
Most of us are obsessed with 
time, always racing against the 
clock and trying to squeeze 
more out of a minute. The 
invention of the clock—and the 
history of timekeeping—tells the 
story of how human societies 
moved away from simple living 
and adopted the hectic, modern 
lifestyles we know today.  
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The World’s 
Favorite Clock?
The glockenspiel [GLOK-in-
shpeel], or chiming clock, in 
Munich, Germany, is one of the 
most beloved clocks in the world. 
At specially appointed hours, 
different tunes play on the clock’s 
forty-three bells. Meanwhile, tiny 
characters emerge from the clock 
and enact different scenes—a 
jousting tournament, a wedding, 
or a popular folk dance. Ever since 
the chiming clock was added to the 
town hall’s tower in 1907, tourists 
from all over the world have 
traveled to Munich to watch this 
magical and mechanical display.
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A Frantic Pace 
precise beginning and ending times. 

Digital clocks are everywhere—on cell 

phones, laptop computers, microwaves, 

car dashboards—constantly flashing the 

time. But even with these constant 

reminders of the time, most of us feel 

like we’re always running late . . . to 

catch a plane, to meet a friend, to 

make it to practice. 

Travelers in Shanghai, China, 
try to get to their destinations 
on time.

If people from past centuries could 

step into a time machine and travel 

to one of today’s cities, they would 

be stunned by the hectic pace of 

modern life. The alarm clock goes 

off at 6:15 a.m. The bus, subway, or 

train arrives at 6:45. The first school 

bell rings at 7:20. Lunch period, study 

period, soccer practice—they all have 

2
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Olympic athletes can win 
or lose by a margin of 
one 1,000th of a second.

The history of clocks is more than 

what it seems on the surface—it’s 

also the story of how human culture 

transformed from its simple, ancient roots 

into the busy, modern societies we know 

today. As lives became more densely 

packed with activity, more accurate 

timepieces were developed to help people 

keep track of their hectic schedules.

People didn’t always live at such a 

frantic pace. In fact, early civilizations 

didn’t even have an accurate way to 

tell time. Humans began measuring 

time between 5,000 and 6,000 years 

ago. Since modern humans have 

been around for roughly 190,000 

years, this makes timekeeping 

a relatively new human 

advancement.

3
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The First Timekeepers
Time never stops moving forward, and 

it’s easy to observe its passing. Day 

turns into night; the seasons change; 

friends and relatives grow older. Last 

year’s events recede into the past and 

become memories. Ancient people 

made these same observations. They 

also understood that the most obvious 

and immediate way to observe the 

passing of time was by measuring what 

they believed was the movement of the 

sun. (Today, of course, we know that 

it’s Earth that moves, not the sun.)

Archaeologists believe that between 

5,000 and 6,000 years ago, civilizations 

in the Middle East and North Africa 

needed to organize time because 

of the demands made by their 

sophisticated governments and formal 

religions. People needed to start 

measuring time to know when to hold 

ceremonies, to keep track of business 

transactions, and for farming purposes, 

such as planning how and when crops 

would be planted and harvested. These 

early civilizations used “sun clocks” to 

divide the day into parts. Unfortunately, 

this technology was lost when these 

ancient civilizations fell into decline.

The ancient Egyptians were the 

next great civilization to take time 

seriously. Around 3500 bce, they began 

constructing huge stone pillars called 

obelisks in strategic places throughout 

the land. Obelisks had four flat sides 

that tapered to a point as they rose 

skyward. The shadow cast by the 

pillar moved throughout the day as 

Earth’s position changed in relation 

to the sun. In this way, the shadow 

acted as a type of clock, helping 

people to measure time passing. Later, 

markers were added around the base 

of the pillar to show more specific 

subdivisions of time.

By 1500 bce, Egyptians had 

improved on the principle of the 

obelisk. Sundials worked just like 

obelisks, except they used smaller 

vertical sticks to measure the movement 

of Earth in relation to the sun.

4
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By looking at the 
shadow cast by the tall 
central obelisk, ancient 
Egyptians were able to 
measure the passing of 
units of time.

5
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Water Clocks

There were a couple of major 

problems with using Earth’s movement 

in relation to the sun to tell time. 

