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The bhirth of the measurement of time

For thousands of years, Man has subscribed taathef time dictated by the periodicity of
the different natural and astronomic phenomenaémiting their direct environment.
However, the need to daily space-time incited Marcreate better and better measuring
instruments.

Created over 10,000 years ago, the gnomon (figyd9 most certainly the oldest time
measuring instrument.

It was used in Egypt 3,000 years before our tine the Chinese used it in 2,400 B.C. It is
comprised of a vertical element whose shadow cast the sun varies depending on its
position in relation to the sun.

More well developed than the gnomon, the sundial lma horizontal (figure 2) or vertical
(fig 2'). It also works with the complicity of theun. After the Egyptians, the Greeks and the
Romans used the sundial. The sundial continuecetased until the Middle Ages and the
Renaissance.

Other instruments had the benefit of being ablbeased to measure time when there was
no sun:

- the clepsydra (fig. 3), comprised of a calibratedrfel indicating the hours of the day as
the water drips away,

- the time candle (fig. 4),

- the hourglass (fig. 5).

Fig. 1 Fig. 2’
Fig. 3 Fig. 4
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Ref.: Ecole Technique de la Vallée de Joux
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Hand + moon = 60

By observing the sky and the first visible plarekgercury, Venus, Mars, Jupiter and Saturn
— Sumerian astrologist-astronomers created the lunanths. For simple calculations they
used their fingers.

The sky divided the year into the 12 lunar pha3éss is why we count time in so many
diurnal and nocturnal hours, divided into 60 minuigsch one counting 60 seconds.

But why 607

We owe this system to the Sumeriamgo created it 2500 year ago. This people, skttle
between the Tigris and the Euphrates, were the tirglivide the day into 12 hours each
equivalent to 2 of our modern hours. This systers nat adopted in Europe until the end of
the 13" century with the introduction of the clock!

Sumerian mathematics and astronomical science wasloped enough to leave the
universal 10 base of 10 fingers to adopt (inveme) sexagesimal system based on 60.

As the Sumerians lived under a completely theacssytstem, they attributed the sexagesimal
system to a mystic-cosmic origin: by multiplying thumber of the five known planets —
Mercury, Venus, Mars, Jupiter and Saturn — by thelte lunar months: 5 x 12 = 60. The
attentive observation of the sky enabled the Samexrstrologist-astronomers and priests to
observe that the lunar months were not completglyake They varied between 29 days and
6 hours and 29 days and 20 hours. The Sumeriansndichave a precise enough time
measuring instrument, but by counting months atda9s, alternatively with months of
30 days to give a total of 354 days per year, thieserved an annual deficit of 11 days that
they compensated for with an extra month everyetiggars, in order to stay in time with the
seasons. They established the average year at ®@)ahd divided the flat and round earth
into 360 degrees subdivided into 60 minutes andeg@®nds. Which is still in use today for
our arc and angle calculations as well as for det@ing geographic points.

For the Sumerians, like for any pensive race, thadhremained the first “calculator".
Today, hands, fingers and phalanx are still usea¢dant figures and numbers by various
Asian communities and European traders.

The Sumerians used the 12 phalanxes of the fogerBnof their right hand, without the
thumb. Dozens were counted on the five fingernseokefft hand, 12, 24, 36, 48, 60.

Sixty, divisible by the first 6 numbers, also niet talculation needs of traders as well as
builders and astronomers by establishing the liekngen the hand and the sky.

And it was again in Babylon where, during tH¥ gillennium B.C., mathematical science
with the position numbering, which assigns a vabfieone unit, a tenth, a hundredth, a
thousandth, etc. to a figure, according to the posithat it occupies in the number. For
example, 555: 5 hundredths, 5 tenths and 5 units.

It was not until three thousand years later tha¢ tBuropean Middle Age ({'3century)
adopts, with the Indo-Arabic figures, the positionmbering at the same time as zero,
invented in India and promoted by Muslims and tlest culture as it was decreed as devil
like by the Church of the Crusades...

Gil Baillod / Montres Passion (April 2004)

! People that settled in the valley of the Euphrates



Figures

The figures that we usthe Arabic numeralsyere introduced to Europe in the™€entury
by Pope Sylvester Il. Their exact origin is not Yumo Their name is used simply because it
is the Arabs who gave us our written decimal nunslystem.

