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Tntroduction

In the exciting years since the publication of Longitude, many thoughtful readers have commented —while others
complained —about the lack of pictures or diagrams to vivity the story. Therefore I am delighted now to introduce
this handsome new illustrated volume and to welcome my good friend William J. H. Andrewes as its coauthor.

Will and I met each other over an exhibit of astrolabes at Chicago’s Adler Planetarium in February 1992, but
the subject soon turned to longitude. Will, as curator of Harvard University's Collection of Historical Scientific
Instruments, invited me, a science writer, to report on the Longitude Symposium he planned to host nearly two
years later in Cambridge, Massachusetts. | hoped to attend the three-day event and write an article about it for a
popular magazine. Editors I approached at numerous periodicals, however, expressed the unanimous sentiment
that the concept was esoteric in the extreme, and none could imagine who would want to read about it. After
months of unsuccessful petitioning, I finally found a home for my idea at Harvard Magazine just a few days before
the symposium started.

I arrived on campus to discover some five hundred participants, many of them members of the National
Association of Watch and Clock Collectors, observing the tercentenary of a relatively uncelebrated English genius
named John Harrison, who, by the mid-1700s, had almost single-handedly solved the age-old longitude problem
by perfecting the art of portable precision timekeeping. Will, long a champion of Harrison’s, had looked after the
clocks at the Old Royal Observatory and the National Maritime Museum in Greenwich, England, where
Harrison's treasures are exhibited, and had restored to working order an early wooden clock that Harrison never
finished. In addition to the three-century travelogue of slides shown during the symposium lectures, along with
colorful animated videos of Harrison’s mechanisms, Will's conference included a viewing of important clocks from
the Harvard collection. He thoughtfully extracted the interiors from most of these instruments so that their ornate
wood and metal cases stood empty beside their revealed works.

From our experiences at the Longitude Symposium, Will and I each created a book. His, The Quest for Longitude,
featured the full formal proceedings of all the sessions, annotated and illustrated in wonderful detail. Mine, shorter
and smaller in scope, focused on Harrison's struggle with the intractable problem and the even more intractable
authorities dead set against him. In the following pages of our joint venture, the original Longitude text unfolds among
180 images of characters, events, instruments (especially Harrison's contrivances), maps, and publications that
illuminate the narrative. These pictures, paired with Will's detailed captions, offer up their own version of a

swashbuckling scientific adventure in the context of history and technology.

— DAVA SOBEL






CHAPTER ONE

When I'm playful I use the meridians of
longitude and parallels of latitude for a seine,
and drag the Atlantic Ocean for whales.

MARK TWAIN, Life on the Misatsoippi

NCE ON A WEDNESDAY excursion when | was a little girl, my father

bought me a beaded wire ball that I loved. At a touch, I could collapse the

toy into a flat coil between my palms, or pop it open to make a hollow
sphere. Rounded out, it resembled a tiny Earth, because its hinged wires traced the
same pattern of intersecting circles that I had seen on the globe in my schoolroom —the
thin black lines of latitude and longitude. The few colored beads slid along the wire
paths haphazardly, like ships on the high seas.

My father strode up Fifth Avenue to Rockefeller Center with me on his shoulders,
and we stopped to stare at the statue of Atlas, carrying Heaven and Earth on his.

The bronze orb that Atlas held aloft, like the wire toy in my hands, was a see-
through world, defined by imaginary lines. The Equator. The Ecliptic. The Tropic of
Cancer. The Tropic of Capricorn. The Arctic Circle. The prime meridian. Even then I
could recognize, in the graph-paper grid imposed on the globe, a powerful symbol of

all the real lands and waters on the planet.

Lee Lawrie s forty-five-foot
high statue of Atlas was
erected in 1937 at the
Rockefeller Centers
International Building on
Fifth Avenue, New York City.












Imaginary Lines -

Copenhagen, Jerusalem, St. Petersburg, Pisa, Paris, and Philadelphia, among other
places, before it settled down at last in London. As the world turns, any line drawn
from pole to pole may serve as well as any other for a starting line of reference. The
placement of the prime meridian is a purely political decision.

Here lies the real, hard-core difference between latitude and longitude —beyond the
superficial difference in line direction that any child can see: The zero-degree parallel
of latitude is fixed by the laws of nature, while the zero-degree meridian of longitude
shifts like the sands of time. This difference makes finding latitude child’s play, and
turns the determination of longitude, especially at sea, into an adult dilemma —one that
stumped the wisest minds of the world for the better part of human history.

Any sailor worth his salt can gauge his latitude well enough by the length of the d;a.y, or
by the height of the sun or known guide stars above the horizon. Christopher Columbus
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Imaginary Lines

followed a straight path across the Atlantic when he “sailed the parallel” on his 1492
journey, and the technique would doubtless have carried him to the Indies had not the
Americas intervened.

The measurement of longitude meridians, in comparison, is tempered by time. To
learn one's longitude at sea, one needs to know what time it is aboard ship and also the
time at the home port or another place of known longitude —at that very same moment.
The two clock times enable the navigator to convert the hour difference into a
geographical separation. Since the Earth takes twenty-four hours to complete one full
revolution of three hundred sixty degrees, one hour marks one twenty-fourth of a spin,
or hifteen degrees. And so each hour's time difference between the ship and the starting
point marks a progress of fifteen degrees of longitude to the east or west. Every day at
sea, when the navigator resets his ship’s clock to local noon as the sun reaches its
highest point in the sky, and then consults the home-port clock, every hour’s
discrepancy between them translates into another fifteen degrees of longitude.

Those same fifteen degrees of longitude also correspond to a distance traveled. At the
Equator, where the girth of the Earth is greatest, fifteen degrees stretch fully one thousand
miles. North or south of that line, however, the mileage value of each degree decreases. One
degree of longitude equals four minutes of time the world over, but in terms of distance, one
degree shrinks from sixty-eight miles at the Equator to virtually nothing at the poles.

Precise knowledge of the hour in two different places at once—a longitude
prerequisite so easily accessible today from any pair of cheap wristwatches —was
utterly unattainable up to and including the era of pendulum clocks. On the deck of a
rolling ship, such clocks would slow down, or speed up, or stop running altogether.
Normal changes in temperature encountered en route from a cold country of origin to
a tropical trade zone thinned or thickened a clock’s lubricating oil and made its metal
parts expand or contract with equally disastrous results. A rise or fall in barometric
pressure, or the subtle variations in the Earth’s gravity from one latitude to another,

could also cause a clock to gain or lose time.





















CHAPTER TWO

TheJea
WBefore Time

They that go down to the Sea in Ships,
that do business in great waters, these
see the works of the Lord, and His
wonders in the deep.

PSALM 107

IRTY WEATHER,” Admiral Sir Clowdisley Shovell called the fog that had

dogged him twelve days at sea. Returning home victorious from Gibraltar

after skirmishes with the French Mediterranean forces, Sir Clowdisley
could not beat the heavy autumn overcast. Fearing the ships might founder on coastal
rocks, the admiral summoned all his navigators to put their heads together.

The consensus opinion placed the English fleet safely west of {le d’Ouessant, an island
outpost of the Brittany peninsula. But as the sailors continued north, they discovered to
their horror that they had misgauged their position near the Scilly Isles. These tiny
islands, about twenty miles from the southwest tip of England, point to Land’s End like a
path of stepping-stones. And on that foggy night of October 22, 1707, the Scillies became
unmarked tombstones for almost two thousand of Sir Clowdisley’s troops.

The flagship, the Awociation, struck first. She sank within minutes, drowning all
hands. Before the rest of the vessels could react to the obvious danger, two more ships,
the Eagle and the Romney, pricked themselves on the rocks and went down like stones.

In all, four warships were lost.

Sir Clowdisley Shovell (c.
1650-1707) had a
distinguished career in the
Royal Navy. He rose to the
rank of rear admiral by the
time be wad forty-two and was

appointed commander in chicf

of the British fleets at fifty-

Sour; tn 1704, This portract

was painted around 1702,



In October 1707, a fleet of
twenty-one ships under the
command of Sir Clowdisley
Shovell retiurned from the
Mediterranean after an
mwatcwqﬁtl' attack on
Towlon. The journey bome
was rough. By Oetober 22,
when the fleet s position was
estimated to be west of il
 Quessant (“Ushent” on this
map), orders were given o
proceed into the English
Channel. As night fell,
tgnorant of the fate that lay
abead, the ships were driven by
atrong winds onto the Weatern
Rocks, southweat of St. Agnes
in the Seilly Tles (“Silly” on
this map). The location of the
fleet was not the enly
unknown: This map, printed
thirteen years afler the
acctdent, shows the latitude of
St. Agnes to be fifty degrees;
its actual location i about
etght miles further south.

