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Chapter 1
Measurement Before The Metric System

In 1668, The United States did not exist, but measurements did. They
existed in as many versions as one might imagine grains of sand on a
beach. They were brought by settlers who came to North America, and
reflected the local customs found in their place of origin. One might
measure with a flemish ell, or English ell, or whatever the ell could be
agreed upon. There was a notion of being fair with measures, but no
concept of defining a single set of measures to which all would adhere in
trade.
Location
Hamburgh
Austrian
Italian
Bremen
Swedish
Turkish
Bavarian
Spanish
Portuguese
Moscow
Russian
Amsterdam
Rhynland
English

Divisions
8 Parts
8 Parts
8 Parts
10 Parts
12 Parts
12 Parts
12 Parts
12 Parts
12 Parts
12 Parts
8 Parts
12 Parts
12 Parts
32 Parts

Length
23.2 mm
25.8 mm
28.3 mm
23.7 mm
24.3 mm
31.3 mm
24.0 mm
23.0 mm
27.0 mm
27.7 mm
44.1 mm
23.5 mm
26.1 mm
27.0 mm

Table 1.1: Table of Various Archaic Inches Expressed in mm

1

2

CHAPTER 1. MEASUREMENT BEFORE THE METRIC SYSTEM

In 1668 England, there were also a number of measures, which were
marginally defined. The base unit was the barleycorn, and three in a row,
laid end-to-end, were defined as an inch. Elsewhere, the inch was defined
by the width of the thumb, or in some other ad hoc way which became
the tradition. The inch as defined by the Anglo-Saxon compromise of
1959 is 25.4 mm. Table 1.1 presents a few examples of the various inches,
which have existed over the years, expressed in millimeters. Not only
do the lengths of the various inches vary by almost a factor of two in
one case, but they are also divided differently. Provincial Italian lengths
for the foot ranged from 295 to 590 millimeters, and those of pre-metric
France extended from 248 to 357 mm. A large number of uncoordinated
volume and weight measurement designations also existed.
One man who was interested in languages, and all things scientific,
would offer a way to eliminate this vast spectrum of measurement designations. His name is John Wilkins (1614-1672), and he would invent
the metric system.
John Wilkins was passionate about disseminating scientific knowledge to as many people in the general public as possible. His target
audience were people who would not normally be exposed to a scholarly
view of technical subjects. In order to convey this knowledge to as large
an audience as possible, he always wrote in English instead of Latin.
Early in his career, Wilkins wrote two volumes called The Discovery of a New World (1638) and A Discourse Concerning a New Planet
(1640). They explained and defended the sun-centered Copernican view
of planetary orbits, and also argued that other planets and bodies in the
heavens were like our own in substance. This meant that the heavens
obeyed the same scientific laws that apply here on earth. The purpose
of these writings was not only to discuss the Copernican system, but
to also erode the uncritical veneration of ancient authorities among the
populace.
There were two printings of The Discovery of a New World in 1638.
In 1640, the book was reissued after Wilkins added a chapter, and made a
small number of changes to the text. The Discovery of a New World was
widely read in Britain, and was translated into French in 1656. Later,
in 1713, Wilkins astronomical works were translated into German.
The scientific works of John Wilkins were greatly influential on the
astronomical views of the time. When Michael van Langren (1598-1675)
used his observations of the moon to create a lunar map, he named one
For Non-Commercial Use Only
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of the craters after Wilkins.
In 1648, Wilkins wrote a work that was more clearly meant to be a
scientific exposition for members the general public. It is called Mathematical Magick, or the Wonders that May be Proved by Mechanical
Geometry. In this work, the principles of mechanics were expounded
upon for use by the common person, with the hope that the new mathematical approach to mechanics might be adopted by him. Practical
examples were offered by Wilkins to help convince his target audience
of the utility of this viewpoint. This was a direct challenge by Wilkins to
mathematicians and others who would hoard their technical knowledge.
In his youth, Isaac Newton (1642-1727) read Mathematical Magick, and
was greatly impressed with it.
Wilkins wrote a work which has a section on ciphers and cryptography, which demonstrates his budding interest in languages. He saw the
diversity of languages, along with the use of different symbols for writing
them, as obstacles to the dissemination of knowledge. Wilkins envisioned
a “Universal Character to express things and Notions as might be legible
to all People and Centuries, so that Men of Several Nations might with
the same case both read and write it.” [1]
It was believed by Wilkins, that it was possible to create a universal
set of characters and language, which could be understood universally.
This would remove language barriers between peoples and allow the
free flow of knowledge to occur. It would also replace Latin, which
was losing its universal appeal as the language of philosophy. How this
might be accomplished would be of interest to Wilkins until his death. In
the seventeenth-century, the notion of a universal language (also called
artificial languages) was widespread throughout Europe.
Wilkins was an amiable person, who was able to embrace, gather,
and nourish exceptional scholars of many different disciplines, views,
and temperaments. The group of people he gathered together at Oxford
would later coalesce to form The Royal Society in London.
On November 28, 1660, The Royal Society flickered into existence,
when John Wilkins and others met to discuss the creation of a scientific
society. Wilkins was appointed the chair for this historical gathering.
In 1662, the society was incorporated, and The Royal Society began in
earnest.
The Royal Society requested that Wilkins undertake the development of a universal standard of measure. [1] John Wilkins, William Brounc Randy Bancroft
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cker (1620-1684), and Christian Huygens (1629-1695) worked together to
investigate a suggestion by Christopher Wren (1632-1723), that a measurement standard could be derived from the motion of a pendulum.
The system Wilkins proposed was based on a high tech device of the
day: the seconds pendulum. The pendulum was first studied by Galileo
Galilei (1564-1642) in 1602. Pendulums were found to have a constant
time oscillation, and therefore can be used to accurately measure time
intervals. They were the key to creating the first major improvement
in timekeeping since antiquity. Dozens of designs for pendulum clocks
followed. The time a pendulum takes to swing back and forth, is essentially dependent on its length. This meant that a pendulum with a one
second period would have its length defined by the astronomical clock
in the sky.
Wilkins proposed that one could construct a simple pendulum, (i.e. a
seconds pendulum), with a one second period, and use it for a universally
defined length. Now that a length had been established, which was tied
back to the scientific phenomenon of the second, one could then subdivide this length by ten. Wilkins proposed making a box from this
smaller division of the primary length, and use it to define a volume. He
then proposed it be filled with water, and this weight used as a universal
value for the comparison of weight.
A length standard which is very nearly the length of a seconds pendulum would later become known as the meter. One-tenth of the length of
the meter is 100 millimeters. When a cube is constructed with 100 mm
sides, the volume it contains would become known as a liter. When this
cube is filled with pure water, the mass is very nearly the mass known
today as the Kilogram.1
It was hoped the combination of a universal language and writing
method, with a universal measurement method, would allow scholars
from around the world to share their work universally. Wilkins elaborated upon his new language and measurement system in a book entitled:
AN ESSAY Towards a REAL CHARACTER, And a PHILOSOPHICAL
LANGUAGE. Within this book, are a few pages in which he defines a
new universal measurement system. Wilkins’ had his work published by
1
Metric quantities with magnifying prefixes, such as Kilo, Mega, Giga, Tera and
so on, will be capitalized (e.g. Kilogram, Megameter, Gigajoule, Teraliter). Metric
quantities with reducing prefixes such as milli, micro, nano, pico and so on will be
rendered in lower case (e.g. millimeter, microgram, nanoliter, picojoule). A capital
K will be used as the metric prefix symbol, so Kilometer will be abbreviated Km.
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the Royal Society on Monday April 13, 1668. This is the day the metric
system was born.
Wilkins’ Essay was received with great interest, and a number of
scholars continued to work on expanding Wilkins’ ideas following his
death. Isaac Newton had attempted to create a similar artificial language, and commented on Wilkins work in a letter to John Locke (16321704). Italian physicist and mathematician Giovanni Borelli (16081679), Christian Huygens in the Netherlands, and German mathematician Gottfried Leibniz (1646-1716) all obtained copies of Wilkins’ Essay.
There were efforts to translate the work into French.
Wilkins’ Biographer, Barbara Shapiro, indicates that his Essay had
lasting intellectual interest:
Wilkins’s Essay continued to attract serious attention in
the nineteenth and twentieth centuries. Erasmus Darwin
praised it, as did the pioneer anthropologist Lord Monboddo,
in his Origin and Progress of Language (1809). The philologist A.J. Ellis, author of the Alphabet of Nature (1845),
acknowledged his indebtedness to Wilkins. Max Müller, also
writing in 1845, said that Wilkins’s universal language proved
the best solution to the problems with which it dealt presented up to that time. Roget, author of the still popular
Thesaurus, expressed his indebtedness to Wilkins and modeled his classifications on those of his predecessor. More recently, Wilkins’s work has come to the attention of those concerned with the development of symbolic logic and semantics.
The Essay has also been recommended to librarians wrestling
with the problem of classifying scientific documents. . . . [1]
It is a minor historical mystery as to whether Wilkin’s work was
consulted by those who began the development of the modern metric
system. If it was not, it would be a considerable coincidence that an
identical system would have been developed independently. One reason
Wilkins is not more discussed in the history of science, is that many of
his ideas have been long ago incorporated into the scholarly world, and
their origins not well acknowledged. Wilkin’s proposal for a universal
measure was very possibly so ubiquitous, that it was considered a default
idea.
It is almost a certainty that Wilkin’s idea for a Universal Measure
was the basis for the development of the metric system when it was
c Randy Bancroft
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conceived. In 1805, a contributor to the Philosophical Magazine wrote
a letter to complain that Wilkins did not receive the credit he should
in England for the creation of the metric system. He further grumbled
that the French have not acknowledged the creation of the system by
Wilkins, and this omission, he suggests, is probably wilful. The contributor quotes from the French Encyclopedie which asserts that Gabriel
Mouton (1618-1694) was responsible for the creation of the metric system based on the Earth. [2] Mouton also considered using a pendulum as
a length standard, but what he proposed was not a seconds pendulum.
Wilkins discussed using the Earth, barometric pressure measurements,
and a seconds pendulum and settled on the latter. It may be difficult to
decide who thought of these ideas first, but we know who published first,
it was John Wilkins, and unlike Mouton, Wilkins proposed an integrated
measurement system.
The Proposal for a Universal Measure contained in Wilkins’ book,
is essentially the system part, of what in the United States is generally called The Metric System, although the modern version is officially
known as the SI. The length of the seconds pendulum is the original
candidate for the length of a meter. The square container constructed
from one-tenth of this length is now known as a liter. When filled with
water, its mass is the Kilogram. We know that the metric system was
invented on April 13, 1668 because Wilkins published it on that date.
The decimalization of this system would come later.
General Washington (1732-1799), with the support of the French
Military, and the French Monarchy, was able to secure independence for
the American colonists, and usher in the creation of The United States
of America.
In his first State of The Union Address, in January of 1790, George
Washington saw three important topics which he asserted were in need of
immediate attention by Congress. The first two items were defense and
the economy. The third topic was the establishment of uniform weights
and measures in the nascent country. Washington stated: “Uniformity
in the currency, weights and measures of the United States, is an object
of great importance, and will, I am persuaded, be duly attended to.”
He returned to this topic in his second address, “The establishment of
. . . standards of weights and measures, of the post office and post roads,
are subjects which I presume you will resume of course, and which are
abundantly urged by their own importance.”
For Non-Commercial Use Only
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Washington would have to once again take-up the subject in his
third annual address, “. . . uniformity in the weights and measures of
the country is among the important objects submitted to you by the
constitution, and if it can be derived from a standard at once invariable
and universal, must be no less honorable to the public councils than
conducive to the public convenience.” [8] The President’s description of
an “invariable and universal” measurement system echoed the vision of
a universal measure which Wilkins had proposed, and that the SI would
later become. Washington implored, and congress ignored.
In New York, traders were purchasing cloth by the English ell (nearly
a yard), and selling the same cloth in lengths of the Flemish ell which
was about half the length. Disputes occurred in the grain trade, where
purchasers would use a larger 1/2 bushel measure than sellers 1/2 bushel
to purchase grain, and refuse to change the per bushel price.
A central player during the creation of the metric system is Thomas
Jefferson (1743-1826), the consumer of waffles, enjoyer of coffee, sage
of Monticello, and voracious reader. When Jefferson began his life, he
was a British subject. When he last looked over the verdant canopy of
trees surrounding his estate at Monticello, he was a United States citizen. Thomas Jefferson was in agreement that US weights and measures
required attention. His sense of democracy was incensed by the weights
and measures fraud occurring in US commerce. There should be one
single set of weights and measures for America.
The weights and measures of France were also in complete disarray.
There were perhaps 250,000 different measurements in use at that time
in France. Jefferson was in close contact with The Marquis de Condorcet
(1743-1794) who wanted to divorce measurement from body parts and
give them an objective scientific foundation. Condorcet proposed that
the length of a seconds pendulum should become the base unit for a
new scientific system of measurement. Jefferson thought the situation
over, and became an advocate of using a seconds pendulum as a length
standard. He convinced James Madison (1751-1836), who in turn lobbied James Monroe (1758-1831) in 1785. There was also a proposal in
Britain to use the seconds pendulum as a standard length.
Jefferson saw the seconds pendulum as the key to a common universal
length. After discussions with clock makers, he was persuaded that the
use of a rod for the pendulum would produce a more uniform length
standard. One Summer Jefferson dedicated himself to the creation of
c Randy Bancroft
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a new set of weights and measures. Andro Linklater describes it in his
work Measuring America:
In less than 1000 words, he then outlined the first scientifically based, fully integrated, decimal system of weights and
measures in the world. Its basic measure of length, derived
from the seconds rod, was a foot, which would be divided
into 10 inches. A cube of rainwater, whose sides were 1 decimal inch long, was to weigh 1 decimal ounce, and 10 of
these ounces would make 1 pound. The basic unit of capacity would be the bushel, which was to measure 1 cubic foot,
that is to say, 1,000 cubic inches.” [3]
One can clearly see the echos of Wilkins’ Universal Measure and the
metric system in this scheme. Jefferson even used square containers,
which could be easily replicated by any citizen, in case of a metrological
dispute. He also eliminated any distinction between wet and dry measures. Was Jefferson influenced by Wilkins, or was this a scientific idea
which was ripe to emerge from the scientific zeitgeist of the era?
Alexander Hamilton (1755(?)-1804) also was in favor of Jefferson’s
system of weights and measures. It was felt by proponents of this system that if Congress did not take up this scheme quickly, it might be
tabled and then become neglected indefinitely. This concern proved to
be correct, and Congress never addressed Jefferson’s proposal.
Jefferson’s arguments for a measurement system which is simple and
accessible to all people—independent of their educational level—were
also embraced by the creators of the metric system. The paramount
question was how they would determine the base unit of length. Would
it be the seconds pendulum, or the length of two different Earth measurements? These were the alternatives proposed by the French during
the development of the metric system.
In September of 1790, it appeared the second pendulum was going
to be the standard, and preparations were made to fabricate one. The
French Academy reopened the discussion on February 16, 1791 in response to a proposal by Jean Charles Borda (1733-1799). A report was
issued. Over and over in the French report on the choice of a standard
for length, they emphasized the utility of a seconds pendulum. Then, to
the surprise of Jefferson and others, the length of a meridian was chosen
as a standard to produce the base length of measurement for the metric
For Non-Commercial Use Only
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system. There was no explanation offered to justify the rejection of the
seconds pendulum, which had been the preferred standard for a unit for
many decades.
The choice of the Earth as “measurement standard” seems at odds
with a scientific definition, and absolutely assaults reason from an engineering perspective. The seconds pendulum is a device which can be
contained in a completely controlled environment. It could be independently replicated by other nations. Jefferson had already attempted
to improve the accuracy of the device by using a rod for the pendulum. Improvements in mechanical measuring devices during this period
were everywhere in abundance. John Harrison (1663-1776) revolutionized the design of clocks and solved the problem of determining longitude. Engineering and science rely on repeatable experiment, no less
than metrology. The seconds pendulum could be studied by all nations,
and improved as technology allowed. The length of a meridian through
France and Spain was only accessible if the political climate of the period
allowed access to this geographical area.
The length of the meridian had already been measured twice, but as
one of his last acts as King, Louis XVI agreed to repeat the endeavor.
Soon after, The French Revolution took hold, so why would those involved in a revolt against the Monarchy agree to continue what the
deposed monarch had approved? Andro Linklater suggests that Monge
had it in his mind that time would be decimalized in the future, and
therefore the second would need to be changed. The seconds pendulum
length would be based on the “old second” and could become a roadblock to his idea of future reform. There is another possibility. It could
have been that because of Wilkins’ work, the seconds pendulum was
seen to be British, and the metric system was to be based on French
notions. The choice of the meridian, rather than the pendulum allowed
for a bit of a smoke screen about the British origin of the metric system,
even though the definition of the liter and Kilogram would remain those
defined by Wilkins. Politics prevailed, and the meridian would be used
to determine a length standard.
Another contributing factor may also have been at work. Lagrange
and Condorcet both had expressed their preference for the seconds pendulum. In September of 1775, Lagrange wrote a letter to Condorcet in
which he argues for the seconds pendulum: “I doubt however that we
can find anything more suitable.” Talleyrand proposes the use of the
c Randy Bancroft
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seconds pendulum on March 9, 1790, and Condorcet is also still in favor
of its adoption.
In 1791, Lagrange and Condorcet both contributed to the report,
which concludes that the length of a meridian arc should be used as the
standard. What had changed? The triangles that would be used for
the arc would be on the surface of a sphere. This was a complicating
factor. But in 1787, Legendre proved a theorem that allowed him to treat
spherical triangles as plane triangles. On March 7th of 1789, Legendre
revealed his discovery to his colleagues, which were published by the
French Academy. Ruth Inez Champagne asserts: “The recommendation
to measure the length of the meridian arc is based on the academicians’
desire to develop more precision in geodetic measurements. [4]
The abandonment of the seconds pendulum by the French was unacceptable for Thomas Jefferson. The core idea that the metric system
was to be a universal measure available to all nations became a humbug
in his eyes. It was an act of French nationalism. The weights and measures of the new American Republic would continue to be neglected by
Congress, as was the metric system.
Although the seconds pendulum was no longer the preferred standard
of length, The French Academy decided to continue determining its value
in Paris. The Academy may have decided to determine this length in
case the measurement of the meridian was interrupted or terminated.
It took seven years for Jean-Baptiste-Joseph Delambre (1799-1822)
and Pierre-Francois-Antré Méchain (1744-1804) to measure the meridian, and indeed if it would happen at all was touch-and-go. The seconds
pendulum would provide an option if something went wrong. There was
another motivation for the continuing refinement of the length of the
seconds pendulum:
Lagrange also works to prepare a favorable report on
Prony’s manuscript which suggests refinements to be introduced in measuring the length of a pendulum in order to
insure greater accuracy. The mathematicians are still concerned with determining the length of the pendulum accurately since they want to express the length of the seconds
pendulum in terms of the meter. By knowing this relationship, the length of the meter could be re-established at any
time without a new geodesic measurement. [5]
For Non-Commercial Use Only
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Clearly if the meter standard were somehow destroyed, taking seven
years to reproduce the standard would be prohibitive. This understanding also begs the question as to why they did not adopt the seconds
pendulum in the first place.
When the expedition was complete, it became obvious to Delambre
that the data taken might not be reliable. It was clear to Delambre
that Méchain had suppressed and altered data, but, despite this, had
done his best to produce as accurate a result as possible. Méchain also
saw fault with the irregularities of the Earth, and found other possible
sources of error.
The men of that era did not have a modern understanding of systematic and random measurement errors, which raised their expectations of
how accurately they might measure the meridian. When discrepancies
arose, they did not have the mathematical tools to understand or correct
them.
The metric system had plenty of enemies. A scandal might finish
the metric system off before it started. The discrepancies that existed
were rationalized by Méchain, and the meter defined. [6]
One of the great coincidences of the metric system, is how close the
length of the meter, as defined using the meridian measurement, is to
the length determined with the seconds pendulum. This fact may have
allowed for the political winds to swing from the seconds pendulum to
the meridian measurement without considerable objection.
The determination of the length of a seconds pendulum in Paris
was undertaken by Borda and Jean Dominique Cassini (1748-1840), and
completed long before the length of the meridian had been determined.
The seconds pendulum measurement device was constructed by instrument maker Étienne Lenoir (1744-1825). In 1784 he had collaborated
with Borda to create the repeating circle, that would be used to determine the meridian.
The seconds pendulum utilized a platinum sphere which was about
38 mm in diameter with a mass of 526.1 grams (9911 French grains).
This sphere was suspended with a thin iron wire about 3.7 meters long.
Platinum was chosen because of its high specific gravity. It would occupy
the smallest volume for a given mass. This in turn would minimize any
error introduced by any residual air resistance.
The iron wire was located in front of a pendulum clock, which was
to be used as a calibration standard for the period of the seconds penduc Randy Bancroft
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lum. An airtight case enclosed the device. A glass window allowed for
readings to be taken with a telescope. A considerable number of corrections were implemented so that the length of the seconds pendulum in
a vacuum would be computed. The length of the wire and sphere were
determined using a platinum scale. The scale was fitted with a section of
copper which could be used to calibrate out any temperature variation.
Corrections were also made for the elongation which occurred from its
own weight.
Twenty sets of measurements were obtained by Borda and Cassini
from June 15 to August 4th of 1792. Using these observations, the
length of the seconds pendulum was calculated to be 994.5 mm (440.5593
lines). [7]
The first aspect of what would become known as the metric system
was the establishment of length, volume, and mass standards, which
were originally provided by Wilkins. The second attribute is the expression of these values as decimals. The notion of decimals was under
investigation by learned men, but early implementations were quite cumbersome. Simon Stevin (1548-1620) devised a method he called disme in
which he had an integer value called unity, that consisted of 10 primes,
the prime in turn consisted of 10 seconds, the second consisted of 10
thirds, the third of ten fourths and continued in this way to describe
smaller and smaller divisions.
The notation used for each of these decimal divisions was (0) = unity,
(1) = prime, (2) = second, (3) = third, (4) = fourth. The notation
continued in this way. The notation was placed above integer values as
a superscript. A fraction such as 77 23/100 would become 7 7(0) 2(2)
3(3). The fraction 4/100 was written as 4(3).
This notation was kludgy and other mathematicians began to refine
the idea. [9] Bartholomaeus Pitiscus (1561-1613) simplified decimal notation so that 4/100 (4(3)) became 004 or 9/10 (9(2)) became 09. John
Napier (1550-1617) invented logarithms, and utilized the decimal point
as a separator with the notation adopted by Pitiscus. A number of alternative representations were put forward, which included the use of
Roman numerals as the superscripts in place of Arabic numerals. During the eighteenth-century, European scientists embraced the decimal
notation used by Napier, and the others became obsolete. In the US,
we write the decimal expression of 4/100 as 0.04 or 9/10 as 0.9 using a
period as a decimal marker. This simplified notation was developed just
For Non-Commercial Use Only
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in time to be adopted for the metric system.
Wilkins’ proposal for a universal measure is a unique singularity in
the history of measurement. From as far back as the fog of pre-history
allows us to probe, accepted measurement values were based on ad hoc
choices of plant seeds, or the lengths of particular body parts.2 It is
immediately obvious from our modern perspective that a large amount
of variability would be inherent in these choices. In contrast, Wilkins
created and fabricated his own invariable measurement system, using his
knowledge of nature. His universal measure, unlike the measurements
of antiquity, has a birthday: Monday April 13, 1668.
Wilkins’ length, volume, and mass standards were based on the best
available science, and in theory, would be accurately repeatable. When
paired with decimal expression of their numerical quantity, they formed
the basis of the metric system. Wilkins’ notion was perhaps too radical
for the time, as it would be well over a century before a country would
adopt and refine these ideas into an accepted measurement system

