it, spun it, wove it and dyed it until it was
finally ready to sell as cloth. Some spent
more time at their work; some less.
Spinners, for example, were invariably
women; their work had to fit around their
domestic duties and into the hours of
daylight, and as this varied from one day,
and one season, to the next, so inevitably
did the amount of time they had to devote
to their work. The cloth merchants they
worked for did not worry themselves with
how much time the spinners had spent at
the wheel. They simply wanted to know
how much spinning had been done. In
other words, cloth manufacturers
approached their business in just the same
way as farmers: the unit they dealt in was
weight rather than time.

MIND THE GAP
A group of workers
waiting to clock
on at a factory,
circa 1930.

The inventors of machines for accurate timekeeping changed the face of industry
and opened the door to profit. Let’s give them a big hand, says our writer

Q

uarry Bank Mill stands as
one of the best-preserved
and most sign if icant
buildings of the industrial
revolution. Built in the
1780s in a scenic valley 10
miles from the mighty city
of Manchester, the mill
used the River Bollin’s current to power
large machines to turn raw cotton into
woven cloth. The enterprise proved so
successful that it transformed its founder,
Samuel Greg, into Britain’s largest cotton
manufacturer by the time of his death in
1832.
As today’s visitors wander through the
carefully restored mill they might be
forgiven for failing to spot the clocks that
hang on its exterior façade, in each of the
workrooms, in the company office, in the
Gregs’ home. After all, what could be more
obvious than that a large employer should
need to keep track of the time? But when
the Gregs built their mill, the connection
between industry and timekeeping was
anything but obvious. Samuel Greg,
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though, grasped something that many of
his contemporaries missed: the value of
time. Those clocks were not purely
decorative. They were a means of extracting
long and intensive hours of labour from his
workforce. In fact, it wasn’t just the
machines that made him a wealthy man. It
was his clocks, too.
All societies have some sense of time: of
daybreak, of morning, of midday, of sunset.
But throughout most of human history,
time has been experienced in vague and
unmeasured ways. It was only as
civilization spread through parts of the
ancient world that elites tried to track and
measure time by more formal means. The
history of timekeeping begins with the
sundials and water clocks of the great
Babylonian and Egyptian empires of the
second millennium BC, and weaves a path
through the ancient civilizations of China,
Greece, Rome and the Islamic world.
But formal timekeeping was peripheral
to most people in the ancient world.
Sundials only work when the sun is shining,
and water clocks kept time with playful
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irregularity. In any case, few needed to
know the time of day with any degree of
precision. The sun and the changing
seasons were the only means of
timekeeping needed by those who tilled the
land. Seeds were sown when the season and
climate seemed right. The harvest was
brought in when the crops were ripe. There
was no need to read time off a clock in
order to perform activities such as these.
Europe was slow to engage with the
science of timekeeping, but by the end of
the Middle Ages, elites here, too, were
seeking to use technology to keep track of
time. By the Renaissance, Europe’s clockand watchmakers were able to produce
fine, mechanical clocks that lost no more
than a few seconds a day. But just as in the
ancient world, knowledge of the time
simply wasn’t important to most people.
Even in industry, business was conducted
with little regard for the time on the clock.
Take the textile industry. Before the
industrial revolution, merchants bought
raw cotton and distributed it to different
workers who—in their own homes—carded
S P RING
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CLOCKING ON

