heavens
with intimate eyes rather than passing glances.

Many traditional arts — weaving, 19t century photo techniques, pottery, etc. - are still
practiced, and there are thousands of resources available for them. But celestial
navigation - one of the oldest of the traditional arts - is considered abstruse and outdated,
like a manual typewriter. We'll never return to the time when the Captain was considered
to be the high priest of a ship, with near-mystical powers and mysterious instruments for
ascertaining a ship’s location (this high level of closely-guarded skill and education was
undoubtedly a factor in keeping mutinies down!), but it would be a tremendous loss to
have this art die out.

Fun

OK, we all find our fun in different places, but to my mind solving the navigation problems
in the back of Ocean Navigator magazine is a lot more fun and a lot more satisfying than

a lot of other past-times (but then I'm weird. | admit to getting a kick out of certain really
elegant chess games, and while taking a grad course in Philosophy of Mathematics, |
remember the day | finally understood Godel's Proof to be a rollicking good time. Your
webmistress realizes she can't be out sailing ALL the time). Plus it got me reading about
all kinds of things, from star-lore to the history of calendars and time-keeping to ancient
Greek and Egyptian math, astronomy, and architecture - and paying closer attention to
the literature | always loved. It's the kind of passion that opens you up to all kinds of
miracles and wonders of the natural world, from which so many of us have become
alienated, and our shared past.
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Why Celestial Navigation?
Perspective on Life

It's hard to worry about what Russian writer Osip Mandelstam called "the fleas of life"
when you look up at the night sky. Few things make me feel, about some petty problem,
or even some large ones, "this too shall pass," as much as considering the sky. Some
people think God's answer to Job's suffering at the end of the Book of Job in the Hebrew
Scriptures isn't much of an answer - considering the Pleiades isn't exactly what we were

looking for - but you don't know until you've tried meditating on the stars. (Theologians and
others, you don't need to email me on this - | already know there is much more to God's answer).

This is going to seem a stretch to some, but to me celestial navigation is not only an end,
a tool, but something that in the Middle Ages they called a sign. It both is what it is, and
points beyond itself. The wayfinders of the Pacific Islands understood this. | don't think it
merely provides metaphors for life; navigation IS our life. It's what we have to do, in every
area: we have to find ourselves physically, orient ourselves mentally and emotionally, and
try to find a star to steer by spiritually, if we aren't going to be tempest-tossed with no
moral direction. Celestial navigation and sailing as a whole provide a wealth of wonderful
images and language to enliven the way we speak about, and understand, the direction
of our lives.

Beauty

There aren't many things as breath-takingly beautiful as the night sky, especially seen
from a place where there is little light pollution. In fact, it's breath-giving. (And speaking of
pollution, there is some peace in knowing that the far reaches of the stars is one place we
humans haven't left our grubby fingerprints, other than a few pieces of clunky hardware
that may never get out of the solar system). Also, there is tremendous satisfaction in
being able to truly place ourselves in the celestial coordinate system...our own little
horizon/zenith moving and changing in the interlocking wheels of the celestial
coordinates. You don't have to believe in astrology to feel major awe when you get your
eyes out of the dirt and up to the "eternal beauties," as Dante puts it, dove gioir

s'insempra ---- where joy makes itself eternal ("in-always-itself forever" - Dante was not
above making up new words if he needed to).

- Home » Why Celestial Navigation? * History « Navigational Astronomye The Theory ¢ The Practice « Celnav in

the Classroom ¢ Vikings ¢ Navigational Instruments » Wayfinding ¢ Schools ¢ Quotations *» Resources * Dante
e Other Links » Webmistress «
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History

Chaldean shepherds, ranging trackless fields
Beneath the concave of unclouded skies
Spread like a sea, in boundless solitude,

Looked on the pole star, as on a guide
And guardian of their course, that never closed

His steadfast eye.
William Wordsworth, "Excursion"

The human race has been finding its way from the heavens since the beginning of recorded history, if
not before. So many of the stars have Arabic names because the people of the desert used the stars for
direction, as did mariners. Direction-finding, wayfinding, and steering by the stars are mentioned in
ancient literature; the pilot Palinurus, in Virgil's Aeneid, in Book V, "watches all the stars that glide
through silent skies: he marks Arcturus, the twin bears and the rainy Hyades, Orion armed with gold; and
seeing all together in the tranquil heavens, loudly he signals from the stern” (another quote on
Quotations page). Mathematical celestial navigation (sight reduction) came later; the "intercept” method,

in use today, was invented by Commander Marcq de Saint-Hilaire of the French Navy in 1875.

I haven't found a wealth of material on the Internet on celestial navigation history, though there is some
(email me if you have anything good!). There are links suitable for students in the History section of the

Celestial Navigation in the Classroom page (for example, Longitude at Sea from the Galileo Project and
many others. Be sure to check them out!

Out of Print Books

The Haven-Finding Art: A History of Navigation from Odysseus to Captain Cook, by E.G. R. Taylor,

published by Hollis & Carter, London, for the Institute of Navigation. There are three out-of-print books |
mention in this website, and this is unfortunately one of them. However, | found it through inter-library
loan and it may also be available at antiquarian and used book dealers. Here is the Table of Contents

which you should read before going on with this page, as it provides a good outline of the history of
navigation.

A\ History of Nautical Astronomy, by Charles H. Cotter, William Clowes and Sons, London. Another
excellent history book, from the Babylonians to the publishing date of 1968.

ONLINE

Nathaniel Bowditch Initiative Website

Secrets of Ancient Navigation - From the Nova Series on PBS

http://www.celestialnavigation.net/history.html (1 of 2) [9/6/2004 12:50:54 PM]


mailto:cantoxxxiii@yahoo.com

History

Seaman's Secrets online. A fascinating nautical manual written by John Davis in 1595.

"Divided into Two Parts, Wherein is Taught the three kindes of sayling, Horizontal,
Paradoxal, and Sayling upon a Great Circle...with a Regiment newly Calculated for the
finding of the Declination of the Sun, and many other most necessary Rules and
Instruments not hereforte set by any."

A Short History of Sight Reduction - scroll down on the webpage,; it's after the java information. From
"The Calculator Afloat - A Mariner's Guide to the Electronic Caluculator" by Captain Henry H. Shufeldt,
USNR (Retired) and Kenneth E. Newcomer.

There is an excellent book, Navigation in the Information Age, at hawaii-nation.org. Chapter Four covers
the western view of mapping and space through the renaissance before moving on to Hawaiian
navigation. This site is also listed on the Wayfinding page.

Join The Foundation for the Promotion of the Art of Navigation and you can buy back issues of their
journal for a nominal fee, a great many of which have articles on celestial navigation history.

Peter Ifland's History of the Sextant has some truly beautiful pictures.

NEW: Peter Ifland and Michel Vanvaerenbergh - Line of Position Navigation:

Sumner and Saint Hilaire the Two Pillars of Modern Celestial Navigation - historical
account of the development of line of position techniques from the 1840s to the 20th century.

« Home » Why Celestial Navigation? ¢ History « Navigational Astronomye The Theory » The Practice * Celnav
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Navigational Astronomy

FOUR THINGS TO REMEMBER - Grasp These and You Have Heart of the Matter!
(apologies to Evelyn Waugh)

PTOLEMY WAS RIGHT!

The first thing you have to know about celestial navigation is that its view of the heavens is pre-
Copernican. That's right - you look at the earth as the unmoving center around which the sun, moon,
stars, and planets turn. In other words, we deal with the heavens as if wysiwyg (what you see is what
you get).

[Digression: Your webmistress gets to do this because this is MY page! Does the earth revolve around
the sun, rather than vice versa? If | remember my high-school physics, the two bodies actually revolve
around a common center of gravity, which, because of its massive size, happens to be located inside the
sun. And is pre-Copernican astronomy "wrong?" We now have non-Euclidean geometries, but we still
use no more than we know under Euclidean geometry to draw the lines on baseball fields, for example. |
don't want to start another page on the philosopher Ludwig Wittgenstein, but if the "language game” - in
this case, that of Ptolemaic astronomy - has a valid use, then there is nothing "wrong" about it. Read
C.S. Lewis's The Discarded Image. Digression over]
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Navigational Astronomy

EINSTEIN WAS RIGHT!

Space and time are a continuum. In celestial navigation, time=distance. Longitude is measured in
degrees, and each 15 degrees is equal to one hour (so 360 degrees equals 24 hours - one hour of the
rotation of the earth corresponds to 15 degrees angle of the earth's rotation). One second of time is
equal to roughly 1/4 mile at the equator, and this is why an accurate watch - one which you know the
exact error of - is so important. An error in time will equal an error in longitude.

THE TRIPLE COORDINATE SYSTEM
Earth's:

Everyone is familiar with the earth's system of coordinates: the equator, at 0 degrees, belts the earth,
and latitude lines running parallel to it circle the earth to the North Pole from 0 to 90 degrees for North
Latitude and from 0 to 90 degrees to the South Pole for South Latitude. Vertical circles - longitude
lines - run the other way, beginning at O degrees at the Greenwich Meridian running through
Greenwich, England, and circling 180 degrees to east for East Longitude and 180 degrees to the west
for West Longitude. Each degree can be further subdivided into 60 minutes, and each minute into 60
seconds (3600 seconds per degree). With this grid system, we can pinpoint the location of anything on
earth by giving its latitude and longitude. For a landmark or location on earth, those numbers do not
change.

Celestial Body's:

For the second grid system necessary for Celestial Navigation, imagine a great crystal globe
encircling the earth. If you imagine the equator extended into space, that line will mark the Celestial
Equator. What would be latitude lines on earth become lines of "declination™ in space, and like latitude
lines on earth, they measure angular distance north or south of the celestial equator (O degrees) to a
North Celestial Pole and a South Celestial Pole - extensions into space of the earth's poles. What we
would call longitude lines become "hour circles" on the celestial sphere. The 0 degree hour circle (or
celestial meridian) is the First Point of Aries; a difference from earth's longitude lines is that these lines
are numbered to the full 360 degrees, rather than 180 degrees east or west.

Observer's

The third coordinate system is completely dependent upon the observer. Imagine (as all children - and
some adults - do) that we ourselves are the center of the universe, the point from which all others take
their bearings. The point directly over my head (which moves with me, even if | take a single step) is my
"pole," or zenith. Its opposite, beneath my feet, is the nadir, a term which has little place in celestial
navigation. My "equator" is my horizon, at O degrees. The distance above my horizon, rather than being
called latitude, is called altitude (and altitude - up to 90 degrees - is what we measure with a sextant and
other navigational instruments). The imaginary line running from my zenith due north or south to my
horizon is my own meridian.
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It's much better to visualize these coordinates than describe them. Try Walter Fendt's Apparent Position
of a Star site, the figures in the celestial navigation chapter of Bowditch's American Practical Navigator,
or the online slide show from Purdue's Naval ROTC. There is also a comprehensive Powerpoint slide
show at Penn State's Naval ROTC. Lessons 15-19 are on celestial navigation. There are some good

line drawings at Astronomy without a Telescope.

HOUR ANGLES

Geographical Position (GP) - imagine a string stretched from the center of the earth, through its surface,
and into the center of the celestial body. The point at which in passes through the earth's surface is its
geographical position. This information is in the Almanac for every day, hour and minute of the year.

A body's GP's distance from the Greenwich Meridian is its Greenwich Hour Angle (GHA). A body's GP's
distance from where WE are is its Local Hour Angle (LHA). For sight reduction, we want the last, the
LHA, to enter the Sight Reduction Tables (see Practice).

The Almanac gives us the GHA of everything but the stars - that would take up too much room - and
instead gives us the SHA (a star's distance from the First Point of Aries is its Sidereal Hour Angle or
SHA), which we can then convert, and worksheets help us figure the LHA by using our longitude.

SPECIAL Helmer Aslaksen has some wonderful Java Applets and video clips on his page for teaching
astronomy - scroll down to find them. He also has a link to Nick Strobel's Astronomy without a Telescope

article, a great resource for understanding the astronomical concepts behind celestial navigation.

!h o | need to know about astronomy in order to understand celestial navigation - why sidereal

.-{.“;‘**4 . (star) time is four minutes off solar time, how to understand the relation of Polaris and

r b | Latitude, what the Ecliptic is, the Precession of the Equinoxes, etc. Also, it has wonderful

'11 redrawings of the constellations so they are easily recognizable. | can't recommend this
book enough for anyone who is coming to astronomy for the first time and anyone who

thinks they know it all.

Not all the stars in the sky are used in celestial navigation. The almanac lists data for 57 Navigational
Stars, including the 20 brightest in the sky.
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Theory

Theory

s teering by the stars, finding routes and locations by them, and orienting oneself from the
positions of celestial bodies is the ancient art of Wayfinding,or non-instrument navigation. People have

been wayfinding since the beginning of history because the stars are (relatively) fixed markers. This
page will concentrate on the theory behind modern celestial navigation, what is called "modern,"
"mathematical,” or "instrument" celestial navigation.

Just about everything on theory and practice is in Bowditch's American Practical Navigator Online, but
it's not an easy place to start. | will try to make this page as concise as possible.

The basic theory behind Celestial Navigation is simply that
we find our unknown position from a known position. If we
have some information, we can deduce the rest.

For example, if we know we are three miles from a flagpole, we could be anywhere on a circle with a
three-mile radius and the flagpole as its center. If we knew the bearing of the flagpole (the compass
direction, such as 135 degrees or Southeast), we could fix our exact position on the circle. Or if we
knew bearings from two objects spaced a reasonable distance apart, we could draw straight lines on a
map or chart along those bearings from each, and where the lines crossed, there we are.

This is fairly easy to do on land or on the coast, where we can find our position from known landmarks
on charts and maps. On the open ocean, it's a different story, as there are no landmarks. We can't take
a bearing from an object as distant as the sun or a planet, because the compass is too clumsy an
instrument. It measures in degrees, while a sextant measures in degrees, minutes, and seconds (there
are 3600 seconds in a degree). [The sextant does not give us a bearing, or azimuth, to a celestial body,
but gives us information that helps us find the azimuth].

The stars pretty much stay in the same place - that's why they were known as the "fixed stars"
throughout history, except they rise and set; the sun, moon, and planets move, but predictably, and so
with the aid of almanacs that tell us precisely where each body is at every second of every minute of
every hour of every day of the year, and the practice of "sight reduction” (see Practice), we can take a
position from two or preferably three stars, or planets, or the sun and moon when both are visible, or the
sun at different times of the day, and where the lines of position cross is where we are.

Before going on to Practice, this is what you need to know:
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*GP - imagine a string stretched from the center of the earth, through its surface, and into the center of
the celestial body. The point at which in passes through the earth's surface is its geographical position.

"Modern" celestial navigation is based on spherical trigonometry and
solving the "navigational triangle." (IMPORTANT: DON'T PANIC IF
YOU DON'T KNOW TRIGONOMETRY! TABLES OR SOFTWARE DOES
ALL THE WORK FOR YOU AND YOU ONLY NEED TO KNOW
ADDITION AND SUBTRACTION TO NAVIGATE!This is a triangle on the
earth's surface with:

1) The North (or South) Pole as one corner,

2) The "Geographical Position" (GP*) of the celestial body as another,
and,

3) Our Assumed Position (AP*) as the third.

The sides are:

1) the Pole to our assumed position (or 90 degrees minus our assumed
latitude);

2) the Pole to the GP or 90 degrees minus the body's declination*; and
3) from our assumed position to the GP or 90 degrees minus the
calculated height of the body above the horizon (our "zenith distance").

We are able to find the first two sides and the angle included in them,
because we know our assumed latitude, can find the body's declination at
that moment from the Nautical Almanac, and can figure the angle - the
Local Hour Angle - from our data.

With this information, we can find the third side - our distance from the GP
- and the angle or direction to the GP. For accuracy's sake, it is best to
use at least two or preferably three bodies; where the lines of position

cross on our chart will be a point, or more likely a small triangle called a
"cocked hat," which is our location.

This information is in the Almanac.

*AP - The spot chosen as a reference point upon which to base our calculation. It is reasonably close to
where we actually are if we base it on "dead reckoning" (having kept track of our position by recording

speed and direction). Explained further under Practice.

*Declination - see Navigational Astronomy. Similar to the earthly coordinate latitude, it is the star's

distance in degrees above the celestial equator.
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Finding latitude by Polaris, and taking noon sun sights, do not require solving the
navigational triangle. They involve simpler right triangles. For example, the sun at noon -
real noon, that is, when the sun is at its highest point, on our meridian - is either due north
or south of us, and our line of position is then due east or west. An east-west line is a
parallel of latitude. These two are easiest to teach beginners. A simple explanation of
latitude by Polaris is available (however, it does not include reference to the corrections

that are necessary because Polaris is not precisely North, but a bit under a degree away).
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T he Practice

Yogi Berra said, "In theory, there
should be no difference between
theory and practice, but in practice,
there is." This website cannot teach
the actual practice of celestial
navigation; however, by reading
these pages, you should be able to
move on to an on-site or
correspondence course with an
understanding of what you are
doing. If you are new to Celestial
Navigation, read at least the Theory

and Navigational Astronomy pages

first.

Ed Falk's awesome page working out a sample "leg" from the Silicon Sea

series of problems. Crystal clear, complete with plotting sheets and
everything you need to see a problem worked out in detail!

Just about everything on theory and practice is in Bowditch's American Practical
Navigator Online. (I have changed the link - this one has all the tables as well). The

practice of some early techniques of latitude finding and navigation without instruments
can be found in the books Latitude Hooks and Azimuth Rings, and in David Burch's

magnificent Emergency Navigation, which everyone should own (it's not just for
emergencies!). Bowditch has a chapter on emergency navigation as well.

SIGHT REDUCTION: WHAT YOU WILL NEED

You will need a sextant, a watch, a current-year Nautical Almanac (or see Omar Reis's
Almanac) and the Tables of your choice, probably HO 249 or HO 229. For shooting stars,

a Star-Finder would also help; you can buy the 2102-D, a kind of modern planispheric
astrolabe, and there are some online, such as - once again, and what would we do
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without him? - Omar Reis's Starfinder. (See Products on the Resources
page if you want to purchase almanacs, tables, or Star-Finders. Try
=t -¥ Geoffrey Kolbe's long-term almanac if you don't want to buy a new one
M every year). You can also do sight reductions with a calculator - | think
Starpath's Starpilot is the best; check out the list of features -it's much
more than a calculator and can be linked to your PC - but learn to do them with just a
pencil and paper first. NOTE: You can take sights with an artificial horizon if you aren't
near the water. Check out the Product places on the Resources page. Be sure to read the
instructions; you have divide the angle by two when using an artificial horizon. You can
also make one by using a flat pie pan filled with water, or preferably oil. NOTE: The
sextant can only measure up to 60 degrees with an artificial horizon and so cannot be
used at all latitudes.

WHAT YOU ARE DOING:

With the modern "intercept” method, you will be comparing the position you think you
might be in (from dead reckoning on a boat, or other data on land) with what you actually
observe. Your observed altitude (steps 1-3 below) is compared to a calculated
altitude (steps 4-5) - calculated to be what altitude you would get if you were actually at
the position you chose as your assumed position. Therefore, you must both observe an
actual altitude with the sextant; and figure, on worksheets and with the Tables, what the
altitude would be if seen from the assumed position.

Remember: Noon (meridian) sun sights and Polaris sights do not require the Tables to solve the
Navigational Triangle. See Theory.

NOTE: Your sextant must be corrected first. The sextant is a precision instrument, but like a bathroom
scale can be off, either up or down. See John Jacqg's Corrections page under "Sextant Error," or any of

the books recommended below.

THE STEPS:
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1. Setting up: deciding what celestial body you are going to "shoot" and when. This is
especially important in star sights, as you only have the short time between civil and nautical
twilight when the horizon is still visible, while some stars are bright enough to be seen. Civil
and nautical twilight time are found in the Almanac for various latitudes. Find stars with
Reis's online Star-Finder. Or purchase the 2102-D Star Finder from Starpath. To find
nautical and civil twilight, use the Navy's one-year data page. Don't forget to check the "type

of table" you want (also has sun and moon rise and set).

2. Shooting the body and noting the exact time. (Your watch must be corrected if it is fast or
slow on Universal Time - Greenwich Mean time - and corrected for your longitude east or
west of the Greenwich meridian. You will be using UT (GMT) when you enter the Almanac.
Check your watch against the Navy's Master Clock.

3. Correcting your sextant shot for various corrections such as your height of eye above the

horizon, your sextant's index error, altitude corrections etc. Some of these corrections are in
the Almanac; the others depend on you and your instrument. These are found in tutorials;
see, for example, Chapter 2 of Henning Umland's. THIS WILL GIVE YOU YOUR

OBSERVED ALTITUDE.

4, Entering the Nautical Almanac for the body's data at that precise time. The Almanac

gives data for each hour of every day, with extra pages where you can find the minutes and
seconds. There are some corrections to be made here. (Print Aimanacs are available from
the Products places on the Resources page), notably the "v" and "d" corrections. If you

purchase one, make sure the Almanac looks like one of these (I have a commercial edition
that is slightly different, but still with a blue cover). In six marine stores out o

of six, when | asked for the Nautical Almanac this year, | was handed o i e
Reed's or worse, Eldridge's (mostly tide tables!). Neither of those has all the

information you need. These are the American versions; the orange is the
hardcover government edition.

2000

5. Entering the Tables for sight reduction with the a) Local Hour Angle, S i

(found by correcting the body's Greenwich Hour Angle from the Almanac for
your particular assumed longitude), b) your assumed latitude (see Find your latitude and

longitude if doing this on land), and c) body's declination (from the Almanac) to find the

calculated height of the body if you were where you assumed yourself to be. (NIMA has the
sight reduction tables for _Air Navigation - HO 249 and the_Marine Navigation - HO 229

tables online). Hour angles are defined on the Astronomy page. THIS WILL GIVE YOU

YOUR CALCULATED ALTITUDE as well as the true bearing of the body.

6. Comparing the altitude you got - the OBSERVED ALTITUDE - with the CALCULATED

ALTITUDE from the tables and deciding whether you are closer or farther away than the
calculated position. (If the calculated altitude is greater, you are farther away from the
assumed position; if it is less than the corrected sextant altitude, you are closer; the
difference between the two is the number of nautical miles by which you need to change
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your assumed position).

7. Plotting the line of position. Two or more give you your fix - where you are. (see Ed
Falk's plotting sheet page).

Many of these steps are very easy and automatic once you have a worksheet with all the
steps and spaces for corrections. It becomes simply a matter of filling in the spaces, and
adding and subtracting. Ed Falk also has a sample worksheet - Hs is the height you get

with the sextant; IE is the sextant's index error; Hc is the calculated height from the
tables, etc.

NEW! There are also PDF worksheets available on the Reader Page sent in by reader
Harold Arsem.

The resources below will help:
CLASSES AND HOME STUDY

The very best place to get a real grip on the practice, in my opinion, is by taking a good
course with an expert, especially one that gets you out on the water or at least to a
horizon line. If there isn't a school or teacher near you, the course available from the
Starpath School of Navigation is the best. | took this course and | cannot say enough

good things about it, or recommend it more highly. The price is absolutely amazing
considering that some places want to charge hundreds of dollars for a single weekend. If
you work your way through the text and problems, and take advantage of the fact that the
price of the course includes phone calls and emails with one of the world's top instructors,
and navigators**, you'll see they're practically giving it away, and you'll learn everything
you need to know, and more.

**Don't take my word for it - ask the Royal Institute of Navigation.
ONLINE TUTORIALS

There is a great online tutorial by Al Placette that walks you through much of what is

needed for reducing a sight by H.O. 229, including digitized parts of the Nautical Almanac
to show you how to make v and d corrections. (The "v" is an extra correction for additional
longitude movement of the body, and "d" is an extra correction for additional declination

movement. The sun has no "v" correction and the stars have no "v" or "d" correction. The
sun needs the "d", and the planets and moon need both "v" and "d"). This site isn't always

available, but worth waiting for. One of the best on the Net.
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Another really excellent site is Umland's Short Guide to Celestial Navigation. Parts are

really for advanced students, but there is plenty for beginners, including very clear
graphics. Scroll through the chapters and look them over, and check out Chapter 2 on
how to make all the various sextant corrections. There is also an extensive collection of
freeware - a Sun and Moon Almanac, Sight Reduction Calculator, Fix Calculator, and
more - on his Freeware page. Another of the best on the Net.

The Naval ROTC at Purdue has some Navigation Slide Shows (scroll down the syllabus

and select), but unfortunately have removed the vast majority of the slides on celestial. A
Powerpoint Slide Show (you need the software) is at Penn State's Naval ROTC (see

chapters 16-19).

The Irreverent Navigator has a tutorial that includes jpegs of worksheets and explicit

instructions. The page is primarily very dense type - not often divided into paragraphs - so
it may be a bit harder on the eyes than the more graphic page above.

OTHER HELP

Join The Foundation for the Promotion of the Art of Navigation and you can write to

their journal and get expert advice. There are also detailed articles on all aspects of
navigation and its history.

The Navigation List is an email list for traditional and electronic navigation; check the
archives for technical questions, or join and ask one. Here is their archive site.

William F. Buckley, Jr., has a great chapter on how to do sun sights in his book on a
transatlantic crossing by sail, Airborne: A Sentimental Journey (1970). Itis
unfortunately out of print, but you can usually find it at libraries. It's about 18 pages long,
uses the Air Almanac, and is concise and clear (I know, | know; but no, he doesn't use his
$1,000-a- word vocabulary here). An added bonus is that his son Christopher went on
this trip, and his log entries show that he was already, at that age, a writer in his own

right. Whenever a wine bottle was emptied, it was the custom on the boat to x-S cnon

EL

write an anti-Communist message and send it to sea in the bottle. One of
Christopher's submissions: "Man is born free, and everywhere he is running out S
of Branc-Cantenac." (all politics aside, this is still very witty!). | haven't seen his
video, but I'll bet it covers the same ground as this chapter.

Books:

There are many, many books on the practice of celestial navigation - do a search at
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Amazon.com and you'll see. These are my favorites:

Practical Celestial Navigation by Susan P. Howell. Mystic Seaport also has this. It is

actually a course, and everything you need (copies of necessary almanac pages and
sight-reduction tables) is in the book.

Celestial Navigation for Yachstmen by Mary Blewitt. This book is short and
to the point, and many people swear by it.

Online Almanacs, Starfinders, Latitude-Longitude Finders, and
Programs for Sight Reduction

. H. Umland's Freeware Page

. Palm Pilot Celnav Program

. Java Script Programs for Navigators by Jacky Wong
. Omar Reis's Navigation Star Finder

. Omar Reis's Online Nautical Almanac
. Omar Reis's Navigator Light Computer Program
« W. Fendt's Apparent Position of a Star Astronomy Java Page

. W. Fendt's Coordinate Graphic (Celestial Poles) Java Page
. Almanac and Sight reduction Information from the Navy
. ETAK's latitude and longitude site

SOFTWARE

AstroNav Software by Her Majesty's Nautical Almanac Office. Check out the other
pages at the Willmann- Bell site too, such as Math and Celestial Mechanics.

Pocket Stars Integrated Star Chart, Ephemeris, and Celestial Navigation Software for
the Pocket PC.

"Celestial Navigation for Dummies" and two software programs - ASNAv, "designed
by a seaman for seamen,” and DeltaWin, at marinesoft.org.
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Celnav in the Classroom

Celestial Navigation in the Classroom

Science and Math Projects Teachers' Guide History Reading Literature
Books

| have found that students of all ages quickly become interested in
celestial navigation, as it provides a concrete link between the
heavens and themselves, one that fills some of them with awe and
amazement. It is a subject about which most of them know nothing
at all, so it has the added attraction of novelty. At some simple level -
basic orienteering and latitude finding - they can very easily learn to
do it themselves. Older students can learn to use the sextant. And
even most adults have an extremely limited understanding of
astronomical or navigational metaphors, so whole new worlds open
up to them once the original use behind the metaphor is grasped.

SCIENCE AND MATH CLASSES

W Astronomy classes are the most obvious place to start. It always
ﬂuﬁzm amazes me how little most students know about the sky - usually they
P ~ can identify the Big Dipper and Orion but little else. | think the all-time
“}“‘h . best book for explaining the astronomy you need for understanding
] celestial navigation is H.A. Rey's The Stars: A New Way to See Them.

WSS Yes, that's the same H.A. Rey that gave is the "Curious George"
children's books. Not only does the book redraw the constellations so that they look
like what they are called, and so are very easy to find, but it has crystal-clear
illustrations that explain why sidereal time is off solar time by four minutes; just what
declinations and hour angles are; the ecliptic; the precession of the equinoxes and
why Polaris hasn't always been the North Star; the celestial coordinate system, and
more. Highly, highly recommended for anyone of any age.

See also the Navigational Instruments page and the Navigational Astronomy page for

further resources.

ASTRONOMY ONLINE- "The World's Biggest Astronomy Event on the World Wide
Web," has a page on finding latitude by Polaris. There are a number of graphics
which take time to load - they're worth waiting for. Here is a sample link from the main
page: Is the Altitude of Polaris Equal to Your Latitude?

EYES ON THE SKY, FEET ON THE GROUND - From the Smithsonian Astrophysical
Observatory. Chapter 4 has Coordinate System and Celestial Mapping activities for
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children include an astrolabe and star plotter, finding your latitude, etc. Scroll down
to topics three and four.

CULTURAL ASTRONOMY - don't miss this completely unique (yes, | know that's
redundant!) site from Helmer Aslaksen. See my "Other Links" page.

ASTRONOMY WITHOUT A TELESCOPE by Nick Strobel - terrific notes and

diagrams - evrything you need for "naked eye" astronomy, and hence celestial
navigation! Don't miss this site!

Lesson Plan for NAVIGATING AROUND THE WORLD BY OBSERVING THE SUN -
from the PBS Nova series.

Also, be sure to check out Nova's Shockwave Game on Finding Your Latitude.

Math: Celestial navigation in its modern form is based on solving spherical triangle
problems (the "navigational triangle") and there is a good site for Navigational
Trigonometry, but your students don't have to be taking trigonometry to use celestial

navigation. Finding latitude by the meridian passage of the sun or by Polaris only
requires addition and subtraction, as does sight reduction using pre-calculated tables.
(If you do want the trig, try the advanced tutorial that H. Umland has online: Umland's

Short Guide to Celestial Navigation).

PROJECTS

Online Projects

. How to Make a Quadrant

. How to Use a Quadrant

« Other Projects with Quadrant

. Measuring North Latitude at Night
. How to Use a Cross-Staff

« Build Your Own Sextant

Otterbein College Department of Physics and Astronomy has a Make your own
planisphere page. You need a PDF reader to download the templates.

KITS: Celestaire sells kits for making a working nocturnal , astrolabe, and mariner's
astrolabe, made of heavy cardboard stock coated with a metallic gold finish. They

also make a sundial and perpetual calendar. | have made all these things, and they
work. NEW - the new Celestaire catalogue has a kit for a laminated cardboard

sextant with mirrors and adjustable sun shade! | haven't tried this one yet, but I will.

There is nothing like building a working model to really show kids how something
works!
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TEACHERS' GUIDE

The Celestaire company has a booklet called Celestial Positioning: A Teacher's
Guide to and Earth Science Project with History, Mathematics and Astronomy
Integration which is available free to teachers. Write and ask for it; I haven't seen it
on their website. This guide is NOT online but it has a clear summary, a basic project,
and a catalogue where you can order an inexpensive plastic sextant, all kinds of

books, and my favorite project, the working instruments described above.

Note that you can take sights with an artificial horizon --- check the Products places
on the Resources page.

HISTORY

First, be sure to check the History page!

You can do classes that the cover latitude sailing during the Age of Exploration; with
no sure-fire way to figure longitude, it was safer to sail up or down the coast until you
reached the latitude of your destination (as shown by the taking the altitude of stars),
then sailing east or west. Supposedly old sailing directions to the Caribbean were,
"Sail south till the butter melts, then west." Then there is the history of the Longitude
problem (Longitude: The True Story of a Lone Genius Who Solved the Greatest
Scientific Problem of His Time ) and the invention of the chronometer, for a unit on
time. See John Harrison and the Longitude Problem. To understand the Middle Ages
and the Ptolemaic view of the universe, | would strongly suggest C.S. Lewis's
underused classic, The Discarded Image, for high school or college students.

. Teacher's Guide to Teaching Longitude - from PBS, with resources. A
transcript of PBS's video Lost at Sea is here. See also The Secrets of Ancient

Navigation.
. Navigation During the Time of Columbus

« Secrets of Ancient Navigation - PBS on the Phoenicians, Norsemen, Chinese,

etc.
. Latitude: The Art and Science of 15th and 16th Century Navigation -

Excellent site for students with many informative links; see for example the
link for pre-1400 navigation.

. Christopher Columbus Navigation Page, with a Celestial Navigation page.
. The Age of Exploration from the Mariner's Museum

. Determination of Latitude by Sir Francis Drake - a page by Bob Graham.
. Longitude at Sea from the Galileo Project

« How Columbus and Apollo Astronauts Navigated

American History

http://www.celestialnavigation.net/classroom.html (3 of 6) [9/6/2004 12:51:01 PM]



Celnav in the Classroom

Why isn't there more online about Nathaniel Bowditch? This Salem
resident was entirely self-taught in mathematics and astronomy (and
taught himself Latin so he could read Newton's Principia), and had such
a great effect on celestial navigation that his book, The American
Practical Navigator (originally published in 1802), is still called

"Bowditch" after many revisions. A children's biography is available (see under
Reading, below) and online are:

Short Biography of Nathaniel Bowditch - | had to go to the United Kingdom for this
one!

Nathaniel Bowditch Initiative Website

Did you know that slaves in the Underground Railroad used celestial navigation?
The following is from the description of a video | have not seen from NASA and the
National Park Service called The Underground Railroad: Connections to Freedom
and Science:

"Slaves traveling the Underground Railroad, usually on foot, depended
on celestial navigation to find their way northward. They continually
looked to the Big Dipper and the North Star for direction. The purpose
of this video is to increase student awareness of the Underground
Railroad and the role celestial navigation played in the Railroad's
success."

American explorers Lewis and Clark used celestial navigation. There is a good
article in Spring 2000 issue of the Institute of Navigation's online journal. Scroll about
halfway down to "Portney's Corner." A short articles on Formal Navigation by Lewis
and Clark, Course, Time and Distance, and Latitude and Longitude are available at
the excellent Lewis and Clark site at www.lewis-clark.org.

NEW BOOKMARK AND MUCH MORE INFORMATION A reader has suggested a
link on David Thompson, who explored and mapped Western Canada and the

Northwest of the US from 1790-1812, using a sextant and compass. Now online are
ten detailed articles from the issue of Northwest Journal devoted to 19th century
navigation.

