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The special exhibition ‘Voyage and the Marine Timekeeper’ presents humanity’s
remarkable journey in mastering the challenge of longitude—a quest that proved
vital to maritime exploration. Through both scientific and historical lenses, this

exhibition reveals the extraordinary progress of maritime navigation.

While today’s smartphones and GPS navigation systems instantly provide our coordinates,

determining longitude was once a matter of life and death for early mariners crossing vast oceans.

Sailors could find their latitude by tracking the stars and sun, but longitude remained elusive.
Without accurate longitude measurements, ships could not pinpoint their exact position at sea—

a limitation that led to maritime tragedies.

To overcome this challenge, the British government enacted ‘“The Longitude Act, offering a reward
for solving the longitude problem. In response, clockmaker John Harrison revolutionized navigation
by creating the <H-1>—a marine timekeeper that maintained precise time even during turbulent

voyages.

This exhibition chronicles the scientific and historical journey behind the marine timekeeper’s
creation. For the first time in Korea, we proudly present collections from the National Maritime

Museum, Greenwich, London including a replica of Harrison’s groundbreaking <H-1>.
Just as smartphones marked a milestone of 21st century civilization, this exhibition demonstrates
how a single technological innovation—the quest for safe navigation—transformed both maritime
history and geographical understanding.
I extend my deepest gratitude to the chief director and staff of the National Maritime Museum,
Greenwich, for their generous loan and cooperation. I hope this exhibition and catalogue offer
visitors both illuminating insights and the joy of discovery.
Thank you.
Jan, 2025
Kim Jong Hae

Director of

National Maritime Museum of Korea
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Voyage and the Marine Timekeeper explores humanity’s quest to measure
longitude at sea. While ancient sailors mastered latitude through the stars,
measuring longitude remained a mystery. This challenge often led ships hundreds

of miles off course, with tragic consequences.

The race to measure longitude sparked fierce competition among nations,
advancing both navigation and science. Britain, in particular, succeeded with the
marine chronometer—a precise timekeeper designed for use at sea. This invention

transformed maritime navigation forever.

Mastering longitude revolutionized maritime safety, global trade, and mapmaking.
This exhibition chronicles the development of longitude measurement methods
and their impact on world history, exploring the challenges and triumphs faced by

scientists and navigators.
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If longitude could be determined
as precisely as latitude,

navigation would be perfect.

Johann Tangermann, "Wechwyser tho de Kunst der Seevaert;

("Manual of the Art of Navigationy, 1655)

33l 2} A1 A Voyage and The Marine Timekeeper
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In 1492, Christopher Columbus set sail from the Spanish port of Palos aboard the Santa
Maria in search of a westward route to Asia. Without a reliable method to calculate
longitude, Columbus relied on parallel sailing, navigating directly west along a fixed
latitude. He believed this course would ultimately lead him to Asia. While Columbus did
reach land using this method, it was not the India he had hoped for, but the Americas.
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Latitude consists of horizontal lines parallel to the
equator that indicate how far north or south we are

positioned on the Earth.
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Latitude and Longitude

Latitude and longitude constitute a coordinate
system used to specify locations on Earth. This
concept was established by the ancient Greek
astronomer Claudius Ptolemaeus around 150
CE in his work Geographia, where he introduced a method
to mathematically represent Earth’s surface using a grid
system. By incorporating latitude and longitude into maps,
Ptolemaeus created a framework that allowed for the numerical
representation of any point on the planet.
Ptolemaeus defined latitude as the distance north or south from
the equator, and longitude as the distance east and west from a
reference meridian.
Latitude measures the distance north or south from the equator. It
can be determined with relative ease by observing celestial bodies
such as the Sun or Polaris. For example, 0° latitude corresponds
to the equator, while the North and South Poles are at 90°N and
90°S, respectively. Lines of latitude encircle the Earth parallel to
the equator, with each degree representing approximately 111

kilometers on the Earth’s surface.
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Prologue

: A System for Determining
Global Positioning

Longitude represents the distance in the east—west direction,

and divides the 180 degrees east and 180 degrees west of the
reference meridian into a total of 24 longitude lines. Longitude
is closely related to Earth’s rotation. Since the Earth rotates

360° over the 24 hours in a day, a one-hour time difference
corresponds to 15° of longitude, with 1° of longitude therefore
representing an approximate 4-minute time difference. Based on
this, longitude can be calculated using time differences between
regions. Observers can calculate longitude by comparing the
time difference between their location and a reference location.
However, it was not always easy to determine the exact time of a
reference location.

While timekeeping could be done under relatively stable
conditions on land, observations were far more challenging at sea

due to the movement and rolling motion of ships in water.

BEEXFE HZEE Lh= MoE,
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Longitude consists of vertical lines around the
Earth that indicate our distance east or west from a

reference point.
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The concepts of latitude and longitude have been used since ancient times to represent
locations on Earth. Around 150 CE, Claudius Ptolemaeus(c. 83—c. 168), an astronomer
and geographer, created maps that represented the coordinates of various places using
latitude and longitude. This world map, published in 1588 by German geographer
Sebastian Miinster(1488-1552), features latitude and longitude markings based on

Ptolemaeus’s work.
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The compass is essential for finding direction while on a ship. Maritime compasses
are designed so that the needle and the compass card move together, making it easier
to read the directions. They are also mounted on a gimbal, a leveling device that
absorbs the ship’s movements. However, sailors learned through experience that the
compass was not always completely accurate. At sea, the needle could rust and lose its

magnetism, and at times magnetic variation(declination) differed significantly depending
on the location.
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The armillary sphere for navigation is a tool used in maritime education. At its center
is a globe tilted at an angle corresponding to Earth’s axis of rotation, surrounded by
rings marked with constellations. This design allows for easy understanding of the
movements of celestial bodies and the Earth. Using this tool, navigators could learn the

essential astronomical knowledge for navigation, such as seasonal changes, times of

sunrise and sunset, and the positions of stars in the night sky.
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A globe is a spherical map modeled after the shape and features of the Earth.
Accordingly, its rotational axis, running through the North and South Poles, is tilted
at an angle of 23.5 degrees, just like the Earth. The globe is marked with 24 lines of
longitude. Since the Earth completes a full rotation in 24 hours, the distance between

neighboring longitudinal lines, or meridians, represents one hour of the Earth’s rotation.
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Measurements of longitude are based on time. To calculate longitude at sea, sailors
need to know both the local time at their current position and the time at their point of
departure. By comparing the difference between these two times, the distance traveled
can be converted into longitude. Since the Earth rotates 15 degrees per hour, a one-hour
difference between the two locations corresponds to a 15-degree change in longitude.

For this reason, the marine chronometer, a timekeeper that maintains precise time,

became essential for navigation.
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Before the 18th century, sailors faced a critical challenge: while they could
determine latitude from the stars, longitude remained a mystery.

Even experienced navigators, relying on estimates of weather and
currents, made errors up to 200 kilometers. These miscalculations proved
deadly—extending voyages until food ran out, causing disease outbreaks,
and leading ships into treacherous waters. Without accurate longitude
measurement, every long-distance voyage risked becoming a maritime

disaster.

Without longitude, navigation was perilous. As a result, warships and
merchant vessels often crowded into safe, well-established routes,
becoming easy targets for pirates and creating hazardous conditions.
These unpredictable dangers made accurate longitude measurement

urgent.
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Terrestrial navigation relied on visible landmarks and coastlines to guide
ships safely along their course. While effective near land, this method

proved useless on the open sea where no landmarks were visible.

Ancient navigators used birds to detect nearby land—the birds would
either fly toward visible land or return to the ship if none was nearby.
While this revealed rough direction and distance to shore, it offered little

help for long-distance voyages on the open sea.
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This atlas is a first edition created in 1666 by Dutch cartographer Pieter Goos(1615-
1675) and contains 41 nautical charts, including some on Asia. Notably, the chart of
South Africa is oriented horizontally, with north on the left and south on the right, and
provides detailed depictions of the Cape of Good Hope and its surrounding geography.
In the upper left corner of the chart, a detailed illustration of the Cape of Good Hope

includes representations of the local wildlife.
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Telescope
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The telescope was invented after it was discovered that placing two lenses at a suitable

distance could magnify distant objects. Telescopes were widely used not only in

astronomical observation but also in navigation. Sailors used telescopes with long focal

lengths to spot ships or land at a distance.

