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About the book

"In the dawning age of the great sea explorations, as the world's horizons

expanded beyond imagination, a looming enigma threatened to tether

humanity's potential and turn the oceans into vast, unwritten tales of lost

journeys. *The Illustrated Longitude*, a captivating work by Dava Sobel,

invites readers onto this voyage of historical intrigue, where navigation at

sea was more art than science, and the risk of wandering aimlessly was

ever-present. Embedded in the heart of this saga is the compelling tale of

John Harrison, a self-taught clockmaker, whose relentless pursuit of

precision shattered traditional boundaries and revolutionized the way

mariners calculated their position across the vast and unforgiving seas.

Sobel's narrative illuminates how this unassuming artisan turned

timekeeping into an art, deftly unweaving intricate tales of doubt, ingenuity,

and resilience, perfectly illustrated to provide vivid insights into a

transformative chapter of nautical history. Prepare to be whisked away on a

mesmerizing journey into the once-daunting challenge of determining

*longitude*—a quest that intertwined both the frontiers of science and the

course of empire."
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About the author

Dava Sobel is an acclaimed American author and science writer, renowned

for her ability to transform complex scientific concepts into compelling

narratives accessible to a broad audience. A native of the Bronx in New York

City, Sobel graduated from the Bronx High School of Science and later

attended the City College of New York. Her illustrious writing career began

as a science reporter for The New York Times, thrusting her into a world

where storytelling and science intertwined artfully. Sobel's inquisitive mind

and passion for uncovering the human stories behind scientific discovery

culminated in several award-winning books, including the international

best-seller "Longitude: The True Story of a Lone Genius Who Solved the

Greatest Scientific Problem of His Time.” Her mastery in connecting readers

to the historical and emotional narratives behind groundbreaking

achievements in science is evident throughout her works, offering a blend of

intellectual rigor and expressive prose that resonates with readers beyond the

scientific community.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


https://ohjcz-alternate.app.link/zWumPVSnuOb


Summary Content List

Chapter 1: 1. Imaginary Lines

Chapter 2: 2. The Sea Before Time

Chapter 3: 3.Adrift in a Clockwork Universe

Chapter 4: 4. Time in a Bottle

Chapter 5: 5.Powder of Sympathy

Chapter 6: 6. The Prize

Chapter 7: 7. Cogmaker’s Journal

Chapter 8: 8.The Grass hopper Goes to Sea

Chapter 9: 9.Hands on Heaven’s Clock

Chapter 9: 10.The Diamond Time keeper

Chapter 11: 11.Trial by Fire and Water

Chapter 12: 12.A Tale of Two Portraits

Chapter 13: 13.The Second Voyage of Captain James Cook

Chapter 14: 14.The Mass Production of Genius

Chapter 15: 15.In the Meridian Courtyard

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Chapter 1 Summary: 1. Imaginary Lines

The chapter opens with a playful reference from Mark Twain, emphasizing

 the imaginative and grand use of longitude and latitude lines. The narrator

reminisces about a childhood excursion, where her father bought her a

beaded wire ball, a toy mimicking the grid of latitude and longitude lines on

a globe. This formative experience, juxtaposed with viewing the Atlas statue

at Rockefeller Center, introduces the concept of these imaginary lines that

help define our understanding of the world.

As we delve deeper, we learn about the ancient origins of latitude and

longitude, dating back to Ptolemy in A.D. 150, who plotted these lines in his

atlas. While latitude lines, determined by natural celestial observations, are

fixed, longitude lines are defined politically, allowing zero-degree meridians

to shift across locations like the Canary Islands and London over time.

The narrative highlights the ease of determining latitude through methods

accessible even to explorers like Christopher Columbus, juxtaposed with the

complexities of calculating longitude. The latter requires precise

timekeeping, which posed a significant challenge at sea, leading to

navigational mishaps, including a tragic shipwreck in 1707 that resulted in

numerous deaths.

Despite the significance of longitude in navigation, accurate methods
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remained elusive for centuries, prompting several European nations to offer

substantial prizes for solutions. English clockmaker John Harrison emerged

as a pivotal figure in this quest. Despite lacking formal training, Harrison

created revolutionary clocks that maintained precision regardless of

maritime conditions. However, he faced fierce opposition from the scientific

elite, particularly Nevil Maskelyne, who repeatedly undermined Harrison's

achievements.

Harrison's success was eventually recognized after enduring decades of

challenges, with King George III supporting his claim to the prize. His

inventions significantly advanced navigation technology, setting the stage

for future technological breakthroughs. The chapter concludes by

acknowledging the intertwining stories of scientific discovery, political

intrigue, and navigational advancements that defined the history of

longitude, a journey that reshaped our understanding of the world and

navigation.
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Chapter 2 Summary: 2. The Sea Before Time

The tragic story of Admiral Sir Clowdisley Shovell and the wreck of his

 fleet in 1707 highlights the devastating consequences of navigating without

the means to accurately determine longitude. After a victorious campaign in

Gibraltar, Shovell's fleet was disoriented by persistent fog and unknowingly

navigated too close to the Scilly Isles, resulting in a catastrophic shipwreck

that claimed nearly 2,000 lives, including that of Shovell himself. This

incident became a stark symbol of the perilous nature of sea travel in the

pre-chronometer era.

During the 15th to 17th centuries, sailors relied on "dead reckoning," a

rudimentary navigation technique that led to frequent and sometimes fatal

miscalculations. They attempted to track their position using a log thrown

overboard, navigational star readings, and rough calculations of speed and

direction, resulting in numerous shipwrecks and loss of life. Compounding

the challenge was the onset of scurvy, a deadly disease caused by a lack of

vitamin C during extended sea voyages.