The Hlustrated Longitude

Only two men washed ashore alive. One of them was Sir Clowdisley himself, who
may have watched the fifty-seven years of his life flash before his eyes as the waves
carried him home. Certainly he had time to reflect on the events of the previous
twenty-four hours, when he made what must have been the worst mistake in judgment

of his naval career. He had been approached by a sailor, a member of the Awociation’s
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The Sea Before Time

crew, who claimed to have kept his own reckoning of the fleet’s location during the
whole cloudy passage. Such subversive navigation by an inferior was forbidden in the
Royal Navy, as the unnamed seaman well knew. However, the danger appeared so
enormous, by his calculations, that he risked his neck to make his concerns known to
the officers. Admiral Shovell had the man hanged for mutiny on the spot.

No one was around to spit “I told you so!” into Sir Clowdisley’s face as he nearly
drowned. But as soon as the admiral collapsed on dry sand, a local woman combing the
beach purportedly found his body and fell in love with the emerald ring on his finger.
Between her desire and his depletion, she handily murdered him for it. Three decades
later, on her deathbed, this same woman confessed the crime to her clergyman,

producing the ring as proof of her guilt and contrition.

At eght o clock on the night of
October 22, Str Clowdisley
Shovell s ship, the
Association, atruck the rocks
of the Gilitone Ledge in the
Selly Loles and vank in four
minates with ito entire crew of
630 men. Tuwo other ships

Eu{)_“ﬂ’."(’(] the .fanh’f:r.‘e anda

fourth vank more olowly. Only

twenlty-oix men were vaved;
1,647 periahed. Ther disaster,
cansed by errors in finding
both latitude and longitude,
brought the longitude problem
to the attention of the Britiib
Parliament.



Distance traveled at sea wa
measured by a log (a flai,
triangular-shaped piece of
wood) attached to the end of a
knotted line. Beginning at
dtxety feet from the log, knots
were Lied at reqular intervals
of fifty-one feet. When the log
wits cast over the wide of the
abip, the number of knot.s
counted in a peried of thirty
deconds (measured by a
sandglass) would indicate the
apeed of the obip. Hence the
term knot was adopted as the
nautical measure of apeed.
This task required three
peaple, one to bold the beavy
reel, one to turn the .lrmifql:m.f,

and one to count the knots,

/&

The Hlustrated Longitude

The demise of Sir Clowdisley’s fleet capped a long saga of seafaring in the days
before sailors could find their longitude. Page after page from this miserable history
relates quintessential horror stories of death by scurvy and thirst, of ghosts in the
rigging, and of landfalls in the form of shipwrecks, with hulls dashed on rocks and
heaps of drowned corpses fouling the beaches. In literally hundreds of instances, a
vessel's ignorance of her longitude led swiftly to her destruction.

Launched on a mix of bravery and greed, the sea captains of the fifteenth, sixteenth,
and seventeenth centuries relied on “dead reckoning” to gauge their distance east or
west of home port. The captain would throw a log overboard and observe how quickly
the ship receded from this temporary guidepost. He noted the crude speedometer
reading in his ship’s logbook, along with the direction of travel, which he took from the

stars or a compass, and the length of time on a particular course, counted with a

sandglass or a pocket watch. Factoring in the effects of ocean currents, fickle winds, and
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wounds failed to heal. Their legs swelled. They suffered the pain of spontaneous
hemorrhaging into their muscles and joints. Their gums bled, too, as their teeth
loosened. They gasped for breath, struggled against debilitating weakness, and when
the blood vessels around their brains ruptured, they died.

Beyond this potential for human suffering, the global ignorance of longitude wreaked
economic havoc on the grandest scale. It confined oceangoing vessels to a few narrow
shipping lanes that promised safe passage. Forced to navigate by latitude alone, whaling
ships, merchant ships, warships, and pirate ships all clustered along well-tratficked
routes, where they fell prey to one another. In 1592, for example, a squadron of six
English men-of-war coasted off the Azores, lying in ambush for Spanish traders heading
back from the Caribbean. The #Madre de Dews, an enormous Portuguese galleon returning
from India, sailed into their web. Despite her thirty-two brass guns, the Hadre de Dews lost
the brief battle, and Portugal lost a princely cargo. Under the ship’s hatches lay chests of
gold and silver coins, pearls, diamonds, amber, musk, tapestries, calico, and ebony. The
spices had to be counted by the ton —more than four hundred tons of pepper, forty-five
of cloves, thirty-five of cinnamon, and three each of mace and nutmeg. The #adre de Deus
proved herself a prize worth half a million pounds sterling—or approximately half the
net value of the entire English Exchequer at that date.

By the end of the seventeenth century, nearly three hundred ships a year sailed
between the British Isles and the West Indies to ply the Jamaica trade. Since the
sacrifice of a single one of these cargo vessels caused terrible losses, merchants yearned
to avoid the inevitable. They wished to discover secret routes—and that meant
discovering a means to determine longitude.

The pathetic state of navigation alarmed Samuel Pepys, who served for a time as an
official of the Royal Navy. Commenting on his 1683 voyage to Tangiers, Pepys wrote:
“It is most plain, from the confusion all these people are in, how to make good their
reckonings, even each man'’s with itself, and the nonsensical arguments they would

make use of to do it, and disorder they are in about it, that it is by God's Almighty
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rounded the tip of Cape Horn, a storm blew up from the west. It shredded the sails and
pitched the ship so violently that men who lost their holds were dashed to death. The
storm abated from time to time only to regather its strength, and punished the Centurion
for fifty-cight days without mercy. The winds carried rain, sleet, and snow. And scurvy
all the while whittled away at the crew, killing six to ten men every day.

Anson held west against this onslaught, more or less along the parallel at sixty degrees
south latitude, until he figured he had gone a full two hundred miles westward, beyond
Tierra del Fuego. The other ships of his squadron had been separated from the Centurwn in
the storm, and some of them were lost forever.

On the tirst moonlit night he had seen in two months, Anson at last anticipated calm
waters, and steered north for the carthly paradise called Juan Fernandez Island. There
he knew he would find fresh water for his men, to soothe the dying and sustain the
living. Until then, they would have to survive on hope alone, for several da_ys of Sailing
on the vast Pacilic still separated them from the island oasis. But as the haze cleared,
Anson sighted land right away, dead ahead. It was Cape Noir, at the western edge of
Tierra del Fuego.

How could thio have bappened? Had they been vadling in reverae?

The fierce currents had thwarted Anson. All the time he thought he was gaining
westward, he had been virtually treading water. So he had no choice but to head west
agatn, then north toward salvation. He knew that if he failed, and if the sailors continued
dying at the same rate, there wouldn't be enough hands left to man the rigging.

According to the ship’s log, on May 24, 1741, Anson at last delivered the Centurion
to the latitude of Juan Ferndandez Island, at thirty-five degrees squth. All that remained
to do was to run down the parallel to make harbor. But which way should he go? Did
the island lie to the cast or to the west of the Centurion’s present position?

That was anybody's guess.

Anson guessed west, and so headed in that direction. Four more desperate days at sea,

however, stripped him of the courage of his conviction, and he turned the ship around.
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Forty-eight hours after the Centurion began beating east along the thirty-fifth
parallel, land was sighted! But it showed itself to be the impermeable, Spanish-ruled,
mountain-walled coast of Chile. This jolt required a one-hundred-eighty-degree
change in direction, and in Anson’s thinking. He was forced to confess that he had
probably been within hours of Juan Fernandez Island when he abandoned west for
east. Once again, the ship had to retrace her course.

On June 9, 1741, the Centurion dropped anchor at last at Juan Ferndndez. The two
weeks of zigzag searching for the island had cost Anson an additional eighty lives.
Although he was an able navigator who could keep his ship at her proper depth and
protect his crew from mass drowning, his delays had given scurvy the upper hand.
Anson helped carry the hammocks of sick sailors ashore, then watched helplessly as
the scourge picked off his men one by one . . . by one by one, until more than half of the

original five hundred were dead and gone.