3ok A7

Voyage and The Marine Timekeeper

024



1-3

Azsele] Fehslel Folw ofsoekr],
FTravel Guide; by Linschoten

ok sheldl @ U5

(Jan Huyghen van Linschoten, 1563-1611)
vlgzhe, 16384

o]

23.8X293X5.3

IRRES] Felgpel o ahel 2l rlo] o

AR5k 7 FEol A obAlofs) ol me ol v g ATeled, f3he] 5

7 2l 7104&%1&»14 o] & qlme}, ofelulofsl, o} Alo, 123
al,

gl
=
=

ool g AR ek, 54 Aele] AEeka 2| £} sekalel vher B2 Hng
ZFste] fi}sﬂ*l—aﬂ AR A o R A 5 S TH G,

This navigation manual, published by Dutch merchant and traveler Jan Huygen van
Linschoten, provided European—particularly Dutch—merchants and explorers with
vital information about the routes to Asia and the Indian Ocean. It was significant

in facilitating European exploration and trade in the East. The book offers detailed
descriptions of routes through the Indian Ocean, the Arabian Sea, Southeast Asia, and
East Asia. It also includes observations on astronomical markers and coastlines in

specific regions, making it a practical guide for navigators.
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The compass card of this compass is double-sided, with eight cardinal directions labeled
in Dutch. Although the compass has been an essential navigational tool since ancient
times, it had several limitations. The needle could rust and lose its magnetism, and
magnetic variation differed by location, causing the compass to point in a direction

slightly off of true north. For these reasons, sailors could not rely on it completely while

navigating distances.
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Dead reckoning estimated position using direction, speed,
and time, with sailors using compasses and knot lines for
measurement. However, ocean currents, winds, and human
error led to mounting inaccuracies, often forcing ships off

course.

Unable to measure longitude accurately, sailors relied on
parallel sailing—following fixed latitudes east or west.
Though latitude was easier to determine, the lack of
accurate sea charts made this method unreliable, often

leading to unexpected obstacles and delays.
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The quadrant was the first tool used to measure the altitude of celestial bodies at sea.
By dividing a circle into four parts, it allowed angles of up to 90 degrees to be
measured. The quadrant was equipped with a sight and a plumb line. When the sight
was aligned with a star, the plumb line would indicate the angle. However, use of the
quadrant involved such challenges as maintaining a vertical position on a rocking ship
and the plumb line being easily swayed by the wind. The book next to the quadrant,
written by Edmund Gunter, explains the use of instruments he improved, including

the sector, cross-staff, and quadrant.
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The cross-staff is used to measure angles between objects. In navigation, this primarily
meant using it to measure the angle between the horizon and the sun(or the North Star)
to determine latitude. Sailors placed one end of the staff just below their eye and slid
the long crosspiece until its ends aligned with the horizon and the sun. However, it was

difficult to use in rough seas, and measuring the sun’s altitude required looking directly

at it, posing the risk of damaging the eye.
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The astrolabe is a latitude-measuring instrument developed to overcome the limitations
of the quadrant. It features a rotating sight bar with observation holes at each end.
During the day, sailors would align the sun through these holes, and at night, they
would position the North Star in the same way. By measuring the angle between the
sight line and the horizon, they could determine both latitude and time. This instrument

was used widely until the 17th century, when it was replaced by more affordable tools

such as the cross-staff and backstaff.
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;_"3;;025 e The backstaff was designed to address the risk of eye damage posed by the cross-staff.

This instrument consists of a central rod, an upper shadow arc, a lower sighting arc,
and a movable vane. By adjusting the shadow vane to align with the sun’s altitude,
the user could determine the angle between the horizon and the sun by summing the

measurements from the two arcs.
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Astronomical clocks were used to check the time aboard ship. Before the
invention of mechanical clocks, navigators measured time by observing
celestial bodies. At night, they used a nocturnal to determine the time
based on the position of the stars, while during the day, they relied on

a sundial to measure time using the shadow cast by the sun’s altitude.
However, these astronomical clocks could not provide precise time

measurements.
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The nocturnal was used during navigation to measure time at night based on the
position of the stars. It utilized the phenomenon of stellar circumpolar motion, where
all stars in the Northern Hemisphere appear to revolve around the North Star. This
nocturnal consists of a calendar disc marked with the dates of the year, a time disc
with hour markings, and a rotating sight bar. It also provided additional navigational

information, such as the phases of the moon and sunrise and sunset times.
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This sundial is a simplified representation of the celestial sphere and is notable for its
versatility, allowing it to be used at any location. It consists of a meridian ring, an hour
ring, a bridge plate, and a suspension loop. The meridian ring indicates latitude, and the
hour ring the equator. The bridge plate is engraved with dates and adjustable according
to the day of observation. The suspension loop is used to align the instrument with the

appropriate latitude.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA #omz
Suspension ring

Hour ring
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By the 19th century, portable sundials were gradually replaced by mechanical clocks,
but the former continued to be improved until they were fully phased out. In particular,
the inclining sundial addressed the limitations of its traditional counterpart, which was
difficult to use due to variations in the sun’s angle at different latitudes. Features such as
adjustable leveling legs and angle scales for correcting magnetic variation were added,

and the time markings became more precise, resulting in greater accuracy.
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The log reel was used to measure a ship’s speed. A weighted, fan-shaped wooden board
was attached to the end of a line wound around a reel. When the board was thrown
into water from the stern of the ship, the line unraveled as the ship moved forward.
Sailors measured the length of line that unraveled during a set time, as indicated by an
hourglass, and calculated the ship’s speed from this measurement. The modern unit of
speed for ships—the knot—originates from this method, in which knots were tied at

regular intervals along the line to measure speed. This type of log reel was used until the

19th century, when mechanical speedometers were introduced.

The Navigator’s Dilemma Sailing without Longitude 039



7o) i

Finding Longitude

A% 2 dophr}

Measuring the Unmeasurable



ST L e ek \_‘
SAs7] A 7 7Ex] o] AAE Ut shbe A2 $219S B A7k
ZA5hE Zlolgiruieh. Tt o] WS H52) 3, B Ee] AR A4S

+
%
2
Rul
32,
o))
1k
A,
o2,
Lot
[
o,
bt
%
o2,
rlo
o
Hd
RO
:Iolé
o)
Fr
)
N
2>
AU
Y,
iy
)
i)
oL
i
rl O’

Frequent maritime disasters drove nations like Spain, France, and Portugal
to seek accurate methods for measuring longitude, offering substantial
rewards. Britain and France established dedicated research centers—Royal

Observatory Greenwich and Paris’s institute.

Longitude could be determined by comparing the time at two locations,
leading to two main methods: celestial observation, which required
advanced astronomy, and precise timekeepers, which made longitude

calculation straightforward.

British clockmaker John Harrison’s marine chronometer achieved what
other scientists couldn’t—accurate longitude measurement at sea. This
breakthrough established Britain’s naval supremacy and made navigation

safer.
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In 1707, Sir Cloudesley Shovell’s fleet crashed
into the Scilly Isles due to longitude error, losing
four warships and many lives. This disaster

led Britain to pass the Longitude Act in 1714,
offering rewards for a practicable and useful
method and establishing a Board of Longitude

to evaluate proposals.