The imprecision in determining longitude not only caused human suffering

but also had disastrous economic implications. Ships were restricted to

narrow shipping lanes, leading to congestion and vulnerability to piracy. The

capture of the Portuguese galleon, Madre de Deus, by English forces in 1592

exemplifies the lucrative stakes of maritime ventures during this period.
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The lack of reliable navigation spurred calls for solutions, such as the one

voiced by Samuel Pepys, a notable diarist and Royal Navy official. The

monumental wreck of Shovell's fleet was a catalyst for the Longitude Act of

1714, which offered a substantial prize for discovering a method to

determine longitude accurately.

The pursuit of this solution saw John Harrison, a gifted clockmaker,

developing a series of innovative sea clocks that promised to address the

navigation crisis. Although Harrison's clocks showed promise, it took

decades before they gained widespread acceptance.

In the meantime, mariners like Commodore George Anson continued to face

perilous journeys. Anson's harrowing expedition around Cape Horn

highlighted how a lack of longitude knowledge could result in disaster. His

ships, hampered by storms and the scourge of scurvy, struggled to find safe

passage and provisioning stops. Anson's crew was decimated by disease and

missteps in navigation, with only a fraction surviving the ordeal.

The stories of Shovell and Anson underscore the harsh realities of seafaring

before the mastery of longitude instilled greater precision in navigation,

making these narratives pivotal in the larger saga of maritime exploration

and innovation in the Age of Sail.
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Critical Thinking

Key Point: Understanding the Importance of Accurate Navigation

Critical Interpretation: The tragic tale of Admiral Sir Clowdisley

Shovell and his fleet's catastrophic shipwreck serves as a poignant

reminder of the critical importance of reliable navigation. In our own

lives, this story underscores how vital it is to have precise,

well-defined goals and the knowledge to pursue them accurately. Just

as sailors needed dependable tools and techniques to navigate vast,

unpredictable oceans, you require clear direction and accurate

strategies to steer through the challenges and opportunities life

presents. Without them, you may find yourself wandering in the fog,

vulnerable to missteps and unforeseen consequences. Shovell's fate is

a cautionary tale, inspiring you to seek clarity, equip yourself with the

right resources, and remain vigilant in your journey so you can avoid

unnecessary detours and lay a course for success.
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Chapter 3 Summary: 3.Adrift in a Clockwork Universe

The narrative weaves a tale of humanity's long-standing quest to solve the

 longitude problem, a vital concern for 16th and 17th-century sailors who

often lost their bearings once out of sight of land. Unlike latitude, which

could be discerned by the position of the sun and stars, longitude remained

elusive and crucial for maritime navigation. Historical attempts to pinpoint

longitude involved seeking celestial solutions, given the predictability of

celestial bodies.

Early on, mariners used the constellations and the sun's movement to gauge

time and direction. For instance, if sailors observed a lunar eclipse, they

could infer their longitudinal position relative to a known location. However,

such celestial events were too sporadic to be practically useful. The search

for a routine celestial event led to the conception of the "lunar distance

method" by German astronomer Johannes Werner in 1514. By charting the

moon's path relative to stars, Werner proposed navigable solutions based on

predicted conjunctions of celestial bodies. Yet, the absence of accurate star

maps and sufficient understanding of the moon’s movement undermined this

approach.

A century later, Galileo Galilei forwarded a potential solution with his

discovery of Jupiter's moons, which he meticulously observed, recording

their eclipses and using these to astutely claim they could serve as a
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"celestial clock." Despite the difficulties in observing these moons from a

moving ship or when Jupiter was not visible, and the ultimate rejection of

his proposal by the Spanish throne, Galileo persisted, dreaming of nautical

utility. His inventions, including the "celatone" navigation helmet, failed to

gain maritime traction, but his groundwork continued to impact cartography

positively, improving terrestrial longitude measurements.

The Paris Observatory, founded by King Louis XIV and driven by scientists

including Christiaan Huygens and Giovanni Domenico Cassini, focused on

solving the longitude problem, particularly following Galileo's stellar

methods. Cassini's rigorous observatories and further discoveries, such as

Danish astronomer Ole Roemer's revelation about the finite speed of light

based on variances in satellite eclipses, informed ongoing celestial research.

Concurrently, England grappled with finding a solution, initiating programs

under King Charles II’s directive. The resulting Royal Observatory in

Greenwich, proposed by young astronomer John Flamsteed, aimed to rectify

stellar and lunar tables. Tasked with cataloging celestial bodies, Flamsteed

laid foundational work for future navigation. His endeavours alongside

Newton's insights into gravitational force promised strides toward

mechanizing successful longitude determination.

Ultimately, while astronomers toiled to map the heavens for maritime

benefit, alternative avenues emerged from skilled craftsmen and
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clockmakers seeking to resolve longitude with precision marine

chronometers. This intersection of celestial ambition and practical

engineering foreshadowed a pivotal breakthrough for navigators seeking

reliable and accurate maritime travel routes.
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Critical Thinking

Key Point: The Power of Persisting Through Failures and Setbacks

Critical Interpretation: Galileo Galilei's relentless pursuit of a solution

to the longitude problem, despite numerous obstacles and rejections,

underscores an enduring message about persistence. Despite his

celestial clock theory being dismissed and his inventions failing to

secure maritime success, Galileo's commitment to his ideas catalyzed

further scientific explorations, paving the way for foundational

advancements in both navigation and astronomy. By aspiring to think

beyond the immediate roadblocks, invoking curiosity and a hopeful

determination, Galileo inspires you to harness failure as a

transformative force that can fuel new ideas and drive progress.

Embracing setbacks with a learning mindset and maintaining

perseverance in pursuit of your passions can ultimately unlock

innovations and championships that previously seemed unattainable.
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Chapter 4: 4. Time in a Bottle

The chapter delves into the intricate relationship between time and clocks,

 drawing from Diane Ackerman's notion of the mystic communion of clocks,

where time is as elusive as it is essential. Throughout history, humanity has

struggled to contain time's essence within mechanical constructs like clocks

and watches. They merely attempt to keep pace with time's relentless

progression, much like trying to bottle a genie in a lamp.