First of all, this method doesn’t work 

at night. Second, it doesn’t work well 

in cloudy, northern climates. To solve 

this problem, around 1400 bce, the 

Egyptians found another way to use 

motion to mark time: the water clock, 

or clepsydra [KLEP-sih-druh]. A person 

could tell time using a water clock by 

observing markings on the clock. In  

one type of water clock, a container  

was filled with water and then slowly  

and evenly drained. A user could  

tell how much time had passed by 

observing how much water had drained 

out of the container.

In 325 BCE, the ancient Greeks 

made an improvement to the water 

clock. In the Greek version, water 

dripping into a container raised a 

float. As the float rose, it turned a 

toothed wheel with a pointer to mark 

the hours.

Different versions of water clocks 

were used in many different societies. 

Egyptians, Greeks, Romans, Arabs, 

Chinese, and Native Americans, 

among others, all used water clocks. 

Indeed, water clocks were still used 

in Europe as late as the 16th century. 

Unfortunately, the flow of water can be 

affected by changes in temperature and 

humidity. Because the flow of water 

cannot be perfectly controlled, water 

clocks are unreliable.

The word clepsydra 
comes from two Greek 
words: kleptein, which 
means “to steal,”
and hydor, which 
means “water .”

Greek Terms

6
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The Greek 
water clock

Float

stopper to control flow

water supply
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Basic Parts of Clocks

All clocks have two basic 

components: an action, or movement, 

and a way of using this movement 

to track the passing of time in equal 

increments. With the obelisk and 

sundial, the “action” is the movement 

of a shadow cast by the sun. In 

the water clock, the action is the 

movement of water; in the hourglass, 

the action is the movement of sand. 

In addition to measuring the 

movement of the sun’s shadow, 

water, and sand, ancient people as 

far back as the Egyptians also used 

burning candles to measure time. 

People marked intervals along the 

length of a candle to help them keep 

track of time as the candle burned.

Candle clocks had one advantage over 
sundials, water clocks, and hourglasses: 
they could be used as alarm clocks . People 
could push a nail into the wax at a specific 
interval . Then, when the wax melted down 
as far as the nail, the nail would drop into 
a pan below the candle and make a noise 
loud enough to wake the person up . Since 
an unattended candle is a fire hazard, 
candle clocks eventually fell out of favor .

The First Alarm Clock

Candle alarm

8
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None of these early clocks kept 

terribly accurate, or universal, time. 

For instance, the intervals around 

an obelisk or sundial varied from 

place to place, as did the intervals 

used to mark time in a water clock. 

Hourglasses and candles of different 

sizes measured time differently.

On the other hand, unlike today, 

early societies had little need for 

accurate time. Most of these cultures 

were still centered on farming. 

People’s work habits were dictated 

more by the rising and setting of 

the sun and the changing of the 

seasons than by a specific time of 

day. Unlike modern societies where 

being five minutes late for a test or 

an appointment can cause a person 

serious grief, in ancient societies, 

people needed only a general idea 

of the time.

Though the date of its invention is 
unknown, the hourglass works on 
the same principle as the water 
clock. The only difference is that 
the hourglass measures the gradual 
flow of sand instead of water.

Hourglass

9
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Striking the Hour: Mechanical Clocks
Farming societies became less common 

in Europe in the Middle Ages after 

rapid population growth led to the 

founding of new towns and cities. 

The first town to have a public 
clock was Milan, Italy, around 
1330 CE. The clock struck a very 
large bell in this bell tower 
every hour, day and night.

As society became more urban—

centered in towns and cities—people 

began needing more accurate ways 

to gauge a day’s passing. More 

accurate timekeeping made it easier 

for merchants and craftspeople to 

meet and conduct business. Without 

more precise methods for telling 

time, a worker delivering stones to a 

construction site might have found that 

all the workers had gone to lunch. As 

people’s lives became busier, devices 

that provided only a rough idea of 

the time were no longer acceptable.

10
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As the weights were 
pulled down by gravity, 
the wheel turned in a 
slow, regular manner. A 
pointer attached to the 
wheel marked the hours.

Escapement system

During this time of transition, 

churches in towns and cities were the 

biggest funders of clock technology. 

The clergy had a need for accurate 

clocks because they observed strict 

prayer times. Churches also had 

the money to educate and pay 

clockmakers. First these clockmakers 

tried to invent a wheel that would 

complete one revolution per day. Even 

though they achieved this feat, the 

wheel still moved irregularly—speeding 

up or slowing down, gaining hours or 

dropping them.

Finally, in about 1275, clockmakers 

developed escapement, an arrangement 

of gears, wheels, and weights that 

regulated the turning of the main 

wheel and enabled a clock to keep 

more accurate time. After this 

invention, most churches had a clock 

that chimed the hour for all to hear. 