Scientists explored multiple solutions. Magnetic
declination proved unreliable due to Earth’s
complex magnetic field, while sound signals
lacked the necessary range and accuracy. By

1730, the longitude problem remained unsolved.
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In 1714, the British Parliament passed the Longitude Act, recognizing the importance of
maritime safety following a shipwreck near the Scilly Isles. The act was established to
offer a reward of up to £20,000 to anyone who could develop a method for accurately
measuring longitude. To evaluate the proposed methods, the Board of Longitude

was created, which planned to award the prize after verifying the effectiveness of

submissions through a six-week-long trial voyage.
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This map reflects a method of determining location using magnetic variation as devised
by British astronomer Edmond Halley(1656—1742). Magnetic variation refers to the
angular difference between magnetic north, indicated by a compass, and true north,
indicated by the North Star. The map connects points with the same magnetic variation
using lines, enabling sailors to estimate their position. However, this method fell out of

use after it was discovered that Earth’s magnetic field changes over time.
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R longitude. Their idea involved firing cannons or detonating explosives at predetermined
o

William Whiston and Humphry Ditton(1675-1715) proposed using sound to measure

times from signal ships at sea, with other ships measuring the time it took to hear the
sound to calculate longitude. This map illustrates preliminary work for their plan.
However, the method proved impractical due to errors caused by variations in the speed

of sound and its limited propagation distance.
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This is the eighth and final engraving in British satirical artist William Hogarth’s series
A Rake’s Progress, depicting the protagonist confined to a mental asylum. Among the
many patients inside, there is a man behind the protagonist writing the word ‘longitude’
on the wall. At the time, many people attempted to find a way to determine longitude,
but most efforts were wildly impractical. As a result, the pursuit of a method for

measuring longitude was often portrayed as a futile or mad endeavor.
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Like latitude measurement from the stars, astronomers believed celestial
observation could solve the longitude problem. They focused particularly

on the predictable movements of the moon and Jupiter.

Galileo’s method tracked Jupiter’s moons to measure time, though
turbulent ship movement and weather made it impractical at sea. The
lunar distance method—measuring angles between the moon and stars—

required complex calculations. These efforts advanced both astronomical

instruments and mathematical techniques.
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This book is a foundational text in modern physics and classical mechanics, explaining
the principles of motion and force. In it, Newton presents the three laws of motion(the
law of inertia, the law of acceleration, and the law of action and reaction) as well as
the law of universal gravitation. Notably, he mathematically describes the perturbation
caused by the Sun’s gravity that slightly alters the Moon’s orbit, thus enabling precise
predictions of the Moon’s orbital motion. Consequently, scholars who sought to
measure longitude through the lunar distance method used this book as the basis for

calculating the Moon’s movements.
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This book on cosmography, the study of observing and mapping the universe,
covers celestial cartography and methods for observing the constellations essential
to navigation. It was a valuable resource for navigators as it provided detailed
explanations, accompanied by diagrams, on how to measure time, location, and

distance, as well as how to utilize the constellations. The book also includes movable

paper slide charts called ‘volvelles,” which allowed readers to interact with the principles

and gain a deeper understanding through hands-on experience.

SCOSMOGRAPHIA

":I.Hl A Fll.'.'ﬂ. I"!E -EIM‘HJ.H ¥ I.L\I:le

mimi ik - mribui i i
le'-h'l-llﬂl.ld_ih'-
L i ok e

Finding Longitude =~ Measuring the Unmeasurable

051



2-8

azye)e Fe-F3 opgle vl

FSummary of cosmography,; by Coronelli

WAz vlefo} 72 l2]

(Vincenzo Maria Coronelli, 1650-1718)
olgkz]o}h, 16931

ol

13.5X19XS§

M) 27

olkelote] g A = A=Akl I )7} 2 AEdtat A2 ehe] sl iyt of A2
B AR A oA ] 58 2 ste] el etk ARl Eh A& Al osE
T =S AR AU 53] I 2y T BkgAld S 3 HA- o H st

2
14 27heka Slget.

N

This is an introductory book on astronomy and geography written by the renowned
Italian cartographer Vincenzo Coronelli. It includes numerous illustrations, maps, and
solar system models designed to make contemporary astronomical and geographical
knowledge more accessible. Notably, it also introduces groundbreaking astronomical

concepts of the time, such as Copernicus’s heliocentric theory.

o i B e —— —— )
e
|
|
|
|
\
1
|y
| | 1
|
.l.l — —— == — e 5 w"
el e} A]A Voyage and The Marine Timekeeper 052



2-9

Bze] PR A% e,
FA Tutor to Geographie and Astronomie;

by Moxon

ZA) 5<=(Joseph Moxon, 1627-1691)
3=, 16994

Eaddey

16 X21x4.5

o] A1 TR ALShel EEE ) GhabEel A Yol w79 A 2 4

Aralsgle) A ae) Aelahe) 71z A, A9 5] Felel 2ag A4
P13 vleell A AAE B8 9152 ALeRe A Pol i E B s

This instructional manual uses a variety of illustrations and diagrams to clearly explain
the use of astronomical navigation instruments to sailors. Starting with the basics of
astronomy and geography, it covers practical skills necessary for navigation, including

celestial navigation techniques for observing celestial bodies at sea to calculate latitude.
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The Lunar Distance Method
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Developed i -‘-"“‘ﬁ' o
in the 16th and

17th centuries, the

lunar distance method calculated longitude using angles
between the moon and stars. British astronomer Nevil
Maskelyne made the method more practical by creating
the Nautical Almanac, which provided precomputed lunar

distances for easier navigation.

Measuring angles between the moon and stars helped
determine time and longitude, but the complex calculations
and precise measurements limited this method to expert

mariners.
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Nevil Maskelyne(1732-1811) played a key role in solving the longitude problem
through the lunar distance method. As the fifth Astronomer Royal at the Royal
Observatory, he published Nautical Almanac, which provided the data necessary
for longitude calculations and thereby made the lunar distance method practical
for navigation. While it was not as convenient as the marine chronometer, the lunar

distance method could also accurately measure time and was thus used alongside the

chronometer for determining longitude.
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This book contains the essential astronomical data needed to calculate longitude

using the lunar distance method. The data consists of annual tables predicting when
the moon would pass specific fixed stars(stars that remain in consistent positions, like
the North Star) as observed from a reference point such as Greenwich. Navigators
carried Nautical Almanac during voyages and observed the moment when the moon
approached a fixed star. By comparing this observed time with the time calculated in
the almanac for Greenwich, they could determine the time difference between the two
locations. Multiplying this time difference by 15 degrees allowed them to calculate their

current longitude.
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The octant, invented in 1731 by British mathematician John Hadley, derives its name
from its arc, which spans one-eighth of a circle, or 45 degrees. This instrument uses
mirrors to apply the principle of double reflection in a way that allows the observer to
view both the horizon and a celestial body simultaneously. This facilitates measurements
of the altitude of celestial bodies and the distance between stars. As an improved

astronomical instrument, the octant made it more convenient for sailors to use the lunar

distance method.
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This book served as a guide for sailors on calculating longitude at sea using the
lunar distance method. It offers step-by-step instructions, covering everything from
the instruments needed for celestial measurements to calculating lunar distances and

correcting errors. This comprehensive approach made it an invaluable resource for

navigators employing the lunar distance method.
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Precise timekeeping was essential for longitude calculations, but sea
conditions—vibrations, pressure changes, and temperature shifts—
disrupted early clocks. British clockmaker John Harrison solved this by
developing his marine timekeeper through multiple models, from H-1 to

H-4, creating a timekeeper that worked in all conditions.
Harrison’s marine timekeeper revolutionized navigation by enabling

accurate longitude calculation at sea. His achievement earned him the

Longitude Prize and recognition as a pioneering figure in maritime history.
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John Harrison, a carpenter and clockmaker from rural England, set out to create a
precise marine timekeeper following the enactment of the Longitude Act. In 1730, he
moved to London and presented his ideas to master clockmaker George Graham. With
Graham’s financial support, Harrison pursued his research and in five years completed
the H-1—a massive clock measuring 75 c¢cm in width and weighing 34 kg. The H-1
featured four clock dials, a balance mechanism with brass weights, various wooden
springs, and brass ribbons, all ingeniously designed to function without lubrication.
The H-1 performed successfully during a test voyage to Lisbon, prompting the Board of
Longitude to hold its first award deliberation meeting in 1737. Despite H-1’s success,
Harrison wanted to make it smaller and more precise and worked on it after securing

additional funding.
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Harrison completed his second marine timekeeper, the H-2, in just two years. While
slightly taller than its predecessor, the H-2 was more compact. It featured improvements
in its power transmission mechanism and temperature compensation system, with all
internal gears made of brass. However, upon detection of flaws during testing, Harrison

began work on a new model.