In the early 16th century, finding longitude at sea was a pressing

navigational challenge, and some believed that precise timekeeping could

potentially solve this problem. Flemish astronomer Gemma Frisius

suggested using mechanical clocks to track time from a ship's home port,

akin to carrying essential supplies like water. However, the mechanical

limitations of clocks at the time, exacerbated by the harsh conditions of sea

voyages, rendered them inadequate for this purpose. Despite this, the idea

persisted, and figures like England's William Cunningham in 1559 also

advocated for using watches to help determine longitude, though these

devices remained unreliable.

Galileo Galilei, known for his revolutionary scientific insights,

independently conceived of using a pendulum for timekeeping, drawing

from his early experiences observing a swinging lamp in a church. His plans

laid the groundwork for pendulum clocks, although it was Christiaan
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Huygens, a Dutch scientist, and astronomer, who successfully built the first

working pendulum clock in 1656. Huygens demonstrated a deeper

understanding of pendulum mechanics, claiming his clock suitable for

resolving the longitude issue at sea. Despite initial successes with marine

timekeepers, their reliability faltered in turbulent seas.

To address these challenges, Huygens invented and patented a spiral balance

spring in 1675, offering an alternative to pendulums for regulating time.

However, his claims to this invention were contested by Robert Hooke, a

polymath involved in various scientific pursuits. The dispute over the right

to the spiral balance spring's invention culminated in heated debates at the

Royal Society, ultimately unresolved.

Neither Huygens nor Hooke succeeded in crafting a viable marine

timekeeper, leading to skepticism about solving the longitude problem

through clockwork. Instead, hope shifted towards astronomers and their

lunar distance method, looking to celestial mechanics for answers in

determining longitude at sea, steering focus away from the mechanical

timekeeping solutions of the era.
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Chapter 5 Summary: 5.Powder of Sympathy

At the end of the 17th and the beginning of the 18th centuries, solving the

 longitude problem for navigation was a pressing issue filled with both

genuine scientific inquiry and eccentric proposals. Among the most bizarre

solutions was the "wounded dog theory" of 1687. This idea was based on Sir

Kenelm Digby's "powder of sympathy," a supposed magical remedy that

claimed to heal wounds at a distance. The theory suggested placing a

wounded dog on a ship, with someone on land applying the powder to an

article from the wound each day at noon. The dog's yelp from afar,

coinciding with the meridian in London, would supposedly provide

navigators with a time cue to calculate longitude.

Other approaches were more scientifically grounded but still flawed. The

magnetic variation method relied on the compass, comparing magnetic north

with true north to ascertain longitude. However, it was plagued by

inconsistent compass readings and varying terrestrial magnetism, which

made precise measurements elusive.

Samuel Fyler proposed yet another impractical method by attempting to

chart longitude meridians in the night sky using rows of stars. However, this

approach required astronomical data far beyond what was available at the

time.
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The need for a reliable solution was heightened by the 1707 disaster of

Admiral Shovell’s fleet on the Scilly Isles. In the wake of this and other

navigational mishaps, mathematicians William Whiston and Humphrey

Ditton proposed a signaling system using sounds and light for seamen,

envisioning a network of signal boats spaced across oceans to provide time

cues. While intriguing, their idea was criticized for its impracticality,

logistical challenges, and prohibitive costs.

Despite their proposal’s flaws, Whiston and Ditton's advocacy helped rally

interest and urgency around the longitude problem. By 1714, their efforts

culminated in a movement of mariners and merchants demanding

government intervention. This eventually led to the establishment of the

Longitude Act and a series of incentives, fostering innovation in navigation

and ultimately resolving the longitude dilemma.

Key Elements Summary

Timeframe End of 17th and beginning of 18th centuries

Primary Issue The challenge of calculating longitude for effective navigation

Bizarre Proposal "Wounded Dog Theory" - using a dog, powder of sympathy, and
yelps as time cues for navigation

Magnetic
Variation Method

Using compass readings to ascertain longitude, hindered by
inconsistent results

Star Chart
Proposal

Samuel Fyler's idea to use star meridians; limited by available
astronomical data

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Key Elements Summary

Signaling System
Proposal

By Whiston and Ditton - network of signal boats using sounds and
light for time cues

1707 Scilly Isles
Disaster Highlighted the critical need for a solution to the longitude problem

Government
Intervention

Efforts culminated in the Longitude Act of 1714 due to public and
professional advocacy

Outcome Legislative action spurred innovation in navigation techniques
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Critical Thinking

Key Point: Persistence and innovative spirit towards solving complex

problems

Critical Interpretation: The journey of solving the longitude problem

during the 17th and 18th centuries serves as a testament to the power

of persistence and the innovative spirit. As we navigate our own

challenges in life, this chapter inspires us to remain determined even

in the face of seemingly insurmountable problems. The individuals

who devoted themselves to finding a solution to the longitude issue

remind you that creativity, collaboration, and the courage to bring

forth unconventional ideas are vital. Though some proposals were

quirky, and others rife with practical drawbacks, each effort

contributed to an evolving understanding that ultimately paved the

way for a groundbreaking resolution. Let this chapter be a reminder

never to underestimate the power of dogged determination paired with

inventive thinking to overcome even the most daunting of life's

puzzles.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Chapter 6 Summary: 6. The Prize

The quest to solve the problem of determining longitude at sea reached a

 significant milestone in 1714 when a petition by merchants and seamen led

to the convening of a Parliamentary committee at Westminster Palace. The

committee's mission was urgent, as the problem posed severe navigational

risks and economic implications. The primary challenge was highlighted in

an advisory consultation with Sir Isaac Newton and Edmond Halley, two of

the most respected scientific minds of the time. While Newton's input

underscored various theoretical approaches, he was notably skeptical of their

practical application, particularly the use of a timekeeping device aboard a

ship due to environmental variables such as motion and temperature

fluctuations.

