
Keeping Time

“Is Horology Legal in this Town?”



Introduction to timekeeping

• Natural time

– The earliest efforts to measure and track time were based on the 
movements of the sun and the seasons of the year.

– Small sun dials and large obelisks were the equivalent of domestic 
and public clocks of today.

• Artificial time

– The need to keep time at night and during cloudy seasons led to the 
development of artificial sun dials based on some process that had 
a more or less steady rate.

– Water clocks, Sand glasses, candles and incense sticks were used 
from ancient times to provide time away from the sun.

• Mechanical time keepers

• Electronic time keepers



Artificial Time
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Mechanical Timekeepers 

• The monumental clock originally in Essex Cathedral is the first 

recorded mechanical clock built in 1284.

• Didondi’s Astrarium (1354) is believed to be one of the first, if 

not the first, astronomical timekeeper. Although it does not 

survive, the plans for it do and models have been built.

• Smaller clocks used to call the faithful to prayer were the 

forerunners of today’s domestic clocks.

• Modern mechanical timekeeping dates from the invention of the 

pendulum and the balance at the end of the 17th century.

• Galileo had first proposed the pendulum 100 years earlier.



Early Clocks

Di Dondi’s Astrarium Prague City Clock



Clocks and Timekeepers

• The earliest clocks did not have dials. The word clock 

derives from the German word for bell. The purpose of the 

clock was to announce the time for a scheduled event.

• Timekeepers do not have bells and their main purpose is 

the display of time.



Early Clocks and Timekeepers

• The first mechanical timekeepers and clocks date from the 
end of the 13th century.

• Early clocks almost certainly used a “crown wheel” and 
“foliot” to provide an escapement.

• The gear works were driven by weights attached to a cord 
wrapped around a barrel.

• The same mechanism was applied to portable timekeepers 
starting in the 16th century with the development of flat 
coiled springs for power.

• The loss of a constant force from the falling weight was 
compensated with the development of devices to regulate 
the force of the spring.



The Stackfreed and the Fuzee

• The stackfreed is a spring loaded cam that strongly 

opposes the force of the mainspring when it is fully wound 

and slight adds to it when it is nearly run down.

• The fuzee is a conical barrel with a gear on one end that is 

connected to the spring barrel by a cord or chain. The 

shape of the cone is made to compensate for the force of 

the mainspring as it changes from fully wound to nearly 

run down.



Constant Power 

Mechanisms



Foliot and Balance

• The foliot is typically a bar with a pair of weights that can 

be moved closer or farther away from the shaft that the 

foliot turns on.

• Since the loose weights were impractical with portable 

timekeepers, the foliot was replaced with a round hoop.

• The balance was controlled by a flexible stop made from a 

hog’s bristle.

• The rim of the balance was trimmed to regulate the speed 

of the escapement.



Crown Wheel and Foliot



Pendulum Regulators

• The foliot was replaced by a pendulum sometime in the 
16th century.

• Early pendulums were only slightly different from foliots 
and were rigidly attached to the escapement.

• Huygens invented the “detached pendulum” in the late 17th

century.

• Huygens and Hooke independently invented the balance 
spring just a little later.

• George Graham invented the “no recoil” escapement in the 
early 18th century

– The deadbeat escapement in clocks

– Perfected the cylinder escapement in watches



First Pendulum Clock

Clock made by Jacob Coster for 

Christian Huygens



“Deadbeat” 

Escapements



Precision Timekeepers and the 

“Longitude Problem”

• In 1712 the English Parliament passed the “Act of Queen 

Anne” that offered a prize of £20,000 for a method of 

determining the longitude while at sea.

• John Harrison won the prize in 1765 with the invention of 

a precision portable timekeeper.

• Harrison first applied his timekeeping principles to the 

design of clocks (around 1720) and won the approval and 

sponsorship of George Graham. 



Harrison’s Principles

• Isochronous

– The timekeeper must be independent of the amount of force 
available to drive the regulator.

• The balance has the same period independent of how large the swings 
are.

• Temperature Independent

– The timekeeper must maintain the same rate in both heat and cold.

• Durable

– The timekeeper must run for a long period without needing 
maintenance.

• It must not need periodic oiling more often than once or possibly 
twice a year.



Harrison’s Timepieces



Practical Precision

• In the late 18th century precision portable timekeeping 

became practical

• John Arnold invented the bimetallic balance.

• John Arnold and Thomas Earnshaw perfected the detent 

escapement for marine chronometers.

• Marine chronometers were produced on a large scale to aid 

in navigation

• Thomas Mudge invented the detached lever escapement 

for personal watches.



Early Chronometers
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Clocks and Watches for Everyone

• Connecticut Yankees (Eli Terry, Seth Thomas, Chauncey 

Jerome) developed the mass production techniques needed 

to make domestic clocks for less than $1 in the 1820’s.

• The Pitkin Brothers of Hartford developed the first 

machine made watch in 1843.

• The Boston Watch Company (later Waltham) developed 

the first mass produced pocket watch in the 1850’s.



Early Mass 

Produced Watches



The “Golden Age” of 

Watchmaking

• The Boston Watch Company failed in 1857 and was 

purchased by R. E. Robbins and in 1859 became the 

American Watch Co.

• In 1864 a rebel group of watchmakers who had gone to 

Nashua New Hampshire to develop a high grade machine 

made watch were re-united with the group at Waltham.

• The inventive talent and enthusiasm of the Nashua group 

combined with the mercantile talents of Robbins soon led 

to the rise of the American Watch Co. as the pre-eminent 

maker of watches in the world.



First Generation 

American Watch Co



Waltham 1872 Model



The “Golden Age” in Europe

• By the mid 1880’s the Swiss had recognized what was 

happening in America and adopted the American Plan for 

making watches modified to use Swiss cottage labor.

• The English never developed a successful machine made 

watch industry but instead produced more and more 

refined hand finished watches based on machine produced 

basic parts.

• The finest products of both these environments are at least 

equal to the best watches produced in America



English 



European
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Mass Produced Precision

• The rise of the American railroad industry developed the 

need for accurate timekeeping to regulate the running of 

the trains.

• The development of “Railroad Time” eventually led to the 

development of “Standard Time.”

• Operating crew members were required to carry a 

“Standard Watch” to ensure that the trains were operated 

on time.

• This huge and growing market led to the development of 

high grade watches at reasonable prices.



American 

Railroad



Priceless Possession of a Few

• The huge watch industry was inspired by a few very high 

grade watches marketed to the wealthy as symbols of 

prestige.

• Waltham, Howard, Gruen and Hamilton all produced 

special presentation watches at prices several times that of 

their standard railroad grade watches.

• The battle of the Prestige Watches played a large part in 

the development of marketing techniques, used by all 

consumer industries, that continue today.



Prestige Watches



Decline of the Industry

• The two world wars put the American and other 

combatant’s watch industries into decline.

• The Swiss became fully dominant after WWII.

• The quartz watch shifted the center of control to the far 

east and finally made the watch into a commodity.

• There has been a renaissance in watchmaking in the last 20 

years with expensive handcrafted wrist watches leading the 

way and the Swiss are once again dominant.

• For accurate time many now rely on cellular telephones.