2

In the United States, mass is still described in terms of cereal grain. There are
7000 grains in an avoirdupois pound and 5760 grains in a troy pound. Aspirin, the
mass of bullets and their propellant, as well as gold foil in dentistry, are still measured
in grains. The foot as a measurement unit is, of course, ubiquitous in the US.
c Randy Bancroft
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Chapter 2
The Creation of The Metric System

The French dubbed the new standard length derived from a measurement of the Earth to be the meter. In order that the use of the new unit
not be delayed, a provisional meter was established on April 7, 1795.1 It
was decided it would be in the best interest of France to share the metric system with the US. The messenger chosen to convey copper replicas
of a provisional meter and Kilogram to the US was Frenchman Joseph
Dombey (1742-1794).
Dombey, it would seem, had a perpetual rain cloud above his head
like the jinxed fictional character Joe Btfsplk.2 In 1794, Dombey sailed
for Philadelphia with his metric prototypes. It was a perfect time to
offer the metric system to Americans. Andro Linklater states: “France
remained almost universally popular in the United States. It was still
the ally whose ships, soldiers, and money had helped win the new nation
its independence.” [1] The timing for presenting the metric system to the
US government seemed optimum. Dombey’s botanical expertise might
have persuaded Jefferson to make him welcome. It is possible Jefferson
might have introduced him to other influential American scientists and
statesmen, who might have championed the cause of the meter. It is
however, difficult to imagine Jefferson rekindling his enthusiasm for the
metric system after the seconds pendulum had been abandoned. Jef1