Viking Navigation

The Vikings are enjoying a bit of a Renaissance lately, in print and on the web, and
in events such as the new Viking Exhibit now at the Museum of Natural History in
New York. Apparently the marauders were only a small subset of a very interesting
society. Longships, sun compasses, the sagas of the Norse gods --- the Vikings are
always a favorite subject for classrooms. And no, they never wore horns on their
helmets. See my Viking Navigation page, where there are books nad websites
available.
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Non-instrument Navigation

There is a wealth of material on the Internet on Polynesian star navigation and non-
Western navigation in general. Captain Cook was astounded at the advanced

navigational skills of the people of the South Seas. See my page on Wayfinding

AFRICAN AND NATIVE AMERICAN: There is also a VERY interesting
website called "Aboriginal (Native American) Astronomy" on star lore and Lakota

astronomy. African Star Lore is another good site.

READING

Once, to tempt a middle-schooler who did not want to read any books during the
summer, | mentioned how Steven Callahan was able to navigate using a sextant
made of pencils tied together and survived 76 days at sea. This student proceeded to
devour Callahan's account, Adrift (kids love harrowing adventure tales). In My Old
Man and the Sea, a father and his teenage son sail around Cape Horn, using no
electronic navigation devices - just a sextant and compass. Then there is a Newbury
Award-winning, fictionalized account of Nathaniel Bowditch's (see above) life and
work called Carry on, Mr. Bowditch by Jean Lee Latham.

- [:-iﬁ_ic_}"mr_
A=
Bowdiich

e

LITERATURE

My graduate thesis was on Dante, so | have a page just for him. Knowledge of
celestial navigation and of the stars and constellations will enhance your students’
understanding of Melville, (and don't forget the wonderful new novel, Ahab's Wife, or
the Stargazer) Conrad, Spencer, Ovid, Shakespeare, Pope, Milton, Longfellow, the
entire Western canon, Arabic and other eastern literature...well, just about everything.
Reading much of the world's literature without a knowledge of these things would be
like reading most Western literature of the past two thousand years with no
knowledge of the Hebrew Scriptures and New Testament - a huge percentage of the
allusions and metaphors would fly over your head. See also my Quotations page ( a

work in progress). BTW, Chaucer's History of the Astrolabe is online as well.

BOOKS
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Celnav in the Classroom

. Latitude Hooks and Azimuth Rings, by Dennis Fisher

. The Stars: A New Way to See Them by H.A. Rey

. Longitude: The True Story of a Lone Genius Who Solved the Greatest
Scientific Problem of His Time by Dava Sobel

. Nauvigation in the Age of Discovery, By Duane A. Cline

. Taking the Stars: Celestial Navigation from Argonauts to Astronauts by Peter

Ifland
. Emergency Navigation by David Burch

. The Discarded Image by C.S. Lewis

. Carry On, Mr. Bowditch, by Jean Lee Latham

. Adrift, by Steve Callahan

. My Old Man and the Sea by David and Daniel Hayes

. Line of Position Navigation: Sumner and Saint Hilaire - the Two Pillars of
Modern Celestial Navigation by Peter Ifland and Michel Vanvaerenbergh

« Home » Why Celestial Navigation? ¢ History « Navigational Astronomye The Theory * The

Practice * Celnav in the Classroom  Vikings * Navigational Instruments « Wayfinding e
Schools « Quotations * Resources » Dante « Other Links « Webmistress
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The Vikings

T he Vikings

The 1,000 year anniversary of Leif Eiriksson's Voyage to North America has led to
an explosion of information on the Vikings. The above is the Islendingur, a replica

of an 870 AD Viking ship that voyaged from Iceland to New York City between June
and October of 2000. The man on the far right is Captain Gunnar Eggertsson, a
direct descendent of Leif, who built the Islendingur. The other two are crew
members. My son's Sea Scout Ship was an official escort at one of Islendingur's

stops, and your webmistress sailed through a glorious starry night to rendezvous
with the Viking ship.

New book: Secrets of the Viking Navigators

Although this site is on navigation, here is a good "hub" for general information on

the Vikings on the Internet, and here are links specifically about Vikings and
navigation:
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The Vikings

. Viking Navigation from the Longship Company
. Viking Navigation and Astronomy
. Viking Navigation from the Mariner's Museum
« The Legend of the Viking Sunstone
« Viking Sun Compass from the Northern Lights Planetarium in Norway

- Home » Why Celestial Navigation? » History « Navigational Astronomye The Theory * The Practice
Celnav in the Classroom ¢ Vikings * Navigational Instruments « Wayfinding ¢ Schools ¢ Quotations e
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Navigational Instruments

Navigational Instruments

The main instruments mariners need for Celestial Navigation are the chronometer and some way of
measuring the altitude of bodies above the horizon. There are good pictures and history of the former at
John Harrison and the Longitude Problem. The latter can be as simple as your hand span, a ruler, or a

couple of pencils lashed together or as sophisticated as a modern double-reflecting sextant, which
measures in seconds of arc. The Classroom page has links to projects for making some of these

instruments, and the book Latitude Hooks and Azimuth Rings by Dennis Fisher has instructions for all of
them. Celestaire sells gold-colored cardboard kits for making a working nocturnal , astrolabe, and
mariner's astrolabe.

THE book to own is Peter Ifland's beautiful and thorough Taking the Stars: Celestial
Navigation from Argonauts to Astronauts. His lecture (see under Sextants, below) has
many beautiful pictures of different instruments.

And THE place to go for historical pictures and information is
"Scientific Instruments of Medieval and Renaissance Europe."

*NEW! DON'T MISS OMAR REIS'S INTERACTIVE SEXTANT
ONLINE! He also has a "Build Your Own Sextant" page. Celestaire sells the cardboard sextant kit.

LATITUDE HOOK, KAMAL

Kamal

These are among the simplest methods of measuring altitude. The latitude hook of the Polynesians was
a piece of split bamboo with a loop at the top; its length was aligned with the horizon and star to show
when the desired latitude had been reached.

The Arabs used a more refined tool called the kamal, a rectangle of wood cut to fit the distance from
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Navigational Instruments

the horizon to the star. It had a piece of knotted string attached, which could be held in the teeth,
guaranteeing that an "arm's length" distance would remain uniform. The photo is from Peter Ifland's site -
click on it.

CROSS-STAFF AND BACKSTAFF

The cross-staff measures up from the horizon to the body rather than down from the zenith, since the
horizon is a clear and definite line (well, on good days!). This was an advance over zenith devices and
could be done by one person. A wooden staff is placed on the cheek and a crossbar is slid along its
length until it fits between the body and the horizon. The backstaff was invented in 1590 by John Davis
(see his Seaman's Secrets), and allowed the navigator to stand with his back to the sun, working with its
shadow.

NET T O TF

Cross-staff Back-staff

QUADRANT
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Navigational Instruments

This instrument, shaped like a quarter of a circle, measured the angle from the vertical - not horizontal -
and the line of sight to the body. It was suspended from a ring and had a weighted line hanging down,
which crossed one of the angle numbers marked on the ring. Columbus used one, but after trying it, it's
hard to imagine how it was held stable!

ASTROLABE

Mariner's Astrolabe Astrolabe

The first part of its name comes from the same Greek word that gave us "astronomy" - aster, or star -
and the second derives from a Greek word meaning take, grasp, or determine. So the name can be
translated as "star-finder" or "star-taker." The astrolabe is an instrument that provides a picture of how
the sky looks at the observer's latitude and time. It has moveable parts that allow it to be set for specific
dates and times, and interchangeable templates that allow latitude to be set. Besides showing the
position of the sun and stars, the astrolabe can measured the altitude of the body, and the Mariner's
Astrolabe eliminated all the parts that weren't necessary for this use. Like the quadrant, it had to be held
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vertical so that the zenith distance (degrees down from the point over the observer's head to the body)
could be measured. Subtracted from 90 degrees, this gives the altitude, and for the Pole Star, this was
an approximation of the observer's latitude.A modern version is the 2102-D Star-Finder - See Practice.

The photos are by Norman Greene - click on them for his website.

NOCTURNAL

The nocturnal was used to tell time by the celestial clock.
One ring was set to the date, Polaris was sighted through
the hole in the center, and the arm was swung around to
align with pointer stars - those in the Big Dipper, Little
Dipper, or Cassiopeia. Where the arm crossed the marked
ring, the time was read.

It was also used to measure Polaris's distance in minutes
of arc from true north so a correction could be applied.

Here are good sites for the instruments named above:

. Richard A. Paselk has an excellent site on Medieval Scientific Instruments which shouldn't be
missed, especially the pages for the kamal, cross-staff, and quadrant. There are instructions for
making and using them. He also has some of the best pictures on the Internet of the Mariner's
Astrolabe and Planispheric Astrolabe.

. Hands-On Astrolabe Page, with history. You can download templates for your latitude to make

your own astrolabe.
. Keith Powell's Awesome Java Astrolabe

. Chaucer's Treatise on the Astrolabe
. www.astrolabes.org (note the plural). Everything you ever wanted to know, plus a free download

of the author's Electric Astrolabe program. The book you download as part of the program has an
excellent history.

The Sextant

The double-reflecting instrument (one that uses two mirrors
@ to bring the celestial body down to the horizon; hence the

. navigator no longer has to try to look two places at once)
was apparently invented by Newton in 1699, though it was
London mathematician John Hadley who got the credit for
first producing one in 1731. To complicate matters,
American inventor Thomas Godfrey built one in 1730, but
was not acknowledged by the Royal Society. Hadley's second instrument had an arc
of 1/8 of a circle and hence was called an octant; the sextant is 1/6 of a circle. Here is
Bruce Bauer's definition: "A sextant is, in essence, a machine for varying the angle
between two mirrors by precisely measurable numbers of degrees to utilize the
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Navigational Instruments

phenomenon that the angle of the departing light ray will have been changed by
double the angle between the mirrors." Bauer's The Sextant Book (International
Marine, Camden, 1992), is the bible for this instrument, and covers adjustment, repair,
use, and history.

PBS has a page on How a Sextant Works as well as Navigation By Sextant.

HIGHLY RECOMMENDED: Peter Ifland's lecture, THE HISTORY OF THE SEXTANT,

delivered in Portugal in October 2000. There are some absolutely beautiful pictures on
this site.

See Products on the Resources page for some places to buy sextants. A plastic
model is available for about $30.

« Home » Why Celestial Navigation? ¢ History « Navigational Astronomye The Theory « The Practice » Celnav
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Wayfinding

While the development of scientific navigation was proceeding in the West, the people of the South
Pacific had been navigating with confidence over thousands of miles of nearly empty ocean using
no compasses, charts, or sextants. They looked upon navigation not merely as a technique of
getting from one island to another, but as a way - a combination of philosophy and religion, a way
of life into which one was initiated. Navigators were held in as high esteem - or higher - than the
leaders of the societies. They knew the sky the way we know the face of the people we love, even
if parts were obscured.

Steering by the stars was more complex than some people have made it out to be. It wasn't
just (for example) "following the North Star," but a very intricate system of starpaths that depended
on the rising and setting of various stars, the knowledge of a of a 32-point star compass, a method
of taking "back bearings" called fatanomuir (looking back over the stern to find the star under which
an island has moved), a kind of "ranging" called fu taur or star channel (lining up a known feature
with star point to make a night landfall through a reef channel) and much, much more. To become
adept at this required many years of training, and not everyone reached the point of being a palu,
or fully initiated navigator.

One who did said that the true navigator reaches a point where it is not that you go out in
search of the island; instead, you point your boat in the right direction, and the island comes to you.

This is just the combination of knowledge, intuition, and discipline that appeals to your
Webmistress.

Websites:

Traditional Navigation in the Western Pacific - from the University of Pennsylvania

Pacific Voyaging Society - This is the best site on the web for this topic. You could spend hours

at this site, which includes details of the voyages of the Hokule'a and Hawai'iloa, reconstructed

outrigger sailing canoes in which sailors recreated the ancient navigation techniques on long
voyages. It includes a bibliography on wayfinding and astronomy, how the wayfinders determine

latitude, how they determine position east or west, the article Wayfinding, or Non-Instrument
Navigation, a Star Compass page, and much, much more.

Navigation in the Information Age: History and Context - by C. Cogswell and U. Schiotz - the
comparative history of western and Hawaiian mapping and views of space as they related to
navigation.

The Wayfinders: A Pacific Odyssey - PBS's website on their video of the same name, with
resources, "Ask the Expert" page, and more. You can also buy the video here.
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Books:

. David Lewis's We the Navigators: the Ancient Art of Landfinding in the Pacific -

the classic study of Pacific navigation.

Stephen Thomas's The Last Navigator - very readable account of Stephen Thomas's

(of PBS's This Old House) studies with great Pacific navigator Mau Piailug. Excellent.

. David Burch's Emergency Navigation - the methods and techniques of navigating by
ocean swells, birds, weather, the stars and sun without instruments, and much more, are
covered, as well as navigating with different combinations of tools missing.

. Ben R. Finney's Voyage of Rediscovery: A Cultural Odyssey through Polynesia.

Videos:

. The Wayfinders: A Pacific Odyssey
. The Navigators - with Mau Piailug, the "Last Navigator.”

NEW: areader sent me this link for a beautiful wayfaring song: Ke Ali'i 0 Kona i ka Lewa
(Larry W. Jones 08/07/2003) (song#1859)

« Home » Why Celestial Navigation? ¢ History « Navigational Astronomye The Theory ¢ The Practice » Celnav

in the Classroom ¢ Vikings ¢ Navigational Instruments » Wayfinding * Schools « Quotations *« Resources e
Dante » Other Links « Webmistress

http://www.celestialnavigation.net/wayfinding.html (2 of 2) [9/6/2004 12:51:06 PM]


http://www.xensei.com/users/newfilm/NFC/navpage.htm

| “Quotations |

E‘M
U /3=

% f/,f’-'f" .

y
5

| "NaV|gat|on IS easy If it wasn't, they wouldn't be able to teach it~
to Sailors."

From James Lawrence, fishérman under sail; Sailing: Ba'rge skipper and
Sailmaker from Brightling Sea ,Essex, England.

He had bought a large map representing the sea,
Without the least vestige of land:
Andthe crew were much:pleased when-they. found it to be-
A map they could all understand

"What s the good of Mercator S North Poles and Equators
Tropics, Zones, and-Meridian Lines?"
So'the Bellman would cry: andthe crew-would reply
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"They are merely conventional signs!"

Lewis Carroll, The Hunting of the Snark.

"The boundarles of our country sir? Why sir,.on the north we are bounded by the
 AuroraBorealis, on the east we are-bounded by the rising sun, on the south we are
bounded by the procession of the Equinoxes, and.on the west by the Day of
: : Judgment. : : .

- The American Joe Miller's Jest Book _

Our state is shakéen by innumerable storms, and there is only one hope for its
future safety; just like a ship in'the middle of the sea which the winds grasp; it now
breaks up in the briny water. But if the brothers of Helen, shining stars, appear,

good hope restores those downcast spirits. '

Alciato's Book of Emble:ms,.'(pub. 1.'531)Emblem 43 "Sp'es Proxima” (Hope isllNear)

Is this the g'reatest opening passege in literature or what?

"Call me Ishmael Some years ago- never mind how long precisely- havmg

 little.or no money in my purse, and nothing particular to interest me-on'shore,
| thought | would sail about a little and see the watery part of the world. Itis a’

~way | have of driving off the spleen and regulatmg the circulation. Whenever

_ I-find myself growing grim about the mouth; whenever it is a damp, drizzly -
November in my soul; whenever.l find myself involuntarily pausing before . -
coffin warehouses, and bringing up the rear of every funeral | meet; and
especially whenever my hypos get such an upper hand of me, that it requires

~ astrong moral principle to prevent me from deliberately steppmg into the
street, and methodically knocking peoples hats off- then, | account it high
time to get to sea as soon as | can. This is my substitute for pistol and ball.-

- With a philosophical flourish Cato throws himself upon his sword; | quietly

- take to the ship. There is nothing surprising in this. If they but knew it, almost
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all menin their degree some time or other cherish very nearly the same
_ feelrngs towards the ocean with me.. : : : '

Herman Melville, Moby Dick

Ahab to:his Quadrant-

Foolish toy! babies' plaything of haughty Admirals, and Commodores, and .
- Captains; the world brags of thee, of thy. cunning and might; but what after all
- canst thou do, but tell the poor; pitiful point, where thou thyself happenest to
be on this wide planet and the hand that holds thee: no! not one jot more! -
Thou canst not tell where one drop of water or one grain. of sand will be to-
morrow noon; and yet with thy impotence thou insultest the sun! Science!

Herman Me_lville, Moby Dick

Sextant: an entertaining, albeit expensive, device, which, together with a

~ good: atlas, is:of use in introducing the boatman to many interesting areas on .
the earth's surface which he and his craft are not within 1,000 nautical miles -
of. : : :

Beard and McKie, Salllnq The Fine Art of Gettlnq Wet and Becomlnq III
Whrle SIowa Going Nowhere at Great Expense

With the sextant he made obeisance to the sun- god, he consulted ancient -
- tomes and tables of magic characters, muttered prayers in a strange tongue
- that sounded like Indexerrorparallaxrefraction, made cabalistic signs on *
paper, added and carried one, and then, on a piece of holy script called the
Grail - | mean, the Chart - he placed his finger on a certain space
conspicuous for its blankness and said, "Here we are." When we looked at
- the blank space-and asked, "And where-is that?" he answered in the cipher- -
.. code of the higher priesthood, "31 -15 - 47 north, 133 - 5 30 West " And we -
said, "Oh," and feIt mighty small. : _
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Jack London, The Cruise of the Snark

. The difference between the sun's position and the po‘sition where the sun’
.- ought to be if it were a decent self respectlng sun is caIIed the Equatlon of
Time. : .

Jack London, The Cruise of the Snark

 The Snark sailed from Fiji on Saturday, June 6, and.the next day, Sunday,
on the wide.ocean, out of sight of land, | proceeded to endeavour to find out
my position by a chronometer sight for longitude and by a meridian sight for
latitude. The chronometer sight was taken in the morning, when the sun was

- some 21 degrees above the horizon. | looked in the Nautical Almanac and
found that on that very day June 7, the sun was behind time 1 mirute and
26 seconds; and that it was catching up at-arate of 14/67 seconds per hour.

- The chronometer said that at the precise moment of taking the sun's altitude

- it was 25 minutes-after 8:00 in Greenwich. From this date it would seem a
schoolboy's task to correct the Equation of Time. Unfortunately | was nota
schoolboy.

Jack London, The Cruise of the Snark

Let me not to the marriage of true minds
Admit impediments. Love is not love
That alters when it alteration finds,

- Nor bends with the remover to remove.
Oh, no, it is-an ever fixed mark _ :
That looks on tempests and is never shaken.

- 1t is the star to every wandering bark

'~ Whose worth's unknown although.its height be taken.
Love's not Time's fool, though rosy lips and cheeks
Within his bending sickle's. compass come.
Love alters not with his brief -hours and weeks

' But.bears it out, ‘even to the edge of doom.
If this be error, ‘and upon me proved,

- I never writ nor no man ever loved.
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Shakespeare, Sonnet 116

- Joseph Conrad on death...

..| observed his weary eyes gaze steadily ahead, as'if there had been
nothlng between him and the straight line of the sea and sky, where
whatever a seaman is: Iooklng for is first bound to appear. But | .have also .

- seen-his eyes rest fondly upon the faces in the room, upon the pictures on
the wall, upon all the familiar objects of that home, whose abiding and clear

~ image must have flashed often on his memory in times of stress and anxiety

~ at sea. Was he looking out for-a strange Landfall, or taking with untroubled-
mind the bearings for his last.Departure? It is hard to say; for in that voyage.
from which no man returns Landfall and Departure are instantaneous,
merging together in one moment of supreme and-final attention.

Joseph Conrad, The Mirror of the Sea

ThIS one's on fllght but the same |dea applles to those Who onIy know
electronlc naV|gat|on

" One day the stars will be as familiar to each man as the landmarks, the
curves, and the hills on the road that leads to his door, and one day this will

- be an airborne life. But by then -men will-have forgotten how to fly; they will

- be passengers on machines whose conductors are carefully-promoted to a
familiarity with labeled buttons, and in whose minds the knowledge the sky -
and the wind and the way of the weather will be as extraneous as passmg
flctlon '

Ber_yl Markham; West wi_th the Night

Why -electronics will never be enough....

. The_new ship here is fitte_d according to the reported increase of knowledge
among mankind. Namely, she is cumbered end to end, with bells and
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trumpets and -clock and wires, it has been told to me, can call voices out of -
the air of the waters to con the ship while her crew sleep. But sleep thou .
Ilghtly It has not yet been told: to me that the Sea has ceased to be the Sea

_ Rudyard Kipling.

Here is John Milton writing on the ebliquity of the earth's axis:

- Some say, he bid his angels turn askance
“The poles of earth twice ten degrees or more
From the sun's axle; they with labour push'd
Oblique the centric globe: some say, the sun
Was bid turn reins from th' equinoctial road-
Like distant breadth to Taurus with the seven
Atlantic Sisters, and the Spartan Twins,
Up to the Tropic Crab; thence down amain
By Leo, and the Virgin, and:the Scales,
As deep as Capricorn, to bring in change.
- Of seasons to each clime. -

" "Paradise Lost"

~ Charles Kingsley on the constellation Andromeda:

- | setthee, " . :
' ngh fora star in the heavens a S|gn and hope for the seamen.

"Andromeda™

The wind has shifted; now it blows across .
our path and rises from the black west, now-
the air has thickened into mist. We cannot
hold out-against it, cannot keep on course.

Since Fortune has the better of us now,
Let us: obey and turn aside where she .
- has called. | think the faithful shores of Eryx,
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your brother, and Sicilian ports are not
far off, if only | remember right -
and can retrace the stars | watched before.

" Virgil, The Aeneid, frans. by Allen Mandeélbaum

| St. Paul before his.shipwreck-:

But soon a tempestuous wind, called the northeaster, struck down from the

~ land;:and when the ship was:caught and could: not face the wind, we gave
way to to it and were driven....As we were violently storm-tossed, they began.
the next day to throw the cargo overboard: and-the third day they cast out. -

- with their own hands the tackle of the ship. And when neither sun nor stars.

- appeared for many a day, and no small tempest lay on us, all hope of our
being saved was at last abandoned.

~Acts of the Aoos-tle, Ch. 27':14720:, -Revised Standard Version_

When | heard the learn'd astronomer,

When the proofs, the figures, were ranged in columns before me,
- When | was shown-the charts and diagrams, to add, divide, and measure

them, :

When | sitting heard the astronomer where he lectured Wlth much applause
" in the lecture-room, L S
~ How soon unaccountable | became tired and sick;,

Till rising and gliding -out | wander'd off by myself,

In the mystical moist night-air,.and from time to time,

Look'd up in perfect silence at the stars.

Wallt Whitman

Kenneth Grahame asks the pertinent question:

* " This has beena wonderful day!" said he, as the Rat shoved off and took to
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* the sculls. agaln "Do you know I've never been in a boat before in all my
- life." '

"What?" cried the Rat, open-mouthed. "Never been in a -- you never. --
well I -- what have you been doing; then’7“ : :

The Wind.in-the Willows

" Is it so nice as all that?" asked the Mole shyly....

"Nice? It's the only thing," the Water Rat said solemnly, as he leant forward
for his stroke. "Believe me, my young friend, .there is nothing -- absolutely -
. nothing -- half so much worth doing as simply messing about in boats.
. Simply messing," he went on dreamily: "messing -- about --in -- boats."

The Wind in the Willows

_ Just had to-throw these in because eV S0 many occasrons to observe
~ their truth!,

"You ain't gonna learn what you don't want to know."
_ The Grateful Dead
“In the face. of stupidity, the gods themselves are helpless."

Unknown, but my mother quoted it often!

" New quotes always welcome and actively solicited! Email the W_ebmistr'e'ss!'
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SCHOOLS

SCHOOLS

If you are in or near
Connecticut, check
out Sail the Sounds
for a two-day ashore,
one-day aboard
Celestial Navigation
course. My son got
certified in Coastal
Nav from here, and
they're awesome!

R
“: - GSTARPATE

Starpath has a terrific
home study course,
which | highly
recommend (I took it
myself). You get
email and phone
help from an
extremely helpful
staff.

(vean Navigator

Schosl of Seamanship
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The Ocean Navigator
magazine folks bring
you seminars given
in Maine and other
locations around the
country.



http://www.oceannavigator.com/site/onsos/coursedir.asp

SCHOOLS

Liveaboard courses
on the Saman, a 52-
foot ketch, in the Gulf
of Maine and the

ol @ i A SAI Il Caribbean. | haven't
JVITVV L E / \/ , = been on one but they

have received rave
reviews --- I'd love to
go!

The Planetarium at
Mystic Seaport in
Connecticut has ten-
week on-site courses
as well as one-day
sun shooting

FHeleome t ,@E/r/zc Cuport |
J.

Susan Howell's (see
my page),
which you can work
through yourself at
home.

Disclaimer: | get no money or anything else from these schools - | list them because | like them, and I'm
the boss of my webpage!
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This page lists all the resources that are discussed on the other pages of the
Celestial Navigation Net website.

SCHOOLS

The School of Ocean Sailing - onboard in Maine
Starpath School of Navigation - correspondence and onsite in Seattle. ALSO NEW ONLINE COURSE

Mystic Seaport Planetarium Courses - onsite in Connecticut
Ocean Navigator School of Seamanship - seminars in various locations
Windward Sailing School - ASA certification in celestial navigation off Amelia Island, Florida

Sail the Sounds - onsite in Connecticut

PRODUCTS

Starpath
Celestaire

Landfall Navigation
Land and Sea Collection

NAVIGATIONAL HISTORY AND INSTRUMENTS (See also Classroom Links)

John Harrison and the Longitude Problem

Medieval Scientific Instruments (kamal, cross-staff, and quadrant)
Hands-On Astrolabe Page

Keith Powell's Awesome Java Astrolabe

Chaucer's Treatise on the Astrolabe

www.astrolabes.org

A Short History of Sight Reduction

Seaman's Secrets - 1595

History of the Sextant

Scientific Instruments of Medieval and Renaissance Europe
Longitude at Sea, from the Galileo Project
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http://www.sailingschool.com/
http://www.mysticseaport.org/source/list_program.cfm?mprogram=24&mkind=participate
http://www.oceannavigator.com/site/onsos/coursedir.asp
http://www.windwardsailing.com/
http://www.landfallnav.com/
http://www.autodidacts.evesham.net/astro/index.html
http://www.mat.uc.pt/~helios/Mestre/Novemb00/H61iflan.htm

Resources

African Star Lore
How A Sextant Works
Navigation by Sextant

WAYFINDING

Traditional Navigation in the Western Pacific

Pacific Voyaging Society

Wayfinding, or Noninstrument Navigation from the PVS

Navigation in the Information Age: History and Context from Hawaii Nation.
Aboriginal (Native American) Astronomy

Videos

. The Wayfinders: A Pacific Odyssey
. The Navigators

CLASSROOM LINKS
Math and Science

Navigational Trigonometry

Astronomy Online Polaris project

Eyes on the Sky, Feet on the Ground - From the Smithsonian Astrophysical Observatory - Children's
Astronomy Activities. See their Chapter on Coordinate Systems and Celestial Mapping

Heavenly Mathematics: Highlights of Cultural Astronomy

Astronomy without a Telescope

Navigating Around the World by Observing the Sun

Nova's Shockwave Game on Finding Your Latitude

Projects

. How to Make a Quadrant

« How to Use a Quadrant

. Other Projects with Quadrants

. Measuring North Latitude at Night

. How to Use a Cross-Staff
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http://www.xensei.com/users/newfilm/NFC/navpage.htm
http://library.thinkquest.org/19029/quadprojects.htm?tqskip1=1&tqtime=0210

Resources

. Make your own planisphere

. Build Your Own Sextant

. Cardboard Sextant Kit - also here and here

History (See also Navigational Instruments and History, above)

Pre-1400 navigation

Age of Exploration

Christopher Columbus Navigation Page, with a Celestial Navigation page.
Discovers' Web

The Age of Exploration from the Mariner's Museum

Determination of Latitude by Sir Francis Drake - a page by Bob Graham.
Teacher's Guide to Teaching Longitude

Navigation During the Time of Columbus

Secrets of Ancient Navigation

Latitude: The Art and Science of 15th and 16th Century Navigation

How Columbus and Apollo Astronauts Navigated

American History

The Bowditch Initiative Website
Short Biography of Nathaniel Bowditch
The Underground Railroad: Connections to Freedom and Science - slaves used celestial navigation to

find their way north.
Institute of Navigation's Spring 2000 Newsletter -scroll 1/2 down to Portney's Corner for Lewis and Clark

celestial navigation article.
www.lewis-clark.org. - Articles on Formal Navigation by Lewis and Clark, Course, Time and Distance,

and Latitude and Longitude
David Thompson and Land Navigation (also Western Canada)

The Vikings

Viking Navigation

Viking Navigation and Astronomy
Viking Navigation

The Legend of the Viking Sunstone
Viking Sun Compass
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http://www.sonnenuhren-shop.de/english/karton.htm
http://www.win.tue.nl/~engels/discovery/index.html
http://scivis.com/AC/hist/viking.html
http://scivis.com/AC/hist/viking.html
http://www.griffithobs.org/IPSViking.html

Resources

TUTORIALS AND SUMMARIES

Umland's Short Guide to Celestial Navigation

Al Placette's Page

Omar Reis's Introduction to Celestial Navigation

Celestial Navigation Simplified, Parts | and Il

Bill Myers One Page intro

Douglas S. J. De Couto’s summary

Celestial Navigation Basics from John Jacqg

Powerpoint Navigation Slide Shows from Purdue's Naval ROTC (scroll down)
Penn State's Naval ROTC - Powerpoint slide show (Lessons 15-19)
Ed Falk's Sample Leg for the Silicon Sea Series

Celestial Navigation for Dummies

ONLINE DATA: Almanac Information, Lat-Lon Finders, etc.

Bowditch's American Practical Navigator Online

Almanac and Sight reduction Information from the US Navy

Find your latitude and longitude at ETAK

Publications 229 and 249 - Naval Almanac and Air Almanac at NIMA
Universal Time from the US Navy

Omar Reis's Online Nautical Almanac

Civil and Nautical Twilight, Sun and Moon Rise and Set

INSTITUTES AND FOUNDATIONS

The Foundation for the Promotion of the Art of Navigation
Royal Institute of Navigation

Institute of Navigation

Nautical Almanac Office

MISCELLANEOUS SITES

US Sailing's Requirements for Celestial Navigation Certification- the governing body for the sport of

sailing in the US.
The U.S. Navy's Celestial Navigation Page
Ocean Navigator Magazine

The Navigation List - archives
The Navigation List - webpage
Interactive Sextant

SOFTWARE AND JAVA PROGRAMS
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http://peck.ipph.purdue.edu/al/space.html
http://www.tecepe.com.br/nav/inav_c11.htm
http://www.bestboatsurveyor.com/celestial1.html
http://www.nav.org/cel/introduction.html
http://web.mit.edu/decouto/www/iap-nav/notes.html
http://jacq.istos.com.au/sundry/navig.html
http://www.adpc.purdue.edu/~nrotc/Classlinks/NS310/Fall02%20web.htm
https://navy.rotc.psu.edu/NROTC%20Classes/203/notes/notes.htm
http://164.214.12.145/pubs/
http://pweb.netcom.com/~navigate/celestial/nav.html
http://www.rin.org.uk/
http://www.ion.org/
http://www.nao.rl.ac.uk/nao/
http://www.ussailing.org/commercial/navigationcelestial.htm
http://riemann.usno.navy.mil/AA/faq/docs/celnav.html
http://www.oceannavigator.com/
http://www.wa6pby.com/

Resources

H. Umland's Freeware Page

Palm Pilot Celnav Program

Java Script Programs for Navigators by Jacky Wong

Omar Reis's Navigation Star Finder

Omar Reis's Navigator Light Computer Program

Walter Fendt's Apparent Position of a Star

Walter Fendt's Coordinate Graphic Java Page

The Electric Astrolabe

ASNAV and DeltaWin

Pocket Stars PC

AstroNav PC and Compact Data

BOOKS

Secrets of the Viking Navigators

Latitude Hooks and Azimuth Rings, by Dennis Fisher

The Stars: A New Way to See Them by H.A. Rey

Longitude: The True Story of a Lone Genius Who Solved the Greatest Scientific Problem of His

Time by Dava Sobel

Navigation in the Age of Discovery, By Duane A. Cline

Taking the Stars: Celestial Navigation from Argonauts to Astronauts by Peter Ifland
Emergency Navigation by David Burch

The Discarded Image by C.S. Lewis (the Ptolemaic model of the universe)

Carry On, Mr. Bowditch, by Jean Lee Latham

Adrift, by Steve Callahan

My Old Man and the Sea, David and Daniel Hayes.

Celestial Navigation for Yachstmen by Mary Blewitt

Practical Celestial Navigation by Susan Howell

We the Navigators: the Ancient Art of Landfinding in the Pacific by David Lewis
The Last Navigator by Stephen Thomas

Voyage of Rediscovery: A Cultural Odyssey through Polynesia by Ben. R. Finney
The Sextant Handbook by Bruce Bauer

The Star-Finder Book: A Complete Guide to the Many Uses of the 2102-D Starfinder by David

Burch
The Nautical Almanac, Commercial Edition

Long-Term Almanac 2000-2050 by Geoffrey Kolbe
Line of Position Navigation: Sumner and Saint Hilaire - the Two Pillars of Modern Celestial
Navigation by Peter Ifland and Michel Vanvaerenbergh
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http://www.tecepe.com.br/cgi-win/cgiasvis.exe
http://www.walter-fendt.de/a11e/celpoles.htm
http://www.marinesoft.org/
http://www.starpath.com/catalog/books/1831.htm

Resources

Out of Print - Worth Looking For!

. Airborne: A Sentimental Journey by William F. Buckley Jr.

. The Haven Finding Art: A History of Navigation from Odysseus to Captain Cook, by E.G.R.
Taylor

. A History of Nautical Astronomy by Charles H. Cotter
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Other | in ks of |nterest

(The Sun fn e Chuveh,

As a college teacher I liked to remind my students of the title of a comedy album by the Firesign

Theater: "Everything You Know is Wrong." It does, in fact, turn out that lots of things that "everybody

_knows" happen to be false, such as that any educated person back 2 1/2 millennia ever believed the

= world is flat . Another is the anti-science rap the Catholic Church has gotten ever since Andrew White
(a former president of Cornell) published his anti-Catholic screed, "A History of the Warfare of Science

- with Theology in Christendom," still being quoted on some web pages as legitimate scholarly history.

.4 J.L. Heilbron, a science historian, has written The Sun in the Church: Cathedrals as Solar
Observatories , published by Harvard University Press, which goes a long way toward setting the

- record straight.. "Centuries of oversimplifications have concealed just how hard Rome worked to

* amass astronomical tools, measurements, tests and lore. In its scientific zeal, the church adapted

| cathedrals across Europe, and a tower at the Vatican itself, so their darkened vaults could serve as

solar observatories. Beams of sunlight that fell past religious art and marble columns not only inspired

~ the faithful but provided astronomers with information about the Sun, the Earth and their celestial

relationship." So says William Broad in the New York Times - read more here. No one interested in the history of astronomy

should miss this - thanks to Helmer Askalsen for pointing me to it!