The committee, influenced by Newton's comprehensive assessment, did not

endorse any specific method but favored an inclusive strategy, encouraging

solutions from diverse intellectual fields and even welcoming international

ingenuity. As a result, the Longitude Act was enacted under Queen Anne’s

reign, promising substantial rewards for precise solutions capable of

identifying longitude with specific degrees of accuracy. The sizable prize

money underscored the critical need for a reliable method amidst ongoing

navigational challenges.

The Act also established the Board of Longitude, comprising an elite group
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of scientists, naval officers, and officials responsible for vetting submissions

and awarding prize incentives. While ostensibly a research and development

initiative, the board's existence, which spanned more than a century, saw it

navigate numerous unviable proposals born out of both earnest attempts and

opportunistic pursuits driven by the prize’s allure. Ill-conceived submissions

ranged from impractical inventions to fantastical theories.

Among the most promising endeavors came from Jeremy Thacker, who

introduced what he called a "chronometer"—a term and invention that,

despite falling short then, laid foundational principles for future

developments. Thacker's design attempted to address some technical issues,

like maintaining time during winding and compensating for atmospheric

changes but struggled with consistent temperature impact adjustments.

Conversely, Newton’s faith in astronomical solutions persisted, favoring the

long-maturing "lunar distance" method, which he believed, despite the

challenges, would ultimately render clock-based systems as supplementary

aids rather than primary tools. Moreover, the scientific community remained

embroiled in debates over astronomical data accuracy, as illustrated by the

discord between John Flamsteed and his peers over star catalogs necessary

for viable celestial navigation solutions.

Following Newton's death in 1727, the pursuit continued to advance

incrementally, ultimately culminating in a breakthrough decades later. The
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longitude problem was resolved not through astronomical techniques but by

the creation of a highly accurate marine timekeeper—a

chronometer—crafted by John Harrison, a self-taught clockmaker whose

work achieved the precision needed to secure the grand prize and

revolutionize maritime navigation.

Year Event Details

1714
Parliamentary
Committee
Convened

A committee was formed at Westminster Palace in
response to navigational risks associated with determining
longitude at sea, prompted by a petition from merchants
and seamen.

1714 Longitude Act
Enacted

Queen Anne enacted the Longitude Act, offering
substantial rewards for accurate solutions to determining
longitude, alongside establishing the Board of Longitude
for submissions evaluation.

18th
Century

Advisory
Consultation

Sir Isaac Newton and Edmond Halley offer insights.
Newton doubted practical applications, especially for
shipboard timekeeping due to environmental variables.

18th
Century

Diverse
Submissions
Encouraged

The committee welcomed solutions from various fields and
international contributions, leading to both genuine
innovations and fanciful proposals.

18th
Century

Jeremy
Thacker's
Chronometer

He introduced the term and concept of a "chronometer,"
aiming to solve technical challenges, but fell short in
temperature consistency.

1727 Newton's
Death

The pursuit continued towards a practical solution with
ongoing development in both astronomical strategies and
timekeeping methods.

18th
Century

Astronomical
Solution
Advocacy

Newton supported the lunar distance method, envisioning
astronomical data as primary to navigation, though
debates in accuracy persisted.
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Year Event Details

18th
Century Resolution

John Harrison, a self-taught clockmaker, developed a
precise marine chronometer, winning the grand prize and
revolutionizing maritime navigation.
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Critical Thinking

Key Point: Encourage diverse solutions

Critical Interpretation: The enactment of the Longitude Act and the

establishment of the Board of Longitude serve as a poignant reminder

of the power of collaboration and open-mindedness in

problem-solving. You, too, can be inspired by this

approach—embracing challenges with an inclusive mindset,

acknowledging that diverse perspectives can converge to uncover

innovative solutions. Like the Parliamentary committee, you should

remain open to unconventional ideas and diverse expertise, valuing the

blend of perspectives that can lead to groundbreaking advancements.

This lesson emphasizes breaking free from rigid thinking and

nurturing an environment where creativity and varied approaches

thrive, ultimately leading to success and remarkable achievements in

your endeavors.
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Chapter 7 Summary: 7. Cogmaker’s Journal

The life of John Harrison, often known as “Longitude” Harrison, is one

 marked by ingenuity, perseverance, and groundbreaking achievements in

marine navigation. Born on March 24, 1693, in Yorkshire, Harrison's early

life was shrouded in mystery due to scarce documentation. Nonetheless,

parallels can be drawn between his self-education and determination to those

of historical figures like Abraham Lincoln and Thomas Edison.

Harrison’s modest beginnings began in a family marked by repetitive names,

making familial relations quite confusing without detailed records. Early in

his life, his family moved to Barrow upon Humber, where he learned

woodworking from his father. Despite his humble origins, Harrison

displayed a relentless curiosity and passion for learning, particularly in

mechanics. Around 1712, Harrison’s hunger for knowledge was nourished

when a visiting clergyman lent him a manuscript on natural philosophy by

Nicholas Saunderson, which Harrison meticulously copied and annotated.

In 1713, Harrison crafted his first pendulum clock—a remarkable feat

considering his lack of formal apprenticeship in watchmaking, and notably,

it was made almost entirely of wood. His skill in using available materials

effectively was evident in the clock's design, which cleverly leveraged the

properties of oak.
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By 1720, Harrison’s growing reputation led to a commission by Sir Charles

Pelham to build a tower clock at Brocklesby Park. His invention was notable

for not requiring lubrication thanks to its use of lignum vitae, a

self-lubricating wood. This innovation marked a significant step towards

creating a clock that could function at sea.