The Hebrews, the Greeks and the Romans used l&teepresent their numbeRoman
numeralsare still used for certain specific uses:

=1,
V=5,
X =10,
L =50,
C =100,
D =500,
M = 1000

These letters are combined as follows: any letlacqul to the right of another of equal or
greater value is added to this other letter; wHanqal to the left of a letter of a greater value
it is subtracted from the other letter.

Mechanical instruments
In the 13" century Man began buildirthe first mechanical clockswhich are powered bg
weight.

In the 18" century,the spring made its appearance. It enabled the construcfigromable
instruments.

In 1657, Huygerfsbecame the first to design and build a time pisbese precision was
given bya pendulum This became known as teecapemensystem.

In 1673, Huygens also inventélge spiral which, connected ta balance would go on to
become the regulator for all mechanical clocks.

Around 1950,the tuning fork for short time, therthe quartz andthe atom became the
regulators enabling research on precision to beathéerward.

Ref.: Ecole Technique de la Vallée de Joux

% Christiaan Huygens: Dutch physicist, mathematiciad astronomer 1629-1695



The Revolution in the Measurement of Time
(1793 — 1805)

The Revolution measures its time

Conquering time

The rationality of the new calend&system developed by man to logically count thgsda
weeks, months and years, while staying in line witie main directly observable
astronomical phenomena, concerning mainly the iposaf the sun in space and, possibly
that of the moonyirew on two principles; “matching the republicanayewith the celestial
movements” and also “measuring time through moreacéxand more symmetrical
calculations” while applying the decimal systemfasas possible. Thus, “reason wants us
to follow nature rather than slavishly drag oursedvover the mistakes made by our
predecessors”, “in the future, the year shall stattmidnight, the day of the true equinox of
autumn for the Paris observatory”. The year is coisgd of 12 months of 30 days each
instead of being shared “in unequal months of 28, 3L days”. The last five days of the
year form a special “corpus”. Every four years wieai add a day at the end of the year,
from the third year of the Republic, “as far asniscessary in order for the republican year
to fall into line with the celestial movements”.

The months are divided into three equal parts, e#d® days, instead of weeks that “don’t
exactly divide the month, the year or the lunar theh The implantation of the decimal
system is also advanced even further. The oldidiviei hours and minutes was irrational
and “made calculations difficult”. From this poirforward, the day shall be divided into
10 hours, each hour irtenths, and each tenth ihundredths.

As such, the year shall be comprised of :

- 12 months and 5 days,

- 36 and a half decades,

- 365 days,

- 3,650 hours,

- 36,500 tenths of an hour, and

- 365,000 hundredths of an hour.

According to Bronislaw Baczko, Professor at the udrsity of Geneva/Revolution in the
measurement of time



Republican hour

Adoption of a decimal division of the day

At the session on 5th October 1793, the nationaiv@ntion adopted a new division of the
day proposed by Gilbert Romingd" September, as part of the calendar reformation

The day, midnight to midnight, is divided into fearts, each part in ten others, and so on
and so forth, until the smallest measureable pérthe duration. This article shall only be
compulsory for public acts from the first monthhad third year of the Republic.

The definitive decree of the national Conventiorttendivisions of time and their inventory,
dated 24th November 1793, specifies under artieees:

The hundredth part of the hour shall be called dieeimal minute; the hundredth part of the
minute shall be called the decimal second.

Two major reasons dictated the choice of a decinoailr system: a concern on rationality
and a desire for uniformity. While the reformatiohthe calendar arose in a passionate
context which expresses, above all, the hatrech@fQld Regime and anticlericalism, the
reformation of the hour appeared to be the restila thought process within the scientific
community that had been looked at over severalsyear

Forty years earlier, the author of the article Dewl of the encyclopaedic dictionary of
Diderot* et d’Alembert wanted all divisions, for example division of fhgund, the penny,
the fathom, the day, the hour, the minute, etdeadalivided10 by 10; this division would
make calculations much easier and more convenamd, would be far preferable to the
arbitrary division of the pound into 20, the perinjo 12 deniers, a day into 24 hours, an
hour into 60 minutes, a minute into 60 seconds.