Helmer Aslaksen at the University of Singapore has a unique site on one of my
beloved passions - cultural astronomy. Calendars, the Equation of Time,
Archaeoastronomy, astronomy in culture and nature, sundials, moondials,
mathematics, navigation, cartography, Stonehenge, the Egyptians --- there are
more links and content here than are dreamt of in your philosophy! A truly
wonderful find.

Heavenly Mathematics: Highlights of Cultural Astronomy

Solar eclipse at the meridian line at S. Maria degli Angeli in Rome

Enjoy Harbor Tours of Greenporl, NY in the Elegance of
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http://www.amazon.com/exec/obidos/ASIN/0674854330/celestialnavig0d
http://www.amazon.com/exec/obidos/ASIN/0674854330/celestialnavig0d
http://www.amazon.com/exec/obidos/ASIN/0674854330/celestialnavig0d
http://www.nytimes.com/learning/students/pop/101999sci-astronomy-cathedrals.html
http://www.amazon.com/exec/obidos/ASIN/0595150136/celestialnavig0d
http://www.greenportlaunch.com/

Other Links of Interest

R. L. Crossland's novel is not about celestial
navigation (although it is mentioned!). It is a thriller
about a daring rescue attempt in the Siberia of the
Stalinist gulag - a kind of Saving Private Ryan for
the Cold War era, while ranging in space and time
from Viet Nam to Algeria to the Sea of Japan.

Most of these kinds of books are written by writers
who do tremendous research, but admit that all
their knowledge is book-learning. Crossland is a
retired Navy Seal officer, diver, parachutist, etc., so
the story has an immediacy that comes from
experience. It is also singularly intelligent, but even
if you don't catch the classical references, the book
will still captivate you.

Do you do the celestial navigation problems in the back of
Ocean Navigator magazine? Ever wish you had that kind of
knowledge and expertise? Well, now you can meet the
author and go mano a mano!

The author of those problems, David Berson, runs an
awesome excursion boat for harbor tours and private
charters -- the electric power Glory -- out of Greenport ,
New York, on Long Island Sound. No diesel fumes, and
imagine the peace and quiet! He has also captained, at
various times, such famous ships as the Harvey Gamage
and the Ocean Star.

Check out his website at www.greenportlaunch.com.

UBUNTU EDUCATION FUND

FOR THE CHILDREN OF SOUTH AFRICA

'ACADIA CENTER

'ror ENGLISH IMMERSION

A TRULY worthy cause. Go the the website and
read for yourself.

Summer English language courses for adults and families
from around the world on an island off the coast of Maine.
A wonderful place for sailing, and you can see every star in
the sky! If any of my international readers have a friend or
family member who wants to learn English, | guarantee you
cannot do better than the Acadia Center!

The seventeen remaining wild horses on Abaco Island are all named for navigational
stars. They are almost certainly the direct descendents of the first horses introduced into
- the New World. Click here for more information and how you can help.

|Disc|aimer - no one pays your webmistress for these links! They are here because | like them!
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www.celestialn avigation.net

Your webmistress uses that term, rather than webperson or webmaster, with the same
ironic stance taken by some of the new generation of young women, who have taken
back the sometimes condescending (when used by adults of other adults) "girls," and
proudly call themselves "grrris." She likes the term because it has 21st century
connotations and medieval-renaissance connotations.

Your webmistress has graduate degrees in philosophy (all-but-dissertation) as well as
literature and theology from Yale. She believes a bad day on the water is better than a
great day on land, and doesn't get to sail anywhere near as much as she'd like. Her
favorite star is Fomalhaut, but she is also partial to Aldebaran, the eye of the
constellation Taurus, and named her classic Bull's-Eye (get it?) sloop (just 15'8", hull
designed by Herreshoff) after it. She believes that one of the most beautiful things the
eye can behold is the line where the ocean meets the sky.

Y our webmistress welcomes submissions, new links, quotations, corrections,
notifications of broken links, whatever. Write to her.

« Home » Why Celestial Navigation? » History « Navigational Astronomye The Theory » The Practice » Celnav
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This was formerly adirect mail link

CONTACT

This was formerly a direct mail link - all you had to do was click on
"Contact" and a mail window would open. However, various web robots
look for "a href:mailto" hyperlinks in web page source codes., and | am
now receiving tons of junk email - a truly unbelievable amount - and | can't
filter it all out.

Therefore, | have removed the link. If you want to contact me, please email
cantoxxxiii at yahoo.com.

You will have to type the address in yourself with the @ sign.

back
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Dante, the Italian author of T he Divine
= Comedy, lived in the late 13th and early
' 14th centuries, and is, to my mind, the
world's greatest poet. "Shakespeare and
Dante divide the modern world between
them;" T.S. Eliot said. "T here is no third."

| have Dante to thank for my love of celestial navigation. The entire Comedy, his
greatest poem (so great that we know it as The Divine Comedy), is full of images of
ships, navigation, sailing, and stars (for example, the quote on the home page).  The
Purgatorio begins,

"To course over better waters the little boat of my genius now raises her sails..."

and the Paradiso reminds the reader that not everyone can commit themselves to
the open ocean - those of us who are following only in "little barks" would do well to
turn back to the shore, as the muses point Dante to Ursa Major and Ursa Minor. All
three books end with the word "stars;" one of the most famous last lines in literature
is the end of the Paradiso:

"My will and desire were revolved, as a wheel that is equally turned, by the Love
which moves the sun and other stars."

In a class | once took on Dante, when we came upon the celestial image of the sun
rising at a point which joins "four circles with three crosses," the professor suggested
that we skip over "all the astronomy stuff.” | knew next to nothing about astronomy
but wanted to understand this image, which turned out to be the Vernal Equinox - the
four circles were the ecliptic, the celestial equator, the celestial horizon, and the
equinoxial colure (Great Circle passing through the two celestial poles and the two
equinoxial points). After that | was hooked on astronomy, and since | already loved
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sailing, it was a marriage made in heaven.

Dante's earliest famous work is the Vita Nuova, the new life, which describes how as
a young man he first laid eyes upon a young Florentine girl, Beatrice. After her death,
he swore he would write no more of her until he could write something truly worthy,
and he kept his promise. Though he wrote poetry and prose all his life, he did not
write of Beatrice again until The Divine Comedy. It was written in exile from his
beloved Florence, and finished two months before he died. In it Beatrice is referred
to as the "Pole Star" of his life. The lesser critics believe there never was a Beatrice,
that she is an allegorical representation only. There is no way, they believe, that the
mere salutation of the girl could have so radically changed and influenced Dante's
life so. They have never experienced such a phenomenon --- more's the pity.

| prefer Dante in the Italian, in John Singleton's version with a prose translation on
the facing page. Unlike some Dante scholars, | recommend that people new to Dante
read the John Ciardi translation of the Comedy. It includes notes for each chapter
that are good when they are on history and not so good when they are on theology,
but at least they are right there, and the translation is eminently accessible. The
Digital Dante project has an online version of the Comedy with parallel translations

by Mandelbaum and Longfellow to the Italian.

| would like to thank my virtual friend Helmer Askalsen for pointing me to "Celestial
Themes in Art and Architecture" at Dartmouth. There are some beautiful pictures

(Giovanni di Paolo's and Gustave Dore's) at this site, arranged in order of the model
of the universe as it was imagined in Dante's time - the nine spheres of the heavens
in the Paradiso.
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http://dante.ilt.columbia.edu/
http://dante.ilt.columbia.edu/new/comedy/index.html
http://www.dartmouth.edu/~matc/math5.geometry/unit10/unit10.html
http://www.dartmouth.edu/~matc/math5.geometry/unit10/unit10.html
http://www.amazon.com/exec/obidos/ASIN/0140442162/celestialnavig0d
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Land and Sea Collection

Home
NEW SEXTANTS

USED - PREOWNED
SEXTANTS

C.PLATH CLASSIC

C. PLATH ALUMINIUM
SEXTANT

C. PLATH SEXTANT
COLLECTOR QUALITY

SHIPBUILDERS PLATES

SHIPS CANNON - 18th
CENTURY

SHIPS CLOCKS

RADIO ROOM CLOCKS -

SOLAS

ABOUT OUR MODELS

STEAM, MOTORSHIP &
WARSHIP MODELS

USS ARIZONA BB 39

CLASSIC MOTOR YACHT

GARWOOD SPEEDSTER

PT 109 MODEL

TRAWLERS - WORK BOATS

T.S.S. NORMANDIE

U.S. DESIGN MODELS

SAILBOAT DIMENSIONS

CATBOAT MODEL

Land and Sea Collection

Is the
source for
fine quality
ship and
aircraft
models,
vintage
ships
clocks,
polished
brass
nautica, shipbuilders plates, marine antiques, and
Is the largest seller of used and pre-owned marine
sextants on the internet.

AUTHENTIC SHIPBUILDER'S PLATES

You are visting the home page
of the Land and Sea Collection
where you will find a collection
of the finest marine antiques,
shipbuilders plates, nautica,
ship and aircraft models, and
the largest re-seller of

OF DISTINCTION

SCHOONER BLUENOSE - MEDIUM SIZE
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Land and Sea Collection

AMERICA SCHOONER
MODEL

ATLANTIC SCHOONER

BLUENOSE SCHOONER

MODELS

WAWONA SCHOONER
MODEL

SKIPJACK MODEL
S&S DORADE MODEL
S &S YAWL ODYSSEY

HERRESHOFF 12.5

FRIENDSHIP SLOOP

J CLASS RAINBOW

TALL SHIP MODELS

VINTAGE AIRPLANE
MODELS

MARINE and NAUTICAL
ANTIQUES

SHIPS LIGHTING

PAY HERE - VIEW CART -

LINKS

previously owned sextants in
the U.S.

We have both a Maritime and
Aviation Industry background
which enables us to search out
hard-to-find items of an
unusual nature which we make
available at fair and honest
prices backed by our
reputation for fair dealing. As
collectors of fine arts,
antiques, ship, boat and plane
models we have an eye for
beauty and value, and enjoy
passing our knowledge on to
our customers.

NEWLY LAUNCHED - SEE DETAILS

Some of our memberships
include the: Association of
Naval Aviation, Silver Wings,
The Tailhook Association,
Naval Academy Sailing
Squadron, McCampbell's Aces
Squadron, and the Naval Order
of the United States.

INTERNATIONAL BUYERS WELCOME.

We have customers in Australia, Austria, Belgium, Canada, Chile,
England, France, Germany, Holland, Ireland, Italy, Kuwait,
Mexico, Saudi Arabia, Spain, USVI and the Eastern Caribbean.

The list is growing weekly. Email us for details because there are
some extra processing costs in sending interantional shipments.

OUR UNCONDITIONAL GUARANTEE

OUR UNCONDITIONAL GUARANTEE: For products other than
sextants*, if not completely satisfied with your purchase it may
be returned, if without damage, within five days of receipt in its
original condidtion and packaging. Return items must be insured
for their full value. A prior email authorization by us for the return
Is required. Unfortunately, no refund can be made for the cost of
shipping, packaging and handling.

* Please see guarantee under new, and previously owned sextants which
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Land and Sea Collection

varies bewteen the two and our other products.

We sell high quality products, at fair and honest prices, and back
them by old fashioned customer service. That's not a catchy
slogan, its a fact.

Please email us at info@landandseacollection.com
for information, detailed descriptions and prices.

Copyright 2004, 2003 by Land and Sea Collection, All Rights Reserved

Oriental Arts Group

3781

Since 18 JAN 2004
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ABOUT
Courses Welcome to Starpath School of Navigation. We offer training and related products in all
. phases of marine navigation and weather. The [About] link describes the school, the orange
Register WebCards

= Help [?] and Info [i] links explain how to use this website.
]
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Online Courses Now Available!
;I'.H.r.i._l.lll. : ﬂ . L Starpath now offers a wide variety of online courses and resources. The
T & serial number from your past or present Starpath purchase provides you
with a WebCard which in turn grants access to the Online Classroom.

Celestial Navigation Section

For navigation out of sight of land—using timed sextant sights of the sun, moon, stars,
and planets—we offer classroom and home study courses, star maps and star finders,
books, tips, articles, sextants, and Internet links. We have many years and thousands
of miles of experience actually doing this, as well as teaching others how to do it.

Inland and Coastal Navigation Section

For navigation in sight of land—or in the fog, power or sail, in large or small
vessels—we offer classroom and home study courses, plus the required tools and
books. We've also collected an extensive set of internet links to marine navigation
resources on the net.

Radar Section

This is the home website of the Starpath Radar Trainer software and related textbooks
on practical application of marine radar. You will also find tips on combining radar with
GPS and depth sounder for safe, efficient navigation.
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Marine Weather Section

Preview our Starpath Weather Trainer software, home study courses, and classroom
courses, designed to teach mariners how to interpret and apply available weather
data. Explore our convenient links to marine weather data and new section on how to
read weather maps.

Navigation Rules Section

Tips on the best way to learn the Rules plus all the resources you need to do it —
books and software, and internet links to admiralty law, CFRs, USCG marine safety
office, and other legal matters. Plus free download of the International, US Inland, and
Canadian Navigation Rules.

Emergency Navigation Section

You can learn all the best ways to navigate with limited instruments, or none at all.
Read about David Burch's text on Emergency Navigation. You'll also find information
on the novel and useful Emergency Navigation Card and planetarium classes on
steering by the stars.

About Starpath | Online Catalog | Study Online | Site Map | Tech Support

Copyright © 1996-2003
Starpath Corporation
designed and hosted by

[ -
Requires a onetime-only anti-spam confirmation.
WEE BERYICES

E-mail Starpath
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Secrets of the Viking Navigators Price: $20.00

by Leif K. Karlsen

Average Customer Review: Yool
Usually ships in 2 to 3 weeks

6 used & new from $19.00

Eligible for FREE Super Saver Shipping on orders over $25. See
details.

@ Addwocat

Add to Wish List )
Or buy used: $19.00

o

David Burch, Ph.D. Director, Starpath School of Navigation,
Seattle, WA

Most navigators have heard of Viking sunstones; few realize they are
more than legend. Karlsen has brought them to life.
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by Michel Vanvaerenbergh
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Celestial Navigator
by George C. Bennett
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CelestNav™ turns your PalmOS handheld into a full-featured
calculator for celestial navigation.
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CeestNav for PAmMOS

CelestNav™ requires 204k of free memory, and runs on all PalmOS compatible systems
version 3.0 and above, including Handspring Visors, Sony Clies, and Handera and TRG units.
The free math library Mathlib, written by Rick Huebner, is required; a copy isincluded for

your convenience.
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Try it:

Download afree, fully functional, 10-day demo of CelestNav™. Current version is 2.5,
released October 12, 2002.

If you are already a CelestNav™ customer, thisis also the file to download for your free
version update.

. CeestNav™ 2.5 for PAlmOS, MacOS archive (Stufflt format) for installation on your
handheld (388 k)

. CelestNav™ 2.5 for PAlmOS, Windows archive (ZIPfile) for installation on your
handheld (400 k)

. CelestNav™ for PAmOS, native PalmOS format (.PRC) for direct download to your
handheld

. betaversion of the next release, CelestNav™ for PalmOS, native PAlmOS format
(.PRC). Updated 25 Feb 2004. Do not use 3.0beta for navigation.

Tutorial

Here's an online copy of the CelestNav™ tutorial.

Buy it:

$49.95. Version 1 customers receive version 2 as afree upgrade.

. Electronic delivery direct from Mobile Geographics. Get your password in seconds!
iccocisivozi : l ‘"' |mmlr.rszcu|:
¥isA @ ! 35 Certified Merchant

. aCD version from Celestaire, Inc.. Or by phone at 1-888-navigate, 1-316-686-9785.
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FAQ

Here are answers to some frequently asked questions.

Register your CD purchase

If you have purchased the CD version of CelestNav™, register here for free upgrades.

CelestNavIM features:

. computation of fix position from celestial observations.

. perpetual nautical almanac for navigational stars, Moon, Sun, planets.

. Mercator and Great Circle sailing computation.

. computes range, height, sextant angle for lighthouses and other terrestrial objects.

. twilight, rise, set, meridian passage computation.

. automatic timing of sextant observations and adjustment to UTC.

. handles backsights, non-standard atmospheric conditions, and more.

. sight reduction screen with the functionality found in publications H.O. 229 and H.O.
249.

. continuously updated dead reckoning position.

. "finger-friendly" data entry screensfor celestial observations, angles, dates, and times.

Look at some screen shots or read the tutorial.

Buy these essential books:

amazoncom

Click here |}

2003 Nautical Almanac (Commercial edit ion)
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amazoncom

Click here §

aOne Hundred Problemsin Celestial Navi gation. A collection of
problem sets, with answers. Each chapter follows a segment of a voyage; the voyages
arein different parts of the world, and different vessels (including adirigible!). Gray
makes no assumptions about ho w you're working the problems.
. More navigation books

Other navigation and astronomy software

These programs are written by others, but are very helpful in navigation.

Astronomy software guide
These programs are written by others, but are very helpful in navigation.

Astronomy software guide
Guide to astronomy and starchart software for PAlmOS.

Tide Tool
First-rate tide and current prediction tool. Covers the entire world except for the British
Isles. Free!

Big Clock
Clock, timer, and stopwatch program. Also the easiest way to set the Palm's clock to the
nearest second. Free!

Other handheld platforms

CelestNav™ requires PalmOS. It will not run on PocketPC platforms.
For a celestial navigation program and starchart program that does run on PocketPC, we
recommend Pocket Stars, by Nomad Electronics.

Hardware:

Buy your PalmOS handheld organizer online.

M obile Geographics L L C <webmaster @mobil egeographics.com>
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Navigator Light Software

(requires Flash 5 plugin )

©Copr 92-2k Omar F. Reis - All rights reserved
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XTant project - Build your own sextant

download purchase feedback visible sky almanac how to

level of difficulty intermediate

The X-tant project

Build your own sextant

Note: Since | published this text, I've done another, much

easier sextant using a CD and its box. Click the banner to =¥ ThE C D'SEKta nt

the righ to visit it. .
build your own sextant

But the octant described in this text is better ;-) 2= easy cheap and fun

From times to times | get tired of writing abstract computer programs. This time | decided to do a more concrete
project: a sextant (actually, an octant). I'm not a very experienced craftsman and don't have a equipped shop. The
design is simple and can be reproduced with hand tools. | used a small jigsaw and a belt sander. | have made no blue
prints.

In tests, when compared to a Davis plastic sextant, this octant did agree within 6' (see test results in the bottom of this
page).

My octant parts ... .. assembled

Printing the Scale

The scale is probably the most difficult sextant component to do using traditional techniques. It must be very precise
and allow reading degrees and minutes, with accuracy at least within 5' of arc.
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XTant project - Build your own sextant

Fortunately, most of us have a precise printing equipment right on our desktop: a inkjet or laser printer. These
machines can print 300 dots per inch (1200 for laser), with enough precision to print a good sextant scale.

- Laser or inkjet ?
Oplions o g Pt oty
' Mirod ceodant [1ca/Z] A Fort. D patomie ¥ Pertal heasticall . . o
betnueed ypw [Octaed L swispse T3 1™ Landicape fronontal] Laser printouts are more resistant to water than inkjet ones.
B Print scale Perkes sthg. | chocos Purier | And have better resolution. Use a laser printer, if available.
Sestant posbs pairder Toop 2001 Omer Fles ComariBtecepe combrr g Awive, leoape. com, bi/nav/s
S But a inkjet printer will also do the work. If using a inkjet
e o . scale, protect it from water spray, either by adding a thin
! \ layer of transparent plastic or by taking extreme care with
—— the instrument...
Y .-'II "". ,'"l
K‘". 1':\__ L
/ Y
.'Il l“-
|'lr 'l"u
.'I-I- ..I'.
/ \ .
/ \ Sextant scale printer program
."l.lr .II.I"-
/ Y In order to achieve the best results, | wrote a small scale
/ Y printing program. This will print the sextant scale using
/ \ vector rendering, for best resolution. The scale will be the
' \ S : :
/ \ larger possible in the current printer page size.
! \
i L1 .
I_: Negalce X-1art SCale - ooy LECER S0 Erinans ”»_1 To the left, you see a screenshot of my XtantScalePrinter
/ \ program. | used the default options in my project, but you
;, \H\ may experiment with other designs (sextant types, ticks per
/ Y degree etc.).
XtantScalePrinter - download here |}
For Windows, 192.874 bytes - This program can be freely used for

personal, noncommercial purposes, provided that the credit (hame and
URL) is not removed from the printed scales.

The Vernier scale

Since | didn't have the sophisticated machining equipment
required, | discarded the idea of a drum sextant and went
on to build a vernier scale sextant. Vernier sextants 70

appeared before the modern drum sextants. In the vernier | -
scale sextant, each degree in the scale is divided in 3 ticks i
(20" wide).

Vernier scale
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The vernier scale precision can be as good as a drum
90 scale. The only difference is that the vernier scale requires
a much more delicate handling of the sextant arm while

80 trimming.

Reading the vernier scale is easy, once you get used to it.
7 In the scale to the left, the index reads 76° with minutes
; between 20" and 40’ (tick A). In the vernier, we can see that
the 6th vernier tick coincides with the index tick, so the
reading is 76°26'.

Below are the three basic X-tant types. The octant can measure up to 90°, the sextant up to 120° and the quadrant up
to 180° (see below). | choose to build an Octant, since this design fits better in a A4 printer page, giving the largest
possible degree size in the scale, for best detail. And the 90° scale is enough for most observations.

Quadrant

Sextant

Octant

X-tant types

| used A4 ink jet sticker paper to print the scale (the ones used for printing labels). Choose a paper with no cuts. After
printing the scale, check how good is your printer, using a compass to see if the index is a perfect circle segment.
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Scale Transfer - An alternative way to print the scale was suggested by Mr. Schmit, by email:

"When you print documents with laser printers or photocopiers it is done by fusing the toner on the paper. You can transfer the
print on any solid heat resistant material by refusing the toner with a very hot ‘cloth iron'. Place the laser printed document on the
cleaned material (printed side facing the surface) then apply the iron on the paper back just long enough to melt the toner. | used
that to make gratings and reticules on glass or metal sheets and it's working fine if your print is strong enough... but the print
must be reversed! "

While this reversed print is not directly supported by the scale printer program, most printer drivers (e.g.: HP) offer this as an
option. Open the "Printer Setup” dialog, click "Properties" and check the "reverse horizontally" checkbox.

Another way was suggested by Mr. Kunnar:

"1 used inkjet iron transfer paper. It is a kind of plastic that can be transfered to clothes using a hot iron. Since the ink ends up
trapped between the sextant frame and the plastic layer, this scale is water proof".

Instrument frame

| used a 3 mm tick acrylic board for the instrument frame. This material is easy to machine and is relatively rigid.
Acrylic boards are usually sold in large sizes, so you might want to search for someone who works with this material,
in order to get the small piece you need with minimum expense.

The size of the sextant will depend on the printed scale size (that’s why there is no blue print). So, you will only
"design" the instrument after you have stick the scale on the acrylic board.

The acrylic board comes with plastic layers in both sides, for protection. It's a good idea to keep this protection as
long as possible, because the acrylic will be easily scratched. | carefully lifted the plastic protection (see below), stuck
the scale and put the plastic back in place, so the sextant scale was also protected while machining the frame.

Lift the plastic protection, stick the scale, and put the protection back in place
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XTant project - Build your own sextant

After printing, cut around the scale, leaving like 3 mm around the outside line.

Sticking the printed scale in the board is a critical operation. It must be perfectly stuck, free of air bubbles or ripples.
Otherwise the scale will not be correct.

Remove from the sticker paper backing completely. Hold it with the two hands and gently place in the acrylic board,
the arm axis circle first. Then use one hand to spread the scale, while holding the other side. Keep the paper slightly
tensioned, but not so much as to distort it. If you make a mistake, you probably will have to print another scale and
start again.

After this, you can use a marker pen to
draw the parts (frame, arm and vernier).

The arm window (where the scale is read)
must be sized and positioned so that you
can see both the scale and the vernier
touch point (that will define the arm radius).
My octant arm is about 40 mm wide.

When designing the arm, measure the
scale radius and add 10mm on either side
(towards and away from the arm axis). My
 arm window is 30 mm wide.

The image to the left shows the 3 frame
parts, marked and ready to be cut.

| cut the parts with an electric jigsaw, with thin teeth blade. Take care when cutting along the scale ticks. Never cut
across the scale line. If you are careful, you can cut as close as 0.5 mm from the scale. Then you will have little
trouble sanding out the rest, until you precisely reach the fine scale line. Use fine sanding paper for finishing the scale
arc.

Also carefully cut and sand the vernier contact point, testing frequently against the scale arc. The vernier and scale
contact must be as close as possible.
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To drill the arm axis hole, first mark it with a hard point. Drill a

2mm lead hole and then a 7 mm hole. Use sharp drills. Do the
same in the frame and make sure the hole center is precisely

positioned.

I inserted a 7 mm hard plastic tube in the axis, so there is no
contact between the arm and screw as the arm is moved (only
between the tube and arm). Bond the tube to the frame.

The axis screw goes in the middle, with twin nuts. Make sure
there is no slack in the arm axis setup

After cutting, drilling and sanding, you can assemble the arm and
frame for the fist time. Then you can position and bond the vernier
in the arm, using a couple small drops of loctite (Cyanoacrylate
glue). Use small self tap screws to secure the vernier.

If you did these steps right, the vernier should be in smooth, close
contact with the index, as you slide the arm along the arc.

Add a plastic device in the back of the arm to press it against the
frame (the green part on the left image). It is important to have
some friction between the arm and frame, so the instrument will
hold the reading if left alone (i.e. the arm will not move by itself).
This is also important for fine trimming.

Mirrors

| used 2 equally sized glass mirrors (46 mm x 24 mm, 3 mm tick). Any glass shop will cut these for you. As you know,
one of the mirrors must be half silvered. So you must remove half of the mirror silver backing. | used a paper cutter

blade for this job (Olfa cutter).

First make a sharp longitudinal cut along the middle of the mirror. Then scratch half of the epoxy protective layer from
the back of the mirror, with the blade inclined. The epoxy backing is a hard material, but will come out with patience.
Don't use any abrasive material or the blade point, to avoid scratching the glass. Once the epoxy is gone, the silver is
easy to remove, rubbing hard with a wet cloth. In the end, the glass must be clear and scratch free (fig. below).
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Mirrors

o ) back surface mirror front surface mirror
Note: You may be tempted at this point to use a thinner m miror) (inox plate)
mirror and eliminate the transparent part altogether.

Don’t do that. This would introduce a refraction error.
The direct (horizon) light ray must pass thru the glass, as
the light ray from the star does.

This can only be done if you use a front mirrored
surface, such as a polished inox plate.

Mirror holders

| used a thicker acrylic for the mirror holders (4mm), as these parts are sometimes subjected to abuse. They will also
have to be fixed with self tap screws so a thicker material is better.

Both mirrors must be supported by three contact points (from geometry, we know that 3 points are required to define
a plane). | used 3 supporting screws to position each mirror. Some of the screws are adjustable, for mirror trimming,
and some are fixed. For the adjustable screws, | used Allen screws, which have a large head, easy to turn by hand.

The fixed points are regular inox nut screws.

Make a point in all screw tips, to reduce the contact area between
mirror and screw to a point. | also added thin metal plates to prevent the
mirrors from moving sideways while trimming.

To ensure a perfect contact between the 3 screws and mirror, | used
rubber bands (see right). These press the mirrors against the screws.
Commercial sextants use metal springs for this function, but | could not
find any suitable part in my junk collection.
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backview

The arm mirror holder is basically a rectangle, with a side
supporting plate. The arm mirror has one adjustable screw (top
screw in the figure above). Make a 1mm deep housing for the
adjustable screw nut and bond it to the acrylic, so it wont move
when you trim the screw.

The frame mirror holder is a T shaped part, with 2 adjustment screws (below). Cut a window, so that the sight thru
the glass part of the frame mirror is clear.
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After completing the two mirror holder setups (i.e. after drilling, cutting, sanding and securing the mirror screws), you
can bond them to the frame and arm. Start with the arm mirror.

The arm mirror assembly must be positioned so that the center of the mirrored surface (the back surface of the mirror)
is over the arm axis center. This way the center of the mirrored surface (i.e. the back of the mirror) remains fixed while
the arm is moved.

Make sure you have space to introduce and remove the arm axis screw, or you wont be able to assemble and
disassemble the arm. After bonding with Loctite, use small flat head self tap screws to secure the assembly to the
arm. Make a housing for the screw head, to avoid interfering in the arm movement.

After securing the arm mirror assembly, set the arm to 0°00' reading and place the
frame mirror assembly parallel to the arm mirror. | used a Lego Dupplo block (the
large blue piece) to support the frame mirror assembly. This way the right angle
between the frame mirror and instruments plane is garanteed.

| like to use Lego parts (no, I'm not Lego sponsored) because they are widely

available (at least in my house floor), have good dimensional precision and there are
all sorts of blocks and devices.

Make sure both mirror holders are firm, by bonding and securing with screws. Having reached this point, you already
have a sextant to take twilight sights. But you still need shades do take Sun sights.

Shades
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As shades for Sun and Moon sights, | used 35 mm dark negative photography film
(there is one in the end of every film roll). The negatives were mounted in slide
frames. | used double negatives for the Sun frame and single for the Moon.

Both slide frames are removable and are attached to the instrument frame using Lego
blocks (the yellow one in the pictures above). | must say I'm not happy with this
fixation solution. A more skilled (less lazy) craftsman would probably do a better job,
with some pivoting design.

The thing to watch here is the shade position. The filter surface must be orthogonal to
the line connecting both mirror centers. This is to avoid introducing a refraction error. _
Try to position the slide center in the line connecting the two mirror centers. Sun shade

Don't make the same mistake | did, letting the shade support interfere with the arm at
large angles. The arm must go at least up to 90° (for the octant).

No eyepiece ?

| was looking for a good 2x or 3x small telescope that | could use as an eyepiece for my sextant. | played with small
toy telescopes, but results were poor. In the end, | decided to use no eyepiece. This actually gives a lot of freedom
handling the sextant.

When taking a sight, remember to hold the instrument so that your eye is on a plane parallel to the instrument's and
containing the fixed mirror silver-glass division. This is easy to find: turn the instrument up until you face the fixed
mirror. In this position, you should see half of your eye in the silvered part of the mirror. Move it sideways until you see
it. Then turn the instrument back down to observation position.

Trimming the mirrors

Trimming this octant is no different then any other sextant.

First trim the arm mirror adjustment screw. The arm mirror must
be perpendicular to the arm/frame plane. This may be checked
by looking at the index scale reflected in the arm mirror. The
reflected index must be perfectly aligned with the index part you
see directly (green arrow on the right).

|

Then trim the frame mirror. This is a little trickier, because two screws have to be trimmed simultaneously. Set the
arm to 0°00' and point the instrument to a far object (like a star or boat far away). Then trim the two screws until the
object remains a single image while you swing and rock about the instrument axis.
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Sun sight

Sextant Field Test

| did some tests comparing the same vertical angles, measured by 3 different

instruments:

1. A Kern theodolite

2. A Davis MK15 plastic sextant

3. My Octant

The theodolite (a survey instrument) is presumably more precise than the
sextants and was used as a benchmark. Sextant angles were corrected for
index error. | measured 4 vertical objects, obtaining the following results:

As future improvements, | would change to a better shade positioning
system, add a nice handle and a case (I'm currently using a cardboard
box). The case is probably the most important of the three, for a sextant
- like a violin - is not be left hanging around, if it is to last long.

There are many materials, design ideas and garage junk devices that
can used to build a Sextant. If you build such an instrument - using

these ideas or not - | would like to hear about it. | would also be happy
to publish other design solutions here.

A sextant is a fun thing to build, and getting a precise reading from your
own instrument is one thing that will make you feel good.

Object #| Kern theodolite Davis sextant My Octant
1 7°41' 7°42' +1' 7°42' +1'
2 22°24' 22°19.5' -5 22°25' +1'
3 41°37 41°44.5' +7' 41°42' +5'
4 56°42' 57°01| +19' 56°55'| +13'
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>>"The American Practical Navigator " by Nathaniel

Bowditch
ISBN 0781220211 - 1200 pages

buy from Amazon

History:

1. (jun/02) - Added text about inkjet printed scale problem with water spray.
2. (oct/02) - Added a arm axis screw diagram

3. (nov/02) - Added sextant test results and note about laser print transfer.
4. (fev/04) - Added note about mirror refraction

©Copr 92-2k Omar F. Reis - All rights reserved

http://www.tecepe.com.br/nav/XTantProject.htm (13 of 13) [9/6/2004 12:52:32 PM]


http://www.amazon.com/exec/obidos/ASIN/0403098955/forumolimpico
http://www.tecepe.com.br/nav//feedback.htm#AUTHOR

Worksheets

Reader Page

Kind reader Harold Arsem sent me two pdf files of worksheets for those using HO
249. You need a free pdf reader to open these, available at www.acrobat.com.

Worksheet1

Worksheet 2

Peter Kempees has sent the following for my European readers:

The German Amazon -- www.amazon.de (in German) -- sells the cardboard sextant

online. Might be of interest to European readers, perhaps. So does this French site:
http://www.navastro-boutigue.com/index.html (in French). And here is the German

manufacturer: http://www.sunwatch.de/seiten/produkte/instrumente/sextant.htm (in
German).

The English version of the cardboard sextant kit is available at Celestaire.

« Home » Why Celestial Navigation? » History « Navigational Astronomye The Theory » The
Practice » Celnav in the Classroom ¢ Vikings ¢ Navigational Instruments ¢« Wayfinding ¢ Schools ¢
Quotations * Resources » Dante » Other Links « Webmistress

http://www.celestialnavigation.net/reader.htm [9/6/2004 12:52:33 PM]
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AstroNavPC and Compact Data 2001-2005

Book

Categories:

Celestial Atlazes
& Catalogs

CCD's &
Astrophotography

Handbooks

Math & Celestial
Mechanics

Photoelectric
Photometry

Almanacs

Telescope Making
& Optics

History of
Astronomy

MNavigation

ON-LINE
ORDERING

HOME
WHAT'S NEW

SOFTWARE

SOFTWARE
UPGRADES

AstroNavPC and Compact Data 2001-
2005:
Astro-Navigation Methods and Software for
the PC

by Her Mgjesty's Nautical Almanac Office, 6 by 9 inches, 152 pages, includes
AstroNavPac on IBM-PC readable CD-ROM. Ship wt. 1 Ib. 8 Ozs., $34.95.