B

y the 18th century, mechanical
clocks and watches had been
around for nearly 500 years and
constant improvement over that period had
made timekeeping devices cheaper, smaller
and more accurate than ever before. Yet
their radical potential still remained
dormant. Those who could afford clocks
and watches did not need to go to work;
and those who had to work still could not
afford a timepiece. It would take something
much more substantial for the full effects of
this powerful technology to be unleashed
upon society as a whole.
That something came, of course, in the
form of the industrial revolution that began
in Britain at the end of the 18th century. At
the heart of industrialization was a
move towards using large
machines to do work that had
previously been done by
hand. And this switch
ushered in new attitudes to
timekeeping in ways that
simply could not have been
imagined.
Consider, once again, the
spinning of cotton into
thread. A series of
inventions—the spinning jenny,
the water frame, the mule—
rendered the women spinning at
home on their humble wheels
obsolete. As the machinery
grew in size it became
impossible to place it in the
worker s’ home s, so
industrialists like Samuel
G reg bu i l t mo de r n
factories to house their new
machines instead. But
expensive machinery only
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FACTORY SECONDS
From top: a drawing of a
13th-century Islamic water
clock; an ancient-Egyptian
gnomon and sundial; a
16th-century German
workshop (left) and French
table clock (right); a
17th-century gilded English
clock; At the Spinning Wheel,
by Giovanni Battista
Torriglia (1858-1937)
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pays for itself when it is in use, so its owner
needs to establish a regular—and preferably
long—working day. Clocks had been
around for centuries, but now they had a
new function. They were pressed into
service as regulators of the working day.
Quite simply, the owners of expensive,
modern machinery required accurate
timekeeping in a way that the merchants
and middlemen who had preceded them
did not.
The new factories of the industrial
revolution could not have existed without
their clocks. Clocks adorned the front of
the factory; more were hung on the walls of
every workroom. The machines—and the
workers—stopped and started according to
the time on the clock. And as more than
one mill owner discovered to his cost,
nothing stirred up discontent among the
workforce more potently than rumours that
the masters were letting the clocks run slow
through the day.
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mployers needed not only to
establish a regular working day, but
also to ensure that their workers
toiled steadily throughout it. So not just
lateness, but talking, whistling, visiting the
lavatory in pairs—anything that might
prevent the machines from running at
full tilt—became punishable by fines. To
some Victorian commentators, clocks were
starting to look more like a tool of
oppression rather than a means of
timekeeping. Charles Dickens captured
this concern in Hard Times when he
described Thomas Gradgrind’s “deadly
statistical clock”, which “measured
every second with a beat like a rap on a
coffin lid”.
But though the industrial revolution
heralded new attitudes towards
timekeeping, it did not transform them
overnight. Few of the new factory workers
could afford clocks for themselves, so they
were summoned to work by more
traditional means—the “knocker up”,
banging on cottage doors. And most
people did not work in factories at all.
Samuel Greg’s cotton cloth may have been
made in a modern factory, but that cloth
was still cut and stitched into clothes by
seamstresses and tailors working without
machines in their own homes. So, for that
matter, were the clocks themselves. They
may have ushered in the standard working
day, but clocks were made by hand in small
workshops by skilled craftsmen who
worked according to the task in hand
rather than the time it said on the clock. In
S P RING
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Clockwise from left: a portrait
of Samuel Greg of Quarry
Bank Mill, Cheshire, c.1820;
the clock and pressure gauges
on the water wheel at Quarry
Bank Mill; a view of the
engine house, chimney and
north gable end of the mill; a
railway worker changes a
clock to begin Daylight
Savings at Liverpool Street
Station, early 20th century;
an illustration of the rear of a
19th-century self-acting
spinning mule. Inset: gold
open-faced lever pocket
watch, made by Benjamin
Vulliamy, 1847.
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nevitably, some quarters of society
were reluctant to accept the abolition
of their local time. Indeed, even the
railways, which had more need for a
national time than most, were not always
keen to accept the consequences of reform.
In some stations, the clock had two minute
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TEST OF TIME

clock set to GMT on a train leaving
London and requiring all station masters
down the line to calibrate their clocks to it,
but the invention of the telegraph in the
1840s provided them with a more reliable
way of establishing a uniform time. From
1852, a 10 o’clock signal was transmitted
from Greenwich to stations around the
network. Uniformity worked so well that in
1880 the government declared that GMT
was national time as well.