Further honing his craft with his brother James, Harrison developed two

long-case clocks featuring his ingenious “gridiron” pendulum and

“grasshopper” escapement designs. These inventions counteracted the

effects of temperature changes and reduced friction, leading to

unprecedented accuracy. The brothers’ clocks outperformed even the best

contemporary timepieces, maintaining accuracy to within a second per

month.

In the backdrop of these accomplishments was the pressing "longitude

problem," a pivotal challenge of the age. Precise longitude measurement at

sea was critical for navigation, and solving it promised a substantial reward

from the British Parliament. By 1727, Harrison was engrossed in pursuing

the £20,000 prize offered for a reliable method to determine longitude at sea.

Understanding the limitations of pendulums on rocking ships, Harrison

conceptualized a different mechanism involving counterbalanced

spring-seesaws, taking almost four years to develop the concept. Equipped

with confidence in his inventions, Harrison embarked on a significant
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journey to London in 1730 to present his groundbreaking marine

timekeeping solutions to the Board of Longitude, setting in motion his

eventual fame and lasting legacy in the realm of horology and navigation.
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Chapter 8: 8.The Grass hopper Goes to Sea

In the summer of 1730, John Harrison, a talented village carpenter with a

 passion for timekeeping, arrived in London with a groundbreaking idea. He

sought to solve the longstanding problem of determining longitude at sea, a

challenge that had perplexed navigators for centuries. Despite the Board of

Longitude's long existence, it was a lethargic entity with no formal

headquarters or meetings, having received only mediocre proposals over the

years.

Harrison knew of the esteemed Dr. Edmond Halley, a prominent member of

the board and England’s astronomer royal. Halley, a colorful character who

was both respected and controversial in scientific circles, welcomed

Harrison at the Royal Observatory in Greenwich. Halley was intrigued by

Harrison's concept of a sea clock but understood the board’s bias towards

astronomical solutions rather than mechanical ones. He wisely directed

Harrison to George Graham, a renowned watchmaker known for his

integrity.

Despite initial reservations, Harrison met with Graham, who became

convinced of the potential of the sea clock after a lengthy discussion.

Graham offered his patronage, providing financial support without interest,

encouraging Harrison to develop his invention further.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Over the next five years, Harrison created his first sea clock, known as H-1.

It was an innovative masterpiece, featuring a unique design with a complex

system of timekeeping that captured the imagination. It was both a testament

to its era and ahead of its time, resembling a fantastical blend of a ship and a

time machine.

Harrison tested H-1 on the River Humber and then brought it to London in

1735 to fulfill his promise to Graham. Rather than presenting it to the Board

of Longitude, Graham took it to the Royal Society, where it received

significant acclaim for its promise and craftsmanship. Although the

Admiralty delayed the formal sea trial, Harrison eventually set sail for

Lisbon aboard H.M.S. Centurion in 1736, under the endorsement of

influential naval figures.

The clock performed remarkably well, impressing the ship's master, Roger

Wills, who documented its accuracy. This led the Board of Longitude to

convene for the first time in response to Harrison’s achievements. Harrison

presented H-1 and humbly suggested improvements, seeking funds to build

a superior model, which the board granted, alongside the understanding that

Harrison would produce a clock fit for official trials.

Harrison then embarked on building H-2, a more compact and enhanced

version of his sea clock. Despite the device’s excellence and support from

scientific authorities, Harrison deemed it unsatisfactory. His pursuit of
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perfection drove him back to his workshop, where he labored for nearly two

decades on H-3, transitioning to a new design philosophy.

H-1 remained in the public eye, exhibited by Graham and admired by

European horologists like Pierre Le Roy and Ferdinand Berthoud. The

English artist William Hogarth, fascinated by timekeeping, acknowledged

H-1 as elevating the discourse on longitude from a fanciful notion to a high

scientific achievement.

Through persistence and innovation, Harrison’s work signified a pivotal

moment in maritime navigation and chrono-mechanical advancement,

moving the longitude problem from ridicule to respect in the scientific

community.
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Chapter 9 Summary: 9.Hands on Heaven’s Clock

In the 18th century, navigators faced the formidable challenge of

 determining longitude at sea, which was crucial for safe and accurate

maritime navigation. Two primary methods emerged as viable solutions:

John Harrison's innovative sea clocks, which were highly precise

timekeepers, and the lunar distance method, which relied on celestial

observations.

The lunar distance method involved measuring the position of the moon

relative to specific stars, allowing navigators to calculate their longitude by

comparing these observations with predicted positions from detailed tables.

This technique required sophisticated instruments like Hadley’s quadrant,

later perfected into a sextant, which enabled sailors to measure the angular

distances between celestial bodies even amidst the tumult of the sea. To

support this method, astronomers like John Flamsteed and Edmond Halley

dedicated years to meticulously charting the stars and the moon's complex

movements. Their work was foundational for the lunar distance method.

John Harrison, a self-taught clockmaker, developed a competing approach

using highly accurate sea clocks. These clocks circumvented the need for

complex celestial measurements and calculations but placed Harrison in

direct competition with the scientific establishment, which favored the

intellectual rigor and traditional methods associated with the lunar distance

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


technique.

In the early 18th century, inventors like John Hadley and Thomas Godfrey

developed instruments essential for the lunar method's success, with

Hadley’s reflecting quadrant playing a critical role. The invention of these

instruments was a significant milestone, building on the groundwork laid by

astronomers who had charted the stars with great precision. Figures like

Tobias Mayer contributed by creating lunar tables that made the method

more feasible, although success still required complex calculations to

account for factors like lunar parallax and atmospheric refraction.