A ‘TRONAvPC

JElEt Data

7001 2005 WP ASTRONAVEC

Astro-Navigation Methods / am‘iﬁﬁ?ﬁfﬂ: !
and Software for the F[‘, =

| Nl ri=Noi mrabuen
| nl il '| L Mirthads aned
| Sl Um i

Her .Hhin.!r':- satical Almanac O

View the Table of Contents
(requires Adobe Acrobat)

View Screen Shots and Take a Quick Tour

This book provides ready-to-use software, algorithms and tables developed by
Her Majesty's Nautical Almanac Office for calculating the positions of the
Sun, Moon, navigational planets and stars to a consistent low precision (about
0.1).

The software package, AstroNavPC, which meets the requirements of the
Royal Navy is supplied on a CD-ROM and enables navigators to compute their
position at sea from observations made with a marine sextant using an IBM PC
or compatible for the period of 1986 January 1 to 2005 December 31.

The software includes functions for calculating distance and course between
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AstroNavPC and Compact Data 2001-2005

two locations on arhumb line or great circle track, together with way points,
although these algorithms are not described in this book. AstroNavPC aso
deals with journeys that consist of several discrete changes in speed and/or
course, called legs. It also calculates times of rising and setting, including civil,
nautical and astronomical twilight, for any location and for al the navigational
(heavenly) bodies. It will also calculate the atitude and azimuth of the bodies,
and displays their positions on the screen. The Greenwich hour angle and
declination of the bodies, including the Greenwich hour angle of Aries may be
displayed in the form of an almanac. These features are useful for planning
astronomical observations, and for determining the observability of the bodies.
The navigational bodies involved are the Sun and Moon, the navigational
planets, Venus (centre of light), Mars (centre of light), Jupiter and Saturn, the
57 navigational stars (published in The Nautical Almanac), and the pole stars,
Polaris and sigma Octantis. The precision of GHA, DEC and where
appropriate, horizontal parallax and semi-diameter, is around 0'.1 except for
the Moon wheniitis0'.2.

For those navigators and astronomers who want simple and efficient methods
suitable for a small programmable calculator or a personal computer both
algorithms and tables are also provided. The main tables contain monthly
polynomial coefficients for calculating the Greenwich hour angle (GHA) and
declination (DEC) of the Sun and navigational planets, daily polynomial
coefficients and monthly Chebyshev coefficients for calculating GHA, DEC
and horizontal parallax of the Moon, and five yearly coefficients for
calculating the GHA and DEC of the navigational stars. These ephemerides
and methods are also used by AstroNavPC. As afurther aid to do-it-yourself
programmers the CD-ROM also contains the compact astronomical data (1986-
2005) in ASCII format, enabling the data to be read directly into a PC.

In 1767, the first Nautical Almanac was published under the auspices of the
fifth Astronomer Royal, Nevil Maskelyne. Some sixty years |ater, the Nautical
Almanac Office was established at the behest of the Royal Society to ensure
that The Nautical Almanac and other astronomical data were published to a
high standard. These were the requirements of both the astronomical
community and the Nautical Almanac Act of 1828. In 1911, as one of the top
five amanac producersin the world, HM Naval Office (NMNAO) started a
collaboration with the U.S. Naval Observatory and others which continues to
this day. This collaboration is stronger than ever and is responsible for The
Nautical Almanac and The Astronomical Almanac and several other more
specialised publications for the Armed Forces, Seafarers, Surveyors, aswell as
Astronomers. HMNAO enjoyed along association with the Royal Greenwich
Observatory until its closure in 1998. The Office continues to produce
astronomical datafor awide range of users from its new home at the
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Rutherford Appleton Laboratory.

http://www.willbell.com/navigation/astronav.htm (3 of 3) [9/6/2004 12:52:37 PM]



Sail the Sounds, ASA Sail Training Center (Mystic CT)

Basic day sailing through ocean cruising
CT Safe Boater License
Docking Clinic
Basic Chart & Compass Navigation

Electronics (GPS">
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Sail the Sounds, ASA Sail Training Center (Mystic CT)

B=R American Sailing
Association Training Center

Basic day sailing
through ocean
cruising

CT Safe Boater
License

Docking Clinic

Basic Chart &
Compass
Navigation

Electronics (GPS,
computer chart
plotting)
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--Our Sailing Club Training Package isthe
fastest and most economical way to learn!!
The Navigation Package is necessary for your
safety and confidence - from basic compass
courses through electronic charting and GPS
interface!! Complete our three-day Bareboat
Charter Certification Course and then take one
of our charter vessels on aweekend cruise
with family and friends!! We are the only
ASA Training Center in New England
Offering Cruising Catamaran Bareboat Charter
Certification -- three days and two nights
liveaboard only $699 per person!! Or Bareboat
(BBC104) & Cruising Catmaran Certification
(CC114) Cruise May 12-16, 2004 Aboard
"MystiCat" from Maine to Mystic!!-----

Sail along with our Bareboat Certification students for a FUN

FLOTILLA Cruise. Just $195 per day. Contact usfor more details.
See Course schedule for dates.

Become a Certified Sailor through the US Coast Guard approved
American Sailing Association training program at Sail the Soundsin
Mystic Connecticut. The premier sail training center in New England.
Our courses aretaught by American Sailing Association's

" Qutstanding Instructor” for five consecutive years!!

(Click on for photo and biography)
\
Y
i

Course Descriptions & Goals
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Sail the Sounds, ASA Sail Training Center (Mystic CT)
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Sailing Club Training Package
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$1399

2.
2.

D
D

Two days classroom & seven non-consecutive days on the water

e
f
s

For the beginning sailor who wants to rapidly move to Club Membership and enjoy unlimited sailing of the Hunter 240 Daysailer fleet; includes Basic
Day sailing (BKB101; one weekend) and the CT Safe Boater Exam, Coastal Navigator (CON105; one weekend), and Coastal Cruising Certifications
(BCC1083; two days with overnight stay on vessel); plus three full or six half-days use (at your convenience following completion of BKB101 weekend)
of vesselsin the Sailing Club fleet (Regular And Captain's Club Members have weekend priority).
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Basic Day sailing ASA-BKB101 $375
0830-1800: Minimum two & max. four students.
Two consecutive days; weekends or weekdays

2.

‘D
‘D

e
f
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Sailing Points of Sail Simulator (click to go to linkage)

Learn terminology, theory, safety rulesin the classroom. Then board one of our new Hunter 240 training vessels for on the water training in boat rigging,
handling, maneuvering under sail and outboard power. Practice man overboard procedures, heaving-to and anchoring.

2.
2.

D
D

Graduate can operate a similar vessel in daytime hoursin familiar waters, in moderate (under 20 knots) wind,
can instruct crew in their responsibilities. Becomes eligible to join our Sailing Club. Qualifies student for required
Connecticut Safe Boater Certificate.

4 ~
L n | L s |
}gﬁu A

Prerequisite for BCC103 by course completion or examination.
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Coastal Cruising ASA-BCC103 $399
0900-1800: Minimum four & max six students.
Two days plus overnight stay on vessel

BKB101 required and CON105 recommended as prerequisites.

' (click on to enlarge)

Sail aboard a 30+' yacht with diesel inboard. Learn to operate engine and live-aboard systems. Set compass courses to coastal destinations using charts,
navigation instruments, buoys and markers. Maintain proper charting procedures, anchoring and docking practice. Man overboard drills.

Prerequisite for BBC104 by course completion or examination.
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Bareboat Charter ASA-BCC104 -- $750.00/per son (does not incl. provisions)
0900 first day to 1700 last day Minimum four & maximum six students
3 dayslive aboard
Learnto sail vesselsupto 50' inal conditions: live-aboard techniques for vacation cruising; GPS navigation. Three days aboard 37'-50' vessel. A two-
day independent cruise within 90 days may also be required. Eligible for bareboat chartering and 15% fee discount in same season from our charter fleet
upon completion of course.

Wave Simulator (click on to linkage)

BK101, CON105, BCC103 required as prerequisite.

B, .. e B 5 P T . L o oy R WA Rt W I, RO, o R, By TR, T, S L T il e o L

|

Cruising Catamaran (CC114 -- $699 per person)

(Endorsement to Bareboat Charter ASA-BBC104 Certification)

Prerequisites:Basic Keelboat, Basic Coastal Cruising, Bareboat Charterer
General Description: Sailors must safely act as skipper or crew of a 30 -50 foot catamaran sailing by day in coastal waters. The Standard includes
knowledge of boat systems and maintenance procedures. Thisis an endorsement to 104 and 113 (Trailerable Multihulls) is not required.
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Go to www.mecat.com to learn more.

Three days liveaboard; day one includes 4 hours classroom and 4 hours aboard; day two is aboard and underway; day threeis unrestricted sailing by
student and may be bareboat sailed by student with crew day three upon recommendation of instructor.

(click on MystiCat )
OR

Earn your Bareboat (BBC104) & Cruising Catmaran Certification (CC114)

Cruise May 12-16, 2004 Aboard " MystiCat" from Maineto Mystic

$800/per son plus provisionsand travel.

Navigation Training

CON105 Basic Navigation
Plus
SS108 Electronic Chart and GPS package

$400

http://www.sailthesounds.com/training.html (6 of 12) [9/6/2004 12:52:44 PM]
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é ($450 if enrolled separately)
V
Y q Coastal Navigation - CON105 $350 (incl. Texts, Workbook and Charts)

0900-1730: Minimum four & max, eight students.
Two days; weekends only.

(Click to enlarge photos)

Learn to use charts and compass for low visibility navigation. Compensate for tides and currents. Correctly interpret chart symbols and notation. Know
GPS error factors. Confidently and safely cruise the New England Coast in all visibility conditions. Charts and instruments provided. Certification as
American Sailing Association Coastal Navigator.

Click on http://tbone.biol.sc.edu/tide/index.html for tide and current predictor.

Prerequisite for SS 108 Electronic Navigation and Bareboat Charter Certification.

Equivalent to all US Power Squadron piloting coursesin only two days.

[ e 2 i 3 . T T T, O~ ST WL W TR W T L A Sl VW T, Wit WL O W . W N W Wy T Y AL

SS108 — Electronic charting and navigation
$100.00/per son.

Instructor — Captain Jim Scoggins

A one-day (0900-1700) course introducing computerized trip planning and electronic GPS & GPS/chart plotter. Increase your accuracy in navigation
planning; become a safer boater; avoid accidental groundings, and cruise more efficiently. CON105 Coastal Navigation is recommended prerequisite.
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We provide the Maptech Digital ChartKit software, notebook PC’'s, Garmin 2010c color display GPS/plotter, Garmin handheld GPS models 45, 76, & 76
map; or you can bring your own PC, chart plotter and GPS.

New — Digital ChartKit from Maptech — The Place to Start

NOAA Charts, NavPhotos, M arine Facilities, Software & more...under $200 per Region
Maptech (Amesbury, MA) — Why navigate with last year’ s charts and risk an accident or damage to your boat or yourself? Using
the latest NOAA charts for marine navigation is vital. But most boaters and fishermen are unaware of how many significant chart
changes are made each year by NOAA.. Safer navigation on US waters is dependent on using the latest chart information. Over
50% of the NOAA chartsin Digital ChartKit are new or revised from last year.
Maptech Digital ChartKit includes all the latest NOAA chart revisions — a Maptech exclusive. Along with the latest NOAA
chart editions Maptech includes thousands of weekly Notice to Mariners corrections. The technology to integrate these weekly
changes into new chart editions is a Maptech exclusive. Changes include new buoy locations, new or deleted lights, channel
shifts, wrecks and more.
Along with the new and revised charts in Digital ChartKit are everything a boater needs to get started in electronic marine
navigation. It'sthe ‘Place to Start.’ Digital ChartKit combines the |atest official NOAA charts, navigation photos, aerial pictures,
coastal topographic maps, marine facilities locator, tides and currents, and more for under $200.

Gavin Johnston, VP Marketing & Sales, says, “Digital ChartKit isclearly ‘ The Placeto Start.” Anyone getting started in marine
navigation faces alot of choices and it can get confusing. Digital ChartKit makesit easy for new and experienced boaters to get
started in computer navigation and at a price that is very reasonable.”

Digital ChartKit includes: ‘The Placeto Start’ -- Regionsfollow the BSB standard
NOAA digital charts—the only official charts available for US waters
Navigation Photos — georeferenced to match your chart position exactly
USGS coastal topographic maps— extending 5 milesinland
Aerial Pictures — approaches to harbors and key coastal locations (overlay on charts)
Marine Facilities Locator -- from Embassy Cruising Guides — (overlay on charts)
Tides & Currents Database — (overlay on charts)
USCG Coast Pilot and Light List — shows danger spots and obstacles
Chart Navigator software — makes GPS better — easy upload/download of routes/waypoints.

Print chart, maps, photos, data overlays, with or without GPS routes and waypoints

Digital ChartKit Pro isthe official raster chart and up-date service for the U.S. Coast Guard

Plan your next cruise anywhere between Cape May, NJ & Nantucket, MA.
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Sail the Sounds, ASA Sail Training Center (Mystic CT)

Docking Clinic

$100

Two hoursinstruction aboard your vessel - includes proper dockline placement and handling; analysis of wind and current effects on your vessel under
various conditions; backing into your dlip; use of docklines and fender board for dlip entry under heavy winds.

e e e e e s

Private Lessons
$50.00 per hour with a $200.00 minimum

Private Lessons are available on your vessel or ours. Per diem charter feeis additional on our charter vessel for private lessons. Travel expensesto your
vessel @ .40 per mile.

2004 Cour se Schedule

2004 SailSounds Schedule - Training
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CON105 - Coastal Navigation Certification - Two consecutive days, classroom only

SS108 - Electronic Navigation - Monthly, alter nates Saturday and Sunday

_Y

BKB 101 - Basic Keelboat Certification
Two consecutive days aboard the Hunter 240

Every weekend, June through September; weekdays on request.

)

BCC103 —Basic Coastal Cruising
Two daysaboard a 34 or 40’ sailing vessel; stay aboard over night

V)

BBC104 — Bareboat Charter Certification
3 live aboard dayson a 40’ sailing vessel—alsoisa FUN FLOTILLA cruise
Friday through Sunday

_)

CC114 - Cruising Catamaran endor sement to BBC104 (above)

3 live aboard days on MystiCat, our 30' cruising catamaran—alsoisa FUN FLOTILLA cruise

Last Friday through Sunday, Junethrough September (1st class June 25-27, 2004)
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I T T
Meet Your Instructors!!
») k
=5 | Capt. Terry Leahy

»

Capt. Alan Nevols

A
s

o

(Click on name or photo for brief biography)
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Mike LaChance

Home  About Us Sailing Club Charter Boats

~, 5 FAQS Contact Us Links
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How David Thompson Navigated

Message to the Reader

| apologize for the considerable space in this volume of Northwest Journal which
Is devoted to early 19th century navigation, as many readers may have only a
passing interest in this topic. However, please recognize that the vast majority
of the information presented in these articles has never before appeared in
print. Such a complete assessment of David Thompson's techniques and skill
has never been done before. | hope that the information in these articles will
spur new interest in assessing the skills and contributions made by all North
American geographers of that time. —J. Gottfred

Contents

See also Period Navigation

Art |. Understanding How Thompson Navigated— Introduction to the Case Study
By J. Gottfred.

Art 1. Assessing David Thompson's Surveying Skill— Guidelines for Historians.
by J. Gottfred.

Art ll1. The Location of David Thompson's 'Goods Shed' on the Athabasca River,
by J. Gottfred.

Art IV. Using David Thompson's Sextant Index Error to Show his Diligence and
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High Accuracy. By J. Gottfred.

Art V. Recomputing Thompson's Data— Latitude by Double Meridian Altitude.
By J. Gottfred.

Art V1. Recomputing Thompson's Data— Latitude by Double Altitudes. By J.
Gottfred.

Art VIl. Recomputing Thompson's Data— Greenwich Apparent Time by Lunar
Distance. By J. Gottfred.

Art VIIl. Recomputing Thompson's Data— Longitude from GT, Local Time,
Magnetic Variation. By J. Gottfred.

Art I X. A New Latitude for the Goods Shed Computed from Thompson's Data. By

J. Gottfred.

Art X. Glossary and References. By J. Gottfred.
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The Author lecturing on Thompson's techniques at Old Fort William. (Photo by A. Gottfred)

http://www.northwestjournal.ca/dtnav.html (3 of 55) [9/6/2004 12:52:58 PM]



How David Thompson Navigated

Art |. Understanding How Thompson Navigated—
Introduction to the Case Study By J. Gottfred.

Introduction

David Thompson is famous for his early exploration and mapping of
western Canada and the northwestern United States. From 1790 to 1812, he
traveled the Northwest using a sextant and compass to record valuable
navigational information. He used this information to make some of the
earliest detailed maps of the northwestern U.S. and western Canada.
Paradoxically, although his navigational skills gave Thompson his claim to
fame, they are poorly understood by both historians and geographers. How
did he calculate his latitude and longitude, and how accurate was he? In this
issue, | will use examples from Thompson's notes to illustrate and explain
the navigational methods that he used.

There are a number of challenges to studying Thompson's navigational
methods. The techniques of celestial navigation have changed significantly in
the last two hundred years, but there are still a number of common
denominators. Marine navigators still rely on sextants today, although there
IS increasing reliance on other navigational instruments such as GPS
receivers. (Sextants are no longer used for land navigation and mapping.)
Modern navigators use the Marcq St. Hilaire method, which requires two
sextant observations and a highly accurate knowledge of Greenwich Mean
Time, to find their latitude and longitude simultaneously. A nautical
almanac (ephemeris) provides the positions of the celestial bodies for the
current year, in a format designed to be easily used with modern
navigational methods. Electronic calculators or tables of pre-calculated
solutions are used to simplify the calculations and ensure accuracy. In
Thompson's day, finding latitude and longitude were two separate
problems, requiring a number of different sextant observations made at
different times. A nautical almanac provided the positions of the celestial
bodies for the current year, including data on lunar distances for use in
determining longitude. A large array of tables such as those in Neville
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Maskelyne's Tables Requisite (e.g. proportional logarithms, log-trig tables,
double altitude tables, etc.) were used to simplify calculations and ensure
accuracy.

In this volume of Northwest Journal, | present a case study of David
Thompson's navigational methods, skill, and accuracy. The case study
examines Thompson's journey from Boggy Hall to the Whirlpool River, from
October 19, 1810 until January 7, 1811. This is an important period because
Thompson was near the end of his fur trade career (he retired in 1812) and
had twenty years of navigational experience behind him. He was about to
make two of his most important journeys : crossing the Athabasca Pass and
descending the Columbia River to its mouth. So it is important to have a
baseline appraisal of Thompson's skill, by examining his first few steps along
the trail and evaluating his ability to accurately plot his position.

The case study provides an example of each type of sextant observation
made by Thompson during this period. | explain the purpose of the
observation and show how he used it to help determine his latitude or
longitude. In addition, | demonstrate that his 'goods shed' (possibly the first
‘Henry House' on the Athabasca) was not located at the south end of Bralé
Lake, contrary to the currently accepted position.

To my knowledge, most of the information presented in these articles has
never before been published. Smyth (1981) and Sebert (1981) both discuss
methods used by Thompson, but do not seem to be heavily based on
Thompson's data ; instead, both authors turn to an examination of methods
used by marine navigators of Thompson's time. Stewart (1936) and Smith
(1961) compared the accuracy of Thompson's maps to modern maps of the
same areas. In his journals, Thompson recorded all the information about his
astronomical observations that he would need to re-do his calculations and
double-check them at a later date. He also recorded key steps (intermediate
solutions) in his calculations. Using Thompson's own data and recomputing
his answers step by step, | will show :

—How he periodically recomputed the index error of his sextant, and how
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this information can be used to show that the accuracy of his instrument and
his observational skill were excellent. (Article IV, p. 15-16).

—How he found his latitude by observing meridian altitudes of the sun, and
that the observation made at the 'goods hut' was made using his reflecting
artificial horizon and was accurately computed. (Article V, p. 16-17).

—How he found his latitude by double altitudes— observing two altitudes
of the sun or other star, separated by a time interval measured on his watch,
and how this data can be used to show that Thompson was capable of
making highly accurate runs of sight while away from the conveniences of
fort life. (Article VI, p. 17-20).

—How he computed Greenwich Apparent Time by observing lunar
distances and how lunar distance longitudes can be made by only one
person who observes only the lunar distance and the altitude of some other
body. | also show that this was the technique actually used by Thompson
(Articles VII, p. 21-28, & Article VIII, p. 28-31).

—How, with a knowledge of Greenwich Apparent Time, he computed
longitude by observing the sun or another body, how he kept his watch set
correctly to local time, and how he computed magnetic declination (‘compass
variation’). In addition | provide an estimate of the accuracy of his watch and
how he used his watch in general. (Article VIII, p. 28-31).

Along with these demonstrations, | also :

— Describe, in general, Thompson's navigational routine and discuss my
assessment of his diligence (Article 11, p. 4-7).

—Provide guidelines for assessing the accuracy of any position computed by
Thompson (Article 11).

—Re-examine the location of the 'goods shed' constructed by Thompson and
his men December 5-29, 1810, in the light of the case study (Article IlI, p. 7-
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14).

—Compute a completely new latitude for the goods shed which, in
conjunction with Thompson's latitude, demonstrates that the accepted
location is incorrect (Article 1X, p. 31-34).

—Provide a complete explanation of each kind of notation (including
marginal notations) in Thompson's astronomical notes for the period of the
case study (passim).

—Provide a glossary of navigational terms (Article X, p. 35-37).

It should also be noted that Articles V through IX assume a basic knowledge
of modern celestial navigation as used on small boats today. For background
information on navigational instruments and the general principles of
celestial navigation during Thompson's time, see Gottfred, 'Period
Navigation'. More details on Thompson's navigational instruments are in

Gottfred, 'Life', p. 3-6, and in Smyth.

Resources

By far the most accessible way for club members to see Thompson's data is
through Columbia Journals, edited by Barbara Belyea. Columbia Journals is an
excellent transcription of selections from David Thompson's daily notes from
October 1800 to September 1811. Belyea has done an outstanding job of
deciphering Thompson's often faint and nearly illegible handwriting, and
presenting this information in a clear form true to the original. With this
volume, Belyea has made a large portion of Thompson's textual descriptions
of where he is and what he is doing available to the reader.

Columbia Journals is not intended to be a complete transcription of all of
Thompson's material for this period. Belyea has selected portions of the
journals which focus on Thompson's efforts to cross the Rocky Mountains
and establish fur posts and trade routes between the Rockies and the Pacific.
She omits most of Thompson's navigational information. Consequently, for
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the period of the case study, the manuscripts journals contain much
additional useful information about all the celestial observations.

For the data presented in this case study, | have used Thompson's course and
distance information as it appears in Columbia Journals, and his celestial
navigation information as it appears in the original manuscripts. A complete
list of references and resources is provided at the end of Article X.

Art 1. Assessing David Thompson's Surveying Skill— Guidelines for Historians.
by J. Gottfred.

Sloppy...

| have heard comments to the effect that Thompson was a sloppy surveyor.
Is this so? In my opinion, for the period of the case study, the answer is yes.

During the period of the case study, Thompson observed eleven lunar
distances. He computed nine of these correctly, and in two he either made
significant errors in computing the true distance, or he copied down the
wrong data.

He incorrectly writes 'N' instead of 'S' for solar declinations four times
during this period, but he does not use them incorrectly in his calculations
(Nov. 2, 3, 13, 21).

He mis-identifies stars on two occasions and confuses himself to the point
that he throws out good data (see Art. 111).

At one point he writes down 27° 49' 45" as 27° 29' 45", and ruins a day's work
before he notices the error. However, he does go back and correct (almost)
everything (Art. 11).

In his lunar distance calculations he sometimes records right ascensions in
hours (which they should be), and sometimes he records the value after he
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has converted hours to degrees. Confusingly, he usually fails to note which
of these units he is using (p. 23, 24).

Almost every page of computations has values scratched out and changed or
written over. In this regard it is not a 'neat' copy.

Thompson does record everything required to go back and recompute his
answers at a later date. Every observation has the temperature recorded, as
well as each time and altitude pair taken during the run of sights.

It must be remembered that Thompson likely suffered from a shortage of
paper, and this is reflected by the fact that many intermediate steps in his
calculations are missing from the pages, and the data is crammed into as

small a space as possible.

Overall, the notes strike one as being made by an individual for his own use.
Certain items which were obvious to the note-keeper have not been recorded
for posterity. Anyone viewing this material with an eye to information
content for posterity would be justified in calling the work 'sloppy'.

Yet Reliable

Does this mean that Thompson's work is unreliable? In my opinion, no. The
information is recorded in a fashion which made sense to the owner. Over
the last ten years | have used my own sextant under many different
conditions to replicate all of the techniques that Thompson used. | can
honestly say that his notes make sense to me, and that his observational skill
was probably better than mine. How he records information in his notebooks
says nothing about his observational skill and | have found much evidence
that his skill was considerable.

Broad-based comparisons made by looking at Thompson's positions
compared to modern positions may fail to account for the varying reliability
of different observational techniques, and the possibility of errors in
calculation. On the other hand, if one takes the time to carefully examine
Thompson's observations, to recalculate them to check for errors, to assess
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the accuracy of the method used for each observation, and the conditions
under which they were made, then error bars may be placed around each
observation. In fact, it is even possible to find additional useful data. For
example, in the case study | found two additional latitudes which are
perfectly sound, and which were helpful in reconstructing his movements
(Article 1X). The error-bounded observations should then form the control

points through which his course and distance positions must pass.

General assessments of the accuracies of Thompson's observations should be
avoided; instead, each observation should be independently assessed.
However, if Thompson's calculations are accurate, if a mercury reflecting
artificial horizon was used for all observations (except measuring lunar
distance), and if the apparent altitudes of the bodies weren't too close to the
horizon, then | feel that it should be generally safe to assume that any
latitude by meridian transit observation would be correct within 1% nautical
miles, and any latitude from a double altitude observation should be correct
to within 2 nm. This is based on my own experience using Thompson's
methods in the field.

Synopsis of Thompson's Navigational Routine

Thompson's general routine for determining his position using the sun and
the moon (for example) was as follows :

Upon arrival at a new camp, Thompson would try to obtain an accurate
latitude. If possible, he would observe a meridian transit of the sun (‘noon
sight’) (Art. V). If this was not possible, he would make two observations of

the sun one hour apart, which he would then use to compute a latitude with
the double altitude method (Art. \V1).

If the moon was in a convenient location, Thompson would observe the
distance between the moon and the sun (Art. \VVII). Then, within half an hour

or so, he would observe the altitude of the sun— a 'time shot' (Art. \VII1).

When making these lunar distance observations, he checked the index error
of his sextant to make sure that it had not changed (Art. 1V).
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Using the observed altitude of the sun, the latitude computed earlier, and the
declination of the sun as determined from the nautical almanac for the
approximate Greenwich time as based on his ded reckoning longitude of the
observation, Thompson computed the local apparent time. He then reset his
watch to the correct local apparent time. This helped to ensure that he did
not miss the next day's noon sight due to the inaccuracy of his watch.

Sometimes, Thompson would note the compass bearing to the sun at the
Instant of the time shot. From his knowledge of his latitude, the sun's
declination, and the observed altitude, he could compute the sun's true
bearing (azimuth). The difference between the true bearing and the magnetic
compass bearing was the magnetic variation (declination) at his position
(Art. VIII).

From his knowledge of his latitude, the local apparent time, and the
declination of the sun, he then computed a close approximation of the sun's
altitude at the instant of the lunar distance observation. Then, from his
knowledge of the local apparent time, his latitude, the declination of the
moon based on his approximation of the time in Greenwich, and the
difference in the right ascensions of the sun and the moon at the approximate
Greenwich time of his observation, he computed a close approximation of
the true altitude of the moon at the instant of the lunar distance observation
(Art. VII).

From the close approximations of the moon's and sun's altitudes, combined
with a highly accurate observation of the lunar distance, he then ‘cleared the
distance' of the effects of refraction and lunar parallax to determine an
accurate true lunar distance between the sun and the moon for the local
apparent time of the observation. He then used the nautical almanac to
determine the apparent time in Greenwich at which the moon would be at
the distance that he observed. The difference between his local apparent time
and the apparent time in Greenwich, converted to degrees, resulted in his
longitude (see Art. VII & VIII).
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Thompson also used the stars to compute lunar distances and double
altitudes. The techniques are generally the same, but with a slight
complication for the computation of local apparent time.

Art I11. The Location of David Thompson's 'Goods Shed' on the Athabasca River,
by J. Gottfred.

The Location of David Thompson's 'Goods Shed'

In December 1810, while preparing for his epic journey over the Athabasca Pass,
David Thompson built a 'goods shed' near the Athabasca River in the vicinity of
Bralé Lake (near today's Jasper National Park). Thompson explains why he built the
shed in his memoirs :

'...our Guide told me it was of no use at this late season to think of going any
further with Horses...but from this place prepare ourselves with Snow Shoes
and Sleds to cross the Mountains : Accordingly the next day we began to
make Log Huts to secure the Goods, and Provisions, and shelter ourselves
from the cold and bad weather...' (Glover, 318)

Thompson and his men built at least two buildings here : a storehouse and a
'meat shed'. They spent December 5-29 at this spot. On December 30,
Thompson left the goods shed, leaving behind North West Company clerk
William Henry and half of his twenty-four men.

It is generally accepted that this shed was located at the south end of Braleé
Lake (Glover, 318n; Belyea, 253), but the precise location has not been found.
Using my knowledge of his navigational methods | have come to the
conclusion that the goods shed was actually located approximately three
miles up Solomon Creek at the north end of Bralé Lake.

David Thompson's movements from late October to early December, 1810
took him from Boggy Hall to this 'goods shed'. While traveling, he used his
compass to note courses and recorded distance measurements. He also made
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frequent observations using his sextant. Before trying to follow his trail it is
necessary to try to get a feel for the accuracy of these observations.

The course observations can be tricky to interpret. Thompson generally uses
a compass to determine his course. His compass readings are magnetic
headings, so correcting them for plotting on a modern map requires some
knowledge of the magnetic declination of the area as it was in 1810.
(Magnetic declination changes slowly over time as the north magnetic pole
wanders.) In this regard | must caution the reader, for

Columbia Journals contains many declination values which seem to be
magnetic declinations. In fact, these values are the declinations of celestial
bodies (usually the sun) and therefore cannot be used to correct magnetic
compass headings. This is a perfectly understandable error for anyone
unfamiliar with nautical astronomy.

Thompson confuses matters by occasionally noting solar declinations as
north ; these declinations are south during the fall and winter months. He
does not use them in his calculations as north declinations, and in other
places (most notably in the lunar distance calculations) he indicates that they
are south declinations. To add to the confusion on this point, the text in
Columbia Journals has an 'N' after the declination values listed under
November 26 and December 6 which do not appear in the manuscript, and
an 'N' after the declination for November 28 which is actually an 'S' in the
manuscript. (All other declinations in Columbia Journals for the period of the
case study are correct.)

Incidentally, in Thompson's time, magnetic declination was called 'variation'
and that term is used by marine navigators today (Belyea, 183; Bowditch, 85).
(For an example of how Thompson differentiates between magnetic and
celestial declinations see Belyea, 78.) During the period of the case study,
Thompson only records one variation : '22° or 23° East', measured while at
the 'Goods Shed'.

Usually what Thompson is recording is a dead reckoning course : an
estimated position allowing for deviations around obstructions, minor bends
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in the river, &c. What he is really saying is 'we went down this river through
a bunch of twists and turns and around a mountain over a distance of maybe
ten miles, but I figure that our new position is six miles south west of our last
recorded position.' (Modern navigators call this kind of course ded
('deduced’) reckoning.) Not only are these bearings his estimate as a
navigator, but sometimes he estimates his bearings by the sun rather than
using his compass. (Thompson's compass may not be entirely reliable
(Bowditch, 9-10)). | generally assume that his courses are correct to within
plus or minus twenty degrees.

Thompson estimates his distance traveled, and | usually assume that his
distances are accurate to plus or minus ten percent. In the few journeys that |
have plotted, | have been impressed by his ability to judge distances. | feel
that his distances estimates are more reliable than his course bearings.

The sextant observations are more interesting. The general accuracy of
celestial navigation 200 years ago was basically identical to that of today. The
tables of astronomical data and physical phenomena required for navigation
appear to have been just as accurate as today's. A commander in the Royal
Navy in 1899 stated that 'the maximum error of lunar table[s] may now be
considered to be 10 seconds' (Sebert, 412). My modern nautical almanac
states that the error in the position of the moon alone may reach 18 seconds!
(United States Naval Observatory (USNO), 261)

The sextants were also just as accurate as modern ones. My modern Astra
I11B sextant reads to 12" of arc and has an accuracy of plus or minus 20",
David Thompson's sextant could read to 15" of arc ; | don't know its
accuracy. However, my instrument in conjunction with modern tables is
barely accurate enough to compute longitudes by lunar distance, and my
results are generally not as good as Thompson's. Therefore Thompson's
Instrument and tables must have been at least as good as mine, and probably
better. (I have found good evidence to support this by looking at
Thompson's index error calculations. See Art. I\VV) Thompson's most
Inaccurate instrument was his timepiece. Accurate chronometers were very
expensive, and Thompson did not have one. Instead, he used two or more
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‘common watches' (pocket watches) with second hands.

Today, navigators can compute both latitude and longitude from a pair of
observations. In Thompson's time, due to the lack of accurate watches,
latitude and longitude observations were done separately.

The accuracy of any given observation depends upon what type it was.
Thompson uses three different techniques for observing latitudes. The first is
called a double meridian altitude observation, usually of the sun. This means
that he is observing the height of the sun when it is at high noon (crossing
the meridian), and he is doing it using his parallel glasses, a reflecting artificial
horizon made by placing a glass cover over a bowl of mercury. (‘Double’
refers to the fact that the altitude measured with an artificial horizon is twice
what would have been measured using a sea horizon.) Using the same
techniques today, | generally compute latitudes to an accuracy better than
half of a nautical mile. (1 nm = 1852 meters). On good days my accuracy is
within 300 meters. Based on my comparisons with David Thompson's data
from Rocky Mountain House, as well as the data in the case study, | feel that
for any of Thompson's double meridian altitude observations it is reasonable
to assume that his observation would place him within 1% nautical miles of
his true latitude.

Thompson sometimes mentions a second type of latitude observation which
he calls a meridian altitude. This is an ambiguous term. In most cases, it means
that he made the observation using his artificial horizon, but in some cases it
means that he has used a local body of water as an artificial horizon. This
technique involves using the far shore of a lake or long river as a level, and
estimating the distance to the far shore. The navigator then applies a
correction to the observation based on this estimate. This technique is more
properly known as the dip short method. It is far less reliable than using an
artificial horizon because of the difficulty of accurately estimating the
distance to the far shore. Thompson did not make any dip short observations
during the case study period.