OVER CENTURIES AN
DIFFERENT CULTURE OF
ENTIRELY
TIMEKEEPING HAD EVOLVED IN JAPAN
fine, Victorian Britain was a nation of
contrasts.
Although timepieces were becoming
ever more reliable, one matter remained
unresolved: to what time should they be
set? The time of midday varies as one
moves longitudinally around the globe, so
that even in a relatively small country like
Britain there is effectively a time difference
of more than half an hour between the
country’s far eastern and far western edges.
Before the development of fast longdistance communication, it really
didn’t matter if eight o’clock in
WHEEL STEADY
Penzance occurred 20 minutes
after it had taken place in
Charles Nelson, a
Norwich. The travel time
“knocker-up” in
Hoxton, London for
between the two towns was days,
25 years. Top:
so the people of each could sit
spinning cotton with
down to breakfast at slightly
travel were to be realized,
self-acting mules,
different times without anybody
the various different
created by Richard
being too inconvenienced.
companies would have to
Roberts, 1825.
With the spread of the
share each other’s track.
railways, however, small differences did And with expensive rolling stock moving
start to matter – though not because the around the rails, even small discrepancies
people of Norwich and Penzance as yet in operating times could have catastrophic
needed to synchronize their activities. The consequences.
Victorian railway was a paragon of private
The Railway Clearing House proposed a
enterprise, with dozens of separate solution in 1847 by setting Greenwich
companies each building their own tracks Mean Time as standard across the rail
and trains. Of course, it soon became network. The rail companies initially
apparent that if the full potential of rail achieved this standardization by putting a
SPRING
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hands: one set to railway time; the other to
local time. But the spread of telephones at
the turn of the century and the creation of
a national radio network—the BBC—in the
1920s was enough to convince the
remaining sceptics of the advantages of
clocks with just one minute hand. The BBC
began transmitting a time signal before the
evening news bulletins in 1922. It was
initially a rather amateur business, with the
announcer looking at the studio clock and
striking some tubular bells when he thought
it had reached the hour. But the service was
sufficiently popular to convince the director
general to invest in something slicker. In
1924 a landline was set up between the
BBC and Greenwich. Henceforth the hour
was broadcast by six pips starting five
seconds before the hour, the sixth ending
exactly on the hour—a now-iconic sound.
At the same time, new ways of making
clocks made them cheaper than ever
before. When in XXXX the Waltham
Watch Company in America replaced
skilled craftsmen with semi-automatic
machinery, they reduced the time it took to
make a watch from 21 days to four. The
price of their watches soon came tumbling
down, too. And when this happened,
clocks and watches, which for centuries
had been a luxury item enjoyed only by
elites, became something that the masses
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nce production had moved over to
assembly lines, not only did
k nowledge of ti me a l low
manufacturers to run their machines more
efficiently, it also permitted them to run the
people operating them more efficiently too.
The “time studies” of Frederick Winslow
Taylor in XXXX and mass-production
techniques of Henry Ford, fully introduced
in 1913 (chk), involved using a stopwatch to
time each component part of a job and
then rearranging the parts into the most
efficient method of working. As such, the
humble stopwatch played a powerful role in
pushing up productivity throughout the
manufacturing sector. By the 1930s, the
productivity gains were so large that
observers started to speculate about where
it would all end. Surely, John Maynard
Keynes mused, workers would soon be able
to complete their work in a fraction of the
time it currently took them? Keynes
foresaw a drastic reduction in working
hours as machines took over the work and
workers opted for leisure instead,
concluding that working hours might fall as
low as 15 hours a week by 2030.
With the move over to mass production,
the factory clock became more important
S P RING
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The discovery of quartz crystal
oscillators in the 1920s marked a leap
forward in terms of precision
timekeeping. Accurate to within one
or two thousandths of a second per
day (the best pendulum clocks kept
time to only about a tenth of a second
a day), the quartz clock was nothing
less than a revolution in the history of
timekeeping. Initially, the new
counting electronics were housed in
bulky vacuum tubes. Their price and
size limited their use to theoretical
research and laboratory settings. By
the 1960 s, however, cheap
semiconductor digital logic led to
steep falls in production costs and
enabled their miniaturization for
commercial use. Within a couple of
decades, the quartz crystal clock had
swept all before it. The technology
could be found not just in clocks and
watches, but also in kitchen timers,
navigation systems, locks, munitions
fuses, computers and countless other

A

In addition to conventional
clocks, factory owners were
starting to invest in the
newly-invented time-card recorders.
These recorders were developed by
Willard LeGrand Bundy in the
United States in the 1880s and used
cards and time stamps to keep a
record of when each employee

OVER CENTURIES AN
DIFFERENT CULTURE OF
ENTIRELY
TIMEKEEPING HAD EVOLVED IN JAPAN
C U LT U R E C L U B / G E T T Y I M AG E S ( ST E E L M I L L ) ; S S P L / G E T T Y I M AG E S ( ATO M I C C L O CK )