The original misston of
Andonys vayage was to caplure
a Spanish treasure galleon.
On June 20, 1743, the
aeaperaic erew of the
Centurion sighted the
Nuestra Sefiora de
Cobadonga, sailing from
Acapuleo to Manila, and,
despite their inferior number,
they overwbelmed the Spanish
after a short battle. The prize
of this gallean amounted to
almost £400,000, including
1,313,843 pieces of eight and
35,682 ounces of virgin silver,
one of the richest prizes ever
captured on the high seas.
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CHAPTER THREE

One night I dreamed I was locked in my Father’s watch
With Ptolemy and twenty-one ruby stars

Mounted on spheres and the Primum Mobile

Coiled and gleaming to the end of space

And the notched spheres eating each other’s rinds

To the last tooth of time, and the case closed.

JOHN CIARDI, “My Father’s Watch”

S ADMIRAL SHOVELL and Commodore Anson showed, even the best

sailors lost their bearings once they lost sight of land, for the sea offered no

useful clue about longitude. The sky, however, held out hope. Perhaps there
was a way to read longitude in the relative positions of the celestial bodies.

The sky turns day to night with a sunset, measures the passing months by the
phases of the moon, and marks each season’s change with a solstice or an equinox. The
rotating, revolving Earth is a cog in a clockwork universe, and people have told time by
its motion since time began.

When mariners looked to the heavens for help with navigation, they found a
combination compass and clock. The constellations, especially the Little Dipper with
the North Star in its handle, showed them where they were going by night —provided,
of course, the skies were clear. By day, the sun not only gave direction but also told
them the time if they followed its movements. So they watched it rise orange out of the

ocean in the east, change to yellow and to blinding white as it gained altitude, until at

Although not signed or dated,
this portratt of Galileo (1564-
1692) was probably painted
soon after 1610, the year in
which he discovered the moony
of Jupiter. On January 7,
1610, aboit a month before bis
forty-sixth birthday, Galileo
obaerved three tiny bright
“atara” extending (n a otraight
line from one side of the planet
to the other. By the eleventh, he
bad concluded that these were
moons wandering around the
gtant planet, like the moon
moves around the Earth. On
the thirteenth, be observed a
fvurt/: maon, and soon affer
recognized that their reqular
orbit provided a celestial clock
that could be wsed to solve the
longitude problem.
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midday the sun stopped in its tracks—the way a ball tossed in the air pauses
momentarily, poised between ascent and descent. That was the noon siren. They set
their sandglasses by it every clear day. Now all they needed was some astronomical
event to tell them the time somewhere else. If, for example, a total lunar eclipse was
predicted for midnight over Madrid, and sailors bound for the West Indies observed it
at eleven o’clock at night their time, then they were one hour earlier than Madrid, and
therefore fifteen degrees of longitude west of that city.

Solar and lunar eclipses, however, occurred far too rarely to provide any meaningful
aid to navigation. With luck, one could hope to get a longitude fix once a year by this
technique. Sailors needed an everyday heavenly occurrence.

As early as 1514, the German astronomer Johannes Werner struck on a way to use
the motion of the moon as a location finder. The moon travels a distance roughly equal
to its own width every hour. At might, it appears to walk through the fields of fixed
stars at this stately pace. In the daytime (and the moon is up in the daytime for half of
every month) it moves toward or away from the sun.

Werner suggested that astronomers should map the positions of the stars along the
moon’s path and predict when the moon would brush by each one —on every moonlit
night, month to month, for years to come. Also the relative positions of the sun and
moon through the daylight hours should be similarly mapped. Astronomers could then
publish tables of all the moon’s meanderings, with the time of each star meeting
predicted for one place—Berlin, perhaps, or Nuremberg—whose longitude would
serve as the zero-degree reference point. Armed with such information, a navigator
could compare the time he observed the moon near a given star with the time the same
conjunction was supposed to occur in the skies over the reference location. He would
then determine his longitude by finding the difference in hours between the two places,
and multiplying that number by fifteen degrees.

The main problem with this “lunar distance method” was that the positions of the

stars, on which the whole process depended, were not at all well known. Then, too, no
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from their vessels —and certainly couldn’t hope to see them often enough or easily
enough to rely on them for navigation. After all, it was never possible to view the
hands of the Jupiter clock during daylight hours, when the planet was either absent
from the sky or overshadowed by the sun’s light. Nighttime observations could be
carried on for only part of the year, and then only when skies were clear.

In spite of these obvious difficulties, Galileo had designed a special navigation helmet for
finding longitude with the Jovian satellites. The headgear—the celatone—has been
compared to a brass gas mask in appearance, with a telescope attached to one of the
eyeholes. Through the empty eyehole, the observer’s naked eye could locate the steady light
of Jupiter in the sky. The telescope afforded the other eye a look at the planet’s moons.

Galileo proposed using an eclipoe of
one of Jupiter satellites to determine
the difference tn longitude between two
places. The eclipse of the innermost
aatellty (K bebind Jupiter {T]) oe
be seen at precisely the same moment
from potints R and Q on Earth (dotted
lines T and U). If the observer at Q
bad tables to compare the time of the
eclipse at point R with bis local time,
be can find the difference in longitude
between pointa R (111 [3 AM.])and
O (XIT [midnight]). This three-bour
time difference signifies that Q is
Jory i e st of point R
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- Adrift in a Clockwork Universe

ABOVE Jn this diagram explaining how Roemer
determined the velocity of light, J represents Jupiter
and CBADH the orbit of the Earth around the sun
(S). The distance AB (one-otxth of the Earthy
orbut, about sixty-one days) equals SA, the
dustance from the sun to the Earth, which was
eatimated in the 16700 to be about 92 million miles.
Having observed that the eclipse of the innermaoast
satellite at point | occurred about eleven minutes
aooner when the Earth was at point B than when it
wad at point A in its orbit, Roemer determined that
light bas a finite velocity and caleulated that it
travels 92 million miles in eleven minutes, or about
190,000 miles per second. The current accepted
value it 186.282 miles (299,792 km.) per decond.

LEFT Dressed in gown and hat to keep warm
Juring a long, cold night of observing at his
houde in Copenbagen, Roemer i wstng bis
transct instrument — a belescope with a fixed
mounting that ke invented —to determine the
exact moment a star or planet crossed bis
meridian. He timed these observations precisely,
using the pendulum clock on the wall. This is the
type of long-pendulum elock designed and used by
Christiaan Huygens.









The Royal Qbaervatory at
Crreenwich tn 1676, shown here
from the southeast in a view
looking toward London, way
budlt in 1675. A royal warrant
dtipulated ity purpode was to
perfect astronomy and
navigation, and authorized an
expenditure of £500 for the
purpose. The coat, which in fact
came to £520 94, 12, was
covered by the sale of old,
decayed gunpowder.
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LONDINUM

the fixed Stars, so as to find out the so-much desired Longitude at Sea, for perfecting

the art of Navigation.”

In Flamsteed’s own later account of the turn of these events, he wrote that King
Charles “certainly did not want his ship-owners and sailors to be deprived of any help
the Heavens could supply, whereby navigation could be made safer.”

Thus the founding philosophy of the Royal Observatory, like that of the Paris
Observatory before it, viewed astronomy as a means to an end. All the far-flung stars
must be cataloged, so as to chart a course for sailors over the oceans of the Earth.

Commissioner Wren executed the design of the Royal Observatory. He set it, as the
king’s charter decreed, on the highest ground in Greenwich Park, complete with lodging
rooms for Flamsteed and one assistant. Commissioner Hooke directed the actual building
work, which got under way in July of 1675 and consumed the better part of one year.

Flamsteed took up residence the following May (in a building still called Flamsteed
House today) and collected enough instruments to get to work in earnest by October.

He toiled at his task for more than four decades. The excellent star catalog he compiled



Adrift in a Clockwork Universe - :

was published posthumously in 1725. By then, Sir Isaac Newton had begun to subdue
the confusion over the moon’s motion with his theory of gravitation. This progress
bolstered the dream that the heavens would one day reveal longitude.

Meanwhile, far from the hilltop haunts of astronomers, craftsmen and clockmakers
pursued an alternate path to a longitude solution. According to one hopeful dream of ideal
navigation, the ship’s captain learned his longitude in the comfort of his cabin, by

comparing his pocket watch to a constant clock that told him the correct time at home port.

M AarTD A STPrrTaTam

The Royal Qbservatorys "Camera
Stellata” (Star Chamber), now
called the Octagon Room, was wed
for observing comets, occultations
of stars by the moon, and eclipses
0f the sun, the moon, and
Jupiter’s satellites. The telescopes
and other instruments were moved
Srom window ta window a needea,
and obaervations were timed by

the clocks.
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There being no mystic communion of clocks
it hardly matters when this autumn breeze
wheeled down from the sun
to make leaves skirt pavement like a
million lemmings.

An event is such a little piece of time-and-space
you can mail it through the slotted eye of a cat.