The third method of observing for latitude is called a double altitude
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observation. This means that the navigator has made two observations of the
same celestial body from the same position, separated by a time interval
measured on a common watch. The idea is that the common watch, although
not accurate enough to keep time over several days, is accurate enough to
keep the time for about an hour. This means that two observations of the
same star, separated by a known time interval, allow the navigator to
compute his latitude directly using spherical trigonometry. The accuracy of
this method depends upon a few variables. First, if both observations were
made using an artificial horizon then the results can be very accurate. If one
or both observations used the dip short method, then the result will be fairly
suspect. For observations made using an artificial horizon and from one to
two hours apart, it should be safe to say that the accuracy of the observation
would be plus or minus two nautical miles.

Finding longitude involves making highly accurate observations of lunar
distances. Thompson makes eleven observations for longitude at three
locations during the period of the case study. The method which he used is
fully explained in articles VI and VII. Unfortunately, the accuracy of lunar
distance longitudes is poor at best. In general, any single observation will be
no better than £20' of longitude. If more observations from the same spot are
averaged together, the result will be more reliable. More than a dozen
observations must be averaged together to obtain accuracies within four or
five minutes of longitude. During the period of the case study Thompson
does not stay in one spot long enough to observe enough longitudes to pin
his location down to better than £20' of longitude.

Thompson's Trail

| began by tracing Thompson's route from a position near the Athabasca
River on November 26, 1810 (Belyea, 125). On that day, Thompson and his
party camp at 12:15 p.m., and Thompson soon makes a double altitude
observation. He computes a latitude of N53° 30' 39". The next two day's
travels take him northwest around a 'long lake' and along a brook to near the
Athabasca River. On November 28, he observes a double meridian altitude
of the sun and computes a latitude of N53° 37' 54". There is no reason to
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suspect that either latitude would be farther than 2 nm from his actual
position. In his November 27 journal entry, he draws a picture of the ‘'long
lake'. It seems clear that this lake is Summit Lake, and the creek that they
followed to the Athabasca River is Obed Creek.

Summit Lake— David Thompson's drawing of the lake they passed on
November 27, 1810. It seems clear that this is Summit Lake. Obed Creek is
shown emerging from the north west corner of the lake.

Thompson then begins to ascend the Athabasca, and on November 29 they
camp near a large island in the river (% mile long.) River islands are usually
poor landmarks, since they erode rapidly, but this island would probably be
big enough to persist. Such an island appears on my topographic map within
one statute mile of where Thompson's course and distance information
would place him on November 29. This camp would be on the Athabasca
River at about N53° 31".

The next day, Thompson continues up the river. A position for his camp
based on his course and distance information on November 30 would be one
mile north of the river at the junction of the Athabasca River and Maskuta
Creek. This position tallies with his description : 'the river run around a large
Point & is dist from our road thro' the Willow Plain & from the camp at abt
1M' (Belyea, 127). The Athabasca runs fairly straight up to this point, where
it begins a series of curves into the mountains.

On the evening of November 30 he makes observations for latitude and
longitude. He chooses the star Procyon for his longitude calculation.
Unfortunately this star was still below the horizon when he made his
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observations! | suspect that he confused the star Pollux with Procyon. He
notes in his journal that he has observed the ‘wrong star.' On the evening of
December 1, while at the same camp, he tries once more but again throws
out the data noting 'wrong star'. (There is another possible explanation—
perhaps he didn't observe the wrong star, perhaps he used the wrong star.
Thompson's nautical almanac may not have included lunar distance tables
for another star he observed that night, Algenib, making the observation
useless.) Two of the December 1 observations are of Aldebaran. | find it hard
to imagine how Thompson could mis-identify this very bright (magnitude
one) red star. The altitude that Thompson measures for the star is very close
to what it should be for Aldebaran on that date and time. For these reasons, |
think Thompson correctly identified Aldebaran. | see nothing else wrong
with this Aldebaran observation. When | recompute it, | obtain the result
N53° 25' 10". (Thompson calculated N53° 23' before throwing out all of his
data for that night.) This latitude lies right on the spot that | obtain by
plotting Thompson's course and distance information. | see no reason to
think that it is not very close to the actual position.

On December 2 they set out again. It is at this point that | feel Thompson's
course diverges from the accepted one. Belyea states that he follows Maskuta
Creek to the south end of Brulé Lake (253). However, Thompson says that
they traveled south 1 mile to the bank, then southwest through plains and
over brooks, and at the end of the day they had gone about 6 miles 'going to
the right in curves' and the river was about one-third of a mile away. | feel
that this indicates that they followed the course of the Athabasca River, not
Maskuta Creek.

They then set off towards the southwest, and met up with the banks of the
river, which they followed. They continued southwest until they reached 'the
entrance to the Flats which appear like a Lake' (Belyea, 129). | believe that
this is the north end of Brulé Lake. Here they met some hunters, who took
them to a Native hut on the lake. To get to this hut, they traveled southwest. |
believe that they were traveling along the northwest shore of Brulé Lake. My
estimate of their position would place them at modern-day Swan Landing. It
may be significant that this spot is a hamlet today, as places where people
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meet tend to persist.

Thompson says that the hunters' hut was small and dirty, and there was no
grass for the horses, so they moved the next day. He says that they went
north-northwest about 5 miles through aspen forest and camped 'near a
small Fountain of Water amongst Pines & Aspins' (Belyea, 129). This is
where they decided to build the 'goods shed'.

If they were at Swan Landing on the northwest shore of Brile Lake the
previous day, then Thompson's course and distance information would
suggest a position for the hut somewhere up Solomon Creek at about N53°
23', Lo. 117°53' W. (Solomon Creek flows southeast before emptying into the
northwest end of Bralé Lake.) | should note here that, although Thompson
travels along Brale Lake, he doesn't say he is on or near a lake. This is likely
because Brulé Lake is very shallow, and would be at low water and frozen in
December. Later, he does not mention the larger Jasper Lake. Both of these
lakes are really just widenings in the river.

On December 6, Thompson records a double meridian altitude of the sun,
giving a latitude of N53° 23' 27", which is less than one nautical mile from the
course and distance position. By examining Thompson's observations from
the previous evening, | realized that I could use his observations of the stars
Capella and Vega to compute a new latitude using the double meridian
altitude method (see Art. IX for details). The position that | obtain is N 53° 21"
22", or two nautical miles from Thompson's December 6 position. Both of
these two latitudes are about eight nautical miles from the south end of Brulé
Lake, and effectively rule out that position as the location of the goods shed.

This brings us to a possible error. Thompson compiled a table of
observations which is reproduced in Belyea (314). Under December 1-6 he
made the note 'Athabasca River, at the Shed Depot of Goods (Longitude of 4
observations)' and gives the position N53° 33' 33" Lo. 117° 36' 34". This
latitude seems quite wrong. Where did it come from?

On December 6, Thompson incorrectly copies the value 27° 49' 45" as
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27° 29' 45", This causes him to compute a latitude for the goods shed of N53°
33' 33". He then seems to catch the error, and changes the copy to reflect the
correct latitude. The incorrect value must have been copied to another
journal or log and not corrected.

The reader might be tempted to dismiss all of these calculations due to the
seemingly large number of errors that | have described. To do so would be a
mistake. | have recalculated Thompson's observations and, except as noted,
they are correct. Also, an error of this sort is relatively easy for the navigator
to catch, as Thompson did, because it gives a result that is markedly
inconsistent with the other observations. | see nothing in the journals to
indicate that the other values are not reliable. With the corroborating
evidence of the newly computed latitude, | feel confident Thompson's value
of N53° 23' 27" is within 1¥%2 nm of his actual position.

If we assume that the goods shed is on Solomon Creek, then is this consistent
with an analysis of his journey to the Whirlpool River? | believe that it is.
They departed the goods shed on December 30 and traveled southeast for
five miles. Yet the Athabasca flows southwest from the south end of Bruleé
Lake. It would seem that they were actually traveling back to the north end
of Brulé Lake. As mentioned earlier, Thompson does not describe this place
as a lake, but as 'full of small Flats & Isles', in other words, a braided stream.
His courses from here to the Whirlpool are not very accurate. This may be
explained by the fact that on December 31 he gives an approximate course as
judged by the sun. Again, | think taking his course directions too literally
would be a mistake.

However, there is a good way to judge whether or not a hut position on
Solomon Creek is plausible, and that is to look at the distance traveled.
Between December 30 and January 7 (arrival at the mouth of the Whirlpool),
Thompson notes distances traveled, generally over good ground and in
straight lines. They total 54% miles. The distance from the proposed position
of the hut on Solomon Creek to the mouth of the Whirlpool River is about 50
miles. This is about a 10% error on Thompson's part, which is consistent with
his ability to judge distances over good ground.
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If the goods shed was located at the south end of Brulé Lake, then the actual
distance from the hut to the mouth of Whirlpool River would be about 39
miles. Thompson's journal says he traveled 54%2 miles. This is about a 30%
error, which strikes me as being an unreasonably large error given the skill
of the navigator and the type of terrain that he is covering. It is also
inconsistent with the accuracy of the distances stated by Thompson on the
first part of this journey.

In summary, the latitude listed in Thompson's table for the ‘goods shed' is
erroneous, and should be discarded. In addition, | suggest that a position for
the 'goods shed' approximately three miles up Solomon Creek is consistent
with the navigational information supplied by Thompson.

Art IV. Using David Thompson's Sextant Index Error to Show his Diligence
and High Accuracy. By J. Gottfred.

The index error of a sextant is a correctable instrument error. Index error is
caused by the sextant mirrors being not quite parallel, a normal condition for
sextants even today. The navigator can easily determine this index error and
correct for it in calculations by observing a distant star and noting what the
Instrument reads when the star images are properly aligned. In a perfectly
tuned instrument, the angle should be zero, but most sextants will show a
small positive or negative angle which must then be applied to every
observation made with that instrument. The index error should also be
monitored with every observation and periodically recomputed to ensure
that the mirrors have not been bumped in transit &c. Failure to note the
correct index error or to notice a change in the value over time is the most
likely way for a systematic observational error to result in positions which
are many nautical miles in error. On November 3, 21, and 26, David
Thompson makes marginal notations in his calculations which clearly show
that he is checking his index error on a regular basis, and modifying its value
over time as the instrument reacts to the rigors of travel and changing
climactic conditions.
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David Thompson's journal entry for November 3, 1810 has an excellent
example of an index error calculation which also demonstrates just how
accurate his eye and his instrument are. In the corner of the page he makes
the notes shown in the box at the right.

Thompson is using the sun to compute the instrument's index error. He does
not do this by superimposing the two sun images as one does with a star.
This is because the sun is not a point source of light, and judging when the
two sun images are precisely overlapped is difficult. To obtain the maximum
accuracy, Thompson first aligns the bottom of the sun image with the top
and records a measurement of 35' 52". He then reverses the sun images and
records 28' 45". Note that the second measurement is actually a negative
measurement. He sums the two numbers and then takes their difference,
which is 7' 7". He divides the difference by two in order to compute the index
error for the center of the body, with the result of 3' 34". Noting that this is a
positive value (on the arc), and therefore he must subtract this value from
any observation that he makes, he records his instrument error correction as
—3' 34", the value he actually uses.

By summing the two values he obtains 64' 37". Dividing by two will yield the
sun's diameter. Dividing by two once again yields the sun's semi-diameter, 16
9.4" (or 16.16"). Semi-diameters for the sun for each day are listed in the
nautical almanac, because they change gradually throughout the year, as the
earth revolves around the sun.

The following table lists sun semi-diameters computed from Thompson's
index error notes for the period of the case study (rounded to the nearest 0.1")
compared to the actual values of the sun's semi-diameter for those dates, as
listed in a 1996 nautical almanac.

DT's Actual

PalCii i n, S.D.

Nov. 3, 1810 16.2" 16.2'
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Nov. 21, 1810 16.2' 16.2'
Nov. 26, 1810 16.3' 16.2'

Note that the almanac only gives values to the nearest 0.1' as this is the limit
of the resolution of the eye. (This limit corresponds to a maximum theoretical
accuracy of 185 meters on the ground.)

This demonstrates that Thompson and his instrument can measure the semi-
diameter of the sun to an accuracy of 0.1 of a minute. Because this process is
visually identical with actually making an altitude observation using a
reflecting artificial horizon, this also demonstrates that both Thompson and
his instrument were capable of measuring the height of the sun to an
accuracy of 0.1".

Art V. Recomputing Thompson's Data— Latitude by Double Meridian Altitude.
By J. Gottfred.

On December 6, 1810, while at the 'goods shed', Thompson records the
following information :

Thompson is saying that he has observed a meridian altitude of the sun's
lower limb to determine his latitude, and that the sun's declination was

22° 30' 50" when he made the observation at 7 hours 48 minutes Greenwich
Time by his watch. (The astronomical day started at noon in Thompson's
time (Belyea, 274)). On December 6, local apparent noon at Bralé Lake would
be about 19:48 Greenwich Time.

A meridian altitude of the sun ('noon shot") is still used by navigators at sea
to determine latitude. When an artificial horizon is used, this type of
observation may be called a double meridian altitude, because the angle
measured by the sextant is twice what it would have been if a sea horizon
had been used.
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We can use the data given by Thompson to recompute a latitude for his
position (Thompson's data in italics) :

27° 49" 45"  Height of sun times 2 (artificial horizon),
-3 less index correction (see Art. 1V),
27° 46" 45"  gives corrected height of the sun.

13°53' 22" Divide by 2 to get height of the sun,

—3' 48" less refraction of the air correction (ignore f),
13°49' 34" gives height of sun corrected for refraction.

+16' 18" Adding semi-diameter of sun for Dec. 6

14°5'52"  gives height of the sun as observed.
90°0'0"  Angle between the zenith and horizon,
14°5'52"— less the height of sun,

75°54' 8"  gives zenith distance.

22° 30' 50"— Subtract south declination of sun for

53°23' 18" final latitude.
(Please note that 'height of the sun' is height of the sun above the horizon.)

This latitude differs from Thompson's by only 9 seconds, or 278 meters on the
ground. Since | don't know what Thompson used as a refraction coefficient (f) to
correct for local density altitude, the answers are essentially the same.

This example clearly shows that Thompson used a reflecting artificial horizon for
this observation and that he did not make any mathematical errors in calculating this
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latitude.

Art V1. Recomputing Thompson's Data— Latitude by Double Altitudes. By J.
Gottfred.

On November 3, 1810, David Thompson records some observations which were
used to compute latitudes by double altitude. In this article, | present an example
calculation for latitude using Thompson's data. Note that | will show a mathematical
technique for computing the latitude which illustrates how it is done. Thompson
would have used tables to simplify his calculations.

Thompson's first observation is an upper limb observation of the sun (Thompson's
data in italics) :

Oh 33m 53s 43044 0"

Oh 34m 41s 430 42" 0"

Oh 35m 27s 43° 40" 0"

Oh 34m 40s 43° 42" 0" Average of values,

-3" 34" less index correction,

430 38' 26"  gives Hs x 2 corrected.
21°49'13"  Divide by 2 to find Hs.
-2' 30" Less refraction correction.
21°46' 43"  Corrected for refraction.

-16'12" Less semi-diameter of sun

21°30' 31"  Height observed #1 (Ho1l)

The reason for averaging the time and sextant readings is that the average
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values will fall on a line which is the best fit through all three observations.
Thompson provides a second run of sights roughly an hour later :

1h 30m 54s 39° 25" 45"

1h 31m 37s 390 21" 30"

1h 32m 21s 39° 16" 0"

1h 31m 37s 39°21'5"  Average of values,
—3" 34" less index correction,
39° 17" 31" gives Hs x 2 corrected.
19°38'46" Divide by 2 & find Hs.
-2' 48" Less refraction correction
19°35'58"  Corrected for refraction.
-16'12" Less semi-diameter of sun.
19°19'46" Height observed #2 (Ho02)

Thompson notes the declination of the sun at the time of the first observation
Is 15° 4' 20" south. | computed a declination at the time of the second
observation based on the rate of change in the sun's declination for this time
of the year as follows :

The difference in time between the first and second observations is 56m 57s.
The rate of change in the declination of the sun is 44" per hour on this day of
the year, so the declination for the second observation would be 15°5' 2" S.

We now convert the time difference between the two observations (56m 575)
to arc in order to find the meridian hour angle t (See figure 1). By dividing
the time interval by 4 minutes per degree of longitude, we can express angle
t in degrees, and so we find that t is 14° 14' 15".
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Findd

Now find d. For all of the following computations we will use the law of
cosines for spherical triangles. It states that for any spherical triangle XYZ,
consisting of sides of length x, y, z:

COSA — LoV 'CORd

COs & =

1 R L
Therefore, substituting for the triangle Pn-Sun1-Sun2

cosd —cos PO cos FI2

cost =

an SO sm PO
Fni

Figure 1 — The line segments connecting the points are all great circles on
the surface of the earth. Pn— The north pole. Z— The observer's zenith,
Sunl— the geographical position (GP) of the sun at the time of observation
#1. Sun2— the geographical position of the sun at the time of observation
#2. t—the meridian hour angle between Sunl and Sun2. PD1— The polar
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distance of the sun at the time of observation #1. PD2— The polar distance of
the sun at the time of observation #2. d— The distance between the GP's of
Sunl and Sun2. co-L— the observer's co-latitude (90°- latitude). co-Hol—
The co-height of the sun measured by observation #1. co-Ho2— The co-
height of the sun measured by observation #2. A1— Angle Pn-Sun2-Sunl.
A2— Angle Z-Sun2-Sunl A3— Angle Pn-Sun2-Z.

We note that the polar distances PD1 and PD2 are the sum of 90° plus the
declinations of sun declinations 1 and 2 respectively. Solving, we find d = 13°
44' 44.6"

Find Al

The next step is to find the angle Pn-Sun2-Sunl. Again, from the law of
cosines for spherical triangles we can write:

cas B - casd cag B2 Solving, we find Al = 91° 48" 45.0"
sin of s SO

cosdl =

Find A2

Next, we find the angle Z-Sun2-Sunl in spherical triangle Z-Sun2-Sunl.
Once again we use the law of cosines for spherical triangles to write:

coslon Hal)l —cosfea Hold) cosd
sih (e Ao 2 sin oo

cogs i =

Because sin x = cos (90°-x) and cos x = sin (90°-x) :

sinn Aol — sin Ho 2 cosda Solving, we find A2 = 78° 23
cos A2 = _ 26.2"
cos Mo 2 osin of ]
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Find A3

Now we find the angle Pn-Sun2-Z in triangle Pn-Sun2-Sunl by simply
subtracting A2 from Al:

91°45 45 0" =Fa" 25328 2"= 153" 25'1a . &"
Find L

Finally, we find the latitude, L. Once again from the law of cosines for
spherical triangles we can write:

coslen L) —cos( PL2) coslen Hol)
st ( FAAY sin (oo Ho 2

cosds=

Using the same trigonometric rules earlier we can write:

sy S — cos P2 nmn Ao 2
iy FAVE ooz Ho 2

cos s =

Rearranging, we get:

sih £ =cos P02 s Ao+ sin P02 cos Aol cos A3
Solving, we find L = 53° 8' 22",

This value for L differs from Thompson's computation (53° 7' 57") by only
25". This deviation is easily explained by the fact that we did not use exactly
the same declination as Thompson, nor did we apply the refraction
correction coefficient f, nor did we account for Thompson's watch error rate.
Even so, this nearly identical result clearly shows that Thompson was using
his reflecting artificial horizon for these observations, and that his
calculations are correct.
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Upon recalculating three possible latitude pairs for observations on that day
which are separated by up to 2h 28m | found the mean value to be 53° 8' 36"
+ 26". This is only £ 0.4 nm, which is excellent shooting for double altitude
observations, and demonstrates that Thompson was able to accurately
measure the sun's changing altitude over the course of three hours while
away from the conveniences of fort life.

Art VII. Recomputing Thompson's Data— Greenwich Apparent Time by Lunar
Distance. By J. Gottfred.

On November 21, 1810, David Thompson recorded three lunar distance
observations in order to determine Greenwich Apparent Time (GAT). He
needed to know GAT time, in conjunction with local time, to compute his
longitude (see article VIII for detalils).

Observing the motion of the moon to compute the time in Greenwich,
England is based on the fact that the moon's proper motion relative to the
stellar background is about 30" of arc per hour. This means that in about 12
seconds of time the moon will move far enough, relative to another object on
the ecliptic, for the distance it moved to be measured. Since the moon's
motion is predicted with high accuracy in the nautical almanac, this means
that in theory an observer could determine at what GAT time the moon
would be seen at the observed distance to an accuracy within 12 seconds of
time. This would allow the observer (in conjunction with another
observation) to compute a longitude to a theoretical accuracy of about 3'. In
practice, accuracies of = 20" are all that can be achieved. However, several
observations taken from the same place and averaged together can yield
significantly higher accuracy.

Although the basic idea is simple, it is complicated by the distorting effects
of the refraction of the earth's atmosphere. The refraction and parallax
corrections for an observation taken perpendicular to the earth's surface are
easily obtained from tables. However, lunar distance observations cut across
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the sky at oblique angles, and computing the effects of refraction and lunar
parallax are more challenging. Correcting for these effects is called ‘clearing
the distance', and an example of Thompson's method is given below.

Contemporary books describing lunar distance observations for mariners
recommended that four observers and three sextants be used to obtain the
maximum accuracy. One observer measured the distance between the moon
and another object on the ecliptic, another observed the altitude of the moon
above the horizon, a third observed the height of the second body above the
horizon, and the fourth called out the time so that all these observations
could be made simultaneously.

Thompson worked alone (he only had one sextant), so how he could have
made these observations has been a puzzle. In his article on Thompson's
method for longitude, Sebert notes that :

'On smaller ships, and in Thompson's case, it was the custom for one
observer to read all the angles, assisted only by a locally trained timekeeper.
The readings, in the order taken, were the air temperature (for calculating
refraction), the moon's elevation and time, the star's elevation and time, the
lunar distance and time, the star's elevation and time, and the moon's
elevation and time.' (Sebert, 408. cf. Garnett, 31-32.)

Smyth also mentions this method (Smyth, 14-15).

All of these observations should be made as quickly as possible. The idea is
to determine the rate of change in the lunar and stellar altitudes, and
compute what their altitudes would have been at the instant of the lunar
distance observation.

| have used this technique myself and it works admirably. However, David
Thompson, although diligently recording all other observations, makes no
such 'bracketing observations' of his lunar distances. In fact, for the period of
the case study he never observes the moon's elevation at all. In short,
Thompson's journals for the period of the case study do not show that he
made his longitude observations in the manner Sebert & Smyth both suggest.
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The solution to this puzzle is found in Thompson's marginal notes for each
lunar distance that he observes. For each distance observation, he notes the
right ascension of the sun and moon, as well as their declinations. This
information is not required for clearing a distance if the altitudes have been
observed. If, however, the altitudes of the moon and second celestial body
have not been observed, then they can be calculated from knowledge of the
observer's known latitude and estimated longitude, using the right
ascensions and declinations given in the nautical almanac for the
approximate GAT of the observation.

At first glance this may seem like a paradox— if Thompson knows where he
Is then why is he trying to figure out where he is? It is important to
understand that Thompson knows where he is within some ever-widening
circle of uncertainty. The object of all of these observations is to refine this
estimate of his position and shrink the circle of uncertainty. After all, the art
of navigation is the art of staying found.

The mathematics of clearing lunar distances seem to be quite tolerant of
errors in the computed altitudes of the moon and second body. What is
critical is that the distance between the two be measured with high accuracy.
Some preliminary calculations that | have done suggest that as long as his
dead reckoning longitude was correct to within 30', it makes little or no
difference to the cleared distance. However, more study is required before
this figure can be accepted.

Sebert notes that this method was used in Thompson's time :

"...In the more advanced navigational texts there is a method given for the
case where the horizon cannot be seen and only the lunar distance is read.
The solution involves first calculating the true altitude of the two bodies, and
then applying the corrections for refraction and parallax in reverse. It is a
very long problem.' (Sebert, 412)

This was exactly what Thompson was doing for every lunar distance | have
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examined, yet Sebert does not seem aware of Thompson's use of this
method. (Readers of Sebert's paper should know that he makes a couple of
minor errors in his calculations. On p. 409, he renders 51° 28' 35" as 51.4676°.
The correct value is 51.4764°. The moon's refraction on p. 410 is 4' 20" which
IS 4.33', not 4.2'. These early errors throw off Sebert's calculations for both
examples as well as his conclusion. The answer obtained using Borda's
method should give the same result as using Young's formula given at the
end of this article.)

On November 21, 1810 Thompson observes a lunar distance between the sun
and the moon's near limbs. In the margin he notes the following information

Hlll

g 's AR [sun's right ascension]— 15 .. 46 .. 16

Dec [sun's declination] — 19 .. 542 S

2's AR [moon's right ascension]— 176 .. 15 .. 15
Dec [moon's declination] — 57 1/6" N
S.D.[moon's semi-diameter]— 15" 9%"

HP [moon's horizontal parallax]— 55 .. 37

o 's TA [sun's true altitude]— 11 ..44 .. 9

o 's AA [sun's apparent altitude]— 11 .. 48 .. 50

2's TA [moon's true altitude]— 32 .. 20 .. 53

2's AA [moon's apparent altitude]— 31 .. 35 .. 10

TD [true lunar distance]— 62 .. 32 .. 36
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Thompson lists these values using little abbreviated symbols, the meaning of
which should be clear if you know what the abbreviations are. All of the
values are actually in degrees, minutes, and seconds of arc except for the
sun's AR which is in hours, minutes and seconds of time. The moon's HP is
In minutes and seconds of arc. Of these values, the AR, dec, and HP values
come from the nautical almanac. The moon's S.D. may have come from the
almanac, or may have been computed using the standard formula S.D. =
0.2724° * HP. The values for the true altitudes of the sun and moon would
have been computed by Thompson in the following manner :

From his observation of the altitude of the sun taken fifteen minutes after the
lunar distance observation, Thompson would have computed the local
apparent time as described in Article VIII. The only information he needs to
compute the local apparent time is his ded reckoning longitude and his
latitude, which he determines using one of the latitude methods discussed
previously. From his dead reckoning longitude he determines the
approximate time in Greenwich. For example, if he assumed that he was at
Lo. 116° 30' W, then at 15° per hour, he would be 7 hours 46 minutes behind
Greenwich. Knowing the approximate time at Greenwich allows him to
compute the declination of the sun from the information in his nautical
almanac. Using the declination of the sun (d) and his latitude (L = 53° 24’
52"), as well as the height of the sun above the horizon (Ho) that he observed,
he computed a local apparent time of 22h 9m 31s for his ‘time shot' (see Art.
VII1). Using the difference in his watch time between the lunar distance
observation and the time observation, he now knows the local apparent time
of his lunar distance observation, in this case 21h 53m 15s. Remember,
Thompson is using astronomical time, so this corresponds to 9h 53m 15s
a.m., or 2h 6m 45s before noon, local time. At 15° per hour, this means that
the sun's meridian angle (the angular distance from noon at Thompson's
position) is 31.6875°. Thompson now knows his latitude (L), the polar

http://www.northwestjournal.ca/dtnav.html (34 of 55) [9/6/2004 12:52:58 PM]


http://www.northwestjournal.ca/%23Art%20VIII.%20Recomputing%20Thompsons%20Data%E2%80%94%20Longitude%20from%20GT,%20Local%20Time,%20Magnetic%20Variation.%20By%20J.%20Gottfred.
http://www.northwestjournal.ca/%23Art%20VIII.%20Recomputing%20Thompsons%20Data%E2%80%94%20Longitude%20from%20GT,%20Local%20Time,%20Magnetic%20Variation.%20By%20J.%20Gottfred.

How David Thompson Navigated

distance of the sun (PD = 90° + declination), and the meridian hour angle (t).
This allows him to compute the apparent altitude of the sun at his location at
the instant of the lunar distance observation using the formula:

sin Ao =cos B0 -sn Lo+ sin A0 cos L cosd

In this case, | compute a true altitude for the sun of 11°44' 17". The 8"
difference from Thompson's value is probably explained by his use of tables
to compute the result.

He then computes the true altitude of the moon. Again, he knows his
latitude (L), and he can find the declination of the moon from the nautical
almanac for his estimate of the time at Greenwich. To find the meridian hour
angle (t) of the moon, he needs the right ascensions of both the sun and the
moon. Again, he gets these from the nautical almanac for the approximate
GAT time of his observation. The difference in the right ascensions of the sun
and the moon tell him the meridian hour angle between the sun and the
moon, in this case 4h 1m 15s. At 15° per hour, this is 60.3125°. Incidentally,
the moon's AR is really 11h 45' 1", but Thompson writes 176 .. 15 .. 15. This is
because he has already converted it to degrees.

The sun was not yet at Thompson's meridian, but the moon has already gone
by. This means that the moon's meridian hour angle will be 60.3125° minus
the sun's meridian hour angle of 31.6875°. The answer | get is 28.625°.
Plugging these values into the formula above yields a true lunar altitude of
32° 26' 33". This differs from Thompson's answer by 5' 39". (For some reason,
all of my recomputed lunar true altitudes for this day differ from
Thompson's by about 5' 40".) However, this is sufficiently close to
Thompson's answer that it seems clear that this is the method that he was
using.

Calculating Apparent Altitudes

Now that Thompson has calculated his true altitudes from his dead
reckoning position, he calculates the apparent altitudes from the true
altitudes. First he calculates the apparent altitude of the sun.
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11°44* 9" S (computed by Thompson),
+4' 31" plus refraction correction,
11° 48' 40" gives s— apparent altitude of sun.

This differs from Thompson's value by 10". Next, we want to find the moon's
apparent altitude. However, before we proceed, we must compute the
moon's parallax in altitude (PA), which is the cosine of the apparent altitude,
times the horizontal parallax (HP). The value | obtain is 46' 59".

32° 20" 53" M (computed by Thompson),

—-46' 59" less PA,

+1' 30" plus refraction correction,

31° 35' 24" gives m— apparent altitude of moon.

This differs from Thompson's value by 14". The small difference
notwithstanding, these examples demonstrate how apparent altitudes can be
computed from the true altitudes. For the rest of the example, | will use
Thompson's apparent altitudes so that the final answer can be compared to
his.

Finding Apparent Distance—d

The first step in clearing the distance is to find the apparent distance, d,
between the moon and another celestial body (sun, star, or planet). (See fig.
1). Thompson has measured the distance between the nearest limbs (edges)
of the sun and moon to be 62° 0' 5", so this value must be corrected for the
semi-diameters of both bodies to find the distance from center of body to
center of body. This is computed as follows (Thompson's data in italics):
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62°0" 5" Average observed in sight run,

—3" 34" less index error correction, gives

61° 56" 31" actual angle measured to near limbs.
+15' 9" Add moon's semi-diameter (S.D.) and
+16' 12" add sun's S.D. for date, for

62° 27' 52" d— the apparent distance.

Thompson does not record this value in his notes. Nor does he note any d
values for any of his lunar distances.

&
Ivl

d fm

-
¥ /
o D

)

H

Figure 1 — Clearing the distance. Z— observer's zenith. HO— The
observer's horizon. M— the true altitude of the moon's center. m— The
apparent altitude of the moon's center. S— The true altitude of the sun's
center. s— The apparent altitude of the sun's center. D— Line SM, the true
distance between the sun and moon's centers. d— Line sm, the apparent
distance between the sun and moon's centers.
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The Approximation Method

Thompson uses an approximation method to determine a solution to the
distance d. The answers should not materially differ from computations
using a more rigorous method, and in Thompson's day they were much
easier to perform.

Referring again to figure 1, perpendiculars (xM and yS) are drawn from the
line connecting ms to the true positions M and S. The idea is that the distance
Xy is a close approximation to the distance MS. Angles y and x are 90°, and
their sides are so small that they can be treated as plane triangles for the
purposes of finding the lengths of xm and ys. We can now solve the
spherical triangle sZm and compute the angles at m and s. (note that Zsm
and YsS are congruent).

Thompson provides the following data :
Finding Angles m and s

The first step is to find the value of angle m. For all of the following
computations we will use the law of cosines for spherical triangles (see Art.
VI). Using this formula for triangle sZm we can write :

cos( PO —g1 — cos{ 0% —p2)  cosaf
sity [ F07 —pe2) 0 sin

COS s =

SIf1 5 — 511 # COs
CoSes e =

COSF S o

Solving, we find angle m = 92.8388°. Similarly we can write:

st 72 — st &' cogd  Solving, we find
Coss s = : S = 62.4644°
COSS" St of
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Finding Segments xm and ys
The line segments xm and ys can be found from plane trigonometry.
XM i Xxm=2"'16"

CofSS = ys = 2' 10"
M—m S8

Coss =

From figure 1 it can be seen that if angle m is less than 90° (acute), then the
length of line segment xm should be subtracted from d. If it is greater that 90°
(obtuse), then it should be added to d. If angle s is less than 90° (acute), then
the length of segment ys should be added to d, and if s is obtuse then the ys
should be subtracted from d.

In this case, m is obtuse, so we must add xm to d, and s is acute, SO we must
also add ys to d. This yields a true distance of 62° 32' 18".

Thompson's value for D is 62° 32' 36", only an 18" difference. Interestingly
enough, we could write our corrections as '+ 2-16 + 2-10' This is clearly what
Thompson is writing at the bottom of the page where he notes '+ 2-5 + 2-20 +
9™ Thompson's values differ slightly from our results, but it must be kept in
mind that there were several variations of this approximation method. When
| clear this distance employing a rigorous mathematical method by Young
(Cotter, 214) using the formula :

cosf) = {cosd +ocos(me+ &)} GRS cos( Ad + .57

COS A COs s

| obtain the value 62° 32' 40" which is within 4" of Thompson's value.
Finding GMT

Thompson now has a true distance between the center of the moon at the
center of the sun as measured when his watch said 21h 53m 15s (11:53:15
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am). He would now turn to his nautical almanac, where he would find true
lunar distances for every three hours GAT for various bodies close to the
ecliptic. Thompson would then use linear interpolation, assisted by
proportional log tables, to compute the GAT time for the distance which he
observed. Thompson now knows the time GAT that corresponds to his
watch time of 21h 53m 15s. How he uses this time to compute longitude is
the subject of the following article.

Art VIIl. Recomputing Thompson's Data— Longitude from GT, Local Time,
Magnetic Variation. By J. Gottfred.

In addition to the various observations discussed in the previous articles,
Thompson also computed longitudes from his knowledge of Greenwich and
Local Apparent Times, set his watches to local apparent time by observing
the sun or other stars, and computed the magnetic variation at his locale.

To demonstrate how these values were determined, | will use a hypothetical
case (since Thompson leaves us no calculations) using the data from
November 3, 1810.

On this day he observed two lunar distances, and made four observations of
the sun's altitude. From figure 1, and using the law of cosines for spherical
triangles, it can be seen that

coslen Ao —cos(eo L) cos FO
sttt (e L0 sin B

Ccost =

This can be simplified to :

sy Ao — s Loocos B
cos Lo SO

cosf =
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FL

<hif co Ho

Figure 1 — Pn— The north pole. Z— The observer's zenith. Sun— The
geographical position of the sun. PD— The polar distance of the sun. co-L—
Observer's co-latitude (90° — Latitude). co-Ho— The co-height of the sun (90°
— Ho). t— The meridian hour angle. z— Azimuth angle.