The metersticks that had been issued from 1793 to 1799 were not recalled after
the determination of the official meter as they differed from the newly accepted length
of a meter by only three-tenths of a millimeter.
2
Joe Btfsplk is a character from comic strip Lil Abner, which was penned by
cartoonist Al Capp (1909-1979). Joe was well intentioned, but brought disaster and
misfortune to all those with whom he came into contact. The small rain cloud which
perpetually hovers above him is a symbol of his bad luck.
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ferson was a surveyor, and if he felt the metric system was a viable
international notion, he would have endorsed it.
The two copper standards Dombey possessed would be easy to copy,
and could have been sent to every state in the Union, had he been able
to persuade Congress to act. He would never get the opportunity. During Dombey’s voyage, a storm drove his American ship, the Soon, southward. The American captain, Nathaniel Williams Brown, stopped in the
French Colony of Guadeloupe to repair the ship. The local population
was divided almost exactly into two camps, royalist and revolutionary.
Dombey’s presence inflamed the division, and during the unrest he was
threatened with arrest by the royalist governor. The revolutionaries in
turn threatened to take action over the arrest order. Dombey did not
want to be the source of bloodshed, and tried to stop the revolutionaries
from attacking the royalists. During this effort, he was impelled by the
crowd to tumble into the nearby Salt River. Its strong current pulled
him away from the bank. He was unconscious and had almost drowned
when rescued, but was able to recuperate after a few days.
Dombey assured the authorities he would voluntarily leave the colony,
and report to General Victor Collot (1750-1805), the Royalist governor
of Guadeloupe. Dombey travelled to the island capital of Basse-Terre,
where the Governor would decide Dombey’s fate.
The Captain of the Soon, was summoned by the Governor to sail to
Basse-Terre and pick up Dombey. Dombey’s precious metric cargo was
brought on board, and the ship was made ready for the long voyage.
The British had been stopping US ships and searching them for
deserters. If they found a Frenchman on board, it is very likely that
he would have been seized and spirited away. There were also pirates
and privateers everywhere. The Caribbean was a dangerous and unpredictable place. Dombey realized this, and tried to disguise himself by
dressing as a Spanish seaman.
A Swedish schooner was ordered by the governor to leave first, which
delayed the Soon from embarking. When in open water, the schooner
strangely headed toward two privateers that had appeared on the horizon. A conversation occurred, and then the Swedish ship continued
onward. When the Soon finally sailed out of the harbor, and quickly
set a northward course for the US, they did not even lose sight of land
before the two privateers engaged them.
Dombey was turned over to the British, and imprisoned at the nearby
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British Colony of Montserrat. The British would negotiate with France
for his release, but Dombey died in prison.
Captain Brown was transported to an American port. The Soon
and all its cargo, including the provisional copper meter and Kilogram,
were seized to be sold as booty. Amazingly, the two metric standards
would reach the United States. The sale of Dombey’s items, and the
cargo of the Soon, took place somewhere along the east coast of the US
in 1794. Joseph Fauchet (1763-1834), a French sympathizer, purchased
the meter and Kilogram. They were forwarded to the French minister
in Philadelphia. He later presented the items to Edmund Randolph
(1753-1813) who was then Secretary of State. The prototypes were never
presented to Congress, and languished. Today they are on display at the
National Institute of Standards and Technology (NIST) in Washington
D.C. They arrived when President Washington was in office, and so far
have waited 220 years for US government to notice. The first US unit
of measurement sanctioned by law is Gunters Chain. It would be used
by everyone in the nation to measure land.
The Metric System may have been established, but only two countries had adopted it, and Napoleon would do his best to undo the use of
the new system. Those who enjoyed the profit they obtained from the
control of local measures argued the change to metric would cost too
much money, and be a waste of time. They also suddenly found themselves to be measurement populists, arguing that the changing to metric
would cause too large of an upheaval in people’s lives. The French also
did not like the Greek and Latin prefixes chosen for the metric system.
They were not French terms, and detractors argued the metric prefixes
were hard to pronounce and difficult to remember. [2]
In the US, the subject of measurement standards became a matter
of interest again. John Quincy Adams (1767-1848) tasked himself with
making a report to Congress on the subject. It was simply titled: Report
Upon Weights and Measures. The report itself is lengthy and detailed.
The metric system had been around formally for only about 25 years.
Adams found himself seemingly taking no side in the matter. He discusses the use of decimals, and seems to praise them, but immediately
sees them as a problem. Decimals are great for computation he argued,
but for the common person, they are just overkill. Adams’ words have
the strange vestigial ring of those used by modern detractors who claim
the metric system is for scientists, and the common person is not a
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scientist. Adams argues that it would be really great to have a single
system, but then states: “But this uniformity cannot be obtained by
legislation. It must be imposed by conquest, or adopted by consent.”
Adams argues that uniformity by legislation in all manner of things has
been attempted in Britain, and always failed.
John Quincy Adams then claims that “The litre of the French system
is a weight for nothing but distilled water, at a given temperature.” He
appears to imply it is useful for nothing else, but for weighing more
water.
This is where JQA demonstrates he is a diplomat and not an engineer or scientist. The importance of the weight of water has been of
paramount importance in science and commerce since antiquity. Archimedes (c. 287 BC - c. 212 BC) is famously credited with using the
displacement of water to determine if a crown maker returned all the
gold which had been supplied to him after its fabrication.
The ratio of the density of a substance to that of water is known
as specific gravity. This measurement, which is based on water, has
important uses from beer brewing to medicine. The fact that 1 milliliter
of water has a mass of 1 gram makes these important measurements
much, much easier to interpret with the metric system than without it.
John Quincy was clearly aware of the concept of specific gravity. He
mentions it on page 51 and 52 of his report, and elsewhere.
John Quincy has page after page of interrelationships between an
almost uncountable number of measures used over the ages, which seems
to masquerade as an argument, but is actually an act of intellectual
attrition by prose. JQA boldly predicts that the metric system as we
know it today will never happen because “Any change whatever in the
system of the one [country], which would not be adopted by the other,
would destroy all this existing uniformity”
Adams points out that before the revolution, The King of France
contacted the King of England to see about making the seconds pendulum a common standard of length. Adams was equally disillusioned
by the dismissal of the seconds pendulum as was Thomas Jefferson, and
rightly questions the soundness of a meridian measurement:
She had already communicated by her own inspiration
to the mind of Newton, that the earth was not a perfect
sphere, but an oblate spheroid, flattened at the poles : and
she had authenticated this discovery by the result of previous
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admeasurements of degrees of the meridian in different parts
of the two hemispheres.
John Quincy Adams relates the use of metric prefixes in his report,
and finds: “The theory of this nomenclature is perfectly simple and
beautiful.” But then claims the French people have rejected its use, and
relates this to the rejection of decimal currency in the US. He further
launches into the “too many syllables” argument against metric notation, which will be echoed by metric detractors at least into the late
20th century. Adams points out that after the French Revolution, specific values of metric measures were given old names for the public to use.
JQA speculates that as one quickly travels from Paris, the less metric
measures will probably be found, and the old ones used in their place.
The schizophrenic nature of JQA’s prose continues, as he argues that
perhaps in the long term future, uniformity may be achieved somehow,
but probably not with the metric system:
The French metrology, in the ardent and exclusive search
for an universal standard from nature, seems to have viewed
the subject too much with reference to the nature of things,
and not enough to the nature of man.
JQA then offers a sermon about how any metrology system must
relate to the proportions of the parts of a human body. Adams then
revisits his attack on decimal arithmetic, and would later use the words
“decimal despotism” to convey his distaste. He praises fractions and
binary divisions and points out that even those who champion decimal
arithmetic are now contemplating duodecimal (12) instead. This clearly
appears to be a masked appeal to the utility of the foot as a measurement
unit. To John Quincy, The metric system is:
. . . a new and complicated machine, formed upon principles of mathematical precision, the adaptation of which to
the uses for which it was devised is yet problematical, and
abiding with questionable success the test of experiment.
JQA sees the two systems thus:
The standard of nature of the English system is the length
of the human foot, divided by the barley corn. That of the
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French system is an aliquot part of the circumference of the
earth decimally divided.
Adams then launches into a long set of interlaced paragraphs which
alternate between his reflections upon “The French System” and “The
English System.” JQA then attacks the notion of using a seconds pendulum, but had previously praised it. He further argues that for voyages,
the length of a meridian is great, but again returns to the complaint
that metric is not suited for human needs. With an incredibly flippant
tone, JQA asserts that:
The foot of Hercules, the arm of Henry the First, or the
barley-corn, are as sufficient for the purpose as the pendulum, or the quadrant of the meridian.
This statement reveals John Quincy Adams to be a person who is
scientifically tone deaf. No person who was seriously involved in the
engineering and science of the time would make such a statement. It
produces a lack of scientific credibility. John Quincy defends his view of
the current measurement basis:
With the standard of nature, from which it is taken, they
have no concern, unless they can recur to it as a test of
verification. However imperfect for this end the human foot,
or the kernel of wheat or barley, may be, they are at least
easily accessible. It is a great and important defect of the
systems which assume the meridian or the pendulum for their
natural standard, that they never can be recurred to without
scientific operations.
It is also certain that these contemporary measures (foot and kernels of grain) will not have scientific or commercial accuracy. This in
turn allows them to be manipulated by humans who would engage in
fraudulent transactions, which they would sanitize by using their own
measurement standards. John Quincy could not conceive of the modern
idea of standards traceability. Modern measurement standards must be
calibrated to standards provided by the National Institutes of Standards
and Technology (NIST). This government agency serves as an impartial
arbiter of measurement quantities which all parties involved may use to
check the honesty of one another.
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There is also an essential assumption by JQA that the current contemporary measures are in tune with nature, and scientific ones are not.
His is an appeal to romance and mythology, and not metrology.
With so much measurement detail in JQA’s report, it is a strange fact
that he omits a description of how easily one can reproduce basic metric
measures with but a meter stick for reference. The need to revert to the
Earth or a seconds pendulum is a red herring. If one has a meter stick,
which one would expect a person in a metric America to possess, it can be
compared with other meter sticks for uniformity. Then a cube of 100 mm
per side can easily be constructed from wood, metal, or whatever is
available, to create a one liter volume. When a person fills this cube with
water they have a Kilogram. As long as a person has a meter stick, and
knows it conforms with all others, the “scientific” operations involved are
so minimal, that any person of common intelligence would immediately
grasp how to use it to make accurate ad hoc verification standards.
This would be much more accurate than relying on the dimensions of
barleycorns, which can vary seasonally and with humidity, or the foot
of a mythological person.
Once the basis of the metric system has been explained, it should be
clear to any person who deals in commodities, that metric measures are
more trustworthy. The use of non-uniform measurement standards to
gain an advantage in trade was well known. John Quincy Adams clearly
was aware of this problem, and was also aware of the fact that the metric
system could reduce measurement fraud to a bare minimum. One begins
to suspect his omission is wilful, or his knowledge of geometry is lacking
when one reads:
In the new French system, the form of all the measures
of capacity is cylindrical; and the litre is a measure, the
diameter of which is half its depth.
Could it be that Adams did not realize that a 100 mm cube would
also reproduce the same basic metric measures of capacity and mass?—
the liter and the Kilogram? There is no need to make a circular volume.
A circular volume requires the use of π, which introduces an unnecessary
mathematical complexity for the layman. This omission of a rectangular
volume, seems either incompetent, or wilful.
Adams argues that “The metre, very suitable for a staff, or for measuring any portion of the earth, has not the property of being portable
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about the person. . .” He points out that the foot rule is useful, portable,
and of a convenient size, but cannot imagine that a person might possess a 300 mm rule, that would be of the same approximate size. This
rule would be of much more utility, as it could also act as a portable
calibration scale, and allow for a person to recreate the basic units of
metric volume and mass, with a minimal amount of material, and some
water. The pre-metric unit known as a “hand” is almost exactly 100 mm
(101.6 mm) and a person’s hand is portable.
JQA further argues that making measurements conform to science,
will make them less accessible to the common man, and this would be a
great tragedy:
Should the metre be substituted as the standard of our
weights and measures, instead of the foot and inch, the natural standard which every man carries with him in his own
person would be taken away; and the inconvenience of the
want of it would be so sensibly felt, that it would be as soon
as possible adapted to the new measures : every man would
find the proportions in his own body corresponding to the
metre, decimetre, and centimetre, and habituate himself to
them as well as he could. If this conjecture be correct, is it
not a reason for adhering to that system which was founded
upon those proportions, rather than resort to another, which,
after all, will bring us back to the standard of nature in ourselves.
So, according to JQA, all we will do if the metric system is implemented, is to revert to body parts anyway, so just forget bothering with
it.
This incredibly long, repetitive and circular document, may not be
about measurement, despite its title. It appears to reflect JQA’s personal view about man’s place in the universe rather than how to accurately measure that universe. His report reads like a proxy war, pitting
a side which argues that man is at the center of the universe, and the
planets and Sun revolve around the Earth, versus an inanimate universe,
where man is not at the center, and the Earth orbits the Sun. JQA argues that current measures are “man centered” and the metric system
is impersonal and based on science.
JQA then relates, ad nauseam, dozens of measurement units and
their relationships in different states of the union. Page after page is
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filled with antique relationships about which no one would care if the
metric system were substituted for them. John Quincy then asserts that
if the metric system were introduced, it would only end up augmenting
the current farrago of weights and measures. The old ones would remain
as they could not be eschewed. Introducing metric would only make
matters worse in his view. He uses this as an argument to explain yet
again why the metric system can never achieve uniformity. It is the same
argument that will be used 85 years later by Frederick A. Halsey (18561935) against the legislation of metric during the US metric hearings of
the early 1900s.
One hundred and seventeen pages into the report, JQA finally discusses what began his exposition in the first place:
. . . in reference to that part of the resolutions of both
Houses, which requires the opinion of the Secretary of State
with regard to the measures which it may be proper for
Congress to adopt in relation to weights and measures, it
may be proper to state the extent of what can be done by
Congress. Their authority to act is comprised in one line
of the constitution, being the fifth paragraph of the eighth
section and first article; in the following words: to fix the
standard of weights and measures.
Adams then argues that “To fix the standard, appears to be an
operation entirely distinct from changing the denominations and proportions already existing, and established by the laws, or immemorial
usage.” With these words Adams offers a legal interpretation claiming
that fixing the weights and measures is not deciding or legislating the
weights and measures. He then recommends:
In the mean time, should Congress deem it expedient
to take immediate steps for accomplishing a more perfect
uniformity of weights and measures within the United States,
it is proposed that they should assume as their principle, that
no innovation upon the existing weights and measures should
be attempted.
The recommendation is that nothing is wrong with our units, don’t
change them, just make them more uniform across the nation. One
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can distill JQA’s arguments against the metric system into an “Adams
Doctrine.” First, he argues that congress does not have the power to
change the proportions of measures. They cannot decide how many
inches are in a foot, and so on. The only power they do have, according
to JQA, is to enforce the proportions as they exist. JQA argues this is
how to interpret the word fix as it is used in the Constitution. Adams
does not apparently envision engineering and science ever adding new
units of any kind.
Second, he further argues that the metric standards may only be
used as a calibration standard for Ye Olde English3 measures, and metric
units may not be adopted directly.
This “Adams Doctrine” has essentially remained unchanged and in
force from the 19th Century to today. Metric advocates over the years
have, however, seen JQA’s Report on Weights and Measures as a prometric document. How could this possibly be? Well, Adams leaves the
door wide open with his ending flourish, which, without proper context,
appears to indicate the opposite of his earlier formal recommendation
against its use:
France first surveyed the subject of weights and measures
in all its extent and all its compass. France first beheld it
as involving the interests, the comforts, and the morals, of
all nations and of all after ages. In forming her system,
she acted as the representative of the whole human race,
present and to come. She has established it by law within
her own territories; and she has offered it as a benefaction
to the acceptance of all other nations. That it is worthy of
their acceptance, is believed to be beyond a question. But
opinion is the queen of the world; and the final prevalence of
this system beyond the boundaries of France’s power must
await the time when the example of its benefits, long and
practically enjoyed, shall acquire that ascendency over the
opinions of other nations which gives motion to the springs
and direction to the wheels of power.
3