DIANE ACKERMAN, “Mystic Communion of Clocks”

¢ IME IS TO CLOCK as mind is to brain. The clock or watch somehow contains

the time. And yet time refuses to be bottled up like a genie stuffed in a lamp.

Whether it flows as sand or turns on wheels within wheels, time escapes
irretrievably, while we watch. Even when the bulbs of the hourglass shatter, when
darkness withholds the shadow from the sundial, when the mainspring winds down so
far that the clock hands hold still as death, time itself keeps on. The most we can hope a
watch to do is mark that progress. And since time sets its own tempo, like a heartbeat or
an ebb tide, timepieces don't really keep time. They just keep up with it, if they're able.

Some clock enthusiasts suspected that good timekeepers might suffice to solve the
longitude problem, by enabling mariners to carry the home-port time aboard ship with
them, like a barrel of water or a side of beef. Starting in 1530, Flemish astronomer
Gemma Frisius hailed the mechanical clock as a contender in the effort to find

longitude at sea.

Gemma Frisius (1508-55)
proposed the idea of wiing a
mechanical timekeeper for
Jfinding longitude tn 1530,
when he was twenty-two yeard
old. In the right foreground of
Fhis portrait (which was
engraved in 1357, two years
after he died) is a universal
ring dial, an ingentous device
that ke invented about 1532
for finding local time at sea.















Huygena publivbed this drawing
of i proposed clock for finding
longitude at sea in be
Horologium Osallatorium
r_'r" /f?f‘;. o ll’.r?(’r(' I.l’(' (J('(']{.('(Il'(’(']l‘t’
Lowto X1 The clock w0
mounted in gimbals and bas a
triangular pendulum about vix
and a quarter inches long
aipended frone cyeloddal checko,
Lhe deal, whieh Huygena bad
trodheced in the 1660 and
became the standard deatgn woed
tor avtronomical elocka, has
veparale ring. for mdicalig the
bowra, minutes, and aecond,
Deapite mumerovo attempto,
Huygens was unable to
avercome the difficulties of
making a reliable and accurate
marine timekeeper: Ao a resull,
many(neluding loaac Newton)
thought that the longiiude
problem would never be volved

with a clock.
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Now a recognized authority on the subject, Huygens published another book in
1665, the Kort Onderwys, his directions ftor the use of marine timekeepers. Subsequent
voyages, however, exposed a certain finickiness in these machines. They seemed to
require favorable weather to perform faithfully. The swaying of the ship on a storm’s
waves confounded the normal swinging of the pendulum.

To circumvent this problem, Huygens invented the spiral balance spring as an
alternative to the pendulum for setting a clock’s rate, and had it patented in France in
1675. Once again, Huygens found himself under pressure to prove himself the
inventor of a new advance in timekeeping, when he met a hot-blooded and headstrong
competitor in the person of Robert Hooke.

Hooke had already made several memorable names for himselt in science. As a

biologist studying the microscopic structure of insect parts, bird feathers, and fish
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The College will the whole world measure;
Which most impossible conclude,

And Navigation make a pleasure

By finding out the Longitude.

Every Tarpaulin shall then with ease
Sayle any ship to the Antipodes.

ANONYMOUS (ABOUT 1660) “Ballad of Gresham College”

T THE END OF THE seventeenth century, even as members of learned

societies debated the means to a longitude solution, countless cranks and

opportunists published pamphlets to promulgate their own harebrained
schemes for finding longitude at sea.

Surely the most colorful of the offbeat approaches was the wounded dog theory, put
forth in 1687. It was predicated on a quack cure called powder of sympathy. This
miraculous powder, discovered in southern France by the dashing Sir Kenelm Digby,
could purportedly heal at a distance. All one had to do to unleash its magic was to
apply it to an article from the ailing person. A bit of bandage from a wound, for
example, when sprinkled with powder of sympathy, would hasten the closing of that
wound. Unfortunately, the cure was not painless, and Sir Kenelm was rumored to have
made his patients jump by powdering —for medicinal purposes —the knives that had

cut them, or by dipping their dressings into a solution of the powder.

William Whiston (1667-1752),
a graduate and Fellow of Clare
College, Cambridge, became
lsaac Newton s asetstant lecturer
in mathematics tn {701 and
dttcceeded bim au Lueasian
professor in 1705, He loit this
appotrtment seven years later;
however; on account of bis fervent
reltgtous views. After moving to
London, be worked with
Humphry Ditton (1675-1713)
of Chriats Hospital on several
dachemes to solve the longitude
prablem. Although fatling to win
the longitude prize, through
peristence and boundlews energy
be was awarded £300 in 1741 to
Jurvey the c'lfwiqf porty and coasts
of Great Britain,






Powder of Sympathy

Sir Kenelm Dighy (1605-63)
waa an Englisk diplomat, a
devout Catholic, and a
alaunch royalist who escaped
to France during the Fnglish
Cioil War: Despite bia claims

for the “Powder of Sympathy,”

which no doubt originated

from b interesl in avtrology
E A

and alcheny, ke became one of
the original membera of the
Roval Sociely and i said to
have been the firat to explain
the neceasity of oxygen to the
life of plant..
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intervening distance looks large, while from certain Pacific vantage points the two
poles seem to overlap. (To make a model of this phenomenon, stick a whole clove into
a navel orange, about an inch from the navel, and then rotate the orange slowly at eye
level.) A chart could be drawn —and many were —linking longitude to the observable
distance between magnetic north and true north.

This so-called magnetic variation method had one distinct advantage over all the
astronomical approaches: It did not depend on knowing the time at two places at once
or knowing when a predicted event would occur. No time differences had to be
established or subtracted from one another or multiplied by any number of degrees.
The relative positions of the magnetic pole and the Pole Star sufficed to give a
longitude reading in degrees east or west. The method seemingly answered the dream
of laying legible longitude lines on the surface of the globe, except that it was
incomplete and inaccurate. Rare was the compass needle that pointed precisely north
at all times; most displayed some degree of variation, and even the variation varied
from one voyage to the next, making it tough to get precise measurements. What's
more, the results were further contaminated by the vagaries of terrestrial magnetism,
the strength of which waxed or waned with time in different regions of the seas, as
Edmond Halley found during a two-year voyage of observation.

In 1699, Samuel Fyler, the seventy-year-old rector of Stockton, in Wiltshire,
England, came up with a way to draw longitude meridians on the night sky. He figured
that he —or someone else more versed in astronomy-—could identify discrete rows of
stars, rising from the horizon to the apex of the heavens. There should be twenty-four
of these star-spangled meridians, or one for each hour of the day. Then it would be a
simple matter, Fyler supposed, to prepare a map and timetable stating when each line
would be visible over the Canary Islands, where the prime meridian lay by convention
in those days. The sailor could observe the row of stars above his head at local
midnight. If it were the fourth, for argument’s sake, and his tables told him the first row

should be over the Canaries just then, assuming he had some knowledge of the time, he

OPPOSITE Fdmond Halley
putblished this logontc chart
of the Atlantie in 1701, after
bta voyage to the South Seas
tn the Paramore. The lines
marking variows degrees of
magnetic vartation cross the
linea of latitude and therefore
provide, in theory, the bwo
coardinates required to
determine the location of a
lr/Jip at sea. The amount of
magnetic variation shown by
the variation compaus would
determine one coordinate,
whle the latitude, found by
measuring the beight of the
e at noon, eotablished the
other. In practice, bowever, it
wad ducovered thal the
Farth s magnele fields change
over time, and all attemplo lo
predict the varsation of the

variation farled.
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known time of the expected signal to the actual shipboard time when the signal was
heard. In so doing, providing they factored in the speed of propagation of sound, they
would discover their longitude.

Unfortunately, when the men offered their brainchild to seafarers, they were told
that sounds would not carry at sea reliably enough for accurate location finding. The
plan might well have died then, had not Whiston hit on the idea of combining sound
and light. If the proposed signal guns were loaded with cannon shells that shot more
than a mile high into the air, and exploded there, sailors could time the delay between
seeing the fireball and hearing its big bang —much the way the weather wise gauge the
distance of electrical storms by counting the seconds elapsed between a flash of
lightning and a clap of thunder.

Whiston worried, of course, that bright lights might also falter when trying to
deliver a time signal at sea. Thus he took special delight in watching the fireworks
display commemorating the Thanksgiving Day for the Peace, on July 7, 1713. It
convinced him that a well-timed bomb, exploding 6,440 feet in the air, which he figured
was the limit of available technology, could certainly be seen from a distance of 100
miles. Thus assured, he worked with Ditton on an article that appeared the following
week in The Guardian, laying out the necessary steps.