Finally an entire town could know 

the time by counting the number 

of chimes.

Latin was the language 
used in early European 
churches . The Latin 
word for bell is clocca, 
which explains how 
“clock” got its name .

Latin Names

Adjustable
weights

Crown
wheel
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Early Clocks with Escapement

Early clocks that used escapement 

were considered “good” if they gained 

or lost no more than a half hour 

throughout the day. Just like the 

obelisk, however, the church clocks 

were located in public places and were 

not portable. If you were too far away 

from town to see the clock or hear 

the bells, your only option for telling 

time was the same one ancient people 

had used for thousands of years: 

glance at the sky and estimate how far 

Earth had moved in relation to the 

sun. Only people living close to town 

benefitted from the new clocks. 

The inventor of the first portable 
timepiece was a locksmith from 
Nuremberg, Germany, named 
Peter Henlein . Because these 
clocks were usually round or oval 
in shape—and also because the 
German word for “little clocks,” 
Ueurlein, is similar to the word for 
“little eggs,” Eierlein—they became 
known as “Nuremberg eggs .”

Nuremberg Eggs

12
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Between 1500 and 1510, a huge 

advancement in clock technology 

connected people even more strongly 

to time. Clockmakers created the 

spring-powered clock, which eliminated 

the need for weights. A person would 

use a tool to wind a spring in this 

type of clock, and the spring would 

then slowly unwind and turn gears to 

move the clock’s hands and keep track 

of time. Without the weights, clocks 

became smaller and portable. Suddenly, 

time was something an individual could 

own. Unlike with the obelisk or church 

clock, these new clocks could be inside. 

They could stand on tables, move from 

room to room, or even accompany 

a traveler on a journey. This spring 

technology also made the pocket 

watch possible. People who could 

afford them wore these first pocket 

watches around their necks. These 

personal watches were both status 

symbols and fashion statements, in 

addition to being necessary tools for 

keeping accurate time.

Pocket Watches 

A man around 1558 
holding a watch

13

LLI_1288_T_Clocks_I_PPDF.indd   13 1/6/14   2:45 PM



In Italy in the late 1500s, a scientist 

and inventor named Galileo Galilei 

[ga-lee-LAY-oh ga-lee-LAY] was working 

on some ideas that would permanently 

change clock technology—and usher 

in the modern age. In 1582, when 

Galileo was a young man studying in 

the town of Pisa [PEE-zah], he noticed 

some chandeliers gently swinging 

from a church ceiling after a breeze 

had passed through the building. He 

observed that the movement back and 

forth was always the same. In other 

words, the swinging chandeliers never 

lost momentum. On each swing, they 

rose to the same height on both sides.

Using his own pulse, Galileo timed 

the swinging chandeliers. Back home, 

he experimented with swinging weights 

until he had invented the pendulum, 

a weight hung from a fixed point 

that swings freely back and forth. 

A pendulum doesn’t experience any 

resistance or friction while swinging, 

so its movement remains steady and 

constant. Thanks to this discovery, the 

regular beat of a pendulum became 

the most accurate way to regulate the 

movement of the wheels and gears in 

a clock. 

The Pulse of Time

Cycloid curve

14
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For a pendulum 
to keep truly 
accurate time, it 
needs to swing 
in a curve called 
a cycloid.
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From decorative wall clocks came 
the long-case or “grandfather” 
clock, which often stood taller 
than a person and was passed 
down through families from 
generation to generation.

Putting the Pendulum to Work 

Over the next century, clockmakers 

put the idea of the pendulum to work, 

adding pendulums to clocks’ interior 

mechanics and creating better and 

more accurate timepieces. Soon, clocks 

became increasingly decorative—in 

addition to being functional—and were 

more like pieces of furniture. In 1656, 

a clockmaker had the idea of using 

a shorter pendulum in his timepiece. 

Then he encased his clock in carved, 

polished wood, and hung it on the 

wall. 

Though pendulum clocks were the 

most accurate timepieces yet, there 

was still a problem. In the summer, 

when the air was warmer, pendulums 

expanded—causing the swing to be 

longer, and the clock to run slow. 

The reverse was true in the winter, 

To improve the pendulum clock’s 
accuracy, George Graham added 
a small column of mercury—a 
substance that expands in the heat 
and contracts in the cold—to the 
lower end of the pendulum rod . 
This mercury column compensated 
for the changes in the pendulum 
length during temperature 
variations and kept the pendulum 
movement constant .