Voyage and The Marine Timekeeper 066






2-16

H-3

2= #)l2l<=(John Harrison)
= 17594
=

A=! [}

=o] 622, 7 27kg

35 Te]u) ) TRt g

National Maritime Museum, Greenwich, London

o]u) 2] Alg-

33} A7

H-37} St =] 7171 = 191d0] ZF o, 2F 750709] F-Eo 2 FA= A5 o u
] 25 2% 247)9) vhE WA A2 053] 7 A Bl e AR Ut H-3% A
27kg, 7] °F 60 X 30cm & o] B} Al olxl el T2 se|s2 H-35 Wee
Tl TrhA] A &g AlA] A=l Zgl el

It took 19 years to complete the H-3, which consisted of approximately 750
components. The automatic temperature regulator and friction-reducing mechanism
invented during this time are still used in modern machinery. The H-3 was significantly
smaller than its predecessors, weighing 27 kg and measuring approximately 60 x 30 cm.
However, while still working on the H-3, Harrison yet again began developing a new

timekeeper.
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Completed in 1759, the H-4 was a revolutionary improvement in size compared to its

predecessors. With a diameter of 13 cm and a weight of 1.5 kg, it was small enough to

fit in a pocket. The H-4 incorporated diamonds and rubies in its components to reduce

friction. After successful testing on voyages to Jamaica and Barbados, the Board of

Longitude finally awarded Harrison the Longitude Prize.
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John Harrison’s invention of the marine timekeeper(chronometer) significantly
improved the safety of navigation by enabling accurate longitude measurements during
voyages. Harrison applied for the Longitude Prize in the 1730s, but the Board of
Longitude demanded multiple tests of his marine timekeeper as well as the production
of replica. After decades of dispute, Harrison finally received £23,000 in 1773, 40 years

after his initial application.
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This portrait of John Harrison was painted after he received the Longitude Prize.

TALS A T2A) 2 alE)ee] 2AkEsl e slele] Holt o) hAe)
A 2HEQ AARAAA G NS T 348 ol-gafe] L1 Wslo] ol ghg ) gk
QA §Ao] = 1A A2} H-37} 214 Qlsieh, 2] 3 Aabell = ) vk 33
AEA 2] -4} 7o) 2 gleule).

Behind Harrison are two of his most notable clock designs: the gridiron pendulum

clock(a pendulum clock that maintains consistent motion, despite temperature changes,

through the use of two different metals) and the H-3. On the desk in front of him are

the H-4, his finest marine timekeeper, and its design plans.
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(#3]) 76 %39 6 The Board of Longitude required John Harrison to disassemble the H-4 to verify
whether it could be reproduced by others. Following a demonstration at Harrison’s
workshop, the Astronomer Royal Nevil Maskelyne took the initiative to publish
Harrison’s book The Principles of Mr. Harrison’s Timekeeper. This book included
the design plans and explanatory notes for the H-4, enabling others to replicate it.
Maskelyne also added explanations of the timekeeper’s operating principles based on

his notes from the demonstration.

L]l

PRIMNCGCIPLES

L0 HARRIZONS TIMEKEEPENR,

M vt Tomps o pur tharn . v gromed Parr #l
il Pt o i) e e i by, e il W B
poving o (i Tros, il o Rbe bodne oot
h*“.ﬂjrg.-h Wb maad P
Tha Burt mbabe wscadamn T imn gres bl e siglal
Fann g o il avbon sy a0 s Far s
varr e, e e Wikalimgp o puvirmsad ot o
Wl swa i v Bakaerwiail | Sy which b,
thren b wdwrs a mgmed Py wiling it ki Wi,
il o3 ket ol ol h W B g e o i
B, Toss, et Tiviiony (i shide harm oy i
s g
H 3 - Tl

)3l &} A A Voyage and The Marine Timekeeper 076



el A48 e

Principles of Mr. Harrison’s Time-keeper

o] AAl= v HAgk Z0]7] $lste] A4 A

AAE AFUTE vHES- Fo]7] 918l viFl= F8]7H (ruby -

holes) W ¢] 2k F41 5 (pivots) 9l ell4] £ o]w], 7]o] u]&o]
=2 vH ol Iy do] ARE G A7k A RS S48k -3
A7) e = 142 1/853F 2 eh 271 #hqdo] Wi~ & niz 99
o4 o] Fo12]7] wl el A} FAF o] L ol 2she, v A] e
A17e S dl glol i 3 A AIE A Aol Bl 3o} =
Uj ol = o] 21} B 2 wQ] 2~ 27 (secondary main- sprlng)c’]‘j/]’ =l
2ol QlFyt o]

15 ek, T2} vl AAE uEl7h 33716 w2 go] B3]
o3tz o) oF 04| 174 ol 2T}, A o = vlF)7} 7o) 27

Finding Longitude Measuring the Unmeasurable 077



Lig: 1.

L

/

/

7 2 (X i .‘r’ 7 7 )
J//%: _(/ >{rz/na)7[7 ) / /Z u//ﬂt‘///il}/é/" A /////f’ O,Zn z2 /nzﬂ’z.e.zi:.)

z

33 2} A1 A Voyage and The Marine Timekeeper 078



Quba] A A=, 1717 3 7o) ekt gk w7
o) ol A7} 2121 AFelel A 33771 G4 Qe = ul
Yoz AAE F5A2 5 A5t

T} A o] Al k) 33717} A8 Qw 2xeo] 7471 AeolA

al2 o] & AAE 5N 4 Agiek Qb Fgelole] AA oA

A7} 27 Aol = HiFle] feke = AAkE A EA7IA Bal A%

ek,

w3t ulA] o)A ke = e 9717k A S

Alelste] H 2 2w Aol Al & 4 flerrich. ol ukAdl HFellolE]

AA A, ulA ] foz AR e AAFE 51 A6l H 2A g0

a4 9l A3} L) o] AAle] 3271 QukAa o3 A7)

FE7) Rt Al wf o)k F3 5, A7 = A well 2T ARkl A9

o
)

A& AE AA

>,
r\l
off
rO
12
[\®)
~
rcO
it
o
X
i
=
0
v
ol
o)
X
\:1
g
2
o
>,
X
N
=y
ne
rf“
9
rO

77} o) AER AEIERE LE 21Fo] FAG A7 ol o] 5017

Finding Longitude Measuring the Unmeasurable 079



2-21

H-1¢] A8 gsiadA
Log of the ‘HMS Centurion’

ZFA] =¥ (George Proctor)

3=+, 1733-17374

Ead

3= 1EYA] sl it

National Maritime Museum, Greenwich, London

o|u]x] A&

a5} A7

& A

Zhei7) ol

0 AR H-12 A8 el7] 919 227k el &
Aol 2 e Fol Fhralsrich o] wlEe] Gajds &
H-10l) Tt 7] 5o] o} glrleh. vl % 414 el Qg i 24 A9 9

o -
S

o
L

B
d

2 & slal

% slelsel H-18 ARS8l A atsi A eg Alidshe 2ol 7155 o sl

John Harrison traveled aboard the HMS Centurion to Lisbon to test his first marine

timekeeper, the H-1, and returned to England on the HMS Orford. The logbooks of

these ships contain records of Harrison’s journey and the H-1. These entries provide

evidence that Harrison successfully used the H-1 to calculate longitude with precision

during the voyages.
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This marine chronometer was crafted by Dutch amateur clockmaker Willem Snellen,
inspired by John Harrison’s The Principles of Mr. Harrison’s Timekeeper. Snellen
incorporated a temperature regulator using a bimetallic strip and a verge escapement
but failed to fully grasp the core principles of Harrison’s movement mechanism.