The measures used by the US were defined prior to the British Imperial System
in medieval times by the British. They may be customary, but they were not defined
in the US or by the US. I will use Olde English or Ye Olde English to designate this
farrago of non-systematic units.
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Respectfully submitted.
JOHN QUINCY ADAMS.
Department of State, February 22, 1821.
Adams may well be accusing the French of cultural hubris with his
statement: “she acted as the representative of the whole human race,
present and to come.” In other words JQA is complaining that the
French appointed themselves arbiters of world measurement, without
consulting the rest of the world. How could this possibly be legitimate?
JQA also stresses that it took laws to establish the use of the metric
system in France. This statement is used to imply there was no free
choice by the French people to “voluntarily” use the metric system,
and therefore it is used only under duress by these oppressed persons.
This is a sentiment which will be resurrected by anti-metric persons
throughout the 19th and 20th centuries, and into today. Adams then
argues that the metric system’s actual merits, which will be decided by
the rest of the world, will determine whether it is adopted or not. The
preceding statement by JQA: “That it [the metric system] is worthy of
their acceptance, is believed to be beyond a question” [emphasis mine]
may imply that it is a worthy system for the French, who with only
franco-centric cultural conceit approve of it, but it is not a worthy system
for Anglo-Saxons.
In order to make some sense of JQA’s meandering, wandering, and
schizophrenic prose, one probably should look at the time in which he
lived, and his background. Adams was an envoy to France from 17781779. He became fluent in French, and was well acquainted with other
European languages. He had broad experience with the Europe of the
time. John Quincy Adams supported George Washington’s decision for
the US to have no involvement in the hostilities taking place in France
during their revolution. Adams made it clear that he felt the US should
stay out of European affairs. In affairs of the heart, he decided that
marriage to a British woman was a useful entanglement. This union
may suggest a possible bias toward English culture by JQA.
John Quincy Adams’ personality was “all business,” and he was not
much to have around socially. But, Adams was also a bit off-beat and
known as a person who took an interest in unconventional ideas. JQA
was smitten with the ideas of John Cleves Symmes, Jr. (1779-1829)
who forwarded a “hollow earth” hypothesis. Symmes believed that the
Earth was a hollow shell, about 1300 Km thick, and had openings at
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each pole, which were about 2300 Km across, with 4 inner shells each
open at the poles. Symmes proposed making an expedition to a hole
which he asserted would be at the North Pole. John Quincy Adams was
ready to back this expedition, but left office before it could commence.
His successor, Andrew Jackson (1767-1845), halted the attempt. [3]
In 1831, only five countries had adopted the metric system. These
were France (1799), Portugal (1814), Belgium (1820), Luxembourg (1820),
and The Netherlands (1820). To JQA the metric system would hardly
seem universal. He stated in his report:
During the conquering period of the French Revolution,
the new system of French weights and measures was introduced into those countries which were united to the empire.
Since the severance of those countries from France, it has
been discarded, excepting in the kingdom of the Netherlands,. . .
Worse yet, the metric system was associated with political upheaval
in France, from which John Quincy Adams had decided the US should
distance itself. He also argued against foreign entanglement, so it would
make political sense that he would argue to either change nothing or
improve upon what we have for measures. As his entire career was as
a diplomat, it is not surprising that he would create a document that
anyone who casually read only parts of it, could readily see as pro-metric
or pro-English depending on their point of view. JQA formally recommended the US Government make no changes to the existing structure
of weights and measurements.
I have no idea why some authors have called JQA’s report a celebrated document. Historian Harlow Giles Unger devotes only a couple
of sentences to the report in his biography of John Quincy Adams, stating: “His Report on Weights and Measures would take three years to
complete, but it became a classic in its field . . .” [5] It is not a classic, it
is not cited by metrologists, it is almost a prose Rorschach test. After
John Quincy recommends no change, he then turns around and seems
to praise France’s effort at a metric system, but may in reality be condemning it.
John Quincy Adams’ Report on Measures appears to have been
a document designed for contemporary diplomatic consumption, engineered as a polemic for preserving the status quo, and should not be
celebrated. Today, it should be seen for what it was, a 268 page empty
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suit of a document, which is devoid of scientific content in a way that
only a politician and diplomat can deliver. Unfortunately, this empty
suit set the measurement policy of the United States, from which it has
not deviated to this day. To the detriment of the metric system’s chances
for early adoption in the US, Adams’ report had the effect of closing out
further consideration of the system in the US for another 45 years.
In 1879 Fredrick A.P. Barnard (1809-1889) would make this observation about John Quincy Adams report: [4]
But just three years and a half after Mr. Adams so strongly
expressed his regrets at the destruction of the beautiful “ uniformity of proportion ” contemplated by the theory of British
measures, the British Parliament took this whole business in
hand. Instead of improving the capital opportunity afforded
them of correcting the irregularities which his report signalizes, they quietly struck out of existence every measure of
capacity in use, whether wet or dry; and established the system of imperial measures,....
•••
I esteem [JQA’s Report on Measures] to have been a serious public misfortune. It effectually extinguished all hope of
metrological reform in the United States for half a century.
John Quincy Adams continued to eschew any metric legislation for
the rest of his long career. His arguments against the metric system,
and his “Adams Doctrine” have guided those who have prevented metric system implementation in the US to this day. The Mendenhall Order
of 1893, which is often touted by metric advocates as a metric affirmation, was not an actual change, but was only an implementation of the
“Adams Doctrine.” Forty Four years later, the 1937 metric hearings
attempted to draft legislation which would place the Adams Doctrine
solidly into law.
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Chapter 3
Legalizing The Metric System in The US

In May of 1863, an international meeting of postmasters convened in
Paris. The participants of this International Postal Conference agreed
to adopt the gram as the unit for international standard postal rates.
This agreement immediately precipitated a problem for the US Postal
Service—the metric system was not legal for trade in the US.
That same year in Berlin, a statistical conference was held. In the
eighteenth and nineteenth century, statistics was assumed to be demographic and economic data, which had been collected about countries or
states. This data was generally used for determining tariffs and trade.
The conference participants believed that a single set of weights and
measures should be agreed upon for use by all the participating nations.
They resolved that the metric system would be the most advantageous
for international commerce. This decision put pressure on the US to take
legislative action to rectify the inability of current US law to engage with
the metric system.
Congress also created the National Academy of Sciences (NAS) in
1863. By 1866 the NAS had indicated their preference for adopting the
metric system.
The American Civil War would worm its way into the monograph
documenting the 1863 conference. The report noted that at an earlier
congress in 1860, held in London, that:
The undersigned, on taking his seat in the body, was invited, in behalf of the United States, to confer and unite with
that Commission in its proposed and forthcoming report. A
draft of that report had been printed, presenting, in review,
the different nations which had adopted, or were disposed
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to adopt, the metric system of weights and measures, but in
which it was stated that “the Confederate States of America have expressed a desire to introduce the metric system
of weights and measures.” The undersigned, on perceiving
the statement, protested at once against its propriety, or its
admission into the report, on the ground that the “Confederate States,” so called, had no separate, national, lawful
existence, but still formed integral portions of the United
States of America. The objection was acquiesced in, and the
words in question were modified to read, “Some of the States
of America have expressed a desire,” &c., &c. [1]
The Confederacy wanted metric, but the North argued they had no
legal status as a separate country to invoke the metric system. The
metric system had become a political football in the American Civil
War.
John Adam Kasson (1822-1910), was a Republican member of the
House of Representatives from Iowa. He had been a First Assistant
Postmaster General in the Lincoln administration. Kasson had also
represented the US at the Paris postal conference. The international
resolution was of interest to him, and in 1864 he became chairman of
the Committee on a Uniform System of Coinage, Weights and Measures.
He soon also became a leading advocate for the implementation of the
metric system in the US. In 1866, Kasson penned The Metric Act of
1866, which passed without controversy, and made the use of the metric
system legal in the US. Kasson became a leading proponent of the metric
system, He supported metric adoption throughout the rest of his life.
Historian Charles F. Treat states: “To him belongs most of the credit for
the enactment of the 1866 Act legalizing the use of the metric system.” [7]
The metric system was made legal, but not promoted. The everyday
life of U.S. citizens had not changed. Those who might know about the
legislation were free to ignore it. There was, however, a great optimism
among the legislators about the future of the metric system in the US:
The interests of trade among a people so quick as ours to
receive and adopt a useful novelty, will soon acquaint practical men with its convenience. When this is attained–a period, it is hoped not distant–a further Act of Congress can
fix the date for its exclusive adoption as a legal system. At
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an earlier period it may be safely introduced into all public
offices, and for government service.
Senator Charles Sumner (1811-1874), who was on the Senate side of
the legislation in 1866, was very optimistic about mandatory adoption
of the metric system in the US. A blue ribbon committee was appointed
the same year, and it was believed that metric adoption would be a
forgone conclusion. Charles Davies (1798-1876), who was the committee
chairman, and member Frederick Augustus Porter Barnard (1809-1889),
were both from Columbia University.
The President of the University was Frederick A.P. Barnard. The
obvious merits of the system were plain to him. He and other committee
members expected the group would quickly endorse legislation adopting
the exclusive use of the metric system in the United States. It would
come as a surprise that Professor Charles Davies of Columbia, a member
of the same committee, would voraciously object.
The report offered by Chairman Davies, in its 1871 final form, was
his personal view, and not those of a collaboration. Davies saw the
introduction of metric terminology as an assault on the English language.
He also claimed it would separate us from our historical documents.
Property in the US would now be expressed in a new foreign language.
The work of John Quincy Adams was cited by Davies in his arguments
against metric adoption. The anti-metric views of British astronomer
John Hershel (1792-1871) were also introduced into the report.
Davies complained the meter was an inconvenient length, and that
further measurements indicated it did not really represent a fraction of
the distance along the surface of the Earth. The foot, based on the
division of a yard, based on a seconds pendulum, was a much more acceptable length for Davies. He argued that decimals might be superior
for calculation purposes, but fell short for practical applications encountered in everyday life. Davies did not offer examples of the everyday
applications which might be complicated by the metric system. The
Chairman felt that the metric prefixes would be too complicated and
abstract for school children to learn. They were Greek and Latin based,
which would be foreign, and not comport well with English. The difference between deca-meter and deci-meter would not be immediately
obvious to an English speaking student. He asserted that only sharp,
short, Anglo-Saxon words like inch, foot, peck and ton would be easily
learned and embraced. Davis argued the public would not put up with
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any mandatory change, and would reject lengths which were not based
on body parts.
Davies colleague, President Frederick A.P. Barnard was a man of
many talents, he was president of The American Association for the
Advancement of Science, Director of Printing and Lithography in the
United States Coast Survey, and a charter member of the National
Academy of Sciences. He was fervent that access to higher education
should be provided to women. This lead to the posthumous establishment of Barnard College for women at Columbia not long after his death.
Barnard pointed to the considerable number of new countries adopting
the metric system, and offered a point by point refutation to the assertions Davis had made. The arguments made by these men would set the
tone for metric conflict in the US over the next forty years.
The debate had moved outside of the confines of Congress, lingered
for a short time in the academic sphere, then became a debate among
people with no working knowledge of metrology, and finally was embraced by those with well honed skills of inflammatory polemic. It was
a portent.
This disagreement became known to history as the Davies-Barnard
schism. In response, mandatory metric legislation in 1866 stalled—and
then died.
The report generated by Davies became a template for future antimetric polemicists. Charles Treat observed:
Their report was the first one of any consequence to
clothe social, political and economic arguments on the subject in a scientific garb in order to give credence to otherwise
unsupported assertions. It also raised several new objections,
including the foreign origins of the system . . . [2]
The US now had two legally sanctioned sets of weights and measures.
It was similar to what John Quincy Adams had cautioned would happen
if the metric system were adopted, that measurement units would only
be added and never subtracted from use by the public. The weights and
measures of the US became more muddled as a result of this legislative
augmentation, which has not been resolved to this day.
Metric advocates in the US began to organize after this unexpected
defeat. Three organizations were created, two for metric adoption, and
one opposed. The two in favor were, the American Metrological Society
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(1873), created by Frederick A.P. Barnard, and the American Metric
Bureau (1876) which asserted it was “a missionary society for educational purposes.” In 1877, American Metric Bureau (AMB) member and
American architect J. Pickering Putnam (1847-1917), penned a monograph called The Metric System of Weights and Measures. A summary
figure of the metric system is presented at the end of the monograph. It
is reproduced as Figure 3.1
The chart illustrates how the metric system in the 19th century has
pre-metric usage and culture imposed upon it. Modern usage of the
metric system has simplified metric use to an extent that would probably
surprise members of the AMB. In modern common usage, only milliliters
(mL) and liters (L) are used for volume measurement. The chart has
1/2, 1/5, 1/10, 1/20, 1/50 and 1/100 fractions of a liter as suggested
volumes. These are 500 mL, 200 mL, 100 mL, 50 mL and 10 mL volumes.
When written in a modern manner, they are all nice whole numbers
which can be immediately compared; but that’s not what was suggested
by the pro-metric American Metric Bureau chart. It expressed liters
in the common vernacular of the day—fractions, which do not provide
an instant recognition of magnitude. The nineteenth century was still
a place with an almost uncountable number of measurement units—so
what appears to a contemporary mind to be a very large number of
measures on the AMB chart, would probably seem like a simplification.
The chart also has names for quantities below one-half liter. They
are the Double Deciliter (200 mL), Deciliter (100 mL), Demi Deciliter
(50 mL), Double Centiliter (20 mL) and Centiliter (10 mL). The original
metric decree of 1795 contains this paragraph:
8. In weights and measures of volume, each of the decimal
measures of these two types shall have its double and its half,
in order to give every desirable facility to the sale of divers
items; therefore, there shall be double liter and demiliter,
double hectogram and demihectogram, and so on with the
others.
This explains the name proliferation found in the American Metric Association graphic. The metric system originally had prefixes for
doubling and halving quantities: double and demi. Double is straighforward in English. The prefix demi (in the linguistic sense) is from
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Figure 3.1: Metric Chart from The Metric System of Weights and Measures by
J. Pickering Putnam, American Metric Bureau, 1877.
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Latin dimidium or “divided in half,” and via Old French and Middle
English, it became demi. It was accepted practice to concatenate metric
prefixes to produce a proliferation of unnecessary units such as a demi
hectogram, or double deciliter.
The unit proliferation common in Putnam’s day has slowly been
distilled, but contemporary usage is still littered with the unnecessary
atavistic prefixes centi, deci, deca and hecto. Thankfully double and
demi have not been embraced in modern metric countries which use the
liter and milliliter exclusively in everyday measure.
When looking at Figure 3.1, the example values for mass in grams
appear to use a capital G, with a typeface that looks like a C. In this
case Putnam actually uses integer values of 1, 2, 5, 10, 20, 50, 100 and
200 grams; but at the last moment resorts to 1/2 for 500 grams, and 1K
for 1000 grams. Each quantity again gets its own name: 1 gram, double
gram, demi dekagram, 1 dekagram, double dekagram, demi hektogram,
double hektogram, and demi kilogram.
In French doublé means double and demi is a word prefix for half.
Before modern measurement scales were developed that have a readout
with a continuum of numerical values, it was easiest to halve or quarter
items with a beam balance or volume container. The introduction of
continuous volume and mass measurement allowed for a large variety of
values. The introduction of double and demi appears to be an attempt
to bring order to pre-metric mass and volume measures which had somewhat binary relationships, but quickly possess discontinuous exceptions.
In terms of volume, pre-metric measures had these inconsistent numerical relationships:
1
1
1
1
1
1
1
1

tun = 2 pipes
pipe = 2 hogsheads
hogshead = 2 barrels
barrel = 3 21 firkins
firkin = 9 gallons
gallon = 4 liquid quarts
liquid quart = 2 liquid pints
liquid pint = 4 gills