The inconvenience of the sexagesimal division & dhlculations is also highlighted by
academics, forming the Commission of weights andsorements, in the report that
Jean-Charles Bordapresented to the Convention, in November 1792.cbhemissioners
believed that the decimal system should have bdended to all the measuring instruments
used in astronomy and geography. They cited themiog example of a decimal
astronomic clock, made by Louis Berthbudr the experiments on the length of the
pendulum and the advantages of the instrumentsenbif, with a decimal graduation,
including Méchaifl and Delambr& used for measuring the land arc between Barceth
Dunkirk. According to them, the use of decimal nemmgy made such work quicker and
more accurate.

® Charles Gilbert Romme: French politician 1750 —5, @9eater of the revolutionary calender.
* Denis Diderot: French author 1713-1784.
® Jean Le Rond d’Alembert: French philosopher anchemagtician 1717-1783; his precocious mathematic
genius led to being elected to the French AcadenScience at just 23 years of age (1741).
Charles de Borda: French sailor, physicist and eratttician 1733-1799; involved, among other projants
the measurement of the Meridian arc for establgshiie metric system.
’ Louis Berthoud: Swiss watch maker 1754-1813; nepieierdinand Berthoud.
® Etienne Lenoir: French engineer 1744-1832; in 1i@4nade the "repeating circle”, invented by Chaites
Borda, the provisory measurement standard in 1v@i3tee definitive standard in 1799.
° Pierre Méchain: French astronomer 1744-1804
1% Jean-Baptiste Joseph Delambre: French astrononér 1522



By presenting the project of the new measuremernhefday, Gilbert Romme — whose
inclinations and training were those of a mathemiati — includes comments from experts
at the Academy in his reasoning. He underlined thegnch astronomers made some
changes to the division of their instruments, tteatded to make operations quicker and
more accurate; this improvement would be completest time signed up to the general and
simple rule of dividing everything by ten. He sflathat several observation clocks were
made where the day is divided into tenths and,edrigy enthusiasm, he stated that they
measured up to the hundred thousandth of the dashvelguated to the gap in the heart rate
of a healthy man of average size or a soldier'shdestep.

These arguments, used to argue in favour of thenddisation of the hour, are publically
exposed in the Instruction on the first era of Republic for providing information to the
public:

The division of the hour into sixty minutes, of thi@ute into sixty seconds, is inconvenient
for calculations, no longer corresponds to the rBwsion of astronomy instruments, which
are so useful for sailing and geography; the detidigision gives the work more clarity
while also making it easier and more accurate.

The desire to standardise the measurement systalsoiglecisive in the choice of new units
of time. By establishing them, the Convention cetedl the law adopted, orf' August
1793, on the decimal division of weights as well laagth, surface and weight
measurements.

In favour of the establishment of the decimal hohe, experts applied it in the vendémiaire
month (22" September to 21st Octoberyithout waiting for the frimaire decree
(21st November to 20th Decemhers such, Antoine-Laurent de Lavoidferin a
convocation letter to the members of the Commisiorweights and measurements, for
13" October (22 vendémiaire) expressed himself ingesfrthe new regulations: we remind
you, dear citizen, that the Commission for weigintd measurements shall meet, from now
on, on the & 5" and & of each decade, at 7 decimal hours exactly (4 fid@ minutes in
the afternoon in the old style).

Such enthusiasm was not required from all citizénsasuring the disruption to routines
and the significance of the transformations on timekeeping that it involved, the
elected representatives only made decimal time otopy from 22° September 1794
(1*' vendémiaire, year llI). In order to facilitate itatroduction into daily life, instructions
were published aimed at informing the public armetkImakers.

! Antoine-Laurent de Lavoisier: French chemist 17234; deputy representative for the State in 1789,
appointed in 1790 as a member of the Commissiothfoestablishment of the new measurement and tveigh
system.



Instructions given to clock makers

Printed in a large number in order to propagate theform, the almanacs included
comparison tables between the new and the old holine most complete contained
comparison tables, for each month, between thestmhsunrise and sunset as well as times
for moon rise and set.