First a new breed of fleet must be dispatched and anchored at 600-mile intervals in
the oceans. Whiston and Ditton didn't see any problem here, as they misjudged the
length requirements for anchor chains. They stated the depth of the North Atlantic as
300 fathoms at its deepest point, when in fact the average depth is more like 2,000
fathoms, and the sea bottom occasionally dips down to more than 3,450.

Where waters were too deep for anchors to hold, the authors said, weights could be
dropped through the currents to calmer realms, and would serve to immobilize the ships. In
any case, they were confident these minor bugs could be worked out through trial and error.

A meatier matter was the determination of each hull’s position. The time signals

must originate from places of known latitude and longitude. Eclipses of the moons of
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The hulls, the authors hoped, would be naturally exempt from all acts of piracy or
attack by warring states. Indeed, they should receive legal protection from all trading
nations: “And it ought to be a great Crime with every one of them, if any other Ships
either injure them, or endeavor to imitate their Explosions, for the Amusement and
Deception of any.”

Critics were quick to point out that even if all the obvious obstacles could be
overcome, not the least of which was the expense of such an undertaking, many more
problems would still stand in the way. A cast of thousands would be required to man the
hulls. And these men would be worse off than lighthouse keepers —lonely, at the mercy
of the elements, possibly threatened by starvation, and hard pressed to stay sober.

On December 10, 1713, the Whiston-Ditton proposal was published a second time,
in The Englishman. In 1714 it came out in book form, under the title A New Method for
Duscovering the Longitude both at Sea and Land. Despite their scheme’s insurmountable
shortcomings, Whiston and Ditton succeeded in pushing the longitude crisis to its
resolution. By dint of their dogged determination and desire for public recognition, they
united the shipping interests in London. In the spring of 1714, they got up a petition
signed by “Captains of Her Majesty’s Ships, Merchants of London, and Commanders of
Merchant-Men.” This document, like a gauntlet thrown down on the floor of
Parliament, demanded that the government pay attention to the longitude problem —
and hasten the day when longitude should cease to be a problem —by offering rich
rewards to anyone who could find longitude at sea accurately and practicably.

The merchants and seamen called for a committee to consider the current state of
affairs. They requested a fund to support research and development of promising

ideas. And they demanded a king's ransom for the author of the true solution.






CHAPTER SIX

The Srize

Her cutty sark, o’ Paisley harn,
That while a lassie she had worn,
In longitude tho’ sorely scanty,

It was her best, and she was vauntie.

ROBERT BURNS, “Tam o’ Shanter”

| HE MERCHANTS’ AND SEAMEN'S petition pressing for action on the
matter of longitude arrived at Westminster Palace in May of 1714. In June, a
Parliamentary committee assembled to respond to its challenge.

Under orders to act quickly, the committee members sought expert advice from Sir
Isaac Newton, by then a grand old man of seventy-two, and his friend Edmond Halley.
Halley had gone to the island of St. Helena some years earlier to map the stars of the
southern hemisphere —virtually virgin territory on the landscape of the night. Halley’s
published catalog of more than three hundred southern stars had won him election to
the Royal Society. He had also traveled far and wide to measure magnetic variation, so
he was well versed in longitude lore —and personally immersed in the quest.

Newton prepared written remarks for the committee members, which he read aloud
to them, and also answered their questions, despite his “mental fatigue” that day. He
summarized the existing means for determining longitude, saying that all of them were
true in theory but “difficult to execute.” This was of course a gross understatement.

Here, for example, is Newton'’s description of the timekeeper approach:

Edmond Halley (c. 1636-1742)
had a long and distinguished
career; being elected a Fellow of
the Royal Society in 1678,
when he was twenty-two, and

derving as astronomer royal

from 1720 until his death in

1742, Although be became a
proponent of the lunar distance
method, he had the foresight to
recogneze that it was not
necessarily the only solution

to the longitude problem. In
1750, be gave sound advice to
Jobhn Harrison by encouraging
him to visit the famows
London clockmaker George
Grabam and later, as a
memdber of the Board of
Longitude, offered Harrison bis
influential support. This
portrait was probably painted
soon after 1687.
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The actual Longitude Act, issued in the reign of Queen Anne on July 8, 1714, did
all these things. On the subject of prize money, it named first-, second-, and third-prize

amounts, as 1"0]10\-\'5!

£20,000 tor a method to determine longitude to an accuracy of hall a
degree of a great circle;
£15,000 for a method accurate to within two-thirds of a degree;

£10,000 for a method accurate to within one degree.

Since one degree of longitude spans sixty nautical miles (the equivalent of sixty-
eight geographical miles) over the surface of the globe at the Equator, even a fraction
of a degree translates into a large distance —and consequently a great margin of error
when trying to determine the whereabouts of a ship vis-a-vis its destination. The fact
that the government was willing to award such huge sums for “Practicable and Useful”
methods that could miss the mark by many miles eloquently expresses the nation’s
desperation over navigation's sorry state.

The Longitude Act established a blue ribbon panel of judges that became known as
the Board of Longitude. This board, which consisted of scientists, naval officers, and
government officials, exercised discretion over the distribution of the prize money.
The astronomer royal served as an ex officio member, as did the president of the Royal
Society, the first lord of the Admiralty, the speaker of the House of Commons, the first
commissioner of the Navy, and the Savilian, Lucasian, and Plumian professors of
mathematics at Oxford and Cambridge Universities. (Newton, a Cambridge man, had
held the Lucasian professorship for thirty years; in 1714 he was president of the Royal
Society.)

The board, according to the Longitude Act, could give incentive awards to help
impoverished inventors bring promising ideas to fruition. This power over purse
strings made the Board of Longitude perhaps the world’s first official research-and-

development agency. (Though none could have foreseen it at the outset, the Board of



The Prize
Longitude was to remain in existence for more than one hundred vears. By the time it
finally disbanded in 1828, it had disbursed funds in excess of £100,000.)

In order tor the commissioners of longitude to judge the actual accuracy of any
proposal, the technique had to be tested on one of Her Majesty's ships, as it sailed
“over the ocean, from Great Britain to any such Port in the West Indies as those
Commissioners Choose ... without losing their Longitude beyond the limits before
mentioned.”

So-called solutions to the longitude problem had been a dime a dozen even before
the act went into effect. After 1714, with their potential value exponentially raised,
such schemes proliferated. In time, the board was literally besieged by any number of
COnni\’ing and \Ve“—meaning peFSOHS “’ho hd.d l’lea[‘d “’Ord Of the pl"ize and Wanted to
win it. Some of these hopetul contenders were so galvanized by greed that they never
stopped to consider the conditions of the contest. Thus the board received ideas for
improving ships’ rudders, for purifying drinking water at sea, and for perfecting
special sails to be used in storms. Over the course of its long history, the board received
all too many blueprints for perpetual motion machines and proposals that purported to
square the circle or make sense of the value of pi.

In the wake of the Longitude Act, the concept of “discovering the longitude”
became a synonym for attempting the impossible. Longitude came up so commonly as
a topic of conversation —and the butt of jokes —that it rooted itself in the literature of
the age. In Gulliveris Travels, for example, the good Captain Lemuel Gulliver, when
asked to imagine himself as an immortal Struldbrugg, anticipates the enjoyment of
witnessing the return of various comets, the lessening of mighty rivers into shallow
brooks, and “the discovery of the longitude, the perpetual motion, the universal medicine,
and many other great inventions brought to the utmost perfection.”

Part of the sport of tackling the longitude problem entailed ridiculing others in the
competition. A pamphleteer who signed himself “R.B.” said of Mr. Whiston, the
fireball proponent, “[1]f he has any such Thing as Brains, they are really crackt.”
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had considered this problem at great length when testing his chronometer. In fact, the
proposal he submitted to the longitude board contained his careful records of the
chronometer’s rate at various temperature readings, along with a sliding scale showing
the range of error that could be expected at different temperatures. A mariner using
the chronometer would simply have to weigh the time shown on the clock’s dial against
the height of the mercury in the thermometer tube, and make the necessary
calculations. This is where the plan falls apart: Someone would have to keep constant
watch over the chronometer, noting all changes in ambient temperature and figuring
them into the longitude reading. Then, too, even under ideal circumstances, Thacker
owned that his chronometer occasionally erred by as many as six seconds a day.

Six seconds sound like nothing compared to the fifteen minutes routinely lost by
earlier clocks. Why split hairs?

Because of the consequences —and the money —involved.