This observation can be used to compute the observer's local apparent time,
even if the observer does not know what time it is in Greenwich. The
meridian hour angle t can be converted into hours with the formula:

1hr
3
15°

For an afternoon observation of the sun this converts directly into local
apparent time p.m. If Thompson has done a lunar distance observation
within a hour of this 'time shot' (to reduce the effects of an inaccurate watch),
then he now knows the difference between the local apparent time in
Greenwich, and the local apparent time at his position. This time difference
Is simply converted into degrees at 15° per hour to find his longitude west of
Greenwich.

T=¢

Even if Thompson does not have a lunar distance to go along with his time
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shot, he will still make such time observations in order to keep his watch set
to local apparent time. This allows him to know exactly when noon will
occur (subject to watch error and how far he has moved in longitude since he
last set his watch). This allows him to plan his day's events so that he does
not miss a double meridian altitude observation, the most important daily
observation for any navigator to make.

Watch Rate Computed

There is clear evidence that Thompson's watches were next to useless as
navigational tools. First, he never computes a watch rate, nor uses one in his
calculations. Secondly, he always keeps time-critical observation pairs as
close together in time as possible to ensure the maximum accuracy. Thirdly,
his notes show that at nearly every opportunity he computed the local
apparent time and reset his watch. An excellent example of this is provided
In his observational notes for November 26, 1810. In these notes he lists the
following values (Thompson's data in italics) :

H " o' Line#

55 .. 9 28 .. 21% 1

55 .. 42 18%% 2

56 .. 13 15%, 3
1[6]7 .. 4 55 4
55 .. 41 28..18..20 5
+18 .. 58 -3 6
1..14..39 28..15..20 7

Lines 1 to 3 are Thompson's observation pairs where he is recording his
watch time (i.e. 0 hours (noon), 55 minutes, 9 seconds) and the height of the
body as measured by the sextant (i.e. 28° 21.5"). On line 4 he writes down the
sum of the values, and in line 5 the average values. This gives him a point on
a line which is the best fit through all three values— a standard technique of
the day for improving sight accuracy (Garnett, 31).

The following step is not clear from Thompson's notes, for the values on line
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six are not filled in at the same time. What Thompson does next is to write
down his sextant index error correction under the right-hand column on line
six. He then finds the final sextant altitude which he records on line 7. At this
point he then computes the local apparent time of the observation as
discussed above. He then writes the corresponding local apparent time next
to the sextant altitude to which it applies. This is the value in the left hand
column on line 7. Thompson then computes the difference between what his
watch said and the actual local apparent time at the instant of the
observation. In this case, his watch is 18 minutes 58 seconds slow. He notes
this value in the space on line 6 in order to conserve paper and to keep things
neat. Thompson would no doubt immediately set his watch forwards by 19
minutes so that on the next day, he would know to within a few minutes
when local apparent noon is going to occur so that he can get set up to make
a meridian altitude observation of the sun— the navigator's most important
daily observation. Indeed, in the notes for this day he records that 'Examined
watch moved 20' forward'. Normally he does not bother to record the fact
that he has reset his watch.

When you first look at these columns of numbers it appears at first glance
that the time value on line 6 is some sort of correction which applies to get
the time on line 7, but this is not so. This example in his notes is a good one
to examine, as it seems that the values in the left-hand column on lines 6 and
7 were written in later, as he is using a pen with a different width. This same
pattern can be seen in many other entries where the time correction value is
squeezed into too small a space or does not line up correctly with the other
numbers in the column.

Using two observations from November 3, I calculate that Thompson's watch
was gaining about 3% seconds per hour on that day. When | look at his
watch corrections overall for the period of the case study, correct them for
changes in his longitude, and assume that he reset his watch each time he
made a time observation, | find that his average watch rate was 4 seconds
per hour fast, £9 seconds. This is quite poor. In 1806, Garnett remarks that :

'...Dr. Maskelyne observes, that a watch that can be depended upon within a
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minutes for 6 hours is absolutely necessary ; but | would recommend to have
at least one pocket chronometer or time piece, for connecting the observation
for finding the time, with that for the distance. They are made by Mr. Arnold
in London as low as 25 guineas ; also by Mr. Earnshaw and Mr. Broeckbank ;
and would be extremely useful for a variety of purposes both for the
longitude and latitude, and in discovering currents.' (Garnett, 30)

Thompson's watches from Joseph Jolly were worth only 12 guineas each in
1794 (Smyth, 8). These would be better-than-average watches for the time,
but apparently not in the 'pocket chronometer' league. It would also appear
that his watches were never upgraded, and that 16 years later he still had not
acquired a pocket chronometer. Thompson himself noted on August 2, 1811
that :

'‘All the Obsns made going to the Sea was with a com[mon] Watch that went
very badly, losing time— on my return also with a com[mon] Watch that
went tolerable well'. (Belyea, 163)

It would seem clear that his watches were only useful for tracking the
general time of day, the Greenwich time to the nearest half-hour, and the
time separations between double altitude or lunar distance longitude pairs
for intervals of less than an hour.

Compass Variation

If the observer records the bearing of the body along with its altitude, then it
Is possible to compute the magnetic declination (variation). From figure 1, it
can be seen that:

cos{ PIN —cos(ee L) cosieo Ha)

s (e L) csin (oo Ho)

Coss =

This becomes :
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cosi FAN —sin Locosin Ao

cos f o cos Ho

Coss =

Angle Z is the true bearing of the sun at the time of the observation (called
the azimuth), in this case in degrees west of north. In this example this can be
converted to a standard compass bearing by subtracting z from 360°. The
difference between the calculated bearing and the bearing measured by the
compass is the variation.

Art IX. A New Latitude for the Goods Shed Computed from Thompson's Data. By
J. Gottfred.

On December 5, 1810, while at the location of his 'goods shed' on the
Athabasca, David Thompson observed a series of lunar distances and two
time shots to be used for the longitude component of the two lunar distances.
On December 6, he observed a meridian altitude of the sun and computed a
latitude of N 53° 23' 27" for the location of the goods shed. He then used this
latitude to compute the longitudes observed on the previous evening. This
latitude is quite different from the latitude of the accepted location of
Thompson's goods shed.

In Article V, | examined Thompson's latitude observation from December 6
and showed how it was made with his reflecting artificial horizon, and that
Thompson did not make any computational errors in performing the
calculation. This suggests that the observation should be a very good one,
and it should be close to the truth.

Unfortunately, this single observation says nothing about how accurately he
took the measurement. Any number of arguments may be made to suggest
that this single value is not to be relied upon— perhaps he was having an 'off
day' and was careless with the observation. Perhaps he misread the index
vernier. Maybe his parallel glasses were not quite parallel and produced a
significant distortion. Perhaps there was a strong temperature inversion
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caused by a nearby storm which strongly affected the refraction of the earth's
atmosphere. It was partly cloudy on that day, so perhaps the cloud
interfered with his ability to accurately see the edge of the sun's limb. All of
these arguments can legitimately cast some doubt on the accuracy of any
single observation. However, if another latitude for the site can be computed
using different celestial objects observed on a different day under different
conditions and at different azimuths, then, should the results agree to a
reasonable extent, all of the above arguments can be shown to be unfounded.

Thompson's time shots from December 5 allow a new latitude to be
computed. This latitude was never computed by Thompson ; either he never
realized that it could be done, or he didn't bother. If he did not realize that it
could be done, then this suggests that he was well grounded in all of the
standard techniques as outlined in the navigational texts, but that he really
did not have a firm grasp of how he actually arrived at his answers— he just
followed the instructions for 'standard sights'. | favor this interpretation
because he computed all the other permutations of his sights on this journey,
and since he did not have a latitude to use that evening he was forced to wait
until noon the next day before he could do the calculations.

Thompson's observations of the stars Vega (‘Lyrae') and Capella allow me to
compute a latitude using the double altitude method as described in article

VI. Table XXX of Garnett's Tables Requisite... from 1806 lists the right

ascensions and declinations of the principle navigational stars, as well as
how much these values change per year. This information is summarized as
follows :

Star RA Var.lyr Dec. Var./yr
Vega  18h30m20s 2.03s 38°36' 27" N +2.6"
Capella 5h 2m 18s 4.41s 45047 16" N +5.0"

From this information, the right ascensions and declinations of these two
stars can be estimated for the time of Thompson's observations in 1810 :

Star RA Dec.
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Vega 18h 30m 28s 38°36' 37" N
Capella 5h 2m 36s 45°47' 36" N

We also have Thompson's observations and watch times which | provide as
they appear in his journal (corrected for index error).

Star WT Hs x2 corr.
Vega 7h 14m 53s 77°18" 30"
Capella 7h 56m 39s 88° 24" 56"

From the values of right ascension (RA) we can compute the difference in RA
between the two stars in 1810. Note that Capella was visible in the east, and
Vega was visible in the west, therefore the time separation is 24h - 18h 30m
28s + 5h 2m 36s = 10h 32m 8s. Multiplying by 15° per hour results in an angle
between the two stars of 158° 2' 0",

Thompson observed Vega first, which you can visualize as 'pinning' its
location to the heavens at the instant of the observation. He observed Capella
41m 46s later. During that time, as the heavens appear to rotate overhead,
Capella moves closer to the ‘pinned' position of Vega. Again, converting time
to arc and subtracting this from the angle separating the two stars we get the
meridian hour angle (t) which is 147° 35' 30".

Thompson noted that the air temperature was —2°F, and from a topographic
map of his approximate position | feel that his elevation was just under 1100
meters. Assuming average atmospheric conditions this results in a refraction
factor f of 0.98. True refraction = mean refraction * f. The altitudes of these
two stars above the horizon can therefore be computed using modern
refraction tables in the following manner :

Vega Capella
Hs x 2 corr. 77°18" 30" 88°24' 56"

Divide by 2 38°39' 15"  44°12' 28"
R -1'10" = 59"

http://www.northwestjournal.ca/dtnav.html (47 of 55) [9/6/2004 12:52:58 PM]



How David Thompson Navigated

Height Hv =38°38' Hc =44°11"
observed B 29"

From figure 1, and using the data above as well as the formulae presented in the article on
computing latitude from double altitudes, the following values can be computed :

d =90.72550°, Al = 21. 94522° A2 = 25.50479°. Note that in this case Z is south of the great circle
connecting Vega and Capella, so A3 = Al + A2. The final latitude computed is N 53° 21' 27"

Figure 1 — Pn— The north pole. Z— Thompson's Zenith. co-Dv— 90°—
declination of Vega. co-Dc— 90°- declination of Capella. d— distance
between Vega and Capella along a great circle on the celestial sphere. t— The
meridian hour angle between Vega and Capella. co-Hv—90°- observed
altitude of Vega. co-Hc— 90°- the observed height of Capella. co-L— 90° —
the latitude of the observer.

This latitude is 2' (2 nm) south of the latitude that Thompson computes on
December 6. This observation is probably not quite as accurate as the double
meridian altitude observation of December 6, but if we assume for the sake
of argument that they are equally valid, then the position of the 'goods shed'
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must lie at latitude N53° 22' 27" + 1'. The close correlation between the
latitudes observed on December 5 and 6 effectively removes the possibility
of significant systematic or random error in the execution of the
observations. As the south end of Bralé Lake is roughly 7.8' south of this
position, this rules it out as a possible location for Thompson's goods shed.

Postscript

For those readers familiar with celestial navigation who are eager to try
Thompson's methods, you may write the author care of Northwest Journal for
additional information, assistance, etc., as well as to obtain copies of the
author's Tables Useful for Celestial Navigation. This booklet contains : mean
refraction tables circa 1781; refraction factor (f) tables circa 1781; modern
mean refraction tables; modern refraction factor tables; conversion between
mb, inches Hg and mm Hg; barometer corrections for altitude above sea
level; a table of barometric pressure by boiling point of water (insert) which
when used with the barometer correction table yields the observer's altitude;
conversion of arc to time; temperature conversion; and miscellaneous data
and formulae. A full explanation of each table is included along with
information on how they were computed and the data source used.

Modern plastic practice sextants are available which are accurate enough for
computing latitudes. (The Davis Mk 15, $107 US, looks like a good bet.) The
Nautical Almanac sells for $16.95 US. All the stuff you require (except for the
land navigation tables) can be ordered through Celestaire at 1-800-727-9785.

Art X. Glossary and References. By J. Gottfred.

Apparent altitude (Ha) - The height of the body above the horizon as it
appears to the observer once mechanical measuring errors have been
eliminated. See also Observed Altitude (Ho), and Sextant Altitude (Hs).

Azimuth angle (Z) - The angle between the sides co-latitude and co-calculated
altitude of the spherical triangle connecting the north pole, the observer's
zenith, and the geographical position of the observed body.
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Azimuth (Zn) - The angle between true north and the body, measured
clockwise from true north. Azimuth is always positive, and between 0° and
360° . Zn is computed from azimuth angle (2).

Cleared lunar distance (D) - The angular distance between the moon's center
and another body as measured from the center of the earth. Obtained from
the lunar distance (d).

Co-declination (co-d) - One side of a spherical triangle equal to 90° minus
the declination of the body.

Co-latitude (co-L) - One side of spherical triangle equal to 90° minus the
latitude of the observer.

Declination (dec) - The position of a celestial body on the celestial sphere
measured in degrees north or south of the celestial equator. It is exactly
equivalent to latitude and is measured the same way. For example, if at some
instant the declination of a body is S 15° 32' 4", then at that instant the
geographical position of the body is at latitude S15° 32' 4". Magnetic
declination is the difference between magnetic north (the direction the
compass needle points) and true north (roughly Polaris). Also called
variation or compass variation.

f - Correction factor applied to mean refraction to correct for non-standard
atmospheric pressure and temperature.

Geographical position (GP) - The intersection of a line connecting the center
of the Earth to the center of a celestial body and the surface of the Earth. For
any instant of time this spot is the position on the Earth's surface at which
the body is at the zenith. The GP may be expressed in terms of declination
and right ascension/hour angle.

Great circle - The shortest distance between two points on the surface of a
sphere. A great circle is described by the intersection of a plane cutting
through the center of a sphere and the surface of the sphere.
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Greenwich Apparent Time (GAT) - This is the local apparent time at the
Greenwich meridian, which is defined as being at zero degrees of longitude.
GAT differs from Greenwich Mean Time (GMT) by the difference of the
equation of time for that day. Thompson did not use GMT.

Ha - See apparent altitude

Horizontal parallax (HP) - The parallax of the moon when it is observed at
the horizon.

Ho - See observed altitude.
Hs - See sextant altitude.

Index correction (IC) - The correction to applied to sextant altitude (Hs) to
correct for registration error of the instrument. IC is opposite in sign to index
error (IE).

Index error (IE) - The registration error of the sextant caused by the horizon
and index mirrors being non-parallel. IE is positive if the error is on the arc,
and negative if the error is off the arc. See also index correction (I1C).

Latitude (L) - Imaginary parallel lines on the earth's surface at right angles to
the earth's axis of rotation. The equator is 0° latitude, the north pole is 90°
north latitude, and the south pole is 90° south latitude. See also declination.

Longitude (Lo) - Imaginary lines on the earth's surface which are described
by great circles passing through the north and south poles. The prime
meridian is 0° longitude and is located in Greenwich, England. Longitude is
measured east and west of Greenwich to 180°.

Lunar distance (d) - The angular distance between the moon's limb and
another celestial body, usually on or near the ecliptic as measured with a
sextant. Also, a longitude calculated using this measurement. See also cleared
distance (D).
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Mean refraction (£o) - The refraction of the atmosphere at a standard
temperature of +7° C and a pressure of 1010 mb.

Meridian - The meridian is the line of longitude which passes through the
zenith. When the sun is on the observer's meridian, it is local apparent noon.

Meridian angle (t) - The smallest angular distance between the meridian at
the observer's position (Z) and the meridian of the geographical position
(GP) of a celestial body. Also the smallest angle between the meridian of any
two positions or bodies. Meridian angle is measured east or west and is
always positive.

Nautical mile (nm) 1nm = 1' of latitude = 1852 meters.

Observed altitude (Ho) - The altitude of the body above the horizon as
measured by the observer, once all corrections have been applied to the
observation.

Parallax in altitude (PA) - The component of the moon's horizontal parallax
which applies for altitudes greater than 0° . PA is computed as :

PA = HP x cos (Ha)

Refraction correction (R) - A correction to the apparent altitude of a body
which accounts for the bending of light from the body as it travels through
the Earth's atmosphere. The refraction correction is computed as:

=R e

Semi-diameter correction (SD) - A correction to the apparent altitude of a
body which adjusts for observations on the limb of a body. For stars and
planets, no SD correction is required. For the sun and moon, SD corrections
are listed for each day in the nautical almanac. For the moon, SD can also be
computed as:

http://www.northwestjournal.ca/dtnav.html (52 of 55) [9/6/2004 12:52:58 PM]



How David Thompson Navigated

old=0.2724 = HF

The value of SD is positive for a lower limb observation, and negative for an
upper limb observation.

Sextant - A hand-held instrument for measuring the angle between two
distant observed objects.

Sextant altitude (Hs) - The height (altitude) of a body as measured by the
sextant and prior to applying any instrument or artificial horizon corrections.
See also apparent altitude.

Spherical triangle - A triangle drawn on the surface of a sphere consisting of
sides which are segments of great circles. The length of any side of a spherical
triangle is the angle of arc described by that side as measured from the center
of the earth. The angle between two sides of a spherical triangle is the angle
as measured on the surface of the sphere.

Z - See azimuth angle.
Zenith - The point on the celestial sphere which is directly overhead.
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Navigating Around the World by Observing the Sun
James |. Sammons, Jamestown School Rhode Island

(back to Teacher's Intro)

Asyou saw in the NOVA episode, L ost at Sea: the Search for Longitude, finding your
position on the world oceans is very important. We take our location for granted today
because we have modern electronics and radio. But what was it like when those inventions
were not available? If you've looked out from the beach on a clear day, you know that it
seems that you can see forever. Actually, depending on how high your eye is above the
water, the horizon is only afew miles away. Even the highest mainmast lookout would lose
sight of land at 25 to 35 miles on agood day! And that distance could be covered in hours.

Back when ships were made of wood and powered by wind, one of the most valuable
members of the ship's company was the navigator. This was often the Captain, or the First
Officer. That tradition continues today; that's why Star Trek's Captain Picard called his First
Officer, Commander Riker, "Number One". To give you afeel for navigation at sea when it
really counted, we're going to find the Latitude and longitude for your school as though it
were aship at sea back in the old days. Welcome aboard, First Officel

Latitude

To begin, we have to introduce the concept of Horizon and Celestial Sphere. Whoa, don't
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panic. These are new terms, but the ideas are simple. We al know that the Earth is round,
but when you look off in the distance, the horizon seemsflat. That's because we're so tiny
compared to the Earth, that we just can't see the curve. But compared to space, the Earthis
also very tiny. We can make our navigation problem simpler if we assume the Earth isflat
right where we're standing and draw a straight line to represent our horizon. Figure 1 Shows
this idea. Remember, the observer figure is actually so close to the surface of the circle that
he can't see around its sides.

Celestial
ophere Chservser

(ou)
I

Hotizon .

Figure 1.

Now let's combine the Horizon and Celestial Sphere idea with measuring the angle between
the Horizon and something in space. Figure 2 shows three observers; A, B, and C, at
different Latitudes on the surface of the Earth. The Sun isvery far away, but directly over
the Equator. That is, an imaginary string stretched between the centers of the Earth and Sun
would pass through the Earth's Equator.

A D degrees '
/_\ To =un

Latitude 90M

s

Tosun
45 degrees
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L 45M
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45 ’B
= To Sun

| Equator. Latitude 0 V
Earth 30 degrees
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Figure 2.

Remember that each observer isreally atiny point on the surface of the Earth. Above each
point, the observers are shown in an enlarged Celestial Sphere so that we can see the detail.
Check out observer B at Latitude 45 degrees North. That's written "L 45°N". If observer B
measures the angle from the Horizon to the Sun at noon, the result will be 45 degrees aslong
asthe Sunis over the Equator. This measurement is called the Altitude of the Sun.

If you're on your toes, you've probably figured out the whole Latitude thing for noon when
the Sun is over the Equator. However, before you put to seain an inner tube, check out the
Altitude of the Sun (Angle between the Horizon and the Sun) for observers A and C. It's not
so simple as reading the angle and that's your Latitude. Observer A at the North Poleis at
Latitude 90°N, but observes a noon Altitude of the Sun of 0°. The Sun appears to him to be
right on the horizon, just like at sunset. At the same time, Observer C at the Equator is at 0°,
but observes a noon Altitude of the Sun of 90°, directly overhead. Can you figure the simple
trick to convert the Altitude correctly?

Notice that as you move away from observer C on the Equator, towards observer A at the
North Pole, the Latitude increases and the Altitude of the Sun decreases. Thisrelationship is
familiar to math types as complimentary angles and can be summarized as.

L = 90° - Sun's Altitude

Let's assume that you observe the Altitude of the Sun to be 80° at noon and that the Sun is
directly over the Equator. What is your Latitude?

= 90° - Sun's Altitude
= 90° - 80°
atitude = 10°N

Better get out your SPF 40 sunscreen, “cause it's going to get hot that close to the Equator!

This simple relationship works great when the noon Sun is directly over the Equator. How
often isthistrue? Not very, I'm afraid. Fact is, only on two days of the year, March 21t and
September 215, Not to panic, | told you thiswas simple and it is. After all, if those old
timers could do it with acompass and a stick in the eye, called a cross staff, you can do it
too.

In the practice example we subtracted the Altitude of the Sun from 90 degrees. Why?
Because Latitude doesn't go higher than 90 degrees. If you had a L atitude greater than 90
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degrees, you'd go over the Pole and start back toward the Equator. But what if the Sun were
not on the Equator and was actually 5 degrees north of it? What would the observed Altitude
of the Sun be then? Study figure 3 and see if you can figure out how you could correct the
observed Altitude of the Sun for any Sun position.

=un b degrees M. of Eqguator
M. Fale Altitude = b0 degrees

8]

8]
=un over Equatar

Altitude = 45 degrees

L 45M

45
Equator, Latitude 0 /

Figure 3.

Our original formulaworks fine when the Sun is over the Equator. To make it work for any
Sun position and therefore any date, we need to make a correction. We need to adjust the
result for when the Sun is north (above), or south (below), of the Equator.

In figure 3, the Sun is shown 5 degrees north of the Equator. The observed Altitude of the
Sun is 50 degrees and we know from the sketch that the correct Latitude is 45°N. But ook
what happens when we calculate Latitude:

L 90° - Sun's Altitude
L 90° - 50°
Latitude = 40°N

Hmmm, the result should have been L 45°N. We can fix this if we add the number of
degrees when the Sun is north of the Equator and subtract the number of degrees when the
Sun is south of the Equator. This concept is called the Declination of the Sun and has to be
included in our Latitude formula so that it will work at any date. Here's our final formula:

L =90° - Sun's Altitude + Declination of the Sun*

*Northerly Declination is added.
Southerly Declination is subtracted.
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Y ou may wonder how this new improved formula can work just like the first version when
the Sun is over the Equator. That's easy, if the Sun is over the Equator, its Declination is
zero. It'sjust like the new term at the end of the formula went away.

Try these examples to show your stuff. We'll assume that the observations were made at
noon with the Sun to the south using your best cross staff and that the Declination of the Sun
came from the Court Astronomer.

Problem Declination Altitude Latitude
1 15° North 48°
2 17° South 73°
3 23° North 22°
1 =1L 63°N 2 = L 56°N 3 = L 45°N

How did you do? Here's alittle extra thought for you. Suppose you have the same
information asin problem 1, but you had to face toward the north to measure the Altitude of
the Sun. Y our Latitude would be L 33°S. If you must face north to view the noon Sun,
you're probably in the Southern Hemisphere. The same formula works for shipsin the
Southern Hemisphere, the correction for the Declination of the Sunissimply reversed. Soin
this case, 15° North Declination is subtracted from the observed Altitude of 48°.

OK, so now you're ready to find the Latitude of your schooal. If only you had a Court
Astronomer to provide the Declination of the Sun. Hey - you can do that too! Figure 4
shows the Earth at four positionsin its orbit around the Sun. The sizes are exaggerated to
make it easier for you to see what's going on. The Earths are shown tipped 23.5 degrees
relative to a vertical line straight through the Sun. Why the Earth istipped like that is
another story having to do with how planets are formed. Right now we have to figure away
of determining the Declination for any day.
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Figure4.

Note the Equator on the Earth at the June 21t position. Y ou can see that the direction to the
Sun from that Earth shows the sun to be 23.5 degrees north (above) of the equator. A similar
observation of the December 21t Earth shows that the Sun direction is now 23.5 degrees
south (below) of the equator. The remaining Earths at March 218t and September 239 show
the Sun to appear directly above the Equator. For Earth positions between the four shown,
intermediate values are observed.

This concept was well known to ancient civilizations and was the main principle behind
"primitive" solar observatories such as Stonehenge and Native American Medicine Wheels.
Y ou probably recognize it because it's studied in most middle level science classes as the
cause of our seasons.

Chances are, your local Stonehenge is nonexistent. In lifeboat navigation, they teach you
how to make atable of the Declination of the Sun by tracing something round like alife ring
onto a piece of graph paper. But you can find the Declination of the Sun right in your
classroom. Printed on most globes, usually off the Ecuadorian Coast but always on the
Equator, isthe Analemma. Thisfigure eight isatable of the Declination of the Sun and the
Equation of Time. Ignore the time bit for now and simply find the month you're looking for
and pick off the number of degrees above or below the Equator where that month is printed.
If the Sun is above the Equator, it's called North Declination, if below the Equator, South
Declination. Now I'll bet you're the only kid in Kansas that knows what the Analemmais
used for!

Although this explanation iswordy, it's afairly simple concept. You'd be surprised at how
accurately Latitude can be determined with very crude stuff. Y ou've probably noticed that |
have referred to Altitudes taken only at noon. The reason is that Latitude from the observed
height of the Sun issimple, but only at Local Apparent Noon. Local Apparent Noon, or
LAN, smply means noon at your exact location. Finding Latitude at other times involves
some veeery heavy math (solid trigonometry) as referred to in the NOV A program.
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This places a premium on knowing when Local Apparent Noon occurs as your ship surges
along. How do you know? Remember, this skill was well developed long before Harrison's
chronometer. Thisis one of those swell things that turns out to be easier than it looks. Local
Apparent Noon corresponds to two events: when the Sun is exactly south of your ship and
when the Sun is at it's highest point in the sky. Y our ship's compass will tell you when the
Sun is exactly south, and if you measure the Sun's height for a period of time beginning as
the Sun is still climbing and ending when it's clearly sinking, you'll have the greatest height
among your readings.

Congratulations, you are now afully qualified First Officer, a Sun Navigator of the Days of
Exploration.

Longitude

And thisis where the skill of marine navigation stood for a very long time. Ships could
know their north-south line of Latitude, but they had no way of knowing how far east or
west they were along that line. It's like two people trying to drive a car, but only one can see.
One knows when to turn the wheel right, but the other can't see so doesn't know when to
turn the wheel left. Smack up alot of carsthat way, and they smacked up alot of ships for
the same reason.

Thisisthe whole point of the NOV A episode Lost at Sea: the Search for Longitude. If only
you could know your longitude. Taken together with Latitude which is easy, these
measurements allow plotting of the vessel's position on the surface of the Earth. With an
accurate sense of time, you can find your east-west line of longitude. Thisiswhy Harrison
sought the 20,000 pound prize by building an accurate clock.

Time and Rotation of the Earth
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Just as we saw in finding Latitude, finding longitude is easy enough when we've learned
three basic ideas. Thefirst of these ideas is the relationship between time and the rotation of
the Earth. It takes an average time of 24 hours for the Earth to rotate 360 degrees so that a
spot on its surface will move from under the Sun and then just return to it's under-the-Sun
starting position. In 12 hours, the Earth will turn half around. In 6 hours, a quarter. If you
divide the number degrees in acircle by the number of hoursin aday, we find that the Earth
turns 15 degrees each hour.

360° <+ 24 hours = 15° per hour
We can take this a step further and state that the Earth turns one degree in four minutes.
1 hour = 60 mnutes + 15° = 4 mnutes per degree

The second idea is simple enough, but very confusing. Take some time here and be sure you
understand it well. We have to distinguish between events and time. The events and time
ideais what gives adults a headache when they try to figure out what to do to their clocks
when Daylight Savings Time changes. That's why we have the no-brainer saying: " Spring
forward, fall back."

To see how events and time fit together, imagine that you're standing beside an amusement
ride that turns around and around. As you watch, two friends in separate cars pass you by.
First one, then the other. Now imagine that the ride is stopped, you give each friend a stop
watch, and tell them to start the watch just asthey circle by you. Y ou signal the operator, the
ride makes one compl ete turn, stops, and you collect the stop watches.

Clearly thefirst rider went by you earlier than the second rider. For him, the event of
passing you occurred earlier. For the second rider, the event, passing you, was later. But
when you examine the stop watches, the time on the first rider's watch is later than the time
on the second rider's watch. Why? Because the first rider's watch was started before the
second's. Now imagine that you are really the Sun, the ride isreally the surface of the Earth,
and your two friends are really two different places on the Earth.
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5A O

Figureb.

Observer A infigure 5A observes Loca Apparent Noon, which is simply noon for your
exact location, and sets his watch to 12:00 based on Sun time. In figure 5B, we see that
observer A has been moved eastward by the rotation of the Earth to be replaced by observer
B. Observer B now observes Local Apparent Noon and sets his watch to 12:00 based on Sun
time. Which observer experienced the event, Local Apparent Noon, first? Which observer's
watch shows the earliest time? Observer C in figure 5B will experience Local Apparent
Noon latest of all and yet observer C has the earliest time!

And so it isthat we have to be careful about the difference between the events and time.
Events like sunrise in the east always happen before the same event in the west. But time as
shown on eastern clocksis later than on western clocks at the same instant. We can
summarize this concept with our own no-brainer:

Local tinme earlier, position is westward.
Local tinme later, position is eastward.

To use our no-brainer, we have to be comparing our position to some other position. So if
you knew, for example, that your time was 1 hour later than your pen pal's time, you would
know that you were east of your friend. Y our time earlier, you're west; your time later,
you're east. It's that simple!

If we combine the first and second ideas, we can find any longitude. Every point around the

Earth has its own unique Sun time. If you live one degree west (later events, earlier time) of

me, your Sun time would be four minutes earlier than mine. Let's see how that works. The
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first idea, "Time and Rotation of the Earth" tells us that our time difference will be four
mi nutes.

1 hour = 60 mnutes + 15° = 4 mnutes per degree

The second idea, "Events and Time", tells us direction. Note that the example states that you
are to the west and your timeis earlier than mine. Turn that around before you use the no-
brainer: I'mto the east, my timeislater.

In the example above, we compared our position to some other position. Asyou learned in
Lost at Sea: The Search for Longitude, Harrison was English and the astronomical data that
he used to set his chronometer came from the Royal Observatory at Greenwich, England. So
it's perfectly reasonable that the other position used by British ships should be Greenwich,
England. To thisday, all longitude is figured from the line of longitude that runs through
Greenwich, England. Thisisthe line of zero longitude and is called the Prime Meridian.
Lines of longitude are measured in degrees east and west from the Prime Meridian.

If you think about this for a minute, you'll realize that if you sail westward from the Prime
Meridian, your west longitude will increase until you reach the 180° line of longitude where
east and west longitude meet on the opposite side of the Earth. Asyou crossthisline, called
the International Date Line, your longitude, now east longitude, will decrease until you
return to the Prime Meridian or zero degrees longitude.

After Harrison developed his chronometer, British ships would find their position by
observing the time and the height of the Sun at Local Apparent Noon. The height of the Sun
would produce the ship's Latitude. The time of Local Apparent Noon, recorded as 12:00
local time, was compared to the time back in Greenwich as shown on Harrison's
chronometer and the difference would produce the ship's longitude.

Well, ailmost. Back at the beginning of the Longitude section, | said that it takes an average
time of 24 hours for the Earth to rotate 360 degrees. The third and last idea needed for
longitude is the Equation of Time.

Whenever I've mentioned clock time, I've called it average time. That's because the time that
everyone keeps for their daily affairsis an average value. But if you measure the length of
the day by timing the exact amount of time that is required to go from LAN (Local Apparent
Noon) on one day, to LAN on the next day, you discover a curious thing: the length of the
day changes slowly. Starting with the clock day equal to the actual Sun day, the Sun day
gets dlightly longer, then slightly shorter until the clock day and the Sun day are of equal
length again. The process continues, but this time the Sun day get shorter first, then longer.
Don't confuse this changing day length with the seasonal change in daylight. I'm referring to
changes in the whole day, light and dark together. Clock time and Sun time are equal in
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length only four times during the year, on the other days they are different by as much as
16.5 minutes.

It's not that the Earth rotates at different speeds; that stays the same. It hasto do with the
speed that the Earth revolves around the Sun which changes according to something called
Keplerian Motion. The important thing is that if you're going to compare Sun timeto
Harrison's chronometer, you have to change the chronometer's clock time to Sun time so that
you're comparing like terms. And that's what the Equation of Time does.

By applying the Equation of Time to the chronometer's clock time, we convert Greenwich
Mean Time (Clock time.) to Greenwich Apparent Time (Sun time.) Greenwich Apparent
Time, or GAT, issimply the Sun time back at Greenwich, England. Now we can observe
Loca Apparent Noon and do our simple subtraction of GAT to find our longitude.

By the way, I've used the old term, Greenwich Mean Time, so you can see the connection
between the history of navigation and the terms used. Some years ago, most people who use
time adopted anew name for GMT, Universal Coordinated Time or UTC (From the French
Universal Time Coordinaire.) Today, you're more likely to run into the new UTC on the
radioor TV.

Equation of Time

OK, last step. Where do you find the Equation of Time? The Analemma. The Analemmais
shaped the way it is so that you can read both the Declination of the Sun and the Equation of
Time from one cool shape. The Declination of the Sun is shown above and below the
Equator, the Equation of Time is shown left and right. Different maps and globes have
different systems of displaying the numbers, but if you look at it carefully, you'll be able to
figureit out. Just remember that up and down, the Analemma gives you Sun's Declination,
left and right gives you the Equation of Time.

Once you've got the Equation of Time, you'll have something like +15.5 minutes, or -3.0
minutes. You ssimply add, asin thefirst case, or subtract, as in the second case, the value
from the chronometer's Greenwich Mean Time. The result is Greenwich Apparent Time
which is then compared to Local Apparent Noon.

It goeslikethis: At sea, LAN isobserved at 0832 hours, Greenwich Mean Time. (The time
on the chronometer.) Remember, LAN means Local Apparent Noon, so it's lunch time as far
as your stomach is concerned. First you have to convert the chronometer's clock time to Sun
time by applying the Equation of Time. The Nautical Almanac tells us that on this date, the
Equation of Timeis 08 minutes. (Ships use the more accurate Nautical Almanac, you would
use the Analemma.)
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8:32 awr
- 0:08 Equation of Tine

8: 24 GAT

We recorded LAN at 12:00 local time and that's later than 0824 hours Greenwich Apparent
Time, so we must be to the east of the Prime Meridian. Next we convert the time to degrees
of east longitude by calculating the time difference. LAN can be written above or below
GAT. Place the larger value over the smaller.