The decree came with two conversion tables. Oneeftucing the old hours, minutes and
seconds into decimal hours, minutes and seconds th@dother for carrying out the
conversion the other way. Decimal thirds (hundrejithre introduced: one old second
equating to one second and 16 decimal thirds; olie noinute equating to 69 seconds
and 44 decimal thirds. The tradition 24 hour daymprised of 1,440 minutes and
86,400 seconds, equates to a decimal day of 10shaamprised of 1,000 minutes or
100,000 seconds.

In addition to the almanacs, the manuals aimedraiging the use of the decimal system
into general use for weights and measurements atsttained the new units of time
compared with the old ones and how to use them.

Examples often explained the use of the tablesle&s as they were, the comparison tables
did not offer the advantage of a clock dial whdre torrespondence of hours can be read
straight away. The huge work of the reform involeledk makers.

As soon as the decree was promulgated, the repedsas were aware that the success of
the decimalisation of time largely depended ondhesans who, through their clocks and
their pendulums, had the power to introduce theesysinto the daily lives of the French
people. Two pages of recommendations were sehéto in the Instructions on thé' gra of
the Republic. They were asked to find the mostlsjrtiee most cursory, the most exact and
the most economic means to divide the day from ightino midnight into sections of
10, 10,000 or 100,000.

The advice from the Instruction related in parteouto the composition of the dials and the
operation of hands.

To gradually familiarise the public with the decinteur, the Public Instruction Committee

proposed sharing the dial in two parts, where omell relate to the division into 12 hours

and the other the division into 5 hours: a singént would indicate both divisions at the
same time. This idea dreamt up by Gilbert Rommesigent of the Committee, has the
advantage of presenting a clear and simple comparaf the hours.

The simplicity and economic saving were the maglites championed by the work of the

clock makers. For the most ordinary uses, clockk wme hand were recommended. The old
movements had to be kept and adapted to the ndensys/ making as few changes as
possible.

For clocks, the committee suggested removing theitanihand, making the dial bigger,

allowing the old division to remain and on the bdary to show the ten decimal hours in
two concentric turns so that they correspondedhoduodecimal hours.

Catherine CardinalRevolution in the measurement of time
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Metrology’s beginnings in Switzerland

The exchange of assets requiring very differergéregfce values for the measurement and
weight as well as many measurement units madergnagpearance in Switzerland and the

rest of the world. Initially, they varied from towno town. Worse still, the same name for

different quantities was used depending on whetewere.

With the increase in commercial relations in th& t8ntury and the scientific and technical
progress, people ended up becoming more and mead\ychware of the difficulties and the
confusion over the measurement units. This resduttetthe first attempt, in 1801, to also
introduce themetric systemto Switzerland, a system that has been in exist@amé-rance
since 1795.

Initially, this measurement system did not have Imsigccess in our country. It was too far
removed from what we were used to, which is whgiled. Nevertheless, it opened up a few
perspectives for the future.

In 1835, twelve cantons signed an agreement byhathiey agreed to use theetric system
and thedecimal scalewhile also keeping, as far as possible, the i@tit terminology of
pounds and feet.

In 1851, the Confederation, drawing on the 1848dfiturtion, declared:

- the metric systemandthe decimal scalecompulsory throughout Switzerland,
- in 1868, that it was introducing by lathis metric system alongside the pre-existing
measurements.

The unification of the metrology still left to besired due to this bilateralism on the part of
the cantons, in 1875 Switzerland decided to abdhshagreement and use oty metric
system

At the same time, Switzerland was a founding membkrthe International Metre
Convention aimed at putting in place internationaticognised units of measurement.

International System of Units

The signing of the Metre Convention had standadlisg an international level, the

reference units for length, surface area, volunt aeight. However, throughout the rapid

technical progress at the end of th& t@ntury, it was even more evident that the nuneerou
units of measurement already in existence in otlegnains of physics were also seeking
standardisation.

This need arose from the observation that in ndewerything holds” and that the number
of units resulting from the isolated study of natyghenomena was superfluous. As such, for
example, it had been established that power rempiegsethe same physical scale in
electricity, thermodynamics and mechanics and dhat sole unit would suffer. Yet, at this
time, three different units of measurement thatendifficult to relate to one another were
used:

- the watt in the first of these disciplines,
- calorie per hour in the second and
- horsepower in the last.