Despite the promise of the lunar distance method, it demanded substantial

mathematical prowess and astronomical knowledge, making Harrison's sea

clock seem almost too simple and mystical by comparison. His clock, H-4,

completed in 1759, offered a user-friendly solution, yet received skepticism

rather than acclaim because it contradicted the expert-driven lunar method,

which was favored by the scientific community. Consequently, Harrison

faced numerous trials and tribulations before his invention gained

recognition, a testament to the complexity and intrigue surrounding the

determination of longitude during this era.
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Chapter 9 Summary: 10.The Diamond Time keeper

The passage primarily details the journey of John Harrison, an 18th-century

 clockmaker, and his quest to solve the problem of determining longitude at

sea, a challenge vital for naval navigation. This endeavor led to the creation

of several groundbreaking timepieces, culminating with the revolutionary

H-4. To offer context, determining longitude at sea was historically complex,

and an accurate timekeeper was essential to measure differences in time

between a ship's location and a known reference point.

Harrison's previous creations, H-1 through H-3, helped him develop key

innovations in clockmaking, such as the bi-metallic strip for temperature

compensation and antifriction devices, which are still used in various

modern technologies. Despite the groundbreaking nature of these clocks, the

H-3 took an inordinate amount of time to complete—19 years, which

puzzled historians since Harrison was known for his efficiency.

Throughout this period, Harrison received moral and financial support from

the Board of Longitude and prominent figures such as George Graham and

members of the Royal Society, an eminent scientific institution dedicated to

advancing scientific knowledge. He achieved recognition for his work,

including the prestigious Copley Gold Medal, but declined Society

Fellowship, instead nominating his son, William, who later earned the

fellowship on his own merit and continued his father's work.
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H-3 itself, a marvel with 753 parts and weighing only sixty pounds,

represented Harrison's dedication to precision and innovation. However, it

fell short of the performance Harrison desired. It was an unexpected

encounter with John Jefferys, who assembled a pocket watch based on

Harrison's designs, sparking the realization that portable timepieces might

effectively determine longitude. This watch featured Harrison’s bi-metallic

strip and innovative mechanisms, proving remarkably precise.

Inspired, Harrison developed H-4, a watch-like timekeeper, divergent from

its predecessors in its svelte design and elegance. Only five inches in

diameter, H-4 housed exquisite craftsmanship, with diamonds reducing

friction, reflecting a bold artistic and technical leap for Harrison. H-4

eventually won the longitude prize due to its groundbreaking accuracy,

challenging the assumption the problem required a large clock.

Today, H-4 is showcased at London’s National Maritime Museum, alongside

its predecessors. Though it doesn’t run due to preservation, its creation

symbiotically illustrates Harrison's persistent pursuit of precision and his

monumental contribution to horology, akin to The Mona Lisa in the art

world. The narrative of H-4 transcends as a testament to human ingenuity

and resilience, capturing an era where one man’s vision forever altered the

course of navigation and timekeeping.
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Chapter 11 Summary: 11.Trial by Fire and Water

The narrative unfolds within the historical context of the 18th-century race

 for the longitude prize, a competition to solve one of the greatest

navigational challenges of the time: determining a ship’s longitudinal

position at sea. Two central figures mark this tumultuous period—Reverend

Nevil Maskelyne, an ardent proponent of the lunar distance method, and

John Harrison, the brilliant yet embattled creator of the marine timekeeper,

known as H-4.

Reverend Nevil Maskelyne, dubbed the "seaman's astronomer," was deeply

entwined with the lunar distance method, which involved calculating a ship's

position using the moon's position relative to other celestial bodies.

Maskelyne’s dedication to this methodology stemmed from his meticulous

nature, mirrored in his personal habits and professional pursuits. He was a

seasoned observer, so entrenched in his astronomical work that he postponed

marriage until the age of 52, dedicating his early years to rigorous scientific

study at Westminster School and Cambridge University. His alignment with

James Bradley, the third astronomer royal, positioned him as a key figure in

refining and endorsing this astronomical solution to the longitude problem.

Meanwhile, the narrative of the Harrison family, particularly John Harrison

and his son William, emerges as a tale of perseverance and innovation.

Unlike Maskelyne, John Harrison lacked formal education but possessed an
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indomitable spirit and genius in watchmaking. His marine timekeeper, H-4,

represented a revolutionary departure from traditional methods, offering a

mechanical solution for determining longitude through precise timekeeping.

The stage was set for conflict as Maskelyne's lunar tables gained traction,

backed by Bradley’s observations and Mayer’s astronomical predictions.

Yet, Harrison's H-4 promised a simpler, more direct answer, proving itself

capable during several sea trials, including a pivotal journey to Jamaica

where its performance was nothing short of extraordinary, having lost only

five seconds over 81 days at sea.

Despite this success, the Board of Longitude, comprised of astronomers and

officials—including a skeptical Nathaniel Bliss, Bradley’s

successor—remained entrenched in their preference for the lunar distance

method, delaying the recognition Harrison sought. Maskelyne, back in

London from his own scientific exploits on St. Helena, solidified his

position by publishing "The British Mariner’s Guide," further propagating

the lunar method.

As political machinations played out, Maskelyne was appointed to oversee

the second trial of H-4 in Barbados, setting the stage for a direct

confrontation with William Harrison. Maskelyne’s assurance in the lunar

method waned under scrutiny, especially when his observations in Barbados,

marred by anxiety, failed to overshadow the Watch’s undeniable reliability.
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Amidst these scientific and personal rivalries, Harrison’s invention stood the

test of time, yet recognition eluded him, entangled in scientific politics and

skepticism. The enduring friction between the innovative timekeeper and the

established astronomical techniques symbolizes the broader struggle

between tradition and innovation—a struggle that ultimately shaped the

future of navigation and exploration.