This clock highlights the significant influence Harrison’s publication had on amateur

clockmakers after its release.
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Evk2 912 (Thomas Earnshaw, 1749-1829)

3=t 1795-1810

8X5.5%2,0.145kg

5 243t uhg R o)A}

The Board of Trustees of the Science Museum, London
o1w1A] A1

Thomas Earnshaw made significant contributions to the mass production of marine
timekeepers, simplifying and standardizing John Harrison’s complex mechanisms. Once
the design was finalized, Earnshaw named it the ‘chronometer.’ Notably, he improved
the detached escapement, developing the spring detent escapement, and introduced the

bimetallic balance, both of which became standard features for chronometers.

Finding Longitude Measuring the Unmeasurable 083



) 24l

The Second Challenges

A A ARl

The Marine Timekeeper in Action



A T2 184071 d =2 fIeh3t &Fad7tol ) af Atz

A HAAS AA el el Ao = AREE eyt S

2prle] 5 A AlA el A sz =] s dAIA] H-45

Al fkEK-102 A% A4S A, ALt H s
HA Faflell A Fobe 5 A2 AAIE o] 83 A= SAES
) A A 2ol = AR glo] sAAIAS 7Pz
2] A3l Bl = iell AlA l L=y Azl o, okt sl E 28l s A A7
I Eyehs S A Hl= F83 AV E sl Uk

22

ndk
>
o

&,

o))

L

ol
Al

The renowned 18th-century British explorer James Cook first tested the
marine timekeeper at sea. His successful second and third expeditions
proved the accuracy of longitude calculations based on the timekeeper.
Cook’s successful expeditions solidified the marine timekeeper as an
essential tool for safe navigation, thereby significantly improving world
maps.

During his second voyage(1772-1775), Cook sought to discover new
continents and improve world maps through accurate longitude and
latitude measurements. Using K1, a replica of Harrison’s H4 timekeeper,
he proved the device’s practical value in measuring longitude.

Captain Cook employed both the marine timekeeper and lunar distance
method for longitude. The timekeeper’s accuracy and ease of use

particularly impressed him, enabling detailed mapping of the South Pacific.
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James Cook’s second voyage, which took place from 1772 to 1775, was
aimed at discovering unknown continents, surveying islands and coastlines,
and improving existing maps through accurate measurement of longitude
and latitude. This expedition provided an important opportunity to test
the latest navigation technologies and scientific measurement methods,
with a particular focus on demonstrating the practical use of the marine

timekeeper to test and compare longitude measurements.

Captain Cook used both the marine timekeeper and the lunar distance
method to measure longitude. Upon returning from his second voyage,
Cook expressed high satisfaction with the marine timekeeper’s accuracy
and convenience. With the aid of this device, he was able to significantly

improve the mapping of the South Pacific region.
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by i
=3
3=, 184171 The Endeavour was the ship James Cook sailed during his Pacific exploration from
A 1768 to 1771. On this voyage, he explored and charted Australia and New Zealand,
180 X64 X153

introducing them to Europe.
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The Board of Longitude retained the original H-4 in Britain for further examination
and commissioned Larcum Kendall to produce a replica, the K-1. The board then
tasked James Cook with testing the performance of the K-1 during his second voyage.
Cook recorded the longitude values from the K-1 in the daily log of the Resolution and

praised the marine timekeeper as an excellent navigational guide.
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1773

Jamuary.

Friday 13,

A VOYAGE TOWARDS THE SOUTH POLE,

Myfelf, being the mean of fix diftances of the ; 40" 1 45" E
{fun and moon - - - ™ E
Mr. Wales, ditto - - - - - 59 29 45
Dirte il Aot ' <\ Sl ey W IR S G
Lieutenant Clerke, ditto - - - - 37 38 e
Mr. Gilbert, ditter = <« = = = 39 48 4%
Mr. Smith, ditte = = = = <~ 30 18§ 15
Medp .- = = = s oo L A S
Mr. Kendal's watch made = = o= a8 A an

Which is nearly the fame difference as the day before. But
Mr. Wales and 1 took each of us fix diftances of the fun and
moon, with the telefcopes fixed to our fextants, which
brought out the longitude nearly the fame as the watch,
The refults were as follows :—By Mr. Wales 38° 35’ 30", and
by me 38° 36' 45'-

It is impoflible for me to fay whether thefe or the former
are the nearelt the truth; nor can I aflign any probable
reafon for fo great a difagreement. We certainly can ob-
ferve with greater accuracy through the telefcope, than
with the common fight, when the fhip is fufficiently fteady.
The ufe of the telefcope is found difficule ac firlt; but a
little pradtice will make it familiar. By the afliftance of the
watch, we fhall be able to difcover the greateft error this
method of obferving the longitude at fea is liable to;
which, at the greateft, does not exceed a degree and an
half, and in general will be found to be much lefs. Such
is the improvement navigation has received by the aftro-
nomers and mathematical inftrument makers of this age;
by the former, from the valuable tables they have commu-
nicated to the Public, under the direftion of the Board of
Longitude, and contained in the aftronomical ephemeris ;
and by the latter, from the preat accuracy they obferve in
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This scene depicts James Cook’s third voyage in April 1778, during which his ship
anchored at Nootka Sound on Vancouver Island for celestial observations. Cook set up

the observatory shown at the center of the image and determined longitude using the

lunar distance method. By comparing the longitude values obtained through the lunar

distance method with those measured by the timekeeper, he was able to validate the

accuracy of both methods and confirm the precise longitude of the location.
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Captain James Cook was an 18th-century British explorer and navigator renowned for
his explorations of the Pacific region. Over three major voyages, he charted Australia
and New Zealand, explored the Southern Ocean, and set a record for sailing farther

south than anyone before him. Cook’s expeditions contributed significantly to the

advancement of oceanography and geography.
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National Maritime Museum, Greenwich, London
o]m]|#] ARL- longitude. The map offers a detailed depiction of the coastline stretching from present-

incorporates accurate longitude measurements. While the African coastline was a
familiar route for European navigators, precise, detailed coastal maps only became

possible after the adoption of marine timekeepers enabled accurate calculations of

day Senegal to Guinea.
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The accuracy of dry compasses used by navigators, including James Cook, was greatly
diminished in polar regions due to severe magnetic variation. Following Cook’s second
voyage, an insulating compass capable of accurately pointing north was developed

to address this issue during polar expeditions. Jennings submitted a design for this
invention to the Board of Longitude but did not receive a reward. However, its accuracy

was later validated during Arctic expeditions, earning it recognition as a reliable new

type of compass.
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Although Harrison’s marine timekeeper brought about a revolution in
measuring longitude, it was not readily accessible to everyone. Just as

it took Harrison’s lifetime to create the marine timekeeper, producing
these devices quickly presented a significant challenge. Subsequently,
watchmakers such as John Arnold, Thomas Earnshaw, and Thomas
Mudge developed simplified designs, still based on Harrison’s principles,
thus enabling mass production of more economical and practical marine
timekeepers. Thanks to their efforts, by the early 19th century, more

navigators were able to use marine timekeepers during their voyages.

As marine timekeepers became available to merchant ships, the accuracy
and safety of navigation greatly improved. Efforts to standardize the
performance of marine timekeepers followed, including the establishment
of verification procedures by many nations and adoption of the prime
meridian at Greenwich, England, as a unified reference for measuring
longitude and time. These initiatives, along with the proliferation of

marine timekeepers, greatly increased the efficiency of navigation.
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Measuring longitude requires a reference line, known as the prime meridian. Until
the 19th century, different countries used their own prime meridians. For example,
the Canary Islands served as a reference in ancient and medieval times; France used
the Paris meridian, and Britain used the Greenwich meridian. The prime meridian
became a point of national pride as it served as the baseline for the start of each
day and was thus deemed to mark the world’s center. However, the use of different
prime meridians led to numerous issues, as astronomical observations and maps

created by each country lacked a consistent reference point.