The efforts made to establish a standard emukistentunit system lead, in 1901, to that
proposed by the Italian engineer Giorgi, which dmwbase units: metre, kilogram, second
and ohm.

Through further development, it became the MKSAt(me kilogram — second — ampere),
internationally acknowledged in 1948, and from whike addition of three other base units
arose, thelnternational System of Units (S) adopted in 1960 by the %1general
conference on weight and measurement.
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The structure of the International System of Units

The Sl is designed in a rigorous scientific manttels based on seven base units through
which all physical values can be measured.

The number seven is not just a coincidence: ietemnined by which of the physical scales
in the system are considered to be independenenGhat the number of scales that we want
to use in physics exceeds seven the number of ieqaadf determination (equations of
definition and natural laws), we need seven umtmbake the physical scales measureable.
We call them base units.

The seven base units are:

- the metre (length),

- the kilogram (weight),

- the second (time),

- the ampere (the intensity of the electric current),
- the Kelvin (thermodynamic temperature),

- the mole (amount of substance),

- the candela (luminous intensity).

The second is defined as being the duration of2%6B4'770 periods of the radiation
corresponding to the transition between the twoehypin layers of the fundamental state of
the atom of cesium 133.

Although, according to current knowledge, any meatsle physical scale can be covered by
a combination of the seven base units, particidanes are given to some combinations used
for physical scales that are commonly used. Fomgka, the <force>, whose unit is defined
as the square kilogram divided by seconds squ&ged(s?), but which can also be referred
to under the name <newton>. Alongside the base,uhiése derived units, form the SI units.
An important characteristic of these derived unitsis their coherence: they are all
formed by a combination of base units, in which theingle numerical factor 1 appears.
This puts an end to the highly complicated conversn calculations which, until quite
recently still in use, are less common.

We shall cite as an example the old kilopond faro& which had to be multiplied by a
factor of 9.80665 to convert it into kg-m/s2.

Ref : Legal units of measurement in Switzerland
International System of Units (SI)
Federal Office of Metrology / 1986
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The decimal division of the measurement of time

The hour and the minute are units of time from khiernational System of Units (SI).
However, they do not have awgnsistentrelationship, as their relationship is sexagesimal
whereas the Sl strives to define units with a detiralationship. As such, the units of time
given in minutes or hours need to be converted.sHoend is fractionedecimally, whereas
the hour and minute are fractionsekagesimally

Examples

- The duration of a film is generally indicated innmies; a conversion must then be made
in order to determine the number of hours ;

- Sporting disciplines are timed in hours, minuteg,onds, tenths of a second, hundredths
of a second and thousandths of a second.

On the dial (fig. 6), the position of the hands Fig. 6
shows 10 hours, 8 minutes and 24 seconds.

The second, current base unit for measuring
time, is therefore not compatible with the

decimal system. In order to make it

consistent a new unit would have to be

created.

Mathematical logic and the Sl plead in favour
of a decimal division for the measurement of
time. The division of the duration of the
average calendar day(currently 24 hours, or
two periods of 12 hoursin 2 x 10 units
would comply with the SI.

The decimal unit of time would kibe divide (decimal division).

Language Verb Name Adjective
L decem = dix
Latin d!v!sus divisio decimalis
dividere )
decimus
French diviser division décimal - e
German dividieren Division dezimal
English to divide division decimal
Spanish divide division decimal
Italian dividere divisione decimale

Dutchman divisie decimale
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However, the replacement of the sexagesimal diidly a decimal division of the
measurement of time would require a period of atapt, from which arises the need to
create a comparative and simultaneous display twoascale dial of the two types of
measurement of time.

Created in 1999, a concept of revolutionary clooKsers the simultaneous display of the
sexagesimal divisions (hour and minute) and thesidins by ten (divide) on a two scale dial.

On the dial (fig. 7), the tip of the hour hand slksa¥ve correspondence of the decimal unit in
terms of the sexagesimal units.

The Comparative Watch (fig. 8) is born!

Language Verb Name Adjective
Latin comparare comparativus
French comparer comparaison comparatif - ive
German vergleichen Komparation vergleichend
English to compare comparison comparative
Spanish comparar comparacion comparativo
Italian comparare comparazione comparativo
Dutchman compareren comparatieven comparatief
Fig. 8
Fig. 7
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