12: 00 LAN
- 8:24 GAT
3: 36
3 hours * 15°/hour = 45°
36 mnutes <+ 4 mnutes/°® = 9°
[lambda] = b54°E

Step by Step

We're now ready to find the position of any school on the face of the Earth.

1. You must establish a shadow source of known height with a clear areato the north so
that the shadow can be measured. It doesn't have to be a pole. For example, if a
billboard has a pointed feature at its top that casts a sharp shadow, it'll do. Y ou must
know its height and the point exactly under it however. A six foot pole will do, but
the taller the pole, the better the accuracy. Flagpoles work especially well. If you use
asmall pole, bury the end so that it doesn't wobble and trueit up using alevel.

2. You must establish atrue north line extending from the base of your pole, flagpole,
etc. Thisis done by determining a magnetic north line with a compass and correcting
that line for variation so that you can draw atrue north line. West variation is
subtracted from the compass reading, east variation is added. For example, Variation
in the Boston areais about 15 degrees west, so the north line is plotted at 345 degrees
according to the compass.

True North = 360° - 15°W= 345°

Variation for your area can be found in the legend of any USGS maps or CGS charts.
These steps represent the only setup for this activity. Y ou may want to enlist the help
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of asurveyor if you have trouble setting the true north line.

3. The purpose of the pole and north lineisto allow you to determine the angle of the
Sun at the moment that the Sun lies due south of your position. Determining the
Sun's angle can be done two ways. you can measure the length of the shadow and
together with the known height of the pole, and find the angle from the pole base to
the tip of the shadow to the top of the pole using the Pythagorean Theorem. Thisis
the best way if your shadow maker istall. Ask your math teacher for help with this
oneif you aren't familiar with the Pythagorean Theorem. If you can reach the top of
your shadow maker, you can use a string from the top to the tip of the shadow and
measure the angle directly with a protractor. A word of caution, do not grovel on the
ground and sight the top of the shadow maker with your eye. The extended exposure
to the near sun image is an invitation to retinal burns. Makes the inside of your eyes
feel like hot onion rings!

4. To make an observation, start by setting a reliable watch with a second hand to a
good time source. Cable TV is good and so are radio sources that include atone. DJ
Voice announcements are often approximations. Get in position ten to fifteen minutes
before LAN. Because this is not something that most people have done before, |
recommend adry run before you need good results. As the shadow moves toward
true north line, take practice height readings. Y ou should set up a graph with time on
the baseline and observed altitude on the Y axis. If you plot your observations as time
passes, you'll be able to see your consistency improve.

5. You will be recording the time of LAN as shown on your watch and either the Sun's
altitude angle or the shadow length. Whether you record the angle or length will
depend on how you intend to calculate the Sun angle. (See three, above.) Begin
recording your readings before the shadow crosses the north line. Y ou can mark the
readings when the shadow is centered on the north line, but continue recording times
and shadow angles or lengths for another five minutes. Typically the height readings
are abit jumpy when plotted on the graph paper. With a straight edge, draw aline
through the highest points on the graph and take that line as the value for the
observed time and height of the Sun.

6. If you werein the British Navy and had sailed from Portsmouth, your Chronometer
would have been set to GMT before you left. Y ou obviously set sail from your
classroom and so your watch is set to your time zone, not Greenwich. Before you can
do any longitude calculations, you must convert your Local Zone Time, as shown on
your watch, to GMT. Each US time zoneis earlier than GMT, so converting to GMT
issimply a matter of adding some number of hours as shown in Table 1.

Time Zone Standard Time Daylight Time
Eastern 5 hours 4 hours
Central 6 hours 5 hours
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Mountain 7 hours 6 hours
Pacific 8 hours 7 hours
Table 1.

OK First Officers, seeif you can determine the position of my School. I'll tell you that the
name of the School is Jamestown School, named after our East Coast town. There are |ots of
Jamestowns in the USA, so you'll need to calculate my position before an atlas will help
you. Here are the data that you'll need:

On August 29, 1998, Loca Apparent Noon was observed by my First Officer at 16 hours, 47
minutes, Greenwich Mean Time. The observed height of the Sun was 57.5 degrees above the
horizon.

Local Apparent Noon = 16:47 GV
Hei ght of the Sun = 57.5°

From the Nautical Almanac, the First Officer extracts the following. (As you might guess,
the Nautical Almanac provides the same information found on the Analemma, but in more
detail.)

Declination of the Sun = 9° 10" N
Equation of Time = - 00" 49"

Before we get started, let's take a moment to think about accuracy. The values shown in the
Nautical Almanac are much more accurate than your ability to measure Sun height and the
time of LAN with a stick. Therefore, the work of calculating to the nearest minute of arcis
really awaste of time. Thisis an important principle in mathematics, keeping your precision
place valuesin line with your original information. To do this, we're going to round off
numbers often. Good luck, the solution to the problem is shown below. (Unless Blackbeard
the Teacher cut it off to make you think.)

Latitude
L = 90° - Sun's Altitude + Declination of the Sun
L = 90° - 57.5° + 9°N
L = 41.5°N

o let's see what we have. A quick check of the map shows us that I'm not in Jamestown,
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Virginia. Can we use the clue that I'm in an East Coast town? Dang! The Coastline turns east
and west at L 41.5°N. Could be severa Jamestowns at that Latitude. Back to the chart table
you go!

Longitude
First we have to get that Greenwich Mean Time converted to Greenwich Apparent Time
which is Greenwich time according to the Sun. So we apply the Equation of Time:

16: 47 Qv
- 0:01 Equation of Tine

16: 46 G eenwi ch Apparent Tine

Next we find the time difference between our position and Greenwich, England. We know
that Local Apparent Noon occurs at 12:00 local time and that that is earlier than 16:46 GAT.
Our no-brainer tells us that our position is westward of the Prime Meridian:

Local time earlier, position is westward.

To find how far westward, we'll subtract. To make the subtraction easier, we'll set it up with
LAN on the bottom because it's smaller than GAT:

16N: 46' GAT
- 12h: 00 LAN
4h: 46'

All that's left is to convert the time difference into degrees of longitude:

4 hours * 15°/hour = 60°
46 mnutes = 4 mnutes/° = 11.5°
Addi ng both gives [lanbda] = 71.5°W

Y ou have found my position to be:
L 41.5°N, [lanmbda] 71.5°W

which is dlightly west of our school in Jamestown, Rhode Island.
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= How a Sextant Works
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There's nothing mystical or complicated about a sextant. All it is is a device
that measures the angle between two objects.

The sextant makes use of two mirrors. With this sextant, one of the mirrors (
mirror A in the diagram) is half-silvered, which allows some light to pass
through. In navigating, you look at the horizon through this mirror.

http://www.pbs.org/wgbh/nova/shackleton/navigate/escapeworks.html (1 of 2) [9/6/2004 12:53:14 PM]


http://www.pbs.org/cgi-registry/stationlink.cgir
http://www.pbs.org/
http://www.pbs.org/
http://www.pbs.org/search/search_programsaz.html
http://www.pbs.org/hplink/redir/tvschedules/
http://www.pbs.org/hplink/redir/aboutpbs/aboutpbs_support.html
http://shop.pbs.org/
http://www.pbs.org/search/
http://www.pbs.org/wgbh/nova/
http://www.pbs.org/wgbh/nova/search.html
http://www.pbs.org/wgbh/nova/sitemap.html
http://www.pbs.org/wgbh/nova/onlinelibrary.html
http://www.pbs.org/wgbh/nova/schedule.html
http://www.pbs.org/wgbh/nova/novafeedbackform.html
http://www.pbs.org/wgbh/nova/teachers/
http://www.pbs.org/wgbh/nova/novastore.html
http://www.pbs.org/wgbh/nova/shackleton/
http://www.pbs.org/wgbh/nova/shackleton/1914/
http://www.pbs.org/wgbh/nova/shackleton/surviving/
http://www.pbs.org/wgbh/nova/shackleton/1999/islands.html
http://www.pbs.org/wgbh/nova/shackleton/classroom/
http://www.pbs.org/wgbh/nova/shackleton/sitemap.html
http://www.pbs.org/wgbh/nova/shackleton/

NOVA Online | Shackleton's VVoyage of Endurance | How a Sextant Works | PBS

_~MIRROR B

s

HORIZON P MOVEABLE ARM

k S — '_i EYEPIECE
e

MIRROR A"

()

The other mirror (mirror B in the diagram) is attached to a movable arm. Light
from an object, let's say the sun, reflects off this mirror. The arm can be
moved to a position where the sun's reflection off the mirror also reflects off
mirror A and through the eyepiece. What you see when this happens is one
object (the sun) superimposed on the other (the horizon). The angle between
the two objects is then read off the scale.

What makes a sextant so useful in navigation is its accuracy. It can measure
an angle with precision to the nearest ten seconds. (A degree is divided into
60 minutes; a minute is divided into 60 seconds.)
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Navigation by Sextant
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There's no way around it: Celestial navigation using a sextant is a complex
and involved process that involves a fair amount of calculating, correcting,
referring to tables, knowledge of the heavens and the Earth, as well as a lot of
common sense. (No wonder it's been so quickly replaced by the satellite-
dependent Global Positioning System, or GPS!) But the basic principles
behind celestial navigation are fairly straightforward. Here are a few examples
that show how a sextant can be used to find location...

5}.'&.1:1;1'_{'1[1 n’
VUYAGE OF ENDUI

Finding
Latitude

Tropic of Cancer

Equator

Tropic of Capricorn
you are here

Finding latitude is easy enough. The first thing you need to do is measure the
angle between the horizon and the sun when the sun is at its highest point,
which is right around noontime on your watch. A quick look at your trusty
tables tells you which line of latitude the sun should be above on that
particular day. For example, let's say it's noon on December 21, and the sun
is directly overhead. Well, on that day the sun is above the Tropic of
Capricorn, so your latitude would have to be 23.5 degrees S.
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Finding
Longitu de

It's a good thing, if you're a navigator, that the Earth spins around at such an
even pace. Every hour it moves 15 degrees. This means that if the sun is
above the longitude of 0 degrees at noon, one hour later it will be above 15
degrees West. Now if you have a chronometer (this is just a fancy name
meaning "extremely accurate clock™), you can find your longitude. Let's say
that the sun is directly overhead and your chronometer, which was set to
noon when you were at O degrees, says it's 3 o'clock. This means that three
hours ago the sun was overhead at this latitude at O degrees longitude. In
those three hours, the sun moved 15 degrees 3 times, or 45 degrees. So
you're at 45 degrees West. Of course, the fact that the sun was directly
overhead (which very rarely happens) made it especially convenient for
finding your longitude, but you could have found your longitude anyway, with
the help of your tables.
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celestial navigation

Select a page to display

* Celestial navigation for dummies

Introduction

The principles of celestial
navigation are simple. The
harder mathematics come in
details of calculations, and a
computer program like ASNAv

will take care of this for you, so
don't be afraid to read this page.
It's pleasant to understand how it
Is possible to find his position on
Earth just be looking at a few
stars...

The celestial mechanics is
precision mechanics. It is
possible to calculate the exact
position of a heavenly body (star,
planet, moon, sun) in the sky at
any given time. Knowing the
position of the star in the sky, the
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celestial navigation
measure of the angle between
the horizon of the observer and
the star, using a sextant, is
enough to determine the
\ observer position in latitude and

\ longitude (in fact, we will see that
UL

at least two measures are
needed).
d Observer

Let's show this by the example of
another situation at sea: imagine
you observe a lighthouse from a
tan O = h/d certain distance. With the
sextant, you measure the angle
alpha corresponding to the
height of the lighthouse seen
from your position.

If you know the height h, you can
find your distance d from the
lighthouse. On a chart, you can
draw a circle centred on the
lighthouse with a radius d. You
are somewhere on the circle.
This is your circle of position.

)
Observer

A second observation gives you a
second circle of position. You are at
the intersection of the circles of
position.

In fact, there is most often 2
Intersections but your estimated
position or a third observation will
help you to choose the right one.

If you don't observe a lighthouse but
the angle between your horizon and
a star, you are doing celestial
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navigation. That's it!
Of course, at this stage we need to

look a little bit closer at the celestial
mechanics to understand how we

can calculate the exact position of a @ Observer

heavenly body (star, planet, moon,
sun) in your local sky at any given
time and which mathematical relation
Is linking the altitude of a body to a
circle of position. Unfortunately, it is
not as simple as tan(alpha) = h / d.

Celestial mechanics - a blueprint
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Imagine the
Earth in space
surrounded by
a celestial
sphere on
which all the
heavenly
bodies are
moving. This
IS a quite
simple
representation
of the
universe, but
this is enough
for our
purposes. We
are just poor
seamen
(correction, |
am). The
celestial
sphere is



celestial navigation
Celestal Nonth Pole centred on

Earth with the
celestial
equator
passing
through the
Earth equator
and the axis
Celestial Greenwich Earth centre
aphere 111,3ri-:11:111 C to North

North Pole Pole defining
‘ the axis of

reference of
the celestial
sphere. A
plan of
reference
defined on
Earth is also
used on the
Celestial equator J. Machtefinckx  celestial
sphere: the
Greenwich
meridian. On
the celestial
sphere, we
show a star S
and its hour
circle.

Hour circle

Earth equator

The star in the
sky is like the
lighthouse of
your previous
example.
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Go back to the ASNAv home page

This Web Site and all contents are copyright © 1999-2004 by Seamanship International. All Rights Reserved.
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The Abaco Wild Horse Fund, Inc.
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On the sun swept stage of asmall island 150 miles off Florida' s Gold Coast, a
threatened herd of rare and endangered horses have made their official debut to
the world. Work begun in 1992 resulted, in August 2002, in having the horses
designated a new strain of the critically endangered Spanish Barb breed by the
Horse of the America’ s Registry.

The 12 remaining Abaco Barbs, on the island of Abaco in the Bahamas, are
fighting for their lives as inappropriate human intervention and a drastic change
in habitat have taken a severe toll. The struggling remnants of a once mighty herd
of 200 are facing extinction for the second time in their recently turbulent history.
The Government of the Bahamas designated a preserve area for the horses and
the mares are now back in their normal habitat. The stallions are waiting for the
next expansion of protected area.

This site contains a history of the horses, goals for the future, information on how
to help, a newsdletter and many other features. For ongoing reports on the horses,
see HOOFBEATS, below.

http://www.arkwild.org/ (1 of 3) [9/6/2004 12:53:37 PM]



The Abaco Wild Horse Fund, Inc.

This page is best viewed using Netscape Navigator. Get the latest version of Netscape now.

Fund Goals

Where is Abaco? (M ap)

History of the Horses

Condensed History

HOOFBEATS - Newd etter

Video Clips

About This Site

Send us E-Malil
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How You Can Help

Vigt the Abaco Barbary Horses The

horses are now on their Preserve, and you can visit
them. If you are coming to Abaco, find out how to
make an appointment for a personal tour.

Gift Shop Choose your items, print an order
blank and send a check. Or,
Browse and buy right now, on line, quick and

secure transactions with PayPal.

Go Shopping! Visit theiGive mall for easy,

secure on line shopping at over 240 nationally
known stores.

Wish ListS: What we need, from Equipment to

Supplies and Maintenace to Administrative
personnel and Volunteers

M ake a Donation right now,while you're on
line. Quick and secure with PayPal.

Subscribe Y ou can choose a donation amount

and then have easy payments deducted
automatically from your account each month. Easy,
convenient with PayPal.

Sign up with iGive and PayPal through these links
and be set for ssimple and fast future transactions
and many benefits.


http://home.netscape.com/comprod/mirror/index.html
http://www.arkwild.org/program_outline/pgrmoutline.html
http://www.arkwild.org/howtohelp/visit.html
http://www.arkwild.org/howtohelp/howhelp.html
http://www.arkwild.org/howtohelp/ppshopcrt/ppshopcrt.html
http://www.arkwild.org/hoofbeats/01_articles/hfgoshop.html
http://www.arkwild.org/howtohelp/wishlist.html
http://www.arkwild.org/howtohelp/ppdirdonate/ppdirctdon.html
http://www.arkwild.org/howtohelp/ppsubscrpt/ppsubscribe.html
http://www.arkwild.org/abaco_map/abmap.html
http://www.arkwild.org/history/history.html
http://www.arkwild.org/shorthistory/sstory.html
http://www.arkwild.org/hoofbeats/hftoc.html
http://www.arkwild.org/hrsvids/hrsvidindex.html
http://www.arkwild.org/this_site/thissite.html
mailto:arkwild@iname.com

The Abaco Wild Horse Fund, Inc.
Bulletins:
This site updated August 3, 2004

.The HOOFBEATS Newsletter now contains monthly updates on the horses, starting
from January, 2003

Arkwild Inc. has 501(c)(3) tax exempt status
Y our donations are tax deductible
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Heavenly Mathematics: Cultural Astronomy

Heavenly Mathematics:

Adam Schall (1591-1666), Imperial Astronomer in Beijing

Cultural Astronomy (GEK1506)

Astronomers at the I stanbul Observatory

Welcome to Heavenly Mathematics: Cultural Astronomy!

Objectives of the Module

Topics to be Covered

Practical Information and A ssessment

Course Schedule

IV LE Course Page with Discussion Forum

Recommended Texts

Astronomica Java Applets and Animations

Astronomica Video Clips

Strobdl's Astronomy Notes

Stellarium Software

Course Content
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Astronomy and its History Caendars The Equation of Time Ancient Astronomica Instruments
Astrology Navigation Cartography Archaeoastronomy
Cultural Astronomy Astronomy in Nature

Additional Information
L ecture Notes Tutorials and Homework Assignments Old Exams Past Homework
Past Projects Project Topics References Good-bye!
Helmer Aslaksen's home page
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Heavenly Mathematics: Cultural Astronomy

Objectives of the Module

The goal of this courseisto study astronomy in a cultural context. We will look at questions like: How is the date of Chinese New Y ear determined? Why do
the Muslim and Chinese months start on different days? Will the Moon ever ook like it does on the Singapore flag? What date of the year is the earliest sunrise

in Singapore? How did ancient sailors navigate?

After taking this course you will become conscious of the motion of the Sun and the Moon and notice and question things you have earlier taken for granted.
Y ou will appreciate mankind's struggle through the ages and throughout the world to understand the mathematics of the heavens.

Astronomical instruments in the Imperial Observatory in Beijing made by the Jesuit missionary Ferdinand Verbiest, 1670

Topics to be Covered

We start by discussing the motion of the Sun, Earth and Moon and other fundamental concepts of astronomy and its history. In Singapore, we use the
Gregorian, Chinese, Isamic and Indian calendars for determining the public holidays. The equation of time is crucial for understanding the time of sunrise and
sunset in the tropics. We also look at ancient astronomical instruments like the astrolabe and armillary spheres. Astrology was important in the past, and we
explore the ideas behind it. Devel opments in navigation and cartography (map making) have been important in world history. We discuss archaeoastronomy
(the use of astronomy in archaeology), cultural astronomy and astronomy in nature.
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Brian Greig's astronomical instruments for sale at the M elbourne Arts Centre Sunday Market

Practical Information and Assessment

This course is one of the new General Education Modules at the NUS.

There will be three hours of lectures and one hour of large group tutorial each week. The time slots in 2003/2004 Semester 1 are Tuesday and Friday 2-4 in
LT32. I will go from 2.00 to 2.50, take a 10 min break and go from 3.00 to 3.40. There will be two tutorial groups. The last session on Friday will be alarge-
group tutorial, and there will be another tutorial group on Tuesday 4-5in LT 23. You only need to attend one of these.

| use a cordless microphone and walk around in class and ask questions. But don't worry, | only ask easy questions! | also like to create physical demonstrations
toillustrate the concepts, and | often need “volunteers’ for this. | am not afraid of looking silly, and | hope you are not either!

If you send me e-mail, please use the module code GEK 1518 in the subject. Otherwise you may end up in my spam folder. Thisis especially important if you
use anon-NUS e-mail address.

The final exam counts 40% of your grade. Y ou have to do a project that counts 40%. The projects are done in groups of four to six students. There will be also
be two homework that count 10% each.

Please do the homework in the same group as you do the project. If you are planning to do a very special topic, and you're having a hard time finding somebody
interested init, | MAY also approve individual projects or groups of two or three. The chances of me approving such requests are best if you approach me early.

The project proposal is due Friday 12/9. The project itself is due on Friday 17/10. The homework about the Sun is due on Friday 3/10 and the homework about
the Moon is due on Friday 10/10. The exam will be on Wednesday 19/11.

Many topics will only be touched upon in lectures, and you may explore them further on your own in the projects. | have alist of possible topics, but | also
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encourage you to propose your own topics and send them to me for approval. | hope that you will be able to find something that you are enthusiastic about. |
prefer projects with a cultural astronomy focus, but if you are passionate about a pure astronomy project, then that's OK, too.

The project can be anormal paper project, aweb page, a physical model or a combination of all these. | don't have any set rules about length or scope of the
project, but | have some guidelines.

The project proposal should include the title, the names of the members of the group, a brief outline, and alist of the main references. One or two pagesis
enough.

Please submit the proposal, the project and the homework in both hard copy in class and soft copy in the IVLE workbin. | prefer to read the hard copy, so if you
create aweb page, please print out a hard copy, too. | realize that the print out may not do full justice to your web page, but it will give me time to read the text
before | look at your page. If you have animations or other things that you can't print out, please include a note where you indicate which parts of the web site |
should look more closely at.

If the project is aweb page and you have a server to put it on, you can just submit afile with the URL. However, | would appreciate it if you could also give me
thefileson aCD, or zip thefilesinto one file and upload.

If your project includes a physical model, please let me know if you want it back. Some of them | may ask to keep, but some of them are too bulky, and | must
either throw them away or return them to you quickly.

| have a page with links to some past projects.

There will be two homework. One homework is about the Sun. Y ou will study the rising (or setting) position of the Sun over the course of the module and try to
determine the date of the fall equinox. The second homework is about the Moon. Y ou have to make five observations of the Moon in the course of alunar
month. The observations should focus on what, where and when. What does the Moon look like? Where in the sky did you see it? When did you seeit? Don't
worry about precision in your observations. All you have to do isto convince me that you actually made the observations and that you understand what you
saw. Here are some highlights from past homework.

Together with CITA, | have developed interactive Java applets and recorded video clips that | hope will help you understand the geometrical concepts.

Course Schedule

Week 0 Orientation

Week 1 First week of lectures
Week 2

Week 3 Tutorial 1
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\Week 4 Tutorial 2

’Week 5 Project proposal due, Tutorial 3
\Week 6 Tutorial 4

\Week 7 Tutorial 5

\Week 8 Sun Homework due, Tutorial 6
\Week 9 'Moon Homework due, Tutorial 7
Week 10 Project due, Tutorial 8

Week 11 Tutorial 9

Week 12 Tutorial 10

Week 13 Last week of lectures, Tutorial 11
Reading Week

T W T IiLais T

Royal Observatory Greenwich

IVLE Course Page

| have a course page at IVLE, the Integrated Virtua Learning Environment at the NUS. It has a discussion forum that | encourage you to use. (All the other
information at IVLE isjust taken from this page.)
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Recommended Texts

Unfortunately, there's no single text that is suitable. Maybe I'll try to write one myself? But the closest is The Ever-Changing Sky, A Guide to the Celestial
Sphere by James B. Kaler. However, it goes into alot more detail about astronomy than we will cover. The level of astronomy | expect you to learn is
comparable to the first chapter and the appendix of The Copernican Revolution, Planetary Astronomy in the Development of Western Thought by Thomas S.
Kuhn. For convenience, the main reference for the first part will be Strobel's Astronomy Notes on the web.

| have compiled alist of additional references. In addition to the books by Kaler and Kuhn, I've also placed The History and Practice of Ancient Astronomy by
James Evans and Calendrical Calculations. The Millennium Edition by Nachum Dershowitz and Edward M. Reingold on RBR in the Science Library.

Orrery by Brian Greiq

Astronomical Java Applets and Animations
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Together with Tey Meng Khoon and Frederick H. Willeboordse of CITA (Centre for Information Technology and Applications), | have developed interactive
Java appletsthat | hope will help you understand the motion of the Earth, the Sun and the Moon.

Y ou will notice that alot of the applets are somewhat similar. They show the same thing, but we're trying to emphasis different aspects or points of view in each
one.

Y ou can get the Java Runtime Environment (JRE) at java.com. If you prefer to view the applets off-line, you can download them. Just unzip astro-applets.zip,
and open astro-applets.html in your browser.

. TheMotion of the Earth Around the Sun. Thisis a pretty basic applet showing the Earth moving around the Sun. But pay attention to how you can

determine the equinoxes and solstices by looking at the position of the Earth's axis, and how the declination changes. RealVideo.

. The Apparent Motion of the Sun. This shows the “spiral of circles’. RealVideo.
. The Apparent Motion of the Sun at Different L atitudes. Now you can see how the “spiral of circles’ changes depending on your latitude.

RealVideo
. The Apparent Motion of the Sun at Different Times of the Y ear. Thisis one of my favorite applets, that | use over and over again in my class. If you

really understand this applet, you will get agood grade in my class! RealVideo.

. The Motion of the Sun Along the Ecliptic. Another of my favorites. If you really understand this applet, you have arrived! RealVideo.
« A Vertical Sundial. One of the points of this applets, isto make you understand why you shouldn't make a vertical sundial. (Unless you are a polar bear

or apenguin!) RealVideo.

. The Astrological Houses at Different Latitudes. Astrologers like to talk about your ascendant and other “houses’. Unfortunately, the house system
depends very much on your latitude. Very few astrologers understand how this works. If you want to understand this, get the book Making Sense of
Astrology by Ronny Martens, Tim Trachet and study this applet.

. What does the waxing or waning Moon look like in different parts of the world in the course of the year? Thisis something that confuses alot of people!
A simplified model of thetilt of the waxing or waning Moon in different parts of the world ignores the tilt of the ecliptic, and assumes that the Sun and

the Moon both move along the celestial equator. Y ou may want to start out with this applet.
. If you studied the previous applet, you are now hopefully ready for the real thing. What does the waxing or waning Moon ook like in different parts of

the world in the course of the year?

The last two applets are related to the page What Does the Waxing or Waning Moon Look Like in Different Parts of the World?
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Equatorial (left) and ecliptic (right) armillary spheresin the Imperial Observatory in Beljing made by the Jesuit missionary Ferdinand Verbiest, 1670

Video Clips

Together with Keith Phua Kuan Wee of CITA (Centre for Information Technology and Applications), | have recorded video clips to help you understand the
material. The clips are available in three formats:

. RealVideo SureStream, click the link to stream. The quality and file size of the clip is determined by the preference settings in your Rea Player.
. ReaVideo LAN/150Kbps, right-click to download.
. QuickTime, click to stream, right-click to download.

I have recorded video clips to explain the Java applets and Strobel's Astronomy Notes.

Strobel's Astronomy Notes

Nick Strobel of Bakersfield College has written awonderful set of Astronomy Notes for his introductory astronomy course. His chapter on Astronomy Without
a Telescope is very relevant background for this module. | have recorded video clips with annotations to some of the sections of the first chapter of Strobel's
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notes.

Here isthe table of content for the first chapter of Strobel's Astronomy Notes with links to my video clips.

. Astronomy Without a Telescope.

. Celestia Sphere Defined: RealVideo. ReaVideo SureStream, RealVideo LAN/150K bps, QuickTime.
. Angles

. Reference Markers: RealVideo. RealVideo SureStream, RealVideo LAN/150K bps, QuickTime.

. Motion of Our Star the Sun: RealVideo. RealVideo SureStream, Real Video LAN/150K bps, QuickTime .
. Coordinates; RealVide. RealVideo SureStream, RealVideo LAN/150K bps, QuickTime.

. Time and Seasons: RealVideo. ReaVideo SureStream, Real Video L AN/150K bps, QuickTime.

. Time Zones Equation of Time: RealVideo. RealVideo SureStream, RealVideo LAN/150K bps, QuickTime.
. Seasons
. Sections Review

. Motions of the Moon: RealVide. ReaVideo SureStream, RealVideo LAN/150K bps, QuickTime.
. Phases and Eclipses
. Eclipse Details: Lunar Eclipse

. Planetary Motions

Stellarium Software
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| recently discovered the wonderful, freeware Stellarium Astronomy Software available for Windows, Linux/Unix and MacOSX.

Astronomy and its History

How can we use the celestial sphere to understand the movement of the Sun, Moon and stars across the sky? Observing the sky has always been an important
part of human civilization. We give a summary of some basic facts from spherical astronomy. One of my students, Viduranga Y ashasui Waisundara, has written
abeautiful poem about this, called If | were God.

There are alot of Myths about the Copernican Revolution. Many people whose main interest is philosophy of science, but with little knowledge of astronomy
or history of science, have written extensively about it. Unfortunately, much of what they say isincorrect.

Tycho Brahe (1546-1601)

Multimedia

. Please check out my Astronomical Java Applets and Animations and Astronomical Video Clips.
. Demonstrations and Animations for Teaching Astronomy - D A T A at Department of Astronomy - University of Illinois at Urbana-Champaign.

Course pages
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. Nick Strobel of Bakersfield College has written a wonderful set of Astronomy Notes for hisintroductory astronomy course. His chapter on Astronomy

Without a Telescope is very relevant background for this module. | have recorded RealVideo. video clips with annotations to some of the sections
of the first chapter of Strobel's notes.

. The course Introduction to Astronomy by Scott R. Anderson has great animations.

. Thecourse Math & Culture, L ate Renaissance Thought and the New Universe by Dorothy Wallace & Scott Sciortino of Dartmouth Collegeis very
interesting.

The Meridian Line at Greenwich

Astronomical Institutions

. For general astronomy info, my favorite is the web site of the Astronomical Applications Department of the U.S. Naval Observatory.
. The Royal Observatory Greenwich. Their information leaflets on Timekeeping are very good.
. Museum of the History of Science, University of Oxford has many interesting exhibitions.

General Astronomy Sites

. Wolfgang R. Dick's History of astronomy page.

. Starry Messenger by David Chart of the Department of History and Philosophy of Science of the University of Cambridge.
. Physics and astronomy appl ets by Juergen Giesen.

. Phil Plait's Bad Astronomy: The Home Page.
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. Basic Celestial Phenomena by Kerry Magruder.
. Astronomy & Cultureis part of Astronomy Homework Help by Gary Agranat.
. J.P. van de Giessen's Astronomical Books Online contains alink to my page on The Mathematics of the Chinese calendar.

. Tons O Astronomy Links by Joe Heafner.

Singaporean Astronomy Related Sites

. The Astronomica Society of Singapore.
. The Singapore Science Centre.
. NUS Astronomica Society.

Calendars

How isthe date for Chinese New Y ear, Hari Raya Puasa and Deepavali determined? Singapore is unique in that we use four different calendars for determining
the date of the public holidays. Seven of our eleven public holidays move, and we study the rules for Chinese New Y ear, the two Hari Rayas, Deepavali, Vesak
Day and Good Friday. The exact rules are very complex, but the basic ideas are smple. We give two simple rules of thumb that determine the date for Chinese
New Y ear with amargin of error of one day. | have written a set of lecture notes on The Mathematics of the Public Holidays of Singapore.
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Y ou will also see why both Hari Raya Puasas in 2000 are celebrated one day earlier than they would have been if MUIS had relied on sightings or scientific
criteria.

Why isit difficult to determine the Islamic prayer times in Northern Europe? Thisis an interesting astronomical problem, which very few people understand.

What are leap seconds? This requires understanding some delicate pointsin the definition of atomic time.
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Chinese astronomers determining the summer solstice

General Calendar Info

. | have apage on Caendarsin Singapore. It contains a paper | have written about The Mathematics of the Chinese Calendar. | have also written a shorter
introduction called When is Chinese New Y ear?. This paper won afourth prize in the Fifth Annual Boeing Writing Contest, which is organized by the
Griffith Observatory. The article will appear in the Griffith Observer. | have also written a set of lecture notes on The Mathematics of the Public
Holidays of Singapore.

. Honours project on Calendars in Singapore by my student Rachel Lee Tang Hwee.

. The most authoritative reference on calendars is the book Calendrical Calculations by Nachum Dershowitz and Edward M. Reingold of the Department
of Computer Science at the University of Illinois at Urbana-Champaign. If you need a calendar conversion program, the place to go is their Calendar
Applet.

. Before the book by Dershowitz and Reingold, the chapter about Calendars by L. E. Doggett in the “Explanatory Supplement to the Astronomical

Almanac” was the standard reference.
. The Calendar FAQ by Claus Tgndering.

. Calendars Through the Agesis part of WebExhibits.
. TheWorldwide Holiday & Festival Site (http://www.holidayfestival.com/) was very comprehensive. (Broken link. Can anybody please help?)
. The Calendar Zone.

. CaendarHome.com.
. Time-reckoning in Iceland before literacy by Porsteinn Vilhjdmsson.

Chinese sundials from the Adler Planetarium

The Chinese and other East Asian Calendars
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. | have apage on The Chinese Calendar. It contains a paper | have written about The M athematics of the Chinese Calendar.

. Undergraduate research project on The Chinese Calendar of the Later Han Period by my students Kuan Shau Hong and Teng Keat Huat.

. Undergraduate research project on Calendars, Interpolation, Ghomons and Armillary Spheresin the Work of Guo Shoujing (1231-1314) by my student
Ng Say Tiong.

. Undergraduate research project on Strings of Long Months and Short Months in the Chinese Calendar by my student Zhang Jieping.

. Zhuo Meng's Make Y our Own Chinese Caendar is awonderful tool!

. The Western-Chinese Calendar Converter at www.mandarintools.com.

. Harold C. Hill, Department of East Asian Languages and Literatures, Washington and Lee University, has a very interesting page on

http://ww.wlu.edu/~hhill/calendar.html about The cyclical calendar. (Broken link. Can anybody please help?)
. The Lunar Calendar in Japan by Steve Renshaw and Saori Iharais the best source for information about the Japanese calendar.

. Vietnamese lunar calendar conversion by Ho Ngoc Duc of Institute of Informatics, University of Leipzig.

CFIrdnk . CHI ae :Full i

MoonCalc image

The Islamic Calendar

. | have apage on The Islamic Calendar, which contains additional links. Y ou will see why both Hari Raya Puasas in 2000 are celebrated one day earlier
than they would have been if MUIS had relied on sightings or scientific criteria.

. Undergraduate research project on Lunar Visibility and the Islamic Calendar by my student Leong Wen Xin.

. Astronomy for Islam by Khalid Shaukat is a great site for information about the Islamic calendar.

. Dr. Monzur Ahmed is the author of MoonCalc, the leading lunar visibility and Islamic calendar software. | have alocal copy of MoonCalc 6.0.