Mercury Pendulum

when cold air contracted the 

pendulums, shortening their swing 

and making the clocks run fast. 

Finally, in 1721, a clockmaker 

named George Graham improved 

the clock’s accuracy to within a 

second per day by adjusting for 

these temperature variations.

Though clocks had become better 

at keeping time, all these accurate 

clocks still had to be set, and each 

town or city set its own time based 

on high noon, the time when the 

sun is directly overhead. The problem 

was that, because of Earth’s rotation, 

high noon occurs at different times in 

different places. For example, two towns 

separated by only a few miles would 

have slightly different local times.

16
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On November 18, 1883, at exactly 
noon, American and Canadian railroads 
began using four continental time 
zones. Today there are eight time 
zones in North America.

Every town having a slightly different 

local time wasn’t a huge problem until 

the mid-1800s, when railroads began 

shortening travel times between places. 

Since the sun appears to move from 

east to west, a city a few miles east 

would mark noon first and remain 

ahead of western cities. Communities 

that were miles apart were also 

minutes apart. All these different local 

Riding the Railroad 

times caused a scheduling disaster for 

railroads. In major cities around the 

world, train timetables listed dozens of 

different arrival and departure times 

for the same train, each linked to a 

different time zone. Finally, the railroads 

took action, dividing the world into 

specific time zones. That way, people 

were able to keep track of the time in 

towns other than their own.

18
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Managing Time
In the newly industrial world of the 

1800s, time was more important than 

ever before. Time was money, and 

people lived their lives by the factory 

whistle, the clock at the railroad 

station, and their own pocket watches.

As technology advanced, so did 

clocks. By the late 1920s, quartz-crystal 

technology—originally developed for use 

in radios—became popular. A quartz 

crystal vibrates at a highly regular rate 

when excited by an electric current. 

This vibrating crystal creates a constant 

signal that precisely measures time. 

Almost every computer in use today 

has a quartz-crystal clock that helps 

regulate its operation.

19
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The vibrating crystal 
charges a battery, which 
turns the clock gears.

Because quartz-crystal technology 

is so inexpensive, timepieces are 

everywhere. We work “around the 

clock” or “against the clock” to 

accomplish our many tasks in even less 

time, always trying to be more and 

more productive. We make “to-do” lists 

and schedules in an attempt to try to 

manage what little free time we have. 

But knowing the time does not 

change the fact that it is always 

moving forward.

Despite the invention of an accurate 

quartz-crystal clock, the search for even 

more precise timekeeping methods 

continued. The atomic clock, developed 

in the late 1940s, was even more 

Quartz and Atomic Clocks

accurate than the quartz-crystal clock. 

Atoms are not motionless. Instead, 

their particles move at a regular 

rate. The atomic clock functions 

by measuring the frequency of the 

particles’ movements. 

Cesium is the metallic element most 

often used in atomic clocks. Cesium 

atomic clocks work by exposing cesium 

atoms to microwaves until they vibrate, 

then counting the vibrating cycles as 

a measure of time. These clocks have 

an accuracy rate of better than one 

nanosecond (billionth of a second) per 

day—which means these clocks lose or 

gain at most a nanosecond during any 

24-hour period. 
 

Quartz crystals

This clock displays 
the local time in cities 
around the world.

2020
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an accuracy rate of better than one 

nanosecond (billionth of a second) per 

day—which means these clocks lose or 

gain at most a nanosecond during any 

24-hour period. 
 

Quartz crystals

This clock displays 
the local time in cities 
around the world.
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A Search for Precision

accurate clock ever created, scientists 

continue to search for even more 

exact time-telling devices, since keeping 

precise time is crucial to many fields of 

science and technology. For example, 

engineers use nanoseconds to measure 

a computer’s speed. Medical researchers 

use milliseconds (thousandths of a 

second) to measure the speed of 

messages traveling through the 

human nervous system. 

The atomic clock is so incredibly 

accurate that its invention changed 

the very definition of a second. 

Before 1967, a second was defined as 

1/86,400th of an average day. After 

1967 and the invention of the atomic 

clock, a second was defined as the time 

required for cesium to move through 

9,192,631,770 vibration cycles. 