To prove worthy of the £20,000 prize, a clock had to find longitude within half a
degree. This meant that it could not lose or gain more than three seconds in twenty-
four hours. Arithmetic makes the point: Half a degree of longitude equals two minutes
of time —the maximum allowable mistake over the course of a six-week voyage from
England to the Caribbean. An error of only three seconds a day, compounded every
day at sea for forty days, adds up to two minutes by journey’s end.

Thacker's pamphlet, the best of the lot reviewed by members of the Board of
Longitude during their first year, didn’t raise anyone’s hopes very high. So much
remained to be done. And so little had actually been accomplished.

Newton grew impatient. It was clear to him now that any hope of settling the
longitude matter lay in the stars. The lunar distance method that had been proposed
several times over preceding centuries gained credence and adherents as the science of
astronomy improved. Thanks to Newton's own efforts in formulating the Universal
Law of Gravitation, the moon’s motion was better understood and to some extent

predictable. Yet the world was still waiting on Flamsteed to finish surveying the stars.
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Flamsteed, meticulous to a fault, had spent forty yvears mapping the heavens —and
had still not released his data. He kept i1t all under seal at Greenwich. Newton and
Halley managed to get hold of most of Flamsteed’s records from the Royal
Observatory, and published their own pirated edition of his star catalog in 1712.
Flamsteed retaliated by collecting three hundred of the four hundred printed copies,
and burning them.

“I committed them to the fire about a fortnight ago,” Flamsteed wrote to his former
observing assistant Abraham Sharp. "I Sir I. N. would be sensible of it, I have done
both him and Dr. Halley a very great kindness.” In other words, the published
positions, insufficiently verified as they were, could only discredit a respectable
astronomer’s reputation.

Despite the Hlap over the premature star catalog, Newton continued to believe that
the regular motions of the clockwork universe would prevail in guiding ships at sea. A
man-made clock would certainly prove a useful accessory to astronomical reckoning
but could never stand in its stead. After seven years of service on the Board of
Longitude, in 1721, Newton wrote these impressions in a letter to Josiah Burchett, the
secretary of the Admiralty:

“A good watch may serve to keep a recconing at Sea for some days and to know the
time of a celestial Observ[at]ion: and for this end a good Jewel watch may suftice till a
better sort of Watch can be found out. But when the Longitude at sea is once lost, it
cannot be found again by any watch.”

Newton died in 1727, and therefore did not live to see the great longitude prize
awarded at last, four decades later, to the self-educated maker of an oversized pocket

watch.
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CHAPTER SEVEN

Oh! She was perfect, past all parallel —

Of any modern female saint’s comparison;
So far above the cunning powers of hell,

Her guardian angel had given up his garrison;
Even her minutest motions went as well

As those of the best time-piece made by Harrison.

LORD BYRON, “Don Juan”

O LITTLE IS KNOWN of the early life of John Harrison that his biogra-

phers have had to spin the few thin facts into whole cloth.

These highlights, however, recall such stirring elements in the lives of other
legendary men that they give Harrison'’s story a leg up. For instance, Harrison edu-
cated himself with the same hunger for knowledge that kept young Abraham Lincoln
reading through the night by candlelight. He went from, if not rags, then assuredly
humble beginnings to riches by virtue of his own inventiveness and diligence, in the
manner of Thomas Edison or Benjamin Franklin. And, at the risk of overstretching
the metaphor, Harrison started out as a carpenter, spending the first thirty vears of his
life in virtual anonymity before his ideas began to attract the world’s attention.

John “Longitude” Harrison was born March 24, 1693, in the county of Yorkshire,
the eldest of five children. His family, in keeping with the custom of the time, dealt out
names so parsimoniously that it is impossible to keep track of all the Henrys, Johns,

and Elizabeths without pencil and paper. To wit, John Harrison served as the son,

This movement belongo to
Jobn Harrison i firat longease
clock, completed in 1715 when
be wa twenty. Becauoe
Harrwon was tratned as a
Jotner, he modified the standard
deaign of a grandfatber clock
maovement so that il could be
conatructed qf wood, [cuyc’{v
oak and boxwood. Brass and
ateel were wsed only where
necessary, the former for the
eacape wheel and the bearings
(et inta the plates), and the
latter for the pivots and the
escapernent. The clock, which
atruck every bour, was wound
by removing the ypandrels
beneath the dial and inverting
a geared winding key, which
meshed with a gear mounted on

the winding barrel.



OverOsrTe Joba Harrcon
wat Loree i Foully near
Waketield, Yorkobire, and
wao baptized on Harch 51,
1695 o father wao a
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The Hluotrated Longitude

grandson, brother, and uncle of one Henry Harrison or another, while his mother, his
sister, both his wives, his only daughter, and two of his three daughters-in-law all
answered to the name Elizabeth.

His first home seems to have been on the estate, called Nostell Priory, of a rich
landowner who employed the elder Harrison as a carpenter and custodian. Early in
John's life —perhaps around his tourth birthday, not later than his seventh —the family
moved, for reasons unknown, forty-two miles away to the small Lincolnshire village of
Barrow, also called Barrow upon Humber because it sat on the south bank of that river.

In Barrow, voung John learned woodworking [rom his father. No one knows
where he learned music, but he plaved the viol, rang and tuned the church bells, and
eventually took over as choirmaster at the Barrow parish church. (Manyv vears later,
as an adjunct to the 1775 publication explaining his timekeepers, A Description
Concerning Such MHechaniom . . ., Harrison would expound his radical theory on the
musical scale.)

Somehow, John as a teenager let it be known that he craved book learning. He
may have said as much aloud, or perhaps his fascination for the way things work
burned in his eyes so brightly that others could see it. In any case, in about 1712, a
clergyman visiting the parish encouraged John's curiosity by letting him borrow a
treasured textbook —a manuscript copy of a lecture series on natural philosophy
delivered by mathematician Nicholas Saunderson at Cambridge University.

By the time this book reached his hands, John Harrison had already mastered
reading and writing. He applied both skills to Saunderson’s work, making his own
annotated copy, which he headed “Mr. Saunderson’s Mechanicks.” He wrote out
every word and drew and labeled every diagram, the better to understand the nature
ol the laws of motion. He pored over this copybook again and again, in the manner of
a biblical scholar, continuing to add his own marginal notes and later insights over the
next several years. The handwriting throughout appears neat and small and regular, as

one might expect from a man of methodical mind.















Cogmaker Journal

equivalent of marbles in the mouth. No matter how brilliantly ideas formed in his
mind, or crystallized in his clockworks, his verbal descriptions failed to shine with the
same light. His last published work, which outlines the whole history of his unsavory
dealings with the Board of Longitude, brings his style of endless circumlocution to its
peak. The first sentence runs on, virtually unpunctuated, for twenty-five pages.

Forthright in his personal encounters, Harrison proposed marriage to Elizabeth
Barrel, and she became his wile on August 30, 1718. Their son, John, was born the fol-
lowing summer. Then Elizabeth fell ill and died in the spring before the boy turned seven.

The dearth of detail regarding the widower's private life at this juncture comes as no
surprise, for he left no diaries or letters describing his activities or his angst. Nevertheless,
the parish records show that he found a new bride, ten years younger, within six months
of Elizabeth’s death. Harrison wed his second wite, Elizabeth Scott, on November 23,
1726. At the start of their fifty years together they had two children —William, born in
1728, who was to become his father’s champion and right-hand man, and Elizabeth, born
in 1732, about whom nothing 1s known save the date of her baptism, December 21. John,
the child of Harrison’s first marriage, died when he was only eighteen.

No one knows when or how Harrison first heard word of the longitude prize.
Some say that the nearby port of Hull, just five miles north of Harrison’s home and
the third largest port in England, would have been abuzz with the news. From there,
any seaman or merchant could have carried the announcement downstream across the
Humber on the ferry.

One would imagine that Harrison grew up well aware of the longitude problem —
just as any alert schoolchild nowadays knows that cancer cries out for a cure and that
there's no good way to get rid of nuclear waste. Longitude posed the great technological
challenge of Harrison’s age. He seems to have begun thinking of a way to tell time and
longitude at sea even before Parliament promised any reward tor doing so—or at least
betore he learned of the posted reward. In any case, whether or not his thoughts favored

longitude, Harrison kept busy with tasks that prepared his mind to solve the problem.
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CHAPTER EIGHT

fméomfew

Where in this small-talking world can I find
A longitude with no platitude?

CHRISTOPHER FRY, The Ladys Not for Burning

HEN JOHN HARRISON ARRIVED in London in the summer of

1730, the Board of Longitude was nowhere to be found. Although that

august body had been in existence for more than fifteen years, it occu-
pied no official headquarters. In fact, it had never met.