To address this issue, the International Meridian Conference was held in 1884,
during which it was agreed to adopt the Royal Observatory in Greenwich,
England, as the prime meridian. Greenwich was chosen in recognition of Britain’s
status as the world’s leading maritime power, made possible by the invention of the

marine timekeeper and subsequent advancements in navigation.

The adoption of a universal prime meridian unified the standard for measuring
longitude. To this day, timekeeping and mapmaking continue to use Greenwich as

the global reference point.
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In 1570, Dutch cartographer Abraham Ortelius published a world map titled Theatrum
Orbis Terrarum(Theater of the World). On this map, the Canary Islands off the West
African coast were designated as the prime meridian(zero longitude). At the time, the
Canary Islands held strategic significance for European nations as a hub for Atlantic

and Mediterranean trade routes, making them a suitable choice as a reference point.
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In 1785, King Louis XVI of France dispatched Jean-Frangois de Galaup, Count of
La Pérouse on a global exploration mission. La Pérouse explored the Pacific coast of

North America, Korea, and Russia. In 1788, contact with the expedition was lost near

Vanikoro Island in the Solomon Islands. Louis XVI sent a search party, but none of the

exploration party were ever found. The map in this book reveals that France used Paris

as its prime meridian at the time.
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Spain and Portugal signed the Treaty of Tordesillas in 1494 to divide up their colonial
territories following discovery of the New World. Mediated by the Pope, the treaty
established an imaginary boundary line in the Atlantic Ocean, which served as a
reference point for the two nations, much like today’s prime meridian. According to the
treaty, Spain controlled territories west of the line, while Portugal held dominion over

those to the east.

Voyage and The Marine Timekeeper 106



4 A9 A2 AEE g3 s} The Breakthrough Sailing with Longitude 107



4-4

2 A gy A
The Royal Observatory from the South-East

45, 18417]
Folol 54

60.2 X45 x4

A 22)V)A) et

National Maritime Museum, Greenwich, London

[
ACs
A
S
S
£
rle
—_
N
~
w
[
ol
i
]
[~
[\")
X
o
1o
%
odt
g&
I
:(l){é
2,
ot

N
du
EC)
=
o

The Royal Observatory in Greenwich was established in 1675 by King Charles II of

England, purposed with creating accurate navigation charts for maritime exploration

and observing the positions of stars and celestial bodies, enabling navigators to measure

longitude. This initiative strengthened Britain’s status as a leading maritime power and

facilitated safer and more precise navigation. Later, in 1884, the Royal Observatory

was designated as the Prime Meridian(longitude 0°) during an international conference,

making it the global reference point for longitude and time zones.
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The Longitude Act represents a prime example of a nation using
policy to encourage scientific and technological innovation.
Many people who contributed to the advancement of navigation,
including John Harrison, were rewarded under the Longitude
Act. The official reward system established by this Act operated
from its enactment in 1714 until the Board of Longitude was
dissolved in 1828, having fulfilled its role. By that time, the
invention of the marine chronometer had advanced navigation
technology sufficiently to ensure safe voyages.

Beyond serving to create a reward system, the Longitude Act
had far-reaching impact on marine navigation and scientific
advancement. By accelerating the development of high-precision
timepieces and advancements in astronomy, it contributed to

establishing the foundations of modern science and technology.
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Thomas Earnshaw was a clockmaker who perfected the design of marine chronometers
and developed a method for their affordable mass production. Despite making several
attempts to win the £10,000 Longitude Prize, he was unsuccessful. However, with

the support of Nevil Maskelyne, Earnshaw was recognized for his contributions and
awarded £3,000 by the Board of Longitude in 1805.
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Thomas Mudge was a renowned clockmaker known for his intricate craftsmanship and
for inventing the detached lever escapement, which is still in use today. He created his
first marine timekeeper in 1774 but was required to submit two more under the new
rules of the Longitude Act to qualify for the £10,000 prize. Mudge received a £500
advance from the government and completed two identical timekeepers three years later.
After three trials at Greenwich, Nevil Maskelyne declared them unsatisfactory, and the
prize was denied. However, following protests by his lawyer son, Mudge was eventually

awarded an additional £2,500 in compensation.
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Jesse Ramsden was a distinguished British instrument maker and inventor who made
significant contributions to the creation of scientific precision instruments. He invented
the high-precision dividing engine, which enabled the production of devices capable of
measuring angles with exceptional accuracy. This invention allowed navigational aids
such as sextants and telescopes to be made smaller while improving their precision,
facilitating more accurate observations. For this achievement, Ramsden was awarded
£615.
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Tobias Mayer, a German astronomer and mathematician, developed lunar position

tables that were critical in measuring longitude. These tables allowed navigators to

= Falabsel 9ol A4 AT w AR

calculate longitude based on the position of the moon, predicting its location at specific

times. For his contributions in calculating these lunar tables for the lunar distance
method, Mayer was awarded £3,000.
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Evolution in Navigation
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In the 19th and 20th centuries, navigation tools saw significant
advancements. The use of marine timekeepers and sextants
enabled precise measurements of longitude and latitude, bringing
about revolutionary changes in navigation. By the 20th century,
the introduction of wireless communication, radar, and electronic
compasses further enhanced the safety and accuracy of maritime
travel. These advances in navigational technology greatly
improved the efficiency and reliability of maritime activities,

including global trade, exploration, and military operations.
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Robert Pennington was a clockmaker who worked at the factory established by Thomas
Mudge’s son to mass-produce chronometers. After the project with Mudge ended in

1797, Pennington began independently producing pocket chronometers.
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John Hornby was a clockmaker from Liverpool, England, who produced numerous
pocket watches and marine chronometers in the 19th century. Hornby’s chronometers
incorporated innovations by innovators after Harrison, such as the spring detent

escapement and the bimetallic balance.
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This chronometer, produced by the Waltham Watch Company in the United States, is
one of 16,000 units manufactured for the U.S. Navy and Coast Guard. The model runs
for up to eight days on a single winding and includes a movement feature that displays
the number of days elapsed since the last winding. In the early 20th century, only a
few American companies, including Waltham, manufactured watches using imported

European components.
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R The mass production of high-quality octants and sextants was made possible by
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invention of the high-precision dividing engine by British instrument maker Jesse
Ramsden. This machine enabled the creation of finer, more precise graduations,
improving the accuracy of instruments like the sextant while also allowing for their

miniaturization.
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The liquid-filled compass, housed in a binnacle, improved the stability and
responsiveness of the compass card. This type of compass is filled with water or another
liquid and uses a float to support the compass card. Soft iron spheres are installed on

either side of the binnacle to correct for magnetic deviation, with the spheres painted

red and green to indicate the port and starboard sides of the ship, respectively.
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Terrestrial and celestial globes were primarily crafted to document new discoveries
rather than for direct navigational use. Among the upper class, they served as status
symbols, showcasing the latest geographical knowledge of the era. Therefore, these
globes came in a variety of sizes and elaborate designs employing vibrant colors

and elegant materials. This set of globes, produced by the British cartographers and

globe makers, the Cary family, includes the exploration routes of La Pérouse, the first

Westerner to chart Korea’s south and east coasts, and labels the East Sea as the ‘Sea of

Korea.
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v T e In the 19th century, mechanical devices were introduced to measure a ship’s speed.

(A1) 71.3x432%x152

Traditionally, sailors employed a chip log, which involved dropping a wooden board
attached to a line from the stern and measuring the rate at which the line unspooled. In
contrast, mechanical logs utilized water resistance to rotate an underwater rotor, with

the rotation speed recorded by a mechanical device to determine the vessel’s speed.
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In the past, people looked at
the stars in the sky

to determine their location.