Most of the unit names have no traceable origin. The word quart is
from a Latin word that means “four” as it takes four of them to make
a gallon. The word firkn appears related to an Old English word that
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also means “four.” Halving and quartering are vestigial leftovers from
premodern times, and fortunately, this unnecessary proliferation of word
designations were eventually dropped from the metric system.
The AMB book offers a four decimeter rule for length, which appears
to be a sort of “metric foot” size of rule. It is marked in decimeters
and has black and light brown patches which show centimeters, but no
millimeters. It does identify that a Half-meter = 5 decimeters = 50
centimeters = 500 millimeters. They also offer a “Double Decimeter”
length rule which is divided into centimeters and millimeters. The best
modern usage is millimeters only, with common ruler lengths of 150 mm,
300 mm, 600 mm.
These examples are all artifacts from an era when the metric system
was still in its infancy; it was not understood how it might best be used.
Clearly the chart did not need fractions for the volume, milliliters would
have been fine, with a reminder that 1000 mL is a liter. None of the
names for each division are needed, and are not currently used. The
gram values could all have been shown as integers, and again there is no
need to name each multiplication of a gram shown. When illustrating
volume, they started with the liter, and subdivided it with fractions. In
the case of the gram, they started with it, and used integer multiples.
In modern use, milliliters and grams make the most sense. We know
that 500 mL of water is 500 grams, and the integer values match. The
American Metric Bureau’s suggested use of the metric system in the
19th century offered familiarity, but not simplicity.
Engineering and science continued to progress, and the original prototype meter was becoming obsolete, and worn from usage. The artifact
also tended to flex when used for calibration, which decreased its accuracy. The original artifacts were over 70 years old. This precipitated
concern that other, alternative measurement artifacts might be developed, and a measurement “fork” might occur.1
In 1870, Scientists from nations around the world were invited by
Napoleon III to attend a conference in Paris to address the problem.
The Franco-Prussian War delayed the conference, and lead to the ouster
of Napoleon III. The delay had the positive outcome that Germany
and Italy, along with a handful of other nations, adopted the metric
1

The term fork refers to what happens with open source software when a group of
programmers have irreconcilable differences. They often split into two new programming groups with two competing sets of software which are intended to implement a
similar vision. This software split is referred to as a fork.
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system afterward. In 1875, scientists from 30 countries attended. The
delegates were tasked with the development of new meter and Kilogram
artifacts. The metric system was now under international control, which
would make it more attractive as an international standard, and would
clearly further its adoption. The original French standards would now
be replaced with standards which would be produced and agreed upon
by international consensus.
The issue of using the Earth as a “metrology standard” was eschewed, and the reproduction of the existing artifacts as exactly as could
be achieved was decided upon. The flexing problem which plagued the
original rectangular bar meter artifact, was addressed by redesigning the
meter bar with an “X” cross-section instead. This design change reduced
the flexing considerably. Rather than using the ends for measurement
planes, the new meter bars had inscribed lines, which were exactly 1
meter apart.
On the 20th of May, 1875, Mr. E. B. Washburne (1816-1887), Minister to France, signed the Treaty of the Meter on the behalf of the US.
This made the US an active participant in the decisions, and insured
they would receive calibration standards for the meter and Kilogram
when they were fabricated. These standards were delivered to the US
in 1889.
There were attempts to reform British measures in the late 18th century. These were precipitated by the considerable number of scientific
discoveries which took place at this time. The eighteenth century metrologists were interested to incorporate the results of new scientific discoveries and theories into any weights and measurements reform which
might take place. Communication between the French and the British
concerning cooperation with weights and measurements reform broke
down, and the British decided to strike out on their own.
Riggs Miller (1760-1800) was an avid proponent of the seconds pendulum for a length standard. As the second of time was determined
by the motion of the Earth, it was argued that the length of a seconds pendulum, at a given latitude, would produce an objective and
repeatable standard of measure. In the end, the seconds pendulum was
seen as too radical a change from contemporary metrology of the day
and dropped. [3] The British also considered using a measurement of the
Earth as a “standard,” but this idea also faded away with time. Author
Robert Zupko summarizes the situation during this period:
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A number of conclusions can be drawn from this examination. Besides the many faults mentioned in the preceding discussions, all of the plans advanced before 1824 suffered from
the fact that they were undertaken as independent actions
by private citizens and were not sponsored or sanctioned directly by the central government. Since they responded vociferously to centuries of government recalcitrance in effecting significant and wide-spread reform, London viewed them
as vicious attacks and generally spurned them. All the of the
major changes in British metrology between the Tudor and
Hanoverian periods were brought about through the work of
government-sponsored commissions, and the dominant characteristic of these panels was conservatism.
In response to the creation of the metric system, the British, in 1824,
established measurement standards for the yard, the troy pound, and
the gallon. All other weights and measures were to be derived from these
standards. This was a radical departure from earlier practice. The use of
the new units was to be short-lived. Ten years later, in 1834, a fire swept
through the British Parliament building, destroying the Troy pound and
the Yard-Bar. There is an irony in this situation, in that wooden tally
sticks which were used as an early form of money were being burned,
and in turn caused the fire which destroyed the Troy pound which was
the basis of coinage in Britain and the US.
A panel was convened to determine how to create replacements for
the lost artifacts. A new imperial standard for the yard was constructed
of gunmetal, which was 1 inch square in its cross-section and 38 inches
in length. Two 3/8 inch diameter holes were drilled half-way into the
bar at each end. These are known as well-holes. The distance between
the centers of these well-holes defined the length of 36 inches. At the
bottom of each hole was placed a small gold stud with finely engraved
lines that could be used to determine the standard length. This was the
most accurate and reliable standard the British had ever created.
The common weight standard for ordinary commodities was to be
the avoirdupois pound. In the case of gold, silver, platinum, diamonds,
or other precious stones, only the troy ounce, or decimal divisions of it
were allowed.
New imperial standards were sent to the US in 1855. Two standards
for the yard, and one for the avoirdupois pound arrived at the US Office
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of Weights and Measures. Engineering and technology continued to
improve, and it was later discovered that the yard standard was unstable
and measurably shortening. The pound standard was also found to be
unsuitable as a measurement touchstone.
Fortunately, the US had a standards option. Because they had signed
The Treaty of the Meter, metric standards were available. The metric
standards had been better designed for comparison, and as they were
the only viable option, became the defacto measurement standards for
the US. This situation continued for several years.
Then on April 5, 1893, T.C. Mendenhall (1841-1924), Superintendent of Standard Weights and Measures, concluded that 1) there are
no existing standards for the current customary weights and measures
which are of sufficient quality for use in defining these weights and measures. 2) his office from this day forward will regard the meter and
Kilogram standards which are on hand as the fundamental standards 3)
the customary units, the yard and the pound, will be derived from these
standards mathematically. 4) As there has been no alternative this has
been the only option available and has been the procedure used for a
number of years. In Mendenhall’s words: “Indeed, this course has been
practically forced upon this Office for several years, . . .” [4]
This became known as The Mendenhall Order. Congress yet again
remained silent on the weights and measures of the US, but scientific
progress had rendered the current situation untenable. The trade and
industry of the US would be hampered without contemporary measurement accuracy, and Mendenhall had to unilaterally act to maintain accurate metrology in the US.
The fundamental “customary” standards of length in the United
States were no longer based on those in England, but were now defined
in terms of the metric standard (i.e. the meter). It was agreed that 1
yard = 3600/3937 meter (0.914402 meter). The inch, foot, yard and
mile were now all defined in terms of the international meter, and had
no physical definition without this system of measurement. Prototype
Kilogram number 20 became the basis for US mass measurement.
This order was not the break from tradition that some metric advocates assert. It is essentially part of the “Adams Doctrine” which
indicates that the only purpose of metric standards would be as calibration standards for the current set of Ye Olde English measures as
inherited from the past.
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It is clear, however, that Mendenhall was very taken with the metric system. In the 1902 metric hearings before Congress, John Brashear (1840-1920), who was the President of The Engineer’s Society of
Pittsburgh and an instrument manufacturer, testified that after hearing
a lecture by Mendenhall, he became a metric enthusiast. If Mendehall
had the influence to convert the US to metric, he almost certainly would
have exercised it.
In 1893, the World’s Colombian Exposition in Chicago placed on
display for all to see, the wonders of Westinghouse electric lighting,
but another nearby gathering of great importance occurred, which is
generally forgotten. It is described by Hallock and Wade: [5]
In 1893 in connection with the Worlds Colombian Exposition at Chicago, an International Congress of Electricians
was held, and a Chamber of Delegates, composed of officials
appointed by various governments, proceeded to define and
name the various electrical units.
The US Congress passed an Act on July 12, 1894 which defined and
established the units of electrical measure for the United States. These
consisted of those agreed upon at the Chicago congress of Electrical
Engineers in 1893, which displaced the ohm in use by Great Britain.
According to Hallock and Wade: [5]
At a meeting held in 1884 an international commission
decided the length of the column of mercury for the standard
ohm, and the legal ohm was defined as the resistance of a
column of mercury of one square millimeter section of 106
centimeters in length at a temperature of melting ice.
This did not win out however when:
...Professor Henry A. Rowland in America and Lord Rayleigh in England, carried on further investigations to evaluate
the true ohm, with the result that the length of the mercury
column was found to be nearly 106.3 centimeters, which accordingly was adopted by the British Association Committee
in 1892, together with the definition of the column in length
and mass, rather than length and cross-section.
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This is a clear example where millimeters demonstrate their superiority as the primary small unit for the metric system. The length would
have originally been 1060 mm and changed to 1063 mm which are integer
values eliminating the decimal point.
The ohm, ampere, volt, coulomb, farad, joule, watt and the unit of
inductance, named the henry, after American Scientist Joseph Henry
(1797-1878), were all defined in Chicago. There were no US representatives trying to define alternative “US Customary” equivalents of the
electrical units. No argument for the inclusion of barleycorns, inches
or yards in the electrical definitions were contemplated, they were all
metric. Electricity, the most important discovery, perhaps since fire, is
not described in any way by US Olde English Units.
In 1895, the 54th Congress convened, with Republicans in control of
both houses. Representative Denis M. Hurley (1883-1899) introduced a
mandatory metrication bill. It mandated that all Government Departments exclusively adopt metric on July 1st of 1897, and by July 1, 1899
the metric system would be the only legal system of weights and measures in the US. For ten years Hurley had worked as a weigher’s foreman
in the New York custom house. He stated:
It was while I was thus employed, . . . using the weights
and measures everyday, that I saw the want of a better system than the irrational and poorly constructed ones in use.
Then, too, I found the French metric system so full of beauty
and utility that I have been its warm adherent ever since. [6]
In 1896, the US House of Representatives passed a bill which would
have finally implemented the metric system on a mandatory legal basis,
but then immediately voted to reconsider. The legislators began to
have concerns about a possible reaction to mandatory legislation. A
second vote was taken, and the bill was then “unpassed.” According to
NIST Historian Charles Treat in 1971: “This was as close to achieving
legislative endorsement as the metric system was to come in this country.
Congress came within an eyelash of approving a measure to adopt the
metric system.” [7]
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Chapter 4
The 20th Century: Metric Surge to Metric
Mirage