So indifferent and mediocre were the proposals submitted to the board, that indi-
vidual commissioners had simply sent out letters of rejection to the hopeful inventors.
Not a single suggested solution had held enough promise to inspire any five commis-
sioners —the minimum required by the Longitude Act for a quorum —to bother gath-
ering together for a serious discussion of the method’s merits.

Harrison, however, knew the identity of one of the most famous members of the
Board of Longitude —the great Dr. Edmond Halley —and he headed straight for the
Royal Observatory at Greenwich to find him.

Halley had become England’s second astronomer royal in 1720, after John
Flamsteed’s death. The puritanical Flamsteed had reason to roll over in his grave at this

development, since in life he had denounced Halley for drinking brandy and swearing

John Harrion s firat marine
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The Hlustrated Longitade

Built of brightly shining brass, with rods and balances sticking out at odd angles, its
broad bottom and tall projections recall some ancient vessel that never existed. It looks
like a cross between a gallev and a galleon, with a high, ornate stern facing tforward, two
towering masts that carry no sails, and knobbed brass oars to be manned by tiers of
unseen rowers. It is a model ship, escaped from its bottle, atloat on the sea of time.

The numbered dials on H-1's face obviously tie it to the telling of time: One dial
marks the hours, another counts the minutes, a third ticks off the seconds, and the last
denotes the days of the month. Yet the look of the whole contrivance, fairly bristling
with complexity, suggests that it must be something more than just a perfect time-
keeper. The large coiled springs and unfamiliar machinery tempt one to try to com-
mandeer the thing and ride it into another era. No fancitul movie about time travel,
despite the best efforts of Hollywood set design, ever presented a time machine as
convineing as this one.

The Harrisons housed H-1, which weighs seventy-five pounds, in a glazed cabinet
four feet in every dimension —high, wide, and deep. The case may have hidden the
whirligig aspects of the timepiece. Perhaps only the face, with its four dials sur-
rounded by eight carved cherubs and four crowns in a tangle of serpentine ropes or
leatless vines, showed from the outside. However, the cabinet, like the cases of
Harrison's early clocks, has been lost, exposing the works to general scrutiny. H-1
now lives and works (with daily winding) in an armored-glass box at the National
Maritime Museum in Greenwich, where it still runs gamely in all its friction-free
glory, much to the delight of visitors. The decorated face clashes with the skeletal
works —the way a well-dressed woman might look if she stood behind an imaging
screen that bared her beating heart.

Even at the start of its long career, H-1 constituted a study in contrasts. It was of its
age but ahead of its time, and when it came along, the world was already weary of
waiting for it. Although H-1 did what it set out to do, it performed so singularly that

people were perplexed by its success.
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The Harrson brothers took H-1 out for trial runs on a barge on the River Humber.
Then John carried it to London in 1735, and delivered on his promise to George Graham.
Much pleased, Graham showed the wonderful sea clock —not to the Board of
Longitude but to the Royal Society, who gave it a hero’s welcome, Concurring with
Dr. Halley and three other equally impressed Fellows of the Society, Graham wrote

this endorsement of H-1 and its maker:

John Harrison, having with great labour and expense, contrived and executed
a Machine for measuring time at sea, upon such Principle, as seem to us to
Promise a very great and sutlicient degree of Exactness. We are of Opinion, it
highly deserves Public Encouragement, In order to a thorough Tryal and
Improvement, of the severall Contrivances, for preventing those Irregularityes in
time, that naturally arise from the different degrees of Heat and Cold, a moist

and drye Temperature of the Air, and the Various Agitations of the ship.

Despite the hoopla, the Admiralty dragged its feet for a year in arranging the trial.
Then, instead of sending H-1 to the West Indies, as the Longitude Act required, the admi-
rals ordered Harnson to take his clock down to Spithead and board H.M.S. Centurion,
bound for Lisbon. The First Lord of the Admiralty, Sir Charles Wager, sent the following

letter of introduction to Captain Proctor, commander of the Centurion, on May 14, 1736:

Sir, The Instrument which is put on Board your Ship, has been approved by
all the Mathematicians in Town that have seen it, (and few have not) to be the
Best that has been made for measuring Time; how it will succeed at Sea, you
will be a Judge; I have writ to Sir John Norris, to desire him to send home the
Instrument and the Maker of it (who I think you have with you) by the first
Ship that comes . .. [T]he Man is said by those who know him best, to be a
very ingenious and sober Man, and capable of finding out something more than
he has already, if he can find Encouragement; I desire therefore, that you will

let the Man be used civilly, and that you will be as kind to him as you can.



The Gf‘a.l.rl'mppc.r' Croes Lo Sea

Captain Proctor wrote back right away to say,

[TThe Instrument is placed in my Cabbin, for giving the Man all the
Advantage that is possible for making his Observations, and 1 find him to be a
very sober, a very industrious, and withal a very modest Man, so that my good
Wishes can't but attend him; but the Difliculty of measuring Time truly, where
so many unequal Shocks, and Motions, stand in Opposition to it, gives me
concern for the honest Man, and makes me fear he has attempted
Impossibilities; but Sir, I will do him all the Good, and give him all the Help,
that is in my Power, and acquaint him with your Concern for his Success, and

your Care that he shall be well treated . . .

Proctor needn't have worried about the performance of Harrison's machine. It was
the man’s stomach that gave him grief. The rough crossing kept the clockmaker hang-
ing over the rail much of the time, when he wasn't in the captain’s cabin, tending his
timekeeper. What a pity Harrison couldn't fit his own insides with the two dumbbell-
shaped bar balances and four helical balance springs that helped H-1 keep its equa-
nimity throughout the journey. Mercifully, the strong winds blew the Centurion swiftly
to Lisbon within one week.

The good Captain Proctor died suddenly as soon as the ship reached harbor, before
he’d written up any account of the voyage in his log. Only four days later, Roger
Wills, master of H.M.S. Orford, received instructions to sail Harrison back to England.
The weather, which Wills recorded as “very mixed with gales and calms,” made for a
monthlong voyage home.

When the ship neared land at last, Wills assumed it to be the Start, a well-known
point on the south coast around Dartmouth. That was where his reckoning placed the
ship. Harrison, however, going by his sea clock, countered that the land sighted must
be the Lizard on the Penzance peninsula, more than sixty miles west of the Start. And

so 1t was,
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Royal Society. Dr. Smith even shared Harrison's interest in music and had his own
odd views on the musical scale. Sir Hans Sloane, president of the Royal Society,
rounded out the scientific representation at the meeting. The other two board mem-
bers, unknown to Harrison, were the Right Honorable Arthur Onslow, speaker of the
House of Commons, and Lord Monson, commissioner of Lands and Plantations, who
reflected the board’s political clout.

Harrison had everything to gain. He stood there with his prized possession, before
a group of professionals and politicians predisposed to be proud of what he'd done for
king and country. He had every right to demand a West Indies trial, to prove H-1
deserving of the £20,000 promised in the Longitude Act. But he was too much of a
perfectionist to do it.

Instead, Harrison pointed out the foibles of H-1. He was the only person in the
room to say anything at all critical of the sea clock, which had not erred more than a
few seconds in twenty-four hours to or from Lisbon on the trial run. Still, Harrison
said it showed some “defects” that he wanted to correct. He conceded he needed to do
a bit more tinkering with the mechanism. He could also make the clock a lot smaller,
he thought. With another two years’ work, if the board could see its way clear to
advancing him some funds tor further development, he could produce another time-
keeper. An even better timekeeper. And then he would come back to the board and
request an official trial on a vovage to the West Indies. But not now.

The board gave its stamp of approval to an offer it couldn't refuse. As for the £500
Harrison wanted as seed money, the board promised to pay half of it as soon as possi-
ble. Harrison could claim the other half once he had turned over the finished product
to a ship’s captain of the Royal Navy, ready for a road test. At that point, according to
the agreement recorded in the minutes of the meeting, Harrison would either accom-
pany the new timekeeper to the West Indies himself, or appoint “some proper Person”
to go in his stead. (Perhaps the commissioners had heard tell of Harrison’s seasickness

and were already making allowances for him.)
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Hands on Heaven s Clock

the eighth part of a circle; others preferred the name reflecting quadrant, pointing out
that the machine’'s mirrors doubled its capacity. By any name, the instrument soon
helped sailors find their latitude and longitude.