However, in modern times,
we find our location with stars

launched by humans.
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In modern times, determining one’s position has become remarkably
easy thanks to Global Navigation Satellite Systems(GNSS). GNSS uses
satellites to provide accurate location information anywhere on Earth.
Multiple satellites orbiting the planet continuously transmit signals that
include location and time data. These signals enable receivers, such as
smartphones, to calculate their distance from the satellites and determine
the current longitude, latitude, and altitude. Major GNSS systems include

the GPS of the United States and Russia’s GLONASS.

In the past, sailors determined their position using marine timekeepers
and sextants, relying on celestial observations and complex calculations.
Today, however, a smartphone in the palm of your hand can provide
precise and convenient location data anywhere in the world. This
transformative technology plays a vital role across a variety of sectors,
including transportation, industry, emergency response, and the provision

of precise time information.

33l 2} A1 A Voyage and The Marine Timekeeper 128






The Marine Timekeeper

2
-
(T
ab)
3
3
2024. =
12.3.Tue
2025. MM

3.2‘51111



























\ &




1A A1Ae) ]

od, o) 5

/\c—} =

==
=3
T
0
“r_/n.ﬂ
N
=8







e —

L& %

IS 57 00













rgus

List of Plates

Z =727 Prologue

3ok A7

P-1
ER 2 Apvleler &
Model of Santa Maria Ship

'
3 L1 }
2sllal 154)7] S
FE b A5 P N

200 %80 %145 b i

P-2
EPCRECE R ER PSP S
"Ptolemic World Map; by Miinster

AupEl ]l 122E]
(Sebastian Miinster,
1488-1552)

=, 15884

%ol

37.3%313

P-3
RREER

Azimuth Compass

v=zhe 184)7]

2 =)
o,

42x40%19.3

P-4
P04 £

Coelometer

e vl ofghe
(W. Marsham Adams)
3=, 18744

s
=il

F ) A& 45, 0] 51

Voyage and The Marine Timekeeper

P-5

Ao FAE T2
Table Globe by Cary

= 7121 (John Cary)
3=, 18104
SRR

A5 44, 0] 45

P-6
EXRse b
Chronometer

A78 & z=h A}

(J.A Seckel & Zonen)
dgdghe 204]7]
35, W

18.5X18.5%X19

146



1
sl e] A4
-AEE w2 el

The Navigator’s Dilemma
- Sailing without Longitude

1-1

T2 fHl=Al,
FAtlas of Water World; by Goos

IE] P22

(Pieter Goos,
1616-1675)
vlE#e, 16664
B oy

4=0

S

35.3X58%6.5 -E

1-2
Gt 197

Telescope

# o2 % Alule 22 (Leonardo Semitecolo)
olete]o}
17504, 184171

2% NE \
D A& 5, Aol 31
oll) A& 5.3, 2ol 32

1-3
Azzele] esls) Fal= ofgelelr,
PTravel Guide; by Linschoten

AR SIP T
(Jan Huyghen van Linschoten,
1563-1611)

vlEzie, 16384

Fol

23.8X293X53

1-4
Fal-& A

Mariner’s Compass

H. ¢cHH. Wildaa)
vdzie 17824
=4, e, el 5

2E19.5, %] 9

¥

bl
p

1-5

Ageysl rEee AEA,

Quadrant and

IThe works of Edmund Gunter;

o =ml= e
(Edmund Gunter, 158

1-1626)

A=, 174171 39k & 16739

I, Zol

17.5%X17.5%X1 & 16.4

1-6
427
Cross staff

204171
e

65.8xX47.5X11.4

1-7

a4 chasgot
Mariner’s Astrolabe

v=zhe 16434

x4
T

23X28%3.8

—_
]
[o0]

N

B
Back staff

"

%x20.5

e
&

I E $-=alo] = (Patt Woodside)
5, 17514

i A

63.5%35

List of Plates

1-9
e

Nocturnal

5]
o
|>

15884

i

>
ot J

7,30l 11

1-10
ke A 9 SAA
Universal Equinoctial Ring Dial

dejd szl
(William Watkins)
3=, 194171

s

10.1 X11x0.7

-1

734 slA A
Inclining Dials

4=, 194171

2 Y
L=l

113%6.6

1-12
5749
Log reel

==

3=, 19417

A
A:153%x153%3.5

A=) Ze] 62, ] 19.7

3= ey ] s st
National Maritime Museum, Greenwich, London

147



Finding Longitude
- Measuring the Unmeasurable

2-1

AdA =N A shal T2 el A v
Sir Cloudesley Shovell in the Association
with the Eagle, Rumney and the Firebrand,
Lost on the Rocks of Scilly

3=, 17074

Folol F4t <14

37.1X48

3% el Al
National Maritime Museum, Greenwich, London

o] A] AR

2-2
3=y —
The Longitude Act ey =

%33, 17149

F°l

20.2%31.5

2-3

fugle] 24 A=,

FA New and Accurate Chart of the World,
by Bowen

w18l
(Emanuel Bowen,
1694-1767)

3=, 17444

bl

59.1x48.1

2-4

r9% B A=,
"™ap of South East England

429 3]~ E(William Whiston, 1667-1752)
3=t 17384

%ol
3= ey s odahEt *
National Maritime Museum, |! -

Greenwich, London

- ;,,-r',f'
o] A] A2 =

3ok A7

2-5

nEE-Ee 94,
"The Rake’s Progress; by Hogarth

de]qd &7}~ (William Hogarth, 1697-1764)
3=, 17354

Zolol 4t 2

353%X404

3= el A] Feial ot
National Maritime Museum,
Greenwich, London

o] A] AR

2-6

Fee AR U4 Ao,
"Philosophiae Naturalis Principia Mathemetica,

ool 3l

(Sir Isaac Newton, 1642-1727)
3=, 17134

Zol

19 X24 X4

A= 2|y A] sl gt

National Maritime Museum, Greenwich, London

2-7

ofsjgte] -3 Awlaly
FCosmographia; by Apian

JE o}k

(Peter Apian, 1495-1552)
=, 1545

Eadl

(H3)342%x242%6.5

2-8

LEgee] T3 ekobul v,
FSummary of cosmography; by Coronelli

WAl % vle]o} g vz

(Vincenzo Maria Coronelli, 1650-1718)
oo}, 16931 = =
%ol

13.5X19X§

Al 44

Voyage and The Marine Timekeeper

2-9

Fo MAEetst Aede 154,

A Tutor to Geographie and Astronomie
by Moxon

e =
(Joseph Moxon, 1627-1691) o
3=t 16994

ol 7k

16 X21%x4.5

2-10
W Az e) 243
Portrait of Nevil Maskelyne

Eed |
(John Russell, 1745-1806)
=t 1776

Zo]

45X42 X4

= el A 2 sl
National Maritime Museum,

Greenwich, London

ofm|A] ARg-

2-11
R

FNautical Almanac;

A

(The Board of Longitude)
4=, 17964

Ead

(H3)29%x21.8%3

2-12
T4l

Octant

A=, 19417]
R

46.2X37.2X8

148



2-13

e T el el

"The British Mariner’s Guide; by Maskelyne

o v 27R)

(Nevil Maskelyne, 1732-1811)
3=, 17634

Eadl

3= el A] FsisloFtEt
National Maritime Museum,
Greenwich, London

o|n|A] ARR-

2-14
H-1

< 3ll2]<=(John Harrison)
3=, 17354

o =
w T o

¥0] 673, % 70, Z1°] 45, | 34kg

3 22 A F et E
National Maritime Museum,
Greenwich, London

2-15
H-2

2= 3ll2]<=(John Harrison)
3=, 1737-173941
A=

L.
=3

=
o

¥0] 68.6, % 70, Zol 45, 74| 39kg

3= el A| wsieloatEt
National Maritime Museum,
Greenwich, London

o]m]x] AR

2-16
H-3

2 3l|2]<=(John Harrison)
3=, 17594

A N =

w1 o

0] 62.2, ¥/ 27kg

3= e A] Fsis ot
National Maritime Museum,
Greenwich, London

o|n|A] ARR-

¥

bt
s

.