From top: a Ford Model A on
the assembly line, 1928;
Henry Ford (left), c.1945, in
the fi rst Ford car; a Ford
Magneto assembly line at
Ford Motors, 1913 (right); a
woman using the time clock at
the Mare Island Navy Yard;
the IBM Standard Dial
Recorder (left); punch cards
(right); a Junghans AstroChron quartz desk clock,
1967. Opposite page:
illustration of men at work in
a factory, by L. Glinndwin
from The Wonder Book of
How It’s Done, from the early
1950s (top); a Caesium
atomic clock, 1955.

than ever. Factories such as the
Lever Brothers’ Port Sunlight soap
factory in Cheshire or the great
John Player and Son’s cigarette
works in Nottingham were not
using processes that required
advanced timekeeping, but they
nonetheless spent large sums on
electrical clocks and bells. Out
went the old hand-wound
mechanical clocks. Modern
factories invested in the latest
electrical “slave clocks”, each
showing exactly the same time
throughout the works.
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TOP OF THE LINE

could use as well.
As timekeeping became affordable for
all, its impact became far more widely felt
throughout the economy. In industry, for
example, cheap and reliable timers and
stopwatches allowed manufacturers
fundamentally to rethink the way that
goods were made. Rather than have one set
of workers make an item from start to
finish, the assembly line, introduced in
Britain in XXXX, kept workers stationary
at one point in the production process and
passed the partially worked goods before
them. Timers were used so that the goods
passed through at the right pace. In the
metal industry, from XXXX the
continuous wide-strip rolling mill
(punctuation?) ended the need to take
partially worked metal out of one machine
repeatedly and feed it into the next: a thick
coarse ingot was fed into the machine and
flattened into a smooth sheet in one
continuous process. As the metal is
progressively worked, the speed of the
rollers needs to change—a task that can
on ly be ach ieved with accurate
timekeepers. Elsewhere, timers were
developed to switch on and off separate
parts of the machines. They proved to be
both more reliable and cheaper than their
human counterparts.

entered and left the works. In addition to
simplifying the task of recording the pay due
to each worker, they also provided employers
with a means of measuring the productivity
of individual workers. In the early twentieth
century, Bundy’s time-clock business merged
with a company specializing in punch-card
technology, and in 1924 the company was
renamed International Business Machines.
IBM pioneered the use of punch-cards and
timekeeping devices to assist businesses in
the management of people and information.
The company steadily expanded its range of
timekeeping products: job recorders, dial
recorders, recording door locks, time stamps,
traffic recorders, and time-control systems
for schools were just some of the devices they
marketed in the first half of the 20th century.
No less importantly, IBM’s research and
development in timekeeping and punchcards fed into the development of computers
in the second half of the century.
And as companies like IBM realized, it
was not just factories that needed to keep
track of the time. The same was true of any
SPRING
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organization with deadlines to meet and a
workforce to manage. The Daily Mirror
installed a system of electric clocks at the
turn of the century to ensure its papers were
published on time. The General Post Office
installed clocks in all its branches to assist in
the punctual delivery of the post. Bus and
tram companies purchased time-clocks to
check that their vehicles left the depot on
time. Government departments, universities,
schools, hospitals, prisons, department
stores, shops, banks, insurance companies—
all were investing in the latest electric clocks
and time-clocks. In the 20th century, modern
business meant time management.

devices that keep time. In the past 20
years, the growth of mobile phones and
GPS tracking systems have provided
demand for quartz clocks from a new
quarter. Our appetite for cheap and
portable timekeeping technology is now, it
seems, completely insatiable.
The technology of timekeeping does not
stand still. In the second half of the
twentieth century, precision timekeeping
reached new heights with the invention of
the caesium atomic clock. Our most recent
atomic clocks will remain accurate to the
second for at least 20 million years. This is a
degree of accuracy far beyond the
requirements of most individuals and
industries and such devices are reserved for
specialist use in navigation, the military,
space exploration, and theoretical research.
But if the age-old conundrum of telling the
time is now largely solved, that of what we
do with it is anything but. Keynes’s 15-hour
week has obviously not come to pass. While
we have mastered the art of measuring
time, we still don’t have enough of it. 
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