. Crescent Moon Visibility and the Islamic Calendar from the Astronomical Applications Department of the U.S. Naval Observatory.
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. Ramadan from The Royal Observatory Greenwich.
. Crescent Section from the Jordanian Astronomical Society. Their section on The Actual Saudi Dating System is essential reading!
. Islamic Crescents Observation Project.
. Moon Research Centre (U.K). The section on Policies Adopted in Britain by Muslims in Celebrating Islamic Festivalsis essential reading!
. Crescent Sighting from the World Federation.

The Indian Calendar

. | have apage on The Indian Caendar.
. Honours project on Indian Calendars by my student Leow Choon Lian.
. Undergraduate research project on Indian Calendars. Comparing the Surya Siddhanta and the Astronomical Ephemeris by my student Daphne Chia.

Easter

. The Date of Easter from the Astronomical Applications Department of the U.S. Naval Observatory.

Time

. Leap Seconds, from the Time Service Department, U.S. Naval Observatory.

Analemma picture by Dennis di Cicco

The Equation of Time
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| have a separate web page on Which Day Does the Sun Rise Earliest in Singapore? Singapore lies almost on the equator, so most people would expect the Sun

to rise at more or less the same time each day of the year. In fact, the sunrise time varies between 6.46am and 7.17am, with the earliest sunrise on November 1
and the latest on February 9. In the same way, the sunset time varies between 6.50pm and 7.21pm, with the earliest sunset on November 5 and the latest on
February 13. The difference between the earliest and latest sunrise in 30 minutes, but the difference between the longest and shortest day is only 8 minutes. The
key to understanding this is the analemma, which is a graphical representation of the equation of time. The famous picture by Sky & Telescope's Dennis di

Cicco records the Sun's position in the sky at the same time of day on 45 different dates throughout the year.

Thisisaso related to the concept of time zones. As you can see from the map, Singapore and West Malaysia are in the “wrong” time zone! For more details,
please see my page Why is Singapore in the “wrong” time zone?
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Sundia in Enschede, Netherlands, 1836, photo by Fer J. de Vries.

The Equation of Time

. | have recorded avideo clip that explains this picture: RealVideo. RealVideo SureStream, RealVideo LAN/150K bps, QuickTime.

. | have apage on Sunrise and Sunset Timesin the Tropics. Most books on astronomy are written from a“high-latitude” point of view; instead | take a
tropical point of view. You will learn how to prepare a table of sunrise and sunset times for your location.

. | strongly recommend the analemma.com site.

. You can order a copy of Dennisdi Cicco's famous analemma picture from Sky & Telescope.

. Sky & Telescope used to have agreat comic strip called SkyWise. One month SkyWise discussed Latest Sunrise, Earliest Sunset. Sky & Telescope no
longer has afree archive, but you can buy the article or look it up in alibrary.

. For great graphics, see the site by Andrew Marsh at The School of Architecture and Fine Arts at The University of Western Australia

(http://fridge.arch.uwa.edu.au/topi cs/thermal/sun/sunpos.html). (Broken link. Can anybody please help?)
. If you need to do computations, there is a handy table of the equation of time and the Sun's declination on the Daily Sun Data at Tony Helyar's Home

Page
. The Analemma by Jon Kahl of University of Wisconsin-Milwaukee.
. Analemma, my Analemma by Douglas Dodds.
. Sundials on the Internet - the Equation of Time.
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Cross-staff used for computing lunar distance and height of buildings

Ancient Astronomical Instruments

Why do sundials look different in Singapore and Beijing? We study the theory behind sundials and show how to construct an accurate sundial for any latitude.
There are two nice sundialsin Singapore. One isin the Botanical Gardens and one in Marina City Park.

Yo% ‘

Map of Marina City Park

Four common types of sundials are the equatorial, armillary, horizontal and vertical sundials.
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Horizontal sundial by Harriet James Vertical sundia by Harriet James

For telling the time at night, you can use a nocturnal.
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Nocturna Nocturnal

The quadrant is a simple tool for determining latitude.

Quadrant

The astrolabe was made famous by Arab astronomers, and can be thought of as an analog astronomical computer. We discuss the difference between an
astrolabe and a mariner's astrolabe.
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Astrolabe by Norman Greene Mariner's astrolabe by Norman Greene

There's alovely Persian astrolabe from 17th century at the Asian Civilisations Museum in Singapore.

Brass astrolabe, 17th century, Persia, Asian Civilisations Museum's collection, Singapore

Geoffrey Chaucer, the author of Canterbury Tales wrote a Treatise on the Astrolabein 1391.
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We then look at the cross-staff and the back staff.

Cross-staff

Backstaff

We will compare the relative advantages of the quadrant, mariner's astrolabe and cross-staff.
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uadrant Mariner's astrolabe Cross-staff

The Chinese astronomer Guo Shoujing (1231-1314) designed many outstanding instruments. We will look at some of the famous observatories in China and
India.

Dengfeng Observatory, designed by Guo

Armillary spheres at the Purple Mountain Observatory in Nanjing designed by Guo Shoujing (1231-1314)

Shoujing in 1276

We study the armillary spheres made by the Danish astronomer Tycho Brahe (1546-1601). (My second cousin lives in a castle built by a nephew of Tycho
Brahe!) You will learn the difference between an ecliptic armillary sphere and an equatorial armillary sphere. | also have a separate page about “ Fake”

Armillary Spheres.
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Ecliptic armillary sphere Equatoria armillary sphere

How were cathedrals used as solar observatories? We study meridian lines in European churches. | have created a separate page on meridian lines, A Guide to
“The Sun in the Church” by J.L. Heilbron.
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Meridian Line. S. Petronio, Bologna, Calter Photo Solar eclipse at the Meridian line at SMariadegli Angeli in Rome by Mario Catamo

The Ambassadors by Holbein is afamous example of Anamorphosis. Do you see the strange object on the floor? Close your |eft eye, put your face close to the
computer screen near the right side of the picture. You will then see askull! If you can't get it to work, you can cheat and look at a picture of it.

The reason why | include this painting on this page, is because it contains an incredible collection of astronomical and mathematical instruments! Please check
out my page about The Ambassadors by Holbein.
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i

Coppright & 2000 Hationad Gallery, London. A1 vighis reserved,

The Ambassadors (1533), by Hans Holbein the Y ounger (1497/8 - 1543)

Ancient Astronomical Instruments

. Undergraduate research project on Calendars, Interpolation, Ghomons and Armillary Spheresin the Work of Guo Shoujing (1231-1314) by my student
Ng Say Tiong.

. Medieval science & scientific instruments by Richard A. Paselk, Department of Chemistry, Humboldt State University.

. Astronomical Instruments.

Tycho Brahe (1546-1601)

. Tycho Brahe - official website.

. Theastronomical instruments of Tycho Brahe.

. Dansk Astronomi gennem 400 &r, 400 years of Danish Astronomy (in Danish).
. Brian Greigis going to make models of Tycho's armillary spheres for me.
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Sundials

. Undergraduate research project on The Mathematics of Sundials by my students Liew Huay Ling and Lim Siew Yee.
. Sundias on the Internet.

. North American Sundia Society.

. The British Sundial Society.

. Sundials on the Internet - Four simple sundial projects for you to make.

. Sundials by Jack Aubert.

. Sundials by Francois Blateyron.

. Frans Maes Homepage - Sundials (English).

. A Horizontal Sundial by Robert C. Berrington.

. Universal Pocket Sundial - Authentic reproduction of an antique portable sundial.
. Queens College Cambridge - Sundial.

. sundia links by Daniel Roth.

. Polyhedral sundial.

Analemmatic Sundials

. Of Anademmas, Mean Time, and the Analemmatic Sundial by Frederick W. Sawyer I11.

. Make your own Sundial from the Hartebeesthoek Radio Astronomy Observatory.

. Equator projection sundials by J.A.F. de Rijk. From the web pages of fer |. de vries.

. Analemmatic Sundials. How to build one and why they work by C.J. Budd and C.J. Sangwin of the University of Bath.

Moondials

. Make your own Moondial.
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. Moondias from Gothic Gardening.

Nocturnals

. Pocket Sundial, Star Clock, star time by Keith Powell.
. Shepherd's Watch makes a nice nocturnal. They aso make nice sundials, but notice that their Explorer model does not adjust for the season, only for the

|atitude.
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Celestial globe made for the Beijing Observatory by Ferdinand Verbiest (1673) Celedtial Star Globe

Celestial Globes

. Celestia Star Globe from Hubbard Scott NTA.

Astrolabes

. astrolabes.org.
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. Keith's astrolabes. a Java program.
. Geoffrey Chaucer on the Astrolabe, in modern English at Anthony's Renaissance Faire Pages.
. A Treatise on the Astrolabe Geoffrey Chaucer, 1391.
. Clockworks: Astrolabe from Britannica.com.
. Astrolabes by Norman Greene.
. Martin Brunold - Astrolabienmacher

The large Samyat Y antra, equatorial sundial, at Jaipur Drawing of the small equatorial sundial showing the shadow, quadrants, gnomon, and Sun rays

Jaipur Observatory

. Jantar Mantar: The Astronomical Observatories of Jai Singh Il by Barry Perlus, Department of Art at Cornell University, is an absolutely stunning
spherical VR imaging project.
. Jaipur - Jantar Mantar.

. Jaipur Observatory.
. 18th Century Observatories of Maharaja Sawai Jai Singh 11 by C. Hartley, Director of the Ernest B. Wright Observatory at Hartwick College.
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15th century French woodcut

Astrology

Does astrology make sense? I'm personally skeptical. In the past, however, there was a close relationship between astronomy and astrology, and astronomy has
great historical interest. We look at the mathematical foundation of some of the key concepts in both Western and Chinese astrology.

What do astrol ogers mean when they say that somebody has an Aries ascendant? In order to understand this, we study the division of the ecliptic into houses.
Thisisavery difficult issue, especially in high latitudes.

http://www.math.nus.edu.sg/aslaksen/teaching/heavenly.shtml (32 of 56) [9/6/2004 12:54:11 PM]



Heavenly Mathematics: Cultural Astronomy

Astrology

. Undergraduate research project on The Mathematics of Astrology: Does House Division Make Sense? by my student Kevin Heng Ser Guan.
. Skeptic's Dictionary astrology.

. Astrology Overview by Australian Skeptics.

. SC/BC 1800C.03 - Analysis of Astrology FAQ Page collected and edited by M.M. De Robertis (Instructor) at Y ork University.

. Studies on Astrology from Skepsis, published by Norwegian Skeptics.

. TheAdtrotest, A tough match for astrologers by Rob Nanninga.

. Skeptical Information Links: Astrology by Jim Lippard.

. Astrology & Science.
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15th century Italian woodcut

Navigation

Why isit harder to find your position at seathan at land? We study how ancient sailors in different parts of the world navigated in different ways, and how
technological advances opened up new possibilities for discoveries and trade.

Why isit harder to determine the longitude than the latitude? In 1714 the British Parliament offered 20,000 pound to anybody who could come up with a
practical method to determine the longitude at sea. That was the equivalent of US$12 million in modern money! The Astronomer Royal was only paid 100

pounds a year, and had to pay for his own instruments.

We will watch the movie Longitude, starring Jeremy Irons, which is based on the best-selling book Longitude: The True Story of a L one Genius Who Solved
the Greatest Scientific Problem of His Time by Dava Sobel.
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Why isit harder to find your position in an air plane than at sea? We look at some modern methods, including GPS. We will aso have a mystery guest- lecturer.

ru1irs from
celestial body
harizan glass

rays fram
harizan

General Navigation

« An honours project on The Mathematics of the L ongitude by my student Wong Lee Nah.
. Henning Umland has awonderful Short guide to celestial navigation.
. Celedtial Navigation Net is one of my favorite sites. Very comprehensive!

. Celestial Navigation by Al Placette (http://peck.ipph.purdue.edu/al/space.html). (Broken link. Can anybody please help?)
. James R. Frysinger's course page on Celestial Navigation at the College of Charleston.

Harrison's 4th Timekeeper and L ongitude prize-winner
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Finding the Longitude

. NOVA Online Lost at Sea The Search for Longitude.
. John Harrison and the L ongitude Problem from The Royal Observatory Greenwich.

General History of Navigation

. The Columbus Navigation Homepage by Keith A. Pickering.

. Determination of Latitude by Francis Drake on the Coast of Californiain 1579 by Bob Graham.

. TheViking Sun Compass by Franck Pettersen, Northern Lights Planetarium, Tromsg, Norway. From the Planetarian.
. The Mariners Museum Age of Exploration.

. Wayfinders. A Pacific Odyssey on PBS.

. StudyWorks! Online Navigation and Mapping.

. Medieval and Twentieth Century Navigation from the Columbus and Americasite at NASA.

. John Charles Fremont by Bob Graham.

Danish high school students working on a navigation project

On-line Navigation Tools

. Bowditch -The American Practica Navigator.
. JavaScript Navigator HomePage.
. On Line Nautical Almanac from Navigator Light Software.
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. Mercator map of the world attributed to Edward Wright
Mercator's 1569 world map P 9 Modern Mercator map

(1599)

Cartography

Most capital cities have a geographical origin of coordinates, which is used when making maps for the country. All cities also have a zero point for road
distances from the city center to other points. Why do capital cities need an origin of coordinates? In the past, finding coordinates, especially the longitude, was
so hard that the best way was to pick alocal origin, do astronomical observations at that point, and then do triangulation for the rest of the country. That's why
the origin of coordinatesis often at observatories.

In London the origin of coordinatesis at Greenwich, while the zero point for road distancesis at Trafalgar Square. In Oslo the origin of coordinatesis at the
Observatory, while the zero point for road distancesis at Stortorvet. But what about Singapore? After abit of detective work, and alot of help from various
people, | found that the origin of coordinatesis at Empress Place and the zero point for road distances is at the old General Post Office, now the Fullerton Hotel.
For more details, see my page on Where is the Geographical Origin of Coordinates of Singapore?
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How big isthe Earth? We look at Eratosthenes's solution to this problem.
Did peoplein the Middle Ages believe that the Earth was flat?
Why isthere no perfect map? We define the curvature of a surface and show that the curvature of the Earth is positive while the curvature of the planeis zero.

What makes the Mercator projection so important in navigation? We study the geometry of rhumb lines. We aso show how it isrelated to the invention of
logarithms.

Cartography

. CynthiaLanius Lessons. The Mathematics of Cartography from Rice University.

. Map Projection Home Page from the Geography Department, Hunter College, City University of New Y ork.

. The Mercator Projection by Bernard S. Greenberg.

. Introductory Mapping Courses and Instructional Modules at the Virtual Geography Department.

. Map Projection Overview by Peter H. Dana, Department of Geography, University of Colorado, Boulder.

. Mathematical Cartography by Hans Havlicek, Abteilung fir Lineare Geometrie, Technische Universitat Wien.

Thisis NOT amedieva woodcut!

The Flat Earth Myth

. ThisisNOT amedieval woodcut! by Kerry Magruder.
. The Myth of the Flat Earth by Jeffrey Burton Russell.
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Knowth.com

Newgrange

Archaeoastronomy

Was Stonehenge an observatory? When were the pyramids of Egypt built? Archaeoastronomy is avery active area these days. Many ancient monuments reveal
an astronomical background.

Stonehenge

. Stonehenge and Astronomy.

. EARTH MY STERIES Stonehenge.

. Build Your Own Stonehenge! from familyeducation.com
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. Stonehenge on the Discovery Channel.
. Stonehenge by Emily Mace.
. Science and Stonehenge from English Heritage.

Winter Solstice Sunrise at Newgrange Winter Solstice Sunrise at Maeshowe

Newgrange and Maeshowe

. Newgrange Megalithic Passage Tomb - Ireland has a great animation showing how the passageway isilluminated by the sunrise at the Winter solstice.

. Winter Solstice at Newgrange (http://members.theglobe.com/newgrange2/sol stice.html). (Broken link. Can anybody please help?)
. Geniet Heaven and earth contains both Geniet: Newgrange and Geniet Research on Maes Howe, Orkney, UK.

. Maeshowe and the Winter Solstice.
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Pyramids

General Archaeoastronomy

. The Center for Archaeoastronomy at the University of Maryland.

Astronomical instrumentsin the Imperial Observatory in Beijing made by the Jesuit missionary Ferdinand Verbiest, 1670

Cultural Astronomy
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The Singapore Flag The Singapore Coat of Arms

What is“wrong” with the Singapore flag? Why is the coat of arms more correct? | have a page on The Mathematics and Astronomy of the Singapore Flag.

What isaHarvest Moon? What is a Blue Moon? What is Groundhog Day? There are alot astronomical terms that people use but don't really understand.

What was the Star of Bethlehem? How can eclipses be used to date historical events?

Chaucer wrote a book on the astrolabe, and the Canterbury Tales are filled with astronomical references.

Celestial Navigation Net has a very interesting section on Dante and Celestial Navigation!

What is a Blue Moon?

. What's aBlue Moon? by Donald W. Olson, Richard Tresch Fienberg, and Roger W. Sinnott. The definite article from Sky & Telescope magazine. Sky
& Telescope no longer has afree archive, but you can buy the article or look it up in alibrary.

« You can aso search for the earlier articles “Once in aBlue Moon” by Philip Hiscock and “Blue-Moon Mystery Solved?’ by Donald W. Olson and
Roger W. Sinnott from Sky & Telescope.
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What is a Harvest Moon?

. Watch Out for the Harvest Moon from SpaceScience.com.
. TheHarvest Moon by Larry Gedney. From Alaska Science Forum.

The Star of Bethlehem

. The Star of Bethlehem from the Astronomical Applications Department of the U.S. Naval Observatory.

. The"Stars’ of Bethlehem by Jeff Kanipe from the radio show Earth & Sky.

. Star of Bethlehem, provided as a service by the Griffith Observatory.

. Common Errorsin “ Star of Bethlehem” Planetarium Shows by John Mosley, Program Supervisor, Griffith Observatory. From the Planetarian.

. Yet Another Eclipse for Herod by John P. Pratt. From the Planetarian.

. TheBimillenary of Christ's Birth: The Astronomical Evidence by William P. Bidelman, Warner and Swasey Observatory, Case Western Reserve
University. From the Planetarian.

Dating the Crucifixion

. Problemsin Dating the Crucifixion from the Astronomical Applications Department of the U.S. Naval Observatory.

Phil the groundhog

Groundhog Day

. Groundhog Day and Chinese Astronomy by Kelley L. Ross.

. Groundhog Day History from Stormfax.

. More Information on Groundhog Day from the radio show Earth & Sky.
. Groundhog.orq - the Official Site of the Punxsutawney Groundhog Club.
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Astronomy in Nature

| have a separate page on What Does the Waxing or Waning Moon Look Likein Different Parts of the World? Thisis a complex question that confuses many
people.

What does the orbit of the Moon around the Sun look like? Most people, even amost all mathematicians I've asked this question, tend to believe that it will
have loops and look something like the picture below.
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Infact it looks like this picture!

Itisnot acircle, but is close to a 13-gon with rounded corners. It islocally convex in the sense that it has no loops and the curvature never changes sign. The
reason why we get a 13-gon is because there are about 13.4 sidereal monthsin atropical year. | have a page that explains why The Orbit of the Moon around
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the Sun is Convex!

Halls Harbour, Nova Scotia, six hours apart

Why are there two high tides each day? Thisis very frequently asked question! | used to think that the answer was simple, but after looking around in the
library and on the web, | discovered several different attempts at explaining it. Newton's equilibrium theory from 1687 used the differential of the gravitational
force, but some people (especially oceanographers) also consider a centrifugal force caused by the rotation of the Earth around the Earth-Moon barycenter.
Unfortunately, it seems to me that the methods using a centrifugal force are unnecessarily complicated, if not outright wrong! | will describe some of the
attempted explanations | found.

How often can we see lunar and solar eclipsesin Singapore? It turns out that it isfairly easy to make reasonably accurate eclipse predictions. There are severa
solar eclipses each year, but at a given place, they occur on average only every 360 years. Solar eclipses, Singapore lists all solar eclipses visible from

Singapore between 1700 and 2100. The last total eclipse was in 1821, and there will be annular eclipsesin 2019 and 2053, but I'm afraid there will not be any
total eclipsesin Singapore before 2100.

How is astronomy related to the ice ages? It turns out that changes in the Earth's movement is related to the ice ages.
Why does the Moon look bigger when it is near the horizon?

Can you balance an egg on the Spring equinox? This turns out to be related to the Chinese calendar!
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Eclipses

. Professor Parkinson's Eclipse Website. | went with him to Sabah in October 1995 to watch atotal solar eclipse.
. References on Eclipses from the Astronomical Applications Department of the U.S. Naval Observatory.

. Solar eclipses, Singapore lists all solar eclipses visible from Singapore between 1700 and 2100.

. There Goes the Sun from Thursday's Classroom at SpaceScience.com at NASA.

Astronomy and Climate

. The Seasons and the Earth's Orbit - Milankovitch Cycles from the Astronomical Applications Department of the U.S. Naval Observatory.

What's Wrong With This Moon?

The Moon

. What's Wrong With This Moon? by Jim Loy.

. TheMoon by Jim Loy.

. Southern Hemisphere Moon Phases by Deborah Byrd from the radio show Earth & Sky.
http://www.math.nus.edu.sg/aslaksen/teaching/heavenly.shtml (48 of 56) [9/6/2004 12:54:11 PM]



http://www.allwall.com/asp/sp.asp?PD=10002505&RFID=902613&FT=Y
http://www.shu.ac.uk/eclipse/
http://aa.usno.navy.mil/faq/docs/eclipse_ref.html
http://aa.usno.navy.mil/
http://eclipse.astronomie.info/sofi/inter/inter/S121038.HTM
http://www.thursdaysclassroom.com/index_05aug99.html
http://www.thursdaysclassroom.com/
http://www.spacescience.com/
http://aa.usno.navy.mil/faq/docs/seasons_orbit.html
http://aa.usno.navy.mil/
http://www.jimloy.com/astro/moon5.htm
http://www.jimloy.com/astro/moon5.htm
http://www.jimloy.com/astro/moon5.htm
http://www.jimloy.com/astro/moon0.htm
http://earthsky.com/Features/Skywatching/Starcast/faqs-moon.html
http://www.earthsky.com/

Heavenly Mathematics: Cultural Astronomy

Phases of the Moon

. Virtua Reality Moon Phase Pictures.
. Phases of the Moon.
. Lunar Outreach Services.

The Moon lllusion

. Solstice Moon from Thursday's Classroom at SpaceScience.com at NASA.
. Explaining the moon illusion by LIoyd Kaufman, and James H. Kaufman.

. New Thoughts on Understanding the Moon Illusion by Carl J. Wenning, Physics Department, Illinois State University. From the Planetarian.
. TheMoon Illusion, Part 2 by Lee Dye from ABCNEWS.com.

Balancing Eggs on the Spring Equinox

. Standing an egg on end on the Spring Equinox from Phil Plait's Bad Astronomy site. Thisisrelated to the Chinese calendar!

Kepler's Mysterium Cosmographicum, 1596
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Lecture Notes

| have left adlightly edited version of the first chapter of Strobel's note at the LT 27 Co-op together with my lecture notes on The Mathematics of the Public

Holidays of Singapore. | will try to write some brief notes continuously, which | will post here.

. Positional astronomy 12pt/20 pt.
. Celestial navigation 12pt/20 pt.

Tutorials and Homework Assignments

Homework

. Homework 1
. Homework 2

Tutorials

. Tutorial 1
. Tutoria 2
. Tutoria 3
. Tutoria 4
. Tutorial 5
. Tutoria 6
. Tutoria 7
. Tutoria 8
. Tutoria 9
. Tutorial 10
. Tutoria 11

Old Exams

. Exam 2001/02 Semester 1 Solutions
. Exam 2002/03 Semester 1 Solutions
. Exam 2003/04 Semester 1 Solutions
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Armillary sphere at the Purple Mountain Observatory in Nanjing designed by Armillary sphere at the Purplé Mountain Observatory in Nanjing designed by
Guo Shoujing (1231-1314) Guo Shoujing (1231-1314)

Past Homework

| have a separate page for past homework.

Past Projects

| have a separate page for past projects.

Project Topics

All the topics we talk about in lecture can be extended to projects. Here are some suggestions. | also encourage you to propose your own topics and send them
to me for approval.

. Astronomy and its History
o The appearance of the Moon at different latitudes.

o The heliocentric system versus the geocentric system.
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The works of Galileo.
The works of Ptolemy.
The works of Copernicus.
The works of Brahe.
The works of Kepler.
Spherical trigonometry in astronomy.
Muslim prayer times at high latitudes.
Qibla, the direction to Mecca.
The journeys of Columbus
o Lectures notes to describe the physical demonstrationsin the class.
. Calendars
Chinese Festivals.
The meaning of the names of the 24 jie gi in the Chinese calendar.
Prediction and observation in the Islamic calendar.
Muslim prayer times at high latitudes.
Indian calendars.
History of the computation of Easter.
The Gregorian calendar reform.
The Jewish calendar.
The Mayan calendar.
L eap seconds.
. The Equation of Time
o Sunrise and Sunset timesin the tropics.
. Ancient Astronomical Instruments
o History of the astrolabe.
5 Sundials.
o Armillary spheres.
1 Cathedrals as solar observatories.
. Astrology
n House division in Astrology.
o Astronomy and astrology in the works of Chaucer.
o Astronomy and astrology in the works of Dante.
O
0O

[} ] ] [} ) ] [} ] ]

O ] [} ] ] [} [} ] ] [}

The star of Bethlehem.
The eight characters in Chinese astrology.
| have received some excellent astrology related projects, but many of the astrology projects | get are not very interesting. I'm not particularly interested
in reading about the character traits that astrologers claim that Aries people have. I'm more interested in things like why astrologers claim that Aries
people have these traits.
. Navigation
o Development of navigational instruments.
1 Celestia navigation.

o History of navigation.
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Finding the longitude.

Columbus as a navigator.

The Viking sun compass.

Navigation in the Singapore Navy and Air Force.

GPS.

o Theimpact of developmentsin navigational technology on history, economics and geography.
o A mathematical supplement to the movie Longitude.

. Cartography
s Map projections.
» The Mercator projection and the invention of logarithms.
o Why is Empress Place the zero point of Singapore?
. Archaeoastronomy
o Was Stonehenge an observatory?
o Astronomical alignmentsin the Egyptian pyramids.
. Cultural Astronomy
Astronomy and astrology in the works of Chaucer.
Astronomy and astrology in the works of Dante.
The star of Bethlehem.
Cathedrals as solar observatories.
Muslim prayer times at high latitudes.
Qibla, the direction to Mecca
What is aHarvest Moon?
What is a Blue Moon?
Ancient Chinese eclipse predictions.
n Using eclipsesto date historical events.
. Astronomy in Nature
1 The appearance of the Moon at different latitudes.
o How isastronomy related to the ice ages?
o Predicting tides.
o Predicting eclipses.

[} ] ] [} ]

] [} [} ] ] [m}

] [} ]
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References

| have a separate web page with references.
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Adam Schall (1591—1666), Imperial Astronomer in Beijing Armillary sphere

Good-bye!

Congratulations! Y ou've made it to the end of my page! Thanks for your patience! But before you go, it'stime for alittle quiz. In the picture of Adam Schall
above, can you name the five astronomical and three geometrical instruments in the picture? Can you tell what iswrong with one of them? Hint: Look at the
picture on the right. | have included answers.

I hope you have found something of interest. That makes my efforts worthwhile. Feel free to send me a message.

And remember, if lifeishard, do like the sundia: Count only the bright hours!

Helmer Aslaksen

Department of Mathematics
National University of Singapore
asl aksen@math.nus.edu.sg

Web Server Statistics for Helmer Aslaksen, produced by Analog.
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Aboriginal (Native American) Star Knowledge: Menu

ABoRrIGINAL STAR KNowLEDGE
Native _Ameri(_:an As_trono_my .

@ Jump_ to Page Buttons iy

San Francisco Explor atorium 10 Coolest Sitesfor -July, 1996
Astronomy got special mention. The whole Exploratorlum is cool
for neat interactive science exhibits anytime :

support this
important site
§l today!

' MIT Aétro,nomy Eelu_cation reeo_urces Netiye Astrono.my, e
5 -4 Site of the Day 9/1/96 . _ : : c|:;|¢ to Give
o SR ER: ST ER: NG T ST E SR B fully refundahl_!;.'

S

amazon honor system
Learn mare.

Snop at our 'onIine posfer store! We have Selected agreet group of posterswifh imagesfrom the
Hubble Space telescope, Deep Sky images, the Earth from Space, the Solar System and Men in
Space. Take alook and decorate your room, or find agreat gift here: Sag

g,,,_._. ,:,,,
AsoriciNAL STAR K nowt epce IV Enu - ,.,
;ﬂ»:‘\\ YT ol SN ol S RN el SN ol N T ol e l’{:

- 1f you get lost -- or return in other sessions =- _
_at the bottom of each pageis a button to return to this menu.
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AStrononﬁy I\'/Iadazirre A'Imanao: CUrr-ent 'mohth.night sky--. .

constéellations at early evening. Good moon phases diagram if
you click on Sky Events at the bottom of the almanac page.

I'_ akota Stellar Theology: " As above, so below" spiritual

philosophy that unifiesL akota star knowledge -- a book that
puts together star knowledge gathered from elders over many
years. Y ou:can get from Sinte Glashka Rosebud Reservatlon
Lakota Unlversrty

L akota sacred star map and Earth mlrror &acred map in

Black H|IIsof star tlmed ceremonlal round

Arvol Lookrng HorseAnnouncesWorIdwrdeJune 21

Prayer ‘Ceremony, date based on Star Knowledge

'Equinoxes solstices; ecliptic plane for sunpath-among the

starsdurmgthe solar year. Constellatlons The 26; OOOyear
preconal cycle of the stars:

Sun's seasonal path amongthestarswhat it meansfor. L akota

elderstosay sunis"in" aconstellation; what is special- about
constellations of the Zodlac Star maps '
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I_ akota winter solstice: all the sacred constellationsareat

the zenith of the sky. Large star map suitabte to print for class
handout - -

Bighorn Medicine Wheel: stone, sun, starson a .

mountalntop, early Sun Dancelnstructlons best- known
Wheel on MedlcmeMountam ;

Up on MedrcmeMountaln Wlth Dr. John Eddy, June 21,

1972 Sunrrselrneup with Brghorn Wheel stone observatory
cairns : 4

How MedrcrneWheeI works Lotsof other wheels Stone

Medicine Wheds began 2,200 years ago on the northern
JETS of Alberta and Saskatchevvan

A ncient Geotogy of M edicine Mountain: Roots of the

Continent,rock foldsof all erasfrom thefirst to now,:
climbing tothe peak: backward in time.

1St Magnitude.Star's Tablein.order of brightness, with

conventional and Lakota namae constellatlon Iocatlons and
northern V|S|b|I|t|es
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Sar knovvtedge St_udy with 'n_aked eye; eimblesk;mya&h .

party, learning the sky, using hands as measuring
instruments

Books on-1i ne (and revi ews) on Native Star K nowledge. On-

I|ne Bookstoreselectsfor credit- card corderlng from
Anazon com !

Teachlng and Iearnlng  esour ces on |nternet in catalogs

2 booksfor the beglnnlng hobbylst or teacher.

. Stone Medicine Whedls Bi'bliography

.« AMERILCAN INDIAN ASTRONOMY TEACHER.GUIDE, TEACHER.
INFORMATION, STUDENT ACTIVITIES, (MlddIeSchooI grade5 see
book review); By Priscilla Buffalohead illustrated by Robert DesJarlait --

. coverslightly for elementary |evel ideastreated in more depth herefor _

. older students and teacher science background

. C_:rab Nebul_a Supernoya, 1054 Wasvisib_lein.the daytimefor 20 days. It was .
. recorded. by Nativesin Chaco Canyon and elsewhere. Check out therest of
this Anasazi site.

5 Von Del ‘Chamberlain oneof the early discoverersof many Crab
Nebula supernava petr oglyphs, says too many people are now saying..

every petroglyph is astronomlcal -- thus dlscredltlng the onesthat
really are

BRI EF PERCEPTIONS of Astronomlcal Phenomena Menomlnee
* recorded by Colleen Waukanchon -
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. The.M oon -

s “Aurora Borealis-- In Anishnaabemowin, thIS|SJ|bayag n||m| |dlwag 3
GhostsAre Dancrng Jlbay Is ghost of adead person

o Meteors-- finding little star-marked stones.’

> Meteorsand Native Americans -- asan astronomy guy researched
and presents this.

. Center for Archaeoastronomy ek'plainswhat it is, has eome very éhort

editorials and articlesfrom back issues of its bulletin. Perhapstherewﬂl
bemore content to the website Iater

o - Ethno-ar chaeoastr onomy brief article by Claire Ferrer about
difficulties of collecting star. knowledge from Mescalero Apache --
only a couple of old men knew it, and they wer e rehglously forbldden
to speak of it towomen. . - : - :

. History of Astronomy‘including éthnic and ar chaeoastronomy, Web site
: mostlyfor astronomers, M ax- PIanck I nstitute, Germany

T —]

CREDITS: | drew the Lakota-style quilt sun-star in FreeHand and converted it to
raster for these pages -- but to get it right, | had tolook at the star on my actual -
quilt (by Elaine Brave Bull, Hunkpapa L akota.from Standingrock rez). The 3.
natives mar velling at the moon -- some kind of eclipse -- was drawn by John
Fadden (M ohawk-artist) in 1970 or so, to illustrate a book of traditional-stories by -
hisfather, elder Ray Fadden (Tehanatorens), several of which are star legends. It -
wasthen publlshed in' Akwesasne Notes. | scanned and traced it in FreeHand, to.
usewith Heart of the Earth AIM Survival School Indian-centered science material.
preparedin 1993.
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' I\'_Iav'igatipn'Butt_(_)n's

Awards given to this Aboriginal Astronomy section
Page prepared by Paula Giese', text and'graphics c: 1995, 1996, 1997

Last updated: 16/4/97
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African Starlore

African Starlore

A poster was produced as part of the "Friends with the Universe" project which formed part of South
Africasfirst year of Science and Technology, YEAST, in 1998. The Starlore poster was thefirst in a
series of ten which were distributed nationally. The aim of Friends was to use astronomy as a vehicle to
promote science amongst the diverse communities in South Africa.
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African Starlore

The motif of the poster (280kB) which is reproduced above comprises various scenes depicting legends
of southern Africathat relate to the heavens. It was created by Braam Botha, and the copyright rests with
SAAOQO. A small collection of legends assembled from many sources by Dr Dave Laney of SAAQ is
included below. Scenes from the poster image are juxtaposed with the relevant legend. Click on a part of
the image to go straight to the legend.

Legends of the Khoikhoi and the San

« A girl child of the old people had magical powers so strong that when she looked at a group of
fierce lions, they were immediately turned to stars. The largest are now in Orion's belt.

A strong-willed girl became so a