2-17
H-4

2= 4ll2]<=(John Harrison)

3=, 17594

k-

16.5 X124 (A Al £3})

A5 102, o] 28, F7 1.45kg
3= el A] Feial okt
National Maritime Museum, Greenwich, London
125 %100

o] 2] AR
o35 2} uhE3k o] A}a)

The Board of Trustees of the Science Museum,
2-20

REEEREREDY

"The Principles of Mr. Harrison’s Time-keeper

2-18
2 Aoz 243

Portrait of John Harrison

Euk2 7)(Thomas King)
3=, 17674
e ol -3}

London

o]m] x| ARE-

2-19
Z deley 243

Portrait of John Harrison

29 epijol
(Philippe Joseph Tassaert,
1736-1803)

3=, 17684

Zolell F3t <4

3= 1y st
National Maritime Museum,

Greenwich, London
o1w]A] AH

<& 3ll2]<=(John Harrison, 1693-1776)
u" vl =78 (Nevil Maskelyne, 1732-1811)
3=, 17681

Zo]
(23) 76 X39.6 :

List of Plates

2-21
H-18 A9 gslalA
Log of the ‘Centurion’

ZA4] Z5¥] (George Proctor)

3=, 1733-17374

Fol

3= el A] SRial o atEt
National Maritime Museum,
Greenwich, London

o]u| 2] A

2-22
2zl 9 A A

Marine chronometer by Snellen

= T "'\.'."‘
g] =l (William Snellen) Ao
vgdzt=, 17754 ;
Z4
w1 o
17.5X17.5X9

3= 1Ry A] gisloatEt
National Maritime Museum, Greenwich, London

2-23
Eulz J&0] A7 kv
Marine chronometer by Earnshaw

R o ol

(Thomas Earnshaw, 1749-1829)
3=t 1795-18104
8X5.5%2,0.145kg

3= ek w3t o] AL

The Board of Trustees of the Science Museum,
London

o] A] AR

149



The Second Challenges
- The Marine Timekeeper in Action

The Breakthrough
- Sailing with Longitude

3-1
e} =
Model of H.M.S Endeavour Ship

=
3=, 184171
%5 U A 5

180%X64 X153

ogh

3-2
FAl 2 39 2, 35 3317, 91 4F2ha)
T Account of Captain Cook’s Voyages,

A9 2 F(James Cook, 1728-1779)
A=t 17774

ol 7=

24.2%29.2%5.9 / 41314 42.1 56 X2.8

3-3

TEgb Agms] AN

AEFAL 39 HaANd 5

HMS Resolution and HMS Discovery in Ship
Cove, Nootka Sound

= 9" (John Webber,
1751-1793)

3=, 17785

Fol, 58 x147

g3 Tei)7] T slepikat
National Maritime Museum, Greenwich, London

o]m]x] A&~

L

3-4
A2 3 AFe] 245
Portrait of Captain James Cook

A
<=, 18004
Folol 54

17.3X19.7%X3.1

3-5

EREL

West coast of Africa sheet VII
from Cape Roxo to Isles do Los

el 240
(William Fizwilliam Owen,
1774-1857)

=, 194171 =
Zol,65X76.5

A= 2| gl atEt
National Maritime Museum, Greenwich, London

o] x| A&-

3-6
Azl A3 A

Insulating Compass

#e] Ad 2~ (Henry Jennings)
4=, 18184

=55, fel, ol 5

13.5 X13.5X7.5

d=r 1y A el dtEt

National Maritime Museum, Greenwich, London

Voyage and The Marine Timekeeper

4-1

Sz gz T Fe,
"Theatre of the World; by Ortelius

ofneld} ¢ 2ele)en
(Abraham Ortelius,
1527-1598)
vldse, 1587

bl

55.2%X43.2 |

4-2
shelebze A ze T 22 g 3] T 97,

TVoyage insearch of La Perouse; by Labillardiere

ool
(M. Labillardiere,

1755-1834) - ¥
Zgx 18417

Zol

25X29.5%X4.5

4-3
2257 A=

Fragment Du Planisphere Envoye De Lisbonne
A Hercule D’Este Duc De Ferrar

4| 2 & 71| = (alberto cantino)
olekeof, 1502

%ol

121 X123

24, 204171

oete]o} of| ~HlA] A =L i
(Biblioteca Estense)

4-4

YA e A
The Royal Observatory from the South-East

3=, 184171

Zolel 4

CEEEREESE DT &
National Maritime Museum,
Greenwich, London

150



4-5
Evla ol o] 243
Portrait of Thomas Earnshaw

u}e] o}x] Al (Martin Archer Shee, 1769-1850)
3=, 17984

] 2~ol] -3}

89 %69

3= 23t uhE3 o] L3

The Board of Trustees of the
Science Museum, London

o]m] x| AR&-

4-6

vl A ] 243k
Portrait of Thomas Mudge

el 9l Wl (Nathaniel Dance, 1735-1811)
3=, 17724

e 2o 3}

84 X74

3= Al AA AL whE

The Clockmakers” Museum,

London

NEERE

4-7
A A slzdle] 243

Portrait of Jesse Ramsden

2HE E(Robert Home,
1752-1834)

3=, 17914

N 2ol 53}

SEERET

4-8
Sulohs vlolo o] 243t

Portrait of Tobias Mayer

A v
18417] S1k

Fololl vl

Ex]o} nlo]o] vbE-I}
Tobias Mayer Museum, Marbach, Germany
o]u| 2] A&

bl
¢

4-9
Y] azev]H
Chronometer signed Robert Pennington

21 E s =l (Robert Pennington)
3=, 1940171 =

EEN

A=l

9x7

4-10
Zule 2R xv]E
Chronometer signed John Hornby

Z &1](John Hornby)
%A=, 194171
=45 U5

10.9X9.7X4.3

4-1
EX-A% -1
Chronometer

44 AH(Waltham Watch Co.)
ul=, 2040171 =
v =45 el S

18.5X18.5 %19

4-12
3o
Sextant
204171 %
g
R

25.5X23X11.1

List of Plates

4-13
=g a4 Bl

Binnacle

7181 AH(Kelvin Bottomley & Baird Ltd)
3=, 204171

o
=]

21.7%X29

4-14

ALY gL AT - AT A=
A Pair of Table Globes by Cary Family

712} 47HJohn Cary & George Cary)
3=, 18364
RS

30X45X50

4-15
AA4 27
Mechanical Log

ole]e} AH(Ewa Seiko Co. Ltd)
i 204171
T A S i

(D) 71.3X432X15.2  fee =
' i’ﬁhﬂ-
L

151



= 4

3

> o

X

)
M,
H,

[ed
¢

g d
oo

2

2

T

fo o A oY o

> ooy X o
PEoof o> &

2

>

X

=
!

o o
b X
r2 oo

>
>
y o2

]

FEU

XN

o Y
Db =

Oy Y
>
rod o AN AN Mo o o A T

OB b e

EAT )

Voyage and
The Marine Timekeeper

2 2 H
Ho
o X
o

ol o
ol X r2 o oM
9 rlo

o
}o{n

FRA4
et
A
4574

sgel

o= 12y x| SRl elokt 53 National Maritime Museum, Greenwich, London

olul=| AlE
4= LA H sl
o

Z+ National Maritime Museum, Greenwich, London

o=t )8} ulE-3 o] AF3]  The Board of Trustees of the Science Museum, London

35 AAA A 2
=

EHjoles vholo] wE 3t T

gl

eyl

=
202541 14

ey

SA EDRER

49111 FAaksgedA] d =4 sl F= 30174 45

T.051-309-1856 FE 051-309-1749

tpel

Folziee]d

3+ The Clockmakers’ Museum, London

Tobias Mayer Museum, Marbach, Germany

ISBN
979-11-88805-61-7(93550)

9118878056
ISBN 979-11—88805—61—7

93550















NWVIK sasigursa





