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Foreword by Lord Kelvin

I hope all Americans will do everything in their power to
introduce the French metrical system. (...) I look upon
our English system as a wickedly, brain-destroying system
of bondage under which we suffer. The reason why we
continue to use it, is the imaginary difficulty of making a
change.

William THOMPSON, Lord Kelvin
Popular Lectures & Addresses (1889)

William THOMSON
(1824–1907)

England partially adopted the metric system in 1965...
America never did...
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The Antiquity: Measuring the Earth with Camels (IIIrd Century BC)

First Measure of the Earth ('220 BC)

Noon, summer solstice → vertical stick has no shadow in Syene.
Eratosthenes measures the shadow the same day in Alexandria.
Great library: Alexandria ↔ Syene in 50 days with camels.

⇒ circumference of the Earth = 46 000 km ← 252 000 stadia.

Eratosthenes
('276–194 BC)
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The First Attempt: The Magna Carta (England; XIIIth Century)

The Magna Carta: Setting Standards

Royal treaty guaranteeing basic civil rights: rule of law; habeas
corpus; individual freedom; limited taxation.
First version from 1215, under King John of England, under
pressure from the barons.

One Article about Units:

(25) There shall be one measure of wine throughout all our
kingdom, and one measure of ale, and one measure of corn,
namely the quarter of London; and one breadth of dyed
cloth, and of russets, and of halberjects, namely, two ells
within the selvedges. Also it shall be the same with weights
as with measures.

(Magna Carta, 1297, article 25; )
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Size of the Earth with a Unique Length Reference (XVIIth Century)

Making Accurate Maps of the Realm

1666: creation of the Académie
Royale des Sciences by
J.-B. Colbert & C. Perrault.

1667: creation of the Royal
Observatory in Paris.

1671: Clergyman Picard → measure
portion of a meridian w/
unique measuring board.

Jean PICARD
(1602–1682)
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The French Revolution: Birth of the Metric System

Promotion of a New System
Before, more than 800 units in France.

1789: register of grievances expressed the wish to have unified
measures throughout the realm.

1790: Talleyrand → memoir to adopt a new system of weights
& measures (contributed by Condorcet & Lalande).

Charles Maurice de
TALEYRAND-
PÉRIGORD
(1754–1838)

A System Consistent with Its Time

Human references (inch, foot, etc.) → universal abstract measures (meter).
Coincident with the rise of capitalism: money = unit value for everything social.
Decimal system ⇒ easy to compute.

In the end, everything was related to the meter, which was related to the size of the Earth:
Meter: 1/10 000 000 of the 1/4 meridian between the North Pole and the Equator.

Kilogram: mass of 1 cubic decimeter of water.
Second: 1/2 period of a pendulum of length 1 meter.
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The French Revolution: Delambre & Méchain (1792)

Everything Relies on the Meter, so What is a Meter?

Louis XVI charged Delambre & Méchain to measure
the Earth to define the Meter.
Antoine-Laurent LAVOISIER: “the most important
mission a man has ever been charged of ”.

⇒ measure of ' 1000 km Barcelona ↔ Dunkerque, during
7 (tormented) years

Jean-Baptiste DELAMBRE
(1749–1822)

Pierre MÉCHAIN
(1744–1804)
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“The Imaginary Difficulty of Making a Change”

Adoption of the Metric System in France

1799 Adoption, under Napoléon (advised by Laplace), but mocked by him (“uselessly
tormenting the people”).

1812 “Mesures usuelles” (standardization of imperial units).
1837 final adoption in France.

The Treaty of the Metre (1875)

1851 World’s Fair ∈ London → France promotes the metric system.
1875 17 countries sign the “Treaty of the Metre” in Paris, w/o , & .
1883 Geodetic congress: “The conference hopes that, if the whole world is agreed

upon the unification of longitudes and hours in accepting the Greenwich
meridian as the point of departure, Great Britain will find in this fact an
additional motive to take on her side new steps in favour of the unification of
weights and measures, by joining the Metrical Convention of May 20, 1875.”

1884 adoption of the Greenwich meridian by the Geodetic Congress, but England did
not adopt the metric systems...
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Introduction of the Metric System in Physics: Gaussian Units

The Gaussian Unit System

Gauss was the 1st to introduce the metric system in physics.
System CGS (Centimeter, Gram, Second).
Non-trivial conversion in electrodynamics.

Rationalized MKSA Gaussian units
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The International Bureau of Weights and Measures (St Cloud)

Defining the Standards

Created in 1875.
59 member-states.
Metrology, universal time, chemistry, ionizing radiation.
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The International System (SI), Nowadays

The MKS System

MKSA (Meter, Kilogram, Second, Ampere).
Adopted in 1960.
Only USA, Liberia & Myanmar have not adopted it (yet).

Astronomers Are One of the Last Communities to Still Use CGS

Erg → J
erg/s → W
cm → m
g → kg
Gaussian EM → MKSA

e.g. ESN '

= 1044 J.

Also take the opportunity to drop
magnitudes...
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A “Wickedly, Brain-Destroying System of Bondage”?

Martian Probe Crash Because of Imperial Units

1999 Mars Climate Observer probe ⇒ crash because of a conversion
error between Imperial & CGS units of the altitude of the spacecraft
upon entry.

Calmly Dealing with Imperial Units in 2022

Telecaster replacement neck (Warmoth)

Nut Width
Vintage 1.650”
Shredder 1-3/4”
Modern 1-11/16”
Wand 1-5/8”
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Summary & Discussion

In brief

In Physics, everything is relative. We refer what we compute to a few common measures
(the units ⇔ Jupiter’s thigh).
Units are instrumental for reproducibility.
Poorly thought-out unit systems waste brain resources

⇒ maybe it’s time for astronomers to
make change?

Nowadays
The current definitions are based on atomic physics and the speed of light ⇒ believed to be
universal & constant.

Second 9 192 631 770 times the inverse of the frequency of the unperturbed ground-state
hyperfine transition Caesium 133 atom.

Metre length of the path travelled by light in a vacuum in 1/299 792 458 of a second.
Kilogram defined so that the Planck constant is exactly 6.626 070 15× 10−34 kg m2/s.

Units do not vary but they are not constants (e.g. ~).

We Still Use Plenty of Fuzzy Units

Solar mass & luminosity (variability).
Solar metallicity (super uncertain).

⇒ Those are more for intelligibility purposes,
but they still affect what we do.
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