Traditionally, the city of Denver Colorado was known as the Queen City
of the West, but in more recent times has been dubbed “The Mile High
City.” John F. Shafroth (1854-1922), was a Denver resident, became
a US Representative, Colorado Governor, and US Senator. He helped
found the National Bureau of Standards, now known as NIST. This
action earned the praise of Henry Pritchett (1857-1939), president of the
Massachusetts Institute of Technology. Shafroth was possibly the best
champion of US metric conversion ever to serve in the US legislature.
John Shafroth was a great admirer of Benjamin Franklin and his
scientific view of the world. He had a nimble and insightful mind. In
1897, members of the British House of Commons challenged the US
House of Representatives to a chess match. Robert Bodine (1837-1914)
of Missouri immediately tried to recruit Shafroth, a known lover of chess.
Shafroth protested that he had not earnestly played the game in some
time, and tried to excuse himself. Bodine insisted, admitting that when
Shafroth had played a young woman in Missouri by postcard, Bodine
had secretly dictated her moves, and Shafroth had defeated him. Bodine wheedled Shafroth into joining the team. Shafroth’s biographers
describe his chess encounter:
The U.S. players sat at a chessboard in Washington D.C.;
the British, at one in London. Moves were transmitted 3,500
miles via the Western Union and Anglo-American companies’ undersea telegraph cable. At the conclusion of the
fourth game the British had two victories and the United
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States one, with one stalemate. Shafroth opposed John Howard Parnell, brother of Irish statesman Charles Stewart Parnell, in the last match on June, 1, 1897. For fifty-eight moves,
the opponents jockeyed their pieces without seeing the whites
of one another’s eyes. Then, with his position untenable,
Parnell gave up and sent congratulations to Shafroth. The
victory enabled the United States to even the overall tally
at two games apiece with one stalemate, leading to the net
result of a draw.
. . . The cable company also gave Shafroth a gold-plated
rook with a piece of cable visible through its glass top. Untroubled by the irony of being a silver man with a gold trophy, he proudly displayed the rook on the fireplace mantle
in his Denver home. [1]
John Shafroth attempted to pass legislation making the metric system the standard of weights and measures for the United States. He is
on record as supporting mandatory metric conversion bills from at least
1896 to his death in 1922. For twenty six years, he labored in a gallant
attempt to make the metric system the law of the land.
Shafroth managed to maintain his reputation at a time when his
political contemporaries were shown to be as corrupt as the Colorado
River is long. When, in 1904, Shafroth believed his opponent had won
the election, he resigned. This earned him the name “Honest John,”
which was also sarcastically used by his detractors.
Shafroth’s bill to adopt the metric system was favorably reported
by unanimous vote of the House Committee on Coinage, Weights and
Measures on December 6, 1900. The date when the metric system was
to take effect in the US was changed to January 1, 1903. Representative
Shafroth asserted that “all the civilized nations except Great Britain
and the United States had adopted the metric system, Russia being the
last to do so a few weeks ago.” The New York Times quoted the wording
of the metrication bill on December 7, 1900 in their article, Favor The
Metric System:
That on and after Jan. 1, 1903, all the departments of
the Government of the United States in the transaction of
all business requiring the use of weight and measurement,
except in completing the survey of public lands, shall employ
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and use only the weights and measures of the metric system,
and on and after Jan. 1, 1903, the weights and measurements
of the metric system shall be the legal standard weights and
measures of and in the United States.
The proposed bill never made it to The House floor, and vanished
with the adjournment of the 56th Congress. Shafroth would introduce
the bill again in the 57th Congress, and again on the first day of the
58th Congress.
Shafroth’s opponents labeled it “The Metric Force” bill. The Friday,
May 16, 1902 issue of The San Francisco Call offered its view of the
metric legislation:
...it has become known among the opponents of the system as the “metric force bill,” and a good deal of opposition
has been arrayed against it.
It is quite probable that an attempt to bring about the
general use of the metric system in this country by a drastic
measure of compulsion would be unpopular and would rouse
a discontent that would go far to defeat the desired object,
but still it is not easy to see how the improvement can be
brought about by any other means. The way to adopt the
system is to adopt it, and that can be effected only by governmental action, for it is only through the Government that
there can be brought about that wide-spread simultaneous
acceptance of the change which is essential to its success. It
required legislative act to reform the calendar, to establish a
decimal system of currency and to make other improvements
of a similar kind. The objection to the so called “force bill”
on this subject is therefore invalid. If the metric system be
good enough to be adopted at all it should be adopted by
law.
While visiting Washington, Lord Kelvin (1824-1907) appeared before
the house committee, and gave a strong endorsement to the bill:
. . . when attention is given to the fact that there are in
different countries and localities sixty different “inches,” 135
different lengths of the “foot,” 235 different weights for the
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“pound,” it will be evident that it would be better for industry and commerce, as well as for science, to have a common
uniform system of weights and measurements arranged on
the decimal plan and based upon scientific principles.
Fredrick Arthur Halsey (1856-1935) enters the stage as a singular
and driven metric opponent who represented the National Association
of Manufacturers. He obtained a degree in mechanical engineering from
Cornell University in 1878. Halsey worked at a drill manufacturing firm
for 14 years and then spent the rest of his professional life as editor of
the American Machinist. He had a broad streak of hostility within his
personality which was frequently deployed in his writing and professional
encounters. Halsey would spearhead anti-metric opposition beginning in
1902 when he attended a meeting of the American Society of Mechanical
Engineers.
Halsey published a monograph titled The Metric Fallacy in 1904.
This book was produced as a rebuttal to the assertions made by John
Shafroth and other metric advocates of the time. A main thesis of
this work is that despite what all the metric countries assert, none of
them have gone metric, and simply continue to use their old systems.
Halsey insists that the French and the other 43 countries that claim to
have embraced the metric system, are all closet pre-metric system users.
The evidence offered by Halsey is a number of letters he received from
residents of those countries.
During the metric hearings of the early 1900s, this exchange between
John F. Shafroth and Frederick Halsey occurred:

Mr Shafroth: Has any other country adopted our system?
Mr Halsey: It is spreading all over the world.

This was, of course, not true then, and became less true as time
marched on. Halsey didn’t just assert that metric countries were not
metric, he attacked the notion that decimal arithmetic is superior to
fractions. Halsey further claims that metric countries cannot get metric
fasteners such as screws and bolts, and have to turn to English speaking countries as there is no alternative. Halsey used the tried-and-true
polemical method of converting current Olde English lengths into metric, and then reacting with horror at their strange values, and at the
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Figure 4.1: Ruler marked in centimeters and divided in millimeters is incorrectly called a millimeter scale by Fredrick Halsey in his book The Metric
Fallacy. A true millimeter ruler would be marked as 10, 20, 30. . . instead of 1,
2, 3. . .

long string of numbers he placed after the decimal point. Of course this
is not how metric is used. Metric values tend to be integer numbers and
are much simpler than those based on British measures.
Even at this point in time, it was becoming known to serious practitioners of metric, that the centimeter was a complicating factor. It
detracted from an optimal use of the new system. In his book The Metric Fallacy, Halsey offers an illustration of a “millimeter scale.” This
illustration is reproduced in Figure 4.1
A casual inspection of the scale reveals that it is a centimeter rule
with millimeter graduations. A true millimeter rule would not have
centimeter designations, and his example only served to intentionally
make the metric system look more complicated than it would if presented
accurately.
At that time, Fredrick Halsey was the editor of American Machinist,
and either this was a willful distraction, or one must question Halsey’s
measurement acumen. Halsey stated that the meter was an inaccurate standard, seemingly ignorant of the reasons behind the Mendenhall
Order, which had occurred ten years previously. Halsey asserted that
old units are never discarded, so adding metric ones would only make
matters worse. This same objection had been offered by John Quincy
Adams in his report some seventy years earlier.
Halsey then points to a new technological gadget, which in his opinion, will make all the arguments for conversion to metric moot: “It
performs all the ordinary calculations of life, except addition and subtraction, so quickly that there is nothing left for the metric system to
save.” This new hi-tech device of 1904 is of course, the slide rule, about
which Halsey also wrote a book in 1899.
As one might expect, Halsey misses the point. Ease of calculation
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is but one reason metric is desirable. Making computations easier with
Olde English units does not address their inherent disadvantages. The
units which exist are related in an unpredictable and arbitrary manner.
The magnitude shifts encountered between pre-metric units, cause conceptual discontinuities, when one has to cognitively relate factors like 2,
3, 12, 16, 1760, 5280 and so on. These non-systematic relationships are
inherent in the non-design of the current set of units. Metric is easier,
and more accurate to visualize and use. Metric measures form a predictable measurement continuum, from micrometers, to millimeters, to
meters, and so on. It’s the inherent design disadvantages in the current
set of Olde English “intellectual measurement tools,” compared to those
of metric, which is the problem, not the conversion between them.
They are not equal systems. Olde English is not even a system
when compared with metric. The pre-Imperial, medieval Olde English
measures used in the US, are but a jumble of units with arbitrary and
capricious values. Using some manner of slide rule to convert between
Roman Numerals and Arabic ones, does not negate that fact that the
former are cumbersome and inefficient, and the latter are streamlined
and efficient. This is just as true with the intrinsically efficient nature
of the metric system when it is compared to Olde English measures.
Halsey also seems to conveniently forget that slide rules use decimal
numbers—which he railed against in his congressional testimony. It is a
strange omission for a man who wrote a book on slide rules.
Fredrick Halsey denied that any government had a right to tell a
person what measurement system they must use when manufacturing a
product.
One problem is, that the metric hearings, held from the dawn of the
twentieth century to those in 1996, were presided over by politicians
and people who have never used or studied the history of the metric
system. These uninformed congressmen are then tasked with evaluating
the merits of the metric system. Their intellectual vacuum is then filled
with visceral emotions and nescient beliefs about metric, which in turn
become policies.
During the metric system hearings held from 1904-1906, this exchange occurred between Representative John W. Gaines (1860-1926)
of Tennessee, and Herbert Davidson. Mr. Davidson was involved in the
manufacture of Library Supplies. This involved woodwork, ironwork,
printing, and any other trade which was required by his company to
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supply libraries of the day:
Mr. Gaines. ...when I went to school my teacher very properly,
I think, skipped me over the metric system, and they did not teach
it then. Would we not all have to go to school and learn the metric system
before we could know whether or not we were getting true measure according
to the old standard?
Mr. Davidson. I think that a person of ordinary intelligence who gave
five minutes to the subject of the metric system would be able to
comprehend it. [Laughter.]
Mr. Gaines. How long have you studied it?
Mr. Davidson. I must say that I never spent fifteen consecutive
minutes over it.
Mr. Gaines. Well, you are an expert by nature.
(Mr Davidson then attempts to explain the metric system to Mr. Gaines)

Representative Gaines could not seem to accept the simplicity of the
metric system and later continued his incredulous inquiry:
Mr. Gaines:. Now, I do not want to weary the committee with my continuing
colloquy; I just want to find out how we are to equip our people with
sufficient information to enable them to know how to swap one plan for
another, Mr. Chairman. Then I shall end this colloquy. Where did you
learn the metric system?
Mr. Davidson. By putting a rule in my pocket and using it the same as
I would a foot rule...
--Mr. Davidson. Why, I chose to use the metric system is because it
impressed me as being simpler.
Mr. Gaines. When did you first undertake to study the metric system?
Mr. Davidson. I say I never studied it.
---

Mr. Gaines. .... The people of the United States, at all events
would have to first learn the metric system before they could use it.
Now, this is what I am trying to find out---they would have to
learn the difference between a foot and a meter and a yard and
a meter and a pound and a meter, and so on. They would have to
do that certainly.
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Mr. Davidson. They would have to gain some knowledge of the
metric system; but it all appeals [appears?] to me, sir, as being
so exceedingly simple that I cannot comprehend the intelligence
that can not understand what a meter is, what a liter is, and what
a kilo is.
Mr. Gaines. But you must remember that we are not all college graduates,
unfortunately for us; and I take it that you are.
Mr. Davidson. Neither am I.

When John Shafroth was up for reelection in 1918, he had a number
of negatives haunting his campaign, and embraced some issues the public
just didn’t care about. The authors of Honest John Shafroth relate:
“Nor did most voters take an interest in adoption of the metric system
or changing the date of the president’s inauguration, two of the senators
pet projects.” [2] The other problem which hobbled Shafroth was the
1918 flu epidemic. He was unable to go out, shake hands, and circulate.
The flu had already killed one of his political detractors, Denver Mayor
Robert W. Speer. John Shafroth’s opponent was well financed, and able
to run numerous newspaper ads. Shafroth would narrowly lose the 1918
election, which ended his political career. Shafroth had earlier resigned
from the metric committee when it became obvious it had been stacked
with anti-metric members, so by that point in time, the metric system
had already been rendered a non-issue. Four years later, John Shafroth
died in Denver Colorado.
From 1888 to 1902, it was believed by most metric proponents that
the metric system was inevitable, and obviously superior as a measurement system. But in 1902, as it appeared to be gaining ground in the
legislature, a backlash began against the metric system, which became
more pronounced as time passed. The Congressional committee members had been unanimous in their belief that the metric system should be
adopted, but by 1904, the members began to fragment, and ultimately
no legislation was passed. John Shafroth would resign his position that
year, very probably because he saw there was no possibility of moving
forward with a metric bill, then or in the future.
The impetus for metrication at that time was because it became
obvious that the metric system was sweeping the industrialized world.
Twenty seven countries had adopted the metric system by 1907; France,
Portugal, Belgium, The Netherlands, Chile, Mexico, Spain, Italy, Brazil,
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Peru, Uruguay, Romania, Austria, Germany, Serbia, Turkey, Norway,
Sweden, Switzerland, Hungary, Japan, Argentina, Finland, Paraguay,
Denmark, Iceland and The Philippines had all officially become metric
countries. This fact became hard to ignore. The next metric campaign
in the US took place in the early 1920s. By 1921, Costa Rica, The
Dominican Republic, and Russia had all become metric for a total of 30
countries.
An ephemeral public interest in the metric system took place during
World War I. It was realized that exports to France needed to be in
metric, and US soldiers there would have to conform to metric in order
to function. The War Department embraced metric during WWI, but
lost interest after signing the armistice on November 11, 1918. By 1920,
the War Department repealed all the metric accommodations it had
incorporated during the war, and ordered the US military to go back to
using “customary British units.”
In 1916, The Metric Association was formed to promote the metric
system and educate the public. This organization would become known
as the American Metric Association during the 1921 metric hearings. It
exists to this day after changing its name to the US Metric Association
in 1974. The World Trade Club was created in 1919 to advocate for the
adoption of the metric system.
The anti-metric American Institute of Weights and Measures, was
pragmatic, and effective. It was fathered by Frederick A. Halsey and
Samuel S. Dale in 1916. They had been quiescent since the collapse
of the 1906-07 pro-metric campaign. The pair were reawakened when
pro-metric discussions for a new drive to adopt the metric system in the
US came to their attention at the beginning of the 1920s. Mr Halsey
called the headquarters of the American Metric Association and stated
with acerbic certainty that: “We have killed the metric system before
and we will kill it again.”
The metric hearings of 1921 were presided over by Chairman Senator
Charles L. McNary (1874-1944) of Oregon. During the hearings, a major
concern of the Chairman, which he emphasized over and over, was his
view that any time limit or deadline to require metrication was a bad
idea. Metrication in ten years was just too restrictive and onerous. He
argued that any metric transition should be open-ended. There was an
apparent acceptance that metrication, if it occurred at all, would be
without any government mandate, or timeline. It was stated by those
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testifying for a metric switch-over that a deadline must be set. They
cited the experience of other countries as evidence:
Mention was made of the time that it would take to do
this. I am informed that in Sweden they enacted a similar
act; that at the end of 10 years the metric system was to be
in force and the only system in force. Then nobody thought
anything about it until the ninth year. Consequently, they
made a rush and the change was made in one year.
It was pointed out, that with legislation, Germany only took two
years to implement the metric system. Allowing for a long protracted
period of “transition” would only create a protracted period of procrastination. David A. Molitor, Civil and Consulting Engineer testified that:
The United States Government had this experience when
the railroads were ordered to equip all freight cars with automatic couplers and continuous brakes. The railroads did
nothing toward complying with the law until the allotted five
years had expired. The time was then extended two years
and seven months, during the last year of which most cars
were equipped.
In the United States, between 1890 and 1917, 230,000 railroad employees were killed and over two million injured on the job. Clearly the
dangers of being a brakeman, before the introduction of the Westinghouse Air Brake, was still fresh in the public’s mind, and an instructive
parable.
John Hord of US Internal Revenue had been tasked to convert the
Philippine Islands to metric. Here is what he had to say:
Mr. Hord. My experience with the metric system was in the Philippines during
the years 1906 to 1910. There was a law enacted by the Philippine Commission
in August, 1906, making the use of metric weights and measures obligatory in
the islands. At that time I was collector of internal revenue for the islands,
and the enforcement of the law was placed in the internal revenue bureau.
The Chairman. The system was enforced upon the people there through enactment
of a statute?
Mr. Hord. Yes, sir.
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The Chairman. What was the period of transition allowed by the statute?
Mr. Hord. About seven months. The law was enacted August 8, 1906, and took
effect January 1, 1907.
The Chairman. Was there any complaint against its enforcement or was it
generally accepted in the seven months?
Mr. Hord. None whatever. The only delay, as I stated, was caused by our
failure to get the standards quick enough.