Though the cesium 

atomic clock is the most 

The first atomic 
clock was 
constructed 
in 1949.
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The Future of Time
In today’s world, clocks regulate 

everything from navigation systems and 

cell phones to electrical grids and 

traffic lights. Without the atomic clock, 

the Internet would not synchronize, 

and the position of the planets would 

not be known with enough accuracy to 

launch space probes. 

Yet most people have mixed feelings 

about time. “Life is short!” people say. 

“You can sleep when you die.” But many 

things—a talk with a close friend, a visit 

with a relative—can take longer than 

anticipated. Sometimes over-scheduling 

causes us to become so overwhelmed 

by all the things we have to do that 

we put off important tasks. Perhaps it’s 

time to accept the fact: no matter how 

accurately we learn to tell time, humans 

will always wish for more of it. 

The “Black Watch” of 1975 was one of the first 
digital watches ever produced. It was a technical 
disaster. Because of temperature differences, it 
ran at different times in the winter and summer, 
and it had a battery life of just ten days. By 1976, 
more reliable digital watches were being 
produced, and some of them were 
priced at less than $20.
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The Timeline of Time

3500 BCE

1500 BCE

1883

1928

1967

1400 BCE

325 BCE

1275 CE

1500–1510

1582

1656

1721

Ancient Egyptians build obelisks.

Ancient Egyptians develop sundials.

Ancient Egyptians develop water clocks.

Ancient Greeks improve on water clocks.

Escapement leads to mechanical clocks.

Spring-powered clocks become 
smaller and more personal.

Galileo Galilei develops the pendulum.

Clocks with shorter pendulums are made 
into pieces of furniture.

George Graham makes clocks more accurate 
by compensating for temperature changes.

Railroads in the United States and Canada 
split regions into different time zones.

Quartz-crystal technology begins to 
dominate the clock market.

The world redefines the second based 
on the cesium atomic clock.

1976
1975

1988
2013

“Black Watch” introduced.

Calculator wristwatches released.

The “Indiglo” night-light, which illuminates 
an entire watch face, is patented.

Several companies release “smartwatches,” 
which have some of the same capabilities
as smartphones.
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Glossary
atomic (uh-TOM-ick) adj., of or relating to 
atoms, which are the smallest particles of a 
chemical element that exist

cesium (SEE-zee-um) n., a soft, silvery-gold 
metal with a melting point of 82°F (28°C) that 
is most often used in atomic clocks

clepsydra (KLEP-sih-druh) n., a water clock 
invented by the ancient Egyptians

cycloid (SY-cloyd) n., the curve made by a 
point on the rim of a circular wheel as the wheel 
rolls along a straight line

escapement (ess-CAPE-ment) n., an 
arrangement of gears, wheels, and weights that 
powers a mechanical clock

friction (FRICK-shun) n., the force that 
causes a moving object to slow down when it is 
touching another object

increments (IN-creh-ments) n., amounts 
gained or added; regular additions

millisecond (MILL-uh-seh-kend) n., one-
thousandth of a second

nanosecond (NAN-oh-seh-kend) n., one-
billionth of a second

obelisks (AH-bell-isks) n., tall stone pillars 
used to tell time based on the movement of 
the sun

pendulum (PEN-jull-uhm) n., a weight hung 
from a fixed point that swings freely back 
and forth

quartz (KWORTS) n., a mineral and type of 
crystal found in Earth’s crust

sundials (SUN-dye-uhls) n., devices that show 
the time of day from a shadow cast on a marked 
plate by an object with a straight edge

urban (UR-ben) adj., centered in towns 
and cities
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urban (UR-ben) adj., centered in towns 
and cities
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The World’s 
Favorite Clock?
The glockenspiel [GLOK-in-
shpeel], or chiming clock, in 
Munich, Germany, is one of the 
most beloved clocks in the world. 
At specially appointed hours, 
different tunes play on the clock’s 
forty-three bells. Meanwhile, tiny 
characters emerge from the clock 
and enact different scenes—a 
jousting tournament, a wedding, 
or a popular folk dance. Ever since 
the chiming clock was added to the 
town hall’s tower in 1907, tourists 
from all over the world have 
traveled to Munich to watch this 
magical and mechanical display.
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Most of us are obsessed with 
time, always racing against the 
clock and trying to squeeze 
more out of a minute. The 
invention of the clock—and the 
history of timekeeping—tells the 
story of how human societies 
moved away from simple living 
and adopted the hectic, modern 
lifestyles we know today.  

The Test of Time 

ISBN-13: 978-0-325-04079-0
ISBN-10: 0-325-04079-6
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