Key
Figures Details

Reverend
Nevil
Maskelyne

Known as the "seaman's astronomer," Maskelyne was a strong advocate
of the lunar distance method, rooted in precise astronomical observations.
His career was marked by meticulous dedication to science, delaying
personal commitments like marriage until much later in life to focus on his
craft. Educated at Westminster School and Cambridge University, he was
closely associated with James Bradley, a key influences on his work.
Maskelyne championed celestial navigation through his publication, "The
British Mariner's Guide."

John
Harrison

John Harrison emerged as a brilliant inventor despite his lack of formal
education. His marine timekeeper, H-4, provided a mechanical solution for
determining longitude, showcasing its precision in trials such as the
voyage to Jamaica where it lost only five seconds in 81 days. Harrison's
work was a groundbreaking deviation from traditional navigation methods.

Conflict &
Trials

The narrative details the rivalry between Maskelyne's astronomical
methods and Harrison's timekeeping device. The Board of Longitude
showed reluctance to acknowledge Harrison's invention, favoring the
established lunar method. Maskelyne's attempt to oversee H-4 trials
further underscored the tension, especially during the unsuccessful
observations in Barbados that failed to trump H-4's accuracy.

Outcome

Despite facing skepticism and political challenges, Harrison's invention
proved successful, marking a pivotal shift in navigation techniques.
However, formal recognition and acceptance were slow, hampered by
entrenched preference for traditional methods and the complexities of
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Key
Figures Details

scientific politics of the time.

Underlying
Themes

The story embodies the conflict between tradition and innovation,
highlighting the broader implications for future navigation and exploration.
Harrison's timekeeper represented a leap forward, reshaping the
landscape of maritime endeavors against a backdrop of resistance from
established astronomical practices.
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Chapter 12: 12.A Tale of Two Portraits

In this segment, we explore the fascinating but turbulent later years of John

 Harrison, the pioneering English clockmaker whose innovations solved the

age-old problem of determining longitude at sea. This era of his life,

captured vividly in portraits and engravings, reflects both the accolades and

the adversities faced by Harrison.

Two significant images of Harrison survive from this time: a formal oil

portrait by Thomas King and an engraving by Peter Joseph Tassaert, based

on King's painting. The painting shows Harrison confidently posing with his

inventions, but it omits H-4, his groundbreaking marine chronometer.

Instead, it includes the smaller Jefferys watch, highlighting an intriguing

discrepancy between the painting and the later engraving, which adds H-4 to

the scene.

Harrison's struggles with the Board of Longitude are central to this narrative.

Despite his chronometer's successful performance in trials—measuring

longitude within ten miles, surpassing legal requirements—bureaucratic

hurdles delayed his reward. The board offered only half the prize money

initially, demanding full disclosure of his methods and the production of

duplicate chronometers.

Adding to this tension, the new astronomer royal, Nevil Maskelyne, emerged
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as a formidable adversary. A proponent of the lunar distance method for

navigation, Maskelyne sought to institutionalize this alternative, viewing

Harrison's chronometer as an intriguing but impractical invention.

In 1765, new legislation complicated matters further for Harrison,

intensifying his fraught relationship with the board, which demanded his

cooperation under the threat of withholding the prize money. Despite his

protests, Harrison eventually capitulated, submitting his designs and

explanations for scrutiny.

This period was marred by further challenges. Harrison's inventions were

sequestered at the Admiralty, and his blueprints disseminated, despite the

risk of intellectual theft. A French horologist's attempts to learn the details of

H-4 underscore the international intrigue surrounding his work.

Meanwhile, Maskelyne secured backing to publish the Nautical Almanac, a

key tool promoting the lunar distance method, thus sidestepping Harrison's

innovative but resource-intensive approach.

Following the completion of Harrison's portrait, the Board of Longitude

delivered another blow. H-4 was to undergo rigorous trials at the Royal

Observatory, supervised by Maskelyne. Harrison's treasured sea clocks were

also seized for evaluation, setting the stage for further confrontation. Despite

Harrison's insistence on their condition, Maskelyne's careless handling led to
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mishaps, exacerbating the inventor's frustrations.

In the years that followed, Harrison's legacy as a horological pioneer was

cemented, but not without enduring significant trials and tribulations. The

saga concludes with an image of Harrison, aged and embattled,

immortalized in a medallion that reflects the sorrows intertwined with his

remarkable achievements.
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Chapter 13 Summary: 13.The Second Voyage of Captain
James Cook

The narrative unfolds against the backdrop of the 18th-century naval

 explorations led by Captain James Cook, a renowned English navigator

whose voyages expanded the boundaries of maritime knowledge. His second

voyage in 1772 was notable for introducing sauerkraut, a fermented cabbage

rich in vitamin C, to the sailors' diet, effectively combating scurvy—a

common sea affliction—and ensuring his crew remained healthy and

available for scientific explorations.

During these voyages, Cook also contributed to important navigational

advancements by testing different methods of determining longitude, crucial

for accurate sea travel. One of these methods involved the lunar distance

technique, which was complemented by John Harrison's innovative sea

clock, known as H-4. However, H-4 was mired in controversy due to a series

of trials orchestrated by Nevil Maskelyne, the Astronomer Royal, whose

dubious experiments and manipulations suggested the timekeeper was

unreliable for maritime use, despite previous successful voyages proving

otherwise. Harrison fervently defended his invention, arguing that the trials

were unfair and biased.

The Board of Longitude's skepticism didn't impede progress entirely.

Larcum Kendall, a respected watchmaker, crafted an exact replica of H-4,
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named K-1. This chronometer was chosen over H-4 to accompany Cook on

his subsequent world tour, illustrating the board's preference for an

alternative despite recognition of the two timepieces as nearly identical. 

Meanwhile, John Harrison continued his work, creating a new and simpler

timekeeper, H-5. His struggle with the Board led him to seek royal

intervention. King George III, known for his scientific interests,

sympathized with Harrison, allowing H-5 to undergo trials at his private

observatory, ultimately proving its precision. The King’s intervention and

advocacy for justice prompted Parliament to award Harrison a significant

sum, though not the full longitude prize, circumventing the resistant Board

of Longitude.