The US metric conversion of the Philippines was done in seven
months. It is interesting and curious that the US did not impose its
measurement units on the Philippines.
It was also pointed out that:
In 1894 the Congress passed a law requiring that in the
medical services of the United States the metric system should
be solely employed and gave one year for the change. It went
into effect on the 1st day of January. 1895, since which date
no transaction in medicine, no prescription has been written
except in the metric system. It apparently caused no disorder or confusion and could not possibly do so because of its
extreme simplicity.
One person who testified, provided an accurate view of a possible
future for the US, which is indeed the current situation: “I have not
any question whatsoever but what we will ultimately have the metric
system and be forced to it by the rest of the world, but I hate to see the
American people be the last in the procession.”
Chairman McNary opined over and over that he could not see how
this system could help the farmer, or the common person. This of course
begs the question that if one has not experienced and used the metric
system themselves, they are in no position to judge the merits of the
metric system. The Chairman could only assert what he believed to
be true about the metric system. Despite the overwhelming amount of
pro-metric testimony at the hearings, Chairman, Charles L. McNary,
argued that metric should be voluntary and gave his reason thus:
The Chairman. If the thing is uneconomical, then the
great law or the science of commerce ought to adjust it. It
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does in other things. Why does it not operate in this field if
everybody is losing by it, from the packer to the consumer?
Why does it not correct itself?
Thus began an argument against the metric system based on Market
Darwinism. Market Darwinism is a belief that commerce somehow is
a natural environment which is analogous to nature itself. Scientific
evolution of species clearly show that biological creatures evolve to an
effective state, but not necessarily an optimum one. Biological evolution
uses what exists, and if it has utility for another purpose, it will use
that existing “hardware” for another purpose. Engineers recognize that
biological evolution is a series of “kludges” which “repurpose” hardware
for another purpose. Market Darwinists assume that commerce and its
products slowly evolve toward perfection, independent of evidence to the
contrary. A clear example of this view was aired in the 1921 hearings
by William Wilson:
The final test must be the survival of the fittest under
the law of natural selection. Whatever legislators do, the
ultimate result must be in harmony with that law. We are
entirely willing to leave the solution of the issues between
these two systems to the orderly processes of evolution in
American industry and trade.
In previous testimony, it was argued that US Olde English measurements had brought the prosperity which blossomed after the Civil War.
Changing to the metric system could endanger this prosperity from the
confusion it might cause. It was also deemed that the expense of metrication would be a contributing factor to a reduction in prosperity. Thus,
the phenomenal growth rate achieved by the US during this period was
implied to have been produced by the use of English weights and measures. And the reason for this belief is summarized by Robert Zupko:
Its superiority was apparent also because of its fundamental units, such as the inch, foot, pound, ton, quart, and
gallon developed from the eternal process of natural selection of the most appropriate units, and not as the result of a
rigid inflexible, and uncompromising plan. As in the British
Isles, Darwinianism was used by even the most unsuspecting
of individuals and groups.
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And since compulsory laws were required, the metric system had no advantage that would lead people to adopt it
voluntarily. (The experience of more than a hundred nations
since the early 1800s made this claim meaningless) [3]
These Market Darwinism arguments can be traced to Herbert Spencer
(1820-1903) who is associated with the idea of Social Darwinism, and
coined the phrase “survival of the fittest.” Spencer was anti-metric,
but not because he wanted to preserve the current set of weights and
measures, it was because he desired a base 12 (duodecimal) system of
measurement. He saw the adoption of the metric system as producing
a barrier to this much better system he envisioned.
Anti-metric persons picked and chose from Spencer’s ideas to create
the notion of Market Darwinism, or when less wedded to economics,
Technical Darwinism. It was argued that the current set of weights and
measures had been perfected through centuries of evolution and were
therefore much better for human use. The very fact that the metric
system required compulsory laws and government intervention was proof
that the system could not “stand on its own,” and was therefore inferior.
Samuel Dale explicitly invoked this argument:
We now have a system that has resulted from a process
of natural selection since man first began to measure and to
weigh. It is a part of our language, gauges our ideas of length,
breath and thickness of every object, and is bound intricately
and inextricably to all our complicated industries. [4]
Another common argument was that there were always more pressing
issues in the US than measurement reform.
The 1921, metric hearings ended, and no legislation was passed.
By now, the metric system was no longer just an alternative system
of measurement, with obvious apolitical mathematical virtues; it was instead morphed into a political proxy, and then caught in a philosophical
struggle over government power, and the form the US political economy
should be allowed to take. It became an item on a checklist, and you
must oppose it if you believed that government should have no role in
regulating industry. Mandated metrication was opposed, because any
government mandate was opposed.
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Throughout the 1920s, Secretary of Commerce Herbert Hoover (18741964) was a person dedicated to the idea of standardization. He saw
standardization as a key to improving the efficiency of the United States.
His idea of Simplified Practice was to be applied throughout the economy. Brick dimensions, grades of asphalt, the weight of bread, lumber
dimensions and even the sizes of shoes were of interest to Hoover. One
would have thought that Secretary of Commerce Hoover would have
supported the metric system without pause, but that was not the case.
Herbert Hoover may have lauded the idea of standardization, but he
rejected any thoughts of government mandates for standardization. He
believed that laws and regulations should be based on the unanimous
agreement all the parties involved. Unanimous agreement is a condition
that has never been seen in human existence, yet is proudly touted as
the only method to implement US standards. Like Charles McNary,
Hoover would only support the “voluntary adoption in commerce” of
national standards. [5]
Historian Charles F. Treat refers to the period from 1933 to 1958 as
The Doldrums. The Great Depression had decreased available money,
and it was argued that implementing the metric system would be an
undue burden on US industry. Even when money had been plentiful, US
industry fought metric, so metric loses in either situation. The prevailing
political sentiment of this time period was isolationist, and contributed
to the rejection of a measurement system which was seen as foreign. It
was believed that the US was a morally superior place when compared
with other nations. Clearly the system we had used to achieve this lofty
position was the best, and it was up to other nations to realize this
truth.
In 1937, a bill was introduced which had been drafted by the National Bureau of Standards. It had no provision for metric conversion,
but instead only proposed to legally adopt the standards of the metric
system, while making the Olde English units the legal ones for use in the
US. These English units would be defined in terms of the metric standards. The inch would be the legal unit, but be defined as a fraction
of a meter. In this case it would be defined as 254/10,000 of the length
of the meter. This proposal was forwarded because the US Congress
has never legislated official legal units for the US as prescribed by the
Constitution. US weights and measures have remained in legal limbo to
this day.
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This bill was essentially a legislative attempt to put the “Adams Doctrine” on weights and measures into Law. John Quincy Adams argued
that the Constitution gave Congress the power to fix the weights and
measures, but not to decide their proportions between one another. The
“Adams doctrine” however was flawed from a practical point of view,
and would have been violated by the passage of the proposed act. After
all, if the historical problem posed by Adams was fixing the inch to the
yard, and the pound to the ounce legally. Engineering and science would
progress to the point where the conversion factors between Olde English
units became technically untenable. This finally became obvious, and in
1959 their relationship would have to be redefined, which violated the
“Adams Doctrine.” To fix the weights and measures is to also decide
their proportions. JQA’s reasoning in 1831 was just one more bit of
diplomatic sophistry dressed up as inviolable law. In Adams’ view, because the word fix was used, the Constitution would have to be amended
to change the proportions between legacy US measures, and what was
done in the 1959 Anglo-Saxon compromise would be unconstitutional.
The rational for the 1937 bill was explained by the Director of the
National Bureau of Standards, Dr. Lyman Briggs (1874-1963):
It seems strange, 150 years after the founding of this Republic, that legislative action should be necessary to fix the
value of the inch and pound with which we are so familiar.
Nevertheless, the fact is that we have never had a statute
which defines the way in which these units should be determined. [6]
World War I illustrated to the soldier on the ground in Europe, the
lack of international weights and measures uniformity. They could see
it in the incompatibility of ordinance they experienced on a daily basis.
The simplicity of metric units was clearly visible to them. It spurred an
interest in metric system adoption after the war.
World War II by contrast, created a situation where overseas allies
were existentially dependent upon US made supplies for their war effort, and there was little complaint from them. In November 1945, The
Chillicothe Constitution pointed out that for the duration of World War
II, “. . . the standard meter and kilogram were carefully stored in the
Bank of Bethesda, Md., just outside of Washington. This was for fear of
a bombing raid on the bureau of standards...” The Missouri newspaper
also informed its readers: [7]
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Those who have been urging that the U.S.A. adopt the
metric system probably don’t realize it, but the meter and
the kilogram have been the standard measurement of the
bureau of standards for 50 years.
···
But the bureau of standards has no standard foot or standard pound. It uses the metric system entirely and calculates the foot and the pound equivalents from meters and
kilograms.
Fredrick Halsey may have published The Metric Fallacy, and have
been relentless in his anti-metric crusade, but in the 21st century, he
is but an obscure figure, and mostly forgotten. This is not so for an
anti-metric Englishman who’s prose are still discussed on a daily basis
in the US. This Englishman is George Orwell (1903-1950). His books
1984 and Animal Farm are still debated, discussed, and influential.
Christopher Hitchens in his book Why Orwell Matters states:
And he had a strong conviction that the metric system
– which was to become such a toxic issue in England in the
early years of this millennium – was somehow ill-suited to
humans, let alone Englishmen. [8]
Orwell conceded that for industrial and scientific purposes the metric
scheme was necessary. However:
The metric system does not possess, or had not succeeded
in establishing, a large number of units that can be visualized. There is, for instance, effectively no unit between the
metre, which is more than a yard, and the centimeter, which
is less than half an inch. In English your can describe someone as being five feet three inches high...but I have never
heard a Frenchman say, He is a hundred and forty-two centimeters high; it would not convey any visual image. [9]
Orwell’s literary objections consisted of the fact that measurements
such as the pint, quart, foot and so on are much shorter to pronounce
than liter, meter and such. These are the same objections offered in the
19th century by defenders of Anglo-Saxon measures. His statement that
“a large number of units” are somehow needed is contrary to clarity, it is
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what existed before the establishment of the metric system. One could
avoid measuring anything altogether by establishing an infinite number
of measurement units.
Hitchens then relates that:
. . . he [Orwell] was protesting to his agent that the American publishers of Nineteen Eighty-Four had, at the proof
stage, rendered all his metric measurements into the old
form: The use of the metric system was part of the buildup
and I don’t want it changed if avoidable. It’s easy to see
why. When Winston Smith goes slumming with the proles
in Chapter Eight, he gets into a futile conversation with an
addled old man whose memory – so crucial to Winston – is
a wreck except for unimportant details:
“I arst you civil enough, didnt I? said the old man, straightening his shoulders pugnaciously. You telling me you aint got
a pint mug in the ole bleeding boozer?
And waht in hells name is a pint? said the barman, leaning forward with the tips of his fingers on the container.
Ark at im. Call isself a barman and dont know what a pint
is! Why, a pints the alf of a quart and theres four quarts to
the gallon. “Ave to tach you the A, B, C, next.” Never eard
of em, the barman said shortly. “Litre and half litre – thats
all we serve.
Hitchens then observes: “. . . Orwell succeeds in depicting a sodden
deracinated people who have been forcibly alienated from the familiar
things that were near and dear to them.”
Orwell’s anti-metric position, is a version of a common problem to
which many scholars succumb, and to which they are blind. Scholars will
take a thesis for a particular circumstance and apply it outside of the
environment in which its application makes sense. Further, the everyday
interaction with common measurements, leads one to believe they are
as expert as anyone else on the subject, without any investigation or
study. One doubts that Orwell ever used measurements in ways which
might have contradicted his comfort concerning his competence in understanding them. This is a view which is commonly held by the public,
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and Orwell is able to persuade them by using their default viewpoint,
and then enlisting his most enduring thesis.
What was the thesis of Orwell’s that acted like a literary version of
The Blob, and finally oozed over the metric system? It is the idea that
the control of language was the weapon used by Big Brother to enslave
the population. Big Brother was slowly eliminating words that could
express complicated human emotions and societal ideas. Big Brother
was distilling the dictionary down from a massive tome, to a pamphlet.
The purpose of this was to make the public less and less articulate,
and unable to express themselves. This was the means by which he
would reduce humanity to a useful primate, somewhere just above a
chimpanzee using sign language, but much more pliable for enslavement.
Orwell seems to simply apply his thesis to measurement units. If a group
is trying to eliminate numerous measurement units, then it’s the same
activity, with the same sinister purpose, as was done with literature.
He equates literature with scientific measurement. More measurement
units good, less measurement units bad. This is the most false of false
analogies one could make, and demonstrates the hubris which can befall
literary beacons when they venture into the world of technology—even
if it doesn’t look like technology to them.
Orwell is also a good example of what C.P. Snow famously called
“The Two Cultures” in 1959. Snow saw two groups, which can be
broadly called literary intellectuals and scientific intellectuals, existing
with a deep intellectual chasm between them. Orwell’s claim that metric
may be useful for science, but is anathema for the public at large epitomizes this intellectual schism. Orwell is clearly in the literary camp, and
appears to be almost scientifically illiterate. Whereas society may have
a fractal nature, the mass of a ball bearing does not; it has one value.
The idea that assigning a multitude of unequal units to describe a ball
bearing’s mass, will in turn, increase ones understanding of the value of
its mass, is anathema to a common understanding of the quantity. Engineering and science rely on consistent, singular, and universally accepted
measurement to function. Without a measurement consensus, scientific
endeavors would grind to a halt as no one could repeat experiments.
Orwell was apparently ignorant of how important an agreement upon
a single standard value of length is for the reproduction of scientific
experiments. Technical advancements in the 18th century brought about
an acute need for scientists to have agreed upon standards. In 1742, The
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Royal Society recognized this problem, and created a pair of standard
bars with engraved British measures. These two bars were then sent to
France, where they were also given the markings of measures used by the
French. One bar remained in Paris, and the other was sent back to The
Royal Society. According to Ronald Zupko “These bars were exchanged
between England and France so that measurements made for scientific
purposes in one country could be expressed accurately in terms of the
weights and measures of the other.” [10] Unit proliferation is the enemy
of clarity, not its midwife. Orwell did not understand this elementary
point about measurements.
Orwell stated: “Political language is designed to make lies sound
truthful and murder respectable, and to give an appearance of solidity
to pure wind.” He did not realize that this is also what is done with unit
proliferation, and the choice of multiple measurement units in place of
a single, accepted, metric one.
Mr Orwell did not do humanity a favor by embracing, manifesting
and promoting his idea of “Englishness” through measurement units.
He did not help Britain, and his influence on thinking in the US, which
is considerable, has certainly made matters worse. Even worse, he has
created an “intellectual refuge for measurement scoundrels,” mantled
within anti-authoritarian literature. Orwell may have exceptional and
important observations about human society, but is feckless when it
comes to understanding quantitative measurement.
But Orwell leaves us with a very slight puzzle about his view of the
metric system, In his 1941 essay England Your England, he also said
this:
One has only to look at their methods of town planning
and water supply, their obstinate clinging to everything that
is out of date and a nuisance, a spelling system that defies
analysis, and a system of weights and measures that is intelligible only to the compilers of arithmetic books, to see how
little they care about mere efficiency.
In the context of this essay, which appears to have been written as
a semi-patriotic paean of praise for England as the Nazis rained bombs
upon his nation. I think he might be using this statement to tap into
some type of “English Pride,” in the same manner that some Americans express the belief that our Olde English measurements are what
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make us “unique” and “exceptional.” I doubt Orwell’s statement on
weights and measures is a condemnation of them. It is more likely a
dog-whistle statement to the British, which is meant to endear them to
themselves during a time of crisis. Either way, George Orwell did not
understand that a measurement system is not the same as a vocabulary.
A vocabulary maps words with the infinite variety of human emotions
and metaphor they experience. A measurement system maps numbers
to a single reality in nature. The reduction of vocabulary reduces the
ability of a population to express itself socially. The proliferation of
measurement units decreases the ability of a population to describe the
physical world in a coherent manner. The metric system was created in
response to exactly this problem. The physical world is not the same
as the emotional world. Mr Orwell dealt with the latter, but clearly
had little understanding of the former, or he would have embraced the
metric system without reservation, instead of conspiring with those in
power to promote its delay.
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Multiple Metric Systems & Metrology