Older instruments, from the astrolabe to the cross-staff to the backstaff, had been
used for centuries to determine latitude and local time by gauging the height of the
sun or a given star above the horizon. But now, thanks to a trick done with paired
mirrors, the new reflecting quadrant allowed direct measurement of the elevations of
two celestial bodies, as well as the distances between them. Even if the ship pitched
and rolled, the objects in the navigator's sights retained their relative positions vis-a-
vis one another. The quadrant quickly evolved into an even more accurate device,
called a sextant, which incorporated a telescope and a wider measuring arc. These
additions permitted the precise determination of the ever-changing, telltale distances
between the moon and the sun during daylight hours, or between the moon and stars
after dark.

With detailed star charts and a trusty instrument, a good navigator could now
stand on the deck of his ship and measure the lunar distances. (Actually, many of the
more careful navigators sat, the better to steady themselves, and the real sticklers lay
down flat on their backs.) Next he consulted a table that listed the angular distances
between the moon and numerous celestial objects for various hours of the day, as they
would be observed from London or Paris. (As their name implies, angular distances
are expressed in degrees of arc; they describe the size of the angle created by two lines
of sight, running from the observer’s eye to the pair of objects in question.) He then
compared the time when he saw the moon thirty degrees away from the star Regulus,
say, in the heart of Leo the Lion, with the time that particular position had been pre-
dicted for the home port. If, for example, this navigator's observation occurred at one
o'clock in the morning, local time, when the tables called for the same configuration
over London at 4 A.M., then the ship’s time was three hours earlier—and the ship

itself, therefore, at longitude forty-five degrees west of London.
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“I say, Old Boy, do you smoke?” a brazen sun asked of the moon in an old English
log book cartoon portraving the lunar distance method. “No. vou brute,” the skittish
moon replied. "Keep vour distance!”

Hadley's quadrant capitalized on the work of astronomers, who had cemented the
positions of the fixed stars on the celestial clock dial. John Flamsteed alone personally
donated some forty man-years to the monumental effort of mapping the heavens. As the
first astronomer royal, Flamsteed conducted 30,000 individual observations, all dutifully
recorded and confirmed with telescopes he built himself or bought at his own expense.
Flamsteed's finished star catalog tripled the number of entries in the sky atlas Tycho Brahe
had compiled at Uraniborg in Denmark, and improved the precision of the census by sev-
eral orders of magnitude.

Limited as he was to the skies over Greenwich, Flamsteed was glad to see the tlam-
bovant Edmond Halley take off for the South Atlantic in 1676, right atter the tounding
of the Roval Observatory. Halley set up a mini-Greenwich on the 1sland of St. Helena. It
was the right place but the wrong atmosphere, and Halley counted only 341 new stars
through the haze. Nevertheless, this achievement earned him a flattering reputation as
“the southern Tycho.”

During his own tenure as astronomer roval, from 1720 to 1742, Halley studiously
tracked the moon. The mapping of the heavens, after all, was merely a prelude to the
more challenging problem of charting the moon’s course through the fields of stars.

The moon tollows an irregular elliptical orbit around the Earth, so that the moon’s
distance from the Earth and relation to the background stars is in constant flux.
What's more, since the moon’s orbital motion varies cyclically over an eighteen-year
period, eighteen years’ worth of data constitute the bare minimum groundwork for
any meaningtul predictions of the moon’s position.

Halley not only observed the moon day and night, to reveal the intricacies of her
motions, he also pored through ancient eclipse records for clues about her past. Any

and all data regarding lunar orbital motions might be grist for creating the tables navi-
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their own life experience with sea and sky. By the late 1750s the technique finally
looked practicable, thanks to the cumulative efforts of the many contributors to this
large-scale international enterprise.

In comparison, John Harrison offered the world a little ticking thing in a box.
Preposterous!

Worse, this device of Harrison's had all the complexity of the longitude problem
already hardwired into its works. The user didn’t have to master math or astronomy
or gain experience to make it go. Something unseemly attended the sea clock, in the
eves of scientists and celestial navigators. Something facile. Something flukish. In an
earlier era, Harrison might have been accused of witcheraft for proposing such a
magic-box solution. As it was, Harrison stood alone against the vested navigational
interests of the scientific establishment. He became entrenched in this position by
virtue of his own high standards and the high degree of skepticism expressed by his
opponents. Instead of the accolades he might have expected for his achievements, he
was to be subjected to many unpleasant trials that began after the completion of his

masterpiece, the fourth timekeeper, H-4, in 1759.

Thes sextant of fifteen-tnek
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Trial by Fire and Water .

Finally, in March of 1764, William and his friend Thomas Wyatt boarded H.M.S.
Tartar and sailed to Barbados with H-4. The 7artar's captain, Sir John Lindsay, over-
saw this first phase of the second trial, and monitored the handling of the Watch on
the way to the West Indies. Arriving ashore on May 15, prepared to compare notes
with the board-appointed astronomers who had preceded him to the island aboard the
Princess Louisa, William found a familiar face. There at the observatory, standing ready
to judge the performance of the Watch, was Nathaniel Bliss's handpicked henchman,
none other than the Reverend Nevil Maskelyne.

Maskelyne was undergoing something of a second trial himself, he had complained
to the locals. His lunar distance method had clearly shown itself the supreme solution
to the longitude problem on the voyage to St. Helena. And this time, en route to
Barbados, he boasted, he was sure he'd clinched the case and secured the prize.

When William heard word of these claims, he and Captain Lindsay challenged
Maskelyne's fitness to judge H-4 impartially. Maskelyne was outraged by their accu-
sations. He became huffy, then nervous. In his disquieted condition, he botched the
astronomical observations—even though all those present recalled there wasn't a

cloud in the sky.
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Although he cleaned H-1 first, he restored it last. This turaed out to be a good thing,
since H-1 was missing so many pieces that Gould needed the experience of exploring
the others before he could handle H-1 with confidence: "There were no mainsprings,
no mainspring-barrels, no chains, no escapements, no balance-springs, no banking-
springs, and no winding gear . . . Five out of the twenty-four anti-friction wheels had
vanished. Many parts of the complicated gridiron compensation were missing, and
most of the others defective. The seconds-hand was gone and the hour-hand cracked.
As tor the small parts — pins, screws, ete. —scarcely one in ten remained.”

The symmetry of H-1, however, and Gould’s own determination, allowed him to
duplicate many absent parts from their surviving counterparts.

“The worst job was the last,” he confessed, “adjusting the little steel check-pieces
on the balance-springs; a process which | can only describe as like trying to thread a
needle stuck into the tailboard of a motor-lorry which you are chasing on a bicycle. |
finished this, with a gale lashing the rain on to the windows of my garret, about 4 P.M.
on February lst, 1933 —and live minutes later No. 1 had begun to go again for the
first time since June 17th, 1767: an interval of 165 years.”

Thanks to Gould's efforts, the clock is still going now, in the observatory gallery.
The restored timepieces constitute John Harrison’s enduring memorial, just as St.
Paul's Cathedral serves as monument to Christopher Wren. Although IHarrison’s
actual remains are entombed some miles northwest of Greenwich, in the cemetery of
St. John’s Church, Hampstead, where his wife, the second Elizabeth, and his son,
William, lie buried with him, his mind and heart are here.

The Maritime Museum curator who now cares for the sea clocks refers to them
reverently as “the Harrisons,” as though they were a family of people instead of
things. He dons white gloves to unlock their exhibit boxes and wind them, early every
morning, before the visitors arrive. Each lock admits two different keys that work in
concert, as on a modern safe deposit box—and reminiscent of the shared-key safe-

guards that prevailed in the clock trials of the eighteenth century.
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hardly keep her hands off the small television screen, although her father, when he
caught her at this, pulled them away. With his permission, | asked her what it was she
liked so much about the film.

“I don't know,” she answered. "I just like it.”

[ liked 1t, too.

I liked the way the l‘ocking, interconnected components kept their stead‘v beat,
even as the cartoon clock tilted to climb up and then slide down the shaded waves. A
visual synecdoche, this clock came to life not only as the true time but also as a ship at
sea, sailing mile after nautical mile over the bounding time zones.

With his marine clocks, John Harrison tested the waters of space-time. He suc-
ceeded, against all odds, in using the fourth —temporal —dimension to link points on
the three-dimensional globe. He wrested the world’s whereabouts from the stars, and

locked the secret in a pocket watch.
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prizes for anyone whose method or device proved suc-
cessful. The largest reward of £20,000—truly a king’s
ransom—was offered by Britain’s Parliament in 1714.
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Newton—had been certain that a celestial answer would
be found and invested untold effort in this pursuit. By
contrast, John Harrison imagined and built the unimag-
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