The narrative reaches a tragic climax as Cook, on his third voyage in 1776,

faced deadly hostilities in Hawaii. Despite his prior diplomatic successes and

respect for indigenous cultures, Cook was killed in 1779. Symbolically, K-1,

the trusty timekeeper Cook praised for its guidance, stopped ticking at the

moment of his death, marking the end of an era in exploration and the

longitude saga. These voyages and subsequent developments highlighted the

intertwining of exploration, navigation technology, and the conflicts of

scientific progress.
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Chapter 14 Summary: 14.The Mass Production of Genius

In the history of timekeeping, John Harrison holds a prominent place as the

 pioneer who solved the longitude problem, which had long plagued

navigators at sea. Harrison's journey began with his pursuit of a marine

timekeeper, eventually leading to the creation of the H-4, a remarkable

chronometer that changed the course of seafaring. With his success, a wave

of interest in marine chronometers ignited, especially in England, a maritime

nation eager to solidify its dominance over the oceans.

Harrison’s work, while groundbreaking, presented challenges. His invention

was complex and expensive, prompting other watchmakers like Larcum

Kendall to attempt creating more affordable versions. Although Kendall

succeeded in producing copies, the cost remained a barrier until watchmaker

Thomas Mudge entered the scene. Mudge improved upon Harrison's ideas

and aimed for the remaining longitude prize with his own advanced marine

timekeepers. Yet, despite Mudge's craftsmanship, it was John Arnold and

Thomas Earnshaw who revolutionized the industry.

Arnold became notable for his mass production techniques, significantly

outpacing competitors with the sheer volume of chronometers he created. He

cleverly marketed his watches, which bore the name "chronometer"—a term

popularized following Alexander Dalrymple’s 1779 pamphlet promoting the

precision and reliability of these timekeepers. Arnold's partnership with his
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son, John Roger Arnold, further solidified their influence in the field.

Meanwhile, Thomas Earnshaw's innovations brought about a new era of

simplicity and efficiency in chronometer design, reducing reliance on oil and

streamlining production, despite his struggles with financial mismanagement

and a less refined business acumen.

The competition between Arnold and Earnshaw was intense, centered on the

development of the spring detent escapement—a crucial mechanism for

maintaining precise timekeeping. This rivalry divided the watchmaking

community and caught the attention of prominent institutions like the Royal

Society and the Board of Longitude. Despite personal and professional

tensions, both artisans received recognition and financial awards for their

contributions, which only fueled further advancements and the widespread

adoption of chronometers in the maritime world.

By the early 19th century, chronometers had become indispensable on ships,

with captains from the Royal Navy and the East India Company relying on

them for accurate navigation. Although initially expensive, their prices

dropped sufficiently to be affordable for many naval officers. The

comparison with the older method of using lunar distance tables underscored

their practicality and simplicity.

The proliferation of marine chronometers, from a singular device in 1737 to

a global inventory of approximately five thousand by 1815, revolutionized
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naval navigation. The Board of Longitude, once an essential body for

promoting longitude solutions, found its purpose largely fulfilled by the

1820s. The responsibility of maintaining the chronometer fleet eventually

shifted to the navy's hydrographer. Over time, the indispensable role of

chronometers on ships led to their integration into everyday navigation,

effectively embedding the legacy of John Harrison's groundbreaking work

into the very fabric of maritime history.
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Chapter 15 Summary: 15.In the Meridian Courtyard

The chapter intricately weaves together history, technological advancement,

 and personal anecdotes, centered around the prime meridian at the Old

Royal Observatory in Greenwich, London. The story begins with a reflection

on the abstract concept of lines of longitude, quoting Lewis Carroll's "The

Hunting of the Snark" to highlight their conventional nature. The narrator's

presence at the prime meridian at Greenwich—zero degrees longitude—is

depicted as standing at the nexus of the world, both geographically and

temporally.

The narration delves into the historical significance of the prime meridian,

which was established at Greenwich by Nevil Maskelyne, the fifth

Astronomer Royal, in the 18th century. Maskelyne published the "Nautical

Almanac," which made calculating longitude from the Greenwich meridian

standard practice for sailors globally. This reference point was cemented by

the International Meridian Conference in 1884, despite initial resistance

from countries like France.

The chapter also describes the Greenwich time ball, an early device used to

signal the time to ships on the River Thames, illustrating how the

observatory influenced timekeeping practices worldwide. Despite the

evolution of technology, with radio and satellite now guiding modern

navigation, the time ball's daily fall at 1 P.M. remains an enduring tradition.
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The narrative transitions to the story of John Harrison, an innovator who

created marine chronometers to solve the problem of determining longitude

at sea. His inventions are now housed in Flamsteed House at the

observatory. The chronometers—H-1, H-2, H-3, and the watch

H-4—represent his life's work, showcasing engineering triumph over

adversity.

Lieutenant Commander Rupert T. Gould, a character introduced as a

passionate restorer with no formal horological training, took on the task of

reviving these neglected timepieces in the 20th century. His meticulous

restoration work, often likened to an artistic and engineering hunt for

historical details, spanned over a decade and restored the clocks to their

former glory.

Gould's efforts transformed not only the state of the clocks but also served as

personal rehabilitation for him amidst personal adversities. His work

allowed the clocks to tick once more, embodying Harrison’s legacy in both

mechanical precision and historical significance.

The chapter concludes with a poignant scene where the narrator visits the

restored clocks, observing the timeless allure they hold not just for historians

but also for the younger generation. The narrative underscores the impact of

Harrison's work, which connects the temporal and the spatial, linking diverse
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points across the globe.
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