James Clerk Maxwell (1831-1879) was quite possibly the most important scientist between Newton and Einstein. [1] He developed the “color
triangle” which explains the limits of color reproduction. A modern
version of this is known as a chromaticity diagram.
The stability of the rings of Saturn were a scientific mystery in
Maxwell’s time. A prize, known as the Adams Prize was offered as
an incentive for physicists to solve this problem. Maxwell demonstrated
that the rings could not be solid and must consist of separate bodies
orbiting independently. The Mathematical explanation Maxwell developed won him the Adams Prize, in fact, he was the only one to submit
a solution to the problem, which demonstrated its enormous difficulty.
Photographs taken by Voyager 1 and Voyager 2 in the 1980s confirmed
Maxwell’s predictions.
Maxwell contributed to the kinetic theory of gasses which saw temperature as a manifestation of the average velocity of gas particles. A
rise in temperature meant that the average velocity of the particles had
increased. A decrease in temperature produced gas particles with a lower
average velocity.
The scientific triumph, for which Maxwell is perhaps best remembered, is his development of Maxwell’s Equations of electromagnetism.
Maxwell gathered together four known laws of electricity and magnetism
and integrated them together by adding a new mathematical term. The
new set of equations predicted the existence of electromagnetic waves
which would propagate at the speed of light. Heinrich Hertz (1857-1894)
would later experimentally confirm Maxwell’s theory. Maxwell did not
live long enough to see the confirmation of his theory. The contem71
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plation of Maxwell’s understanding of light would lead Albert Einstein
(1879-1955) to develop his famous equation E = mc2 . Energy is equal
to mass multiplied by the speed of light squared.
In 1832 the German mathematician Carl Friedrich Gauss became
the first person to make absolute measurements of the Earth’s magnetic
field. He used decimal expressions which used three mechanical units of
the metric system, the millimeter, gram and second.
In the 1860s, at the behest of the British Association for the Advancement of Science (BAAS), Maxwell and William Thomson (Lord
Kelvin) continued to expand Gauss’s work. In 1874 the BAS proposed a
measurement system based on the use of the centimeter, gram and second for its base units. Maxwell and Kelvin augmented the system with
electrical units in 1874. This grouping became known as the centimetergram-second or CGS system of measures. The artifacts created by the
French were the meter and Kilogram. Despite the notoriety of its developers, the CGS system contained inside itself vestigial pre-metric unit
magnitudes. The use of the centimeter acts as substitute for an inch.
Whether or not a unit which is the size of an inch should be included in
a measurement system was never questioned, until industrial practice in
the early 20th Century very slowly began to erode this medieval belief.
In 1901 Giovanni Giorgi (1871-1950) proposed a system whose fundamental units are the meter, Kilogram and second. This became known
as the MKS system and would later replace the CGS system of units.
Despite the fact there were now two “metric systems,” uncertainties
remained about the definition of their base unit of length, the meter. Its
length definition wasn’t exactly scientific and readily accessible. James
Clerk Maxwell in his A Treatise on Electricity and Magnetism sums up
the situation with the meter in 1873:
In ... countries which have adopted the metric system, ...
[the base unit] is the metre. The metre is theoretically the
ten millionth part of the length of a meridian of the earth
measured from the pole to the equator; but practically it
is the length of a standard preserved in Paris, which was
constructed by Borda to correspond, when at the temperature of melting ice, with the value of the preceding length
as measured by Delambre. The metre has not been altered
to correspond with new and more accurate measurements of
the earth, but the arc of the meridian is estimated in terms
For Non-Commercial Use Only

72

c Randy Bancroft

2020

73

of the original meter.
One can sense that Maxwell is satirizing the idea of a measurement
unit based on the Earth, and exposes the “Earth based” meter as being
essentially a defined artifact which is not exactly “universal.”
Maxwell had his own viewpoint of how a universal standard of length
might be created:
In the present state of science the most universal standard
of length which we could assume would be the wavelength in
vacuum of a particular kind of light, emitted by some widely
diffused substance such as sodium, which has well-defined
lines in its spectrum. Such a standard would be independent
of any changes in the dimensions of the earth, and should
be adopted by those who expect their writings to be more
permanent than that body.
Maxwell is suggesting that one use wavelengths of light emitted by
an element as the basis for a length standard.1 In his dryly humorous way, Maxwell points out that using light would be a scientifically
based repeatable method. Should the Earth ever disappear, which was
the current metrology “standard,” it would still be theoretically possible to recreate the meter anywhere in the universe without it. Beyond
Maxwell’s “concern” that we might misplace the Earth, it was also understood that the Earth was cooling. As the Earth cools, one would
expect it to shrink, which would in turn alter the length of the meter. [2]
This is when the eccentric and abrasive American-born Charles Sanders Peirce (1839-1914) enters the story. Peirce would be the person who
would earn American metrology an equal footing internationally. His
improved measurement techniques and precision measurements forged
a path which was finally separate from British metrology, and made it
self-sustaining. [3]
Charles Peirce was introduced to a spectroscope, which is a device
that separates light into its constituent frequencies, by Joseph Winlock
(1826-1875) of the Harvard Observatory. Spectroscopy was allowing
scientists to identify the chemical elements which make up stars. The
element helium was first identified as a yellow spectrum line seen during
1

Jacques Babinet (1794-1872) is credited as the first scientist to suggest, in 1827,
that wavelengths of light be used as a measurement standard.
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a solar eclipse of the sun in 1868—prior to its identification on Earth. I
suspect researchers thought it would probably be a metal given the ium
suffix. With the help of his father, Charles became head of the Office
of Weights and Measures in 1872. Peirce traveled to Paris in 1876 and
brought back brass meter standard number 49, which would be used for
the calibration of American standards.
The idea of using light for a standard had been contemplated for
some time, but there was a potential problem. Light is a wave, waves
travel through a medium (water for water waves, air for sound waves).
It was thought that light traveled through a medium, which they called
aether. It was believed that the wavelength of light would be altered
because of the Earth’s rotation in the aether and from its solar orbit.
This would be like the problem of a seconds pendulum having a different
period depending on its latitude. Peirce was aware of this potential
problem:
[T]here may be a variation in wave-lengths if the aether
of space, through which the solar system is traveling, has
different degrees of density. But as yet we are not informed
of such variation.
In 1887 the Michelson–Morley experiment failed to detect the aether.
This caused a considerable scientific brouhaha, but the aether was not
dead yet. It was too powerful of an idea. In the end, after repeated
experiments failed to detect the aether, it was decided it must not exist, and light could be relied upon to be a universal standard for the
definition of a meter.
The path Peirce would take to relate a distance to light would not
involve counting wavelengths of light, this would occur later. It was
known that a series of finely spaced lines on the surface of a transparent medium would split light into a number of different directions. An
equation described the directions of these beams in terms of the distance
between the etched lines. This transparent medium with a series of parallel lines is known as a diffraction grating. Peirce would attempt to use
this known property of a diffraction grate to relate light and distance.
One can create light which is produced by a known element by placing its gas inside of an evacuated tube. When the gas within the tube
is excited with electricity, the gas will emit light. We all know that
when the gas is neon, we call it a neon light, or neon tube. Peirce chose
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to use sodium for his tube. Peirce attempted to calibrate the distance
between the machined lines on a diffraction grating, back to his number 49 meter standard using the sodium light. Unfortunately, the lines
on the diffraction grating had imperfections that made the lines a bit
fuzzy, which limited the resolution. The distance between the lines on
the diffraction grating would change with temperature, further decreasing the accuracy. The accuracy of the thermometer he used to monitor
the temperature also introduced error. Peirce published his results in
1879. He had tied the meter to a wavelength of light by way of lines on
a diffraction grating. He was the first to do this, but it was still not the
method described by Maxwell, which involved counting wavelengths of
light.
Albert Michelson (1852-1931) read Peirce’s publication and realized
that the interferometer he and Edward Morley (1838-1923) had developed to detect the ether could be used for the precise measurement of
wavelengths. An interferometer splits a single beam of light in two and
then later recombines them so the two beams that meet are out of phase.
This produces a series of light and dark interference patterns. A screw is
attached to a mirror that can be used to move the mirror and count the
number of light and dark oscillations. Michelson and Morley published
this work in 1888. The original illustration is given in Figure 5.1
The first sentence of the paper is: “The first actual attempt to
make the wave length of sodium light a standard of length was made by
Peirce.” The inaccuracies of his method are described and the advantages of an interferometer are discussed.
They determined that it would take the counting of 400,000 wavelengths to obtain a decimeter (100 mm). Michelson and Morley suggest
in their paper:
Probably there would be considerable difficulty in actually counting 400,000 wave lengths, but this can be avoided
by first counting the wave lengths and fractions in a length of
one millimeter and using this to step off a centimeter. This
will give the nearest whole number of wave-lengths, and the
fractions may be observed directly. The centimeter is then
used in the same way to step off a decimeter, which again
determines the nearest whole number, the fraction being observed directly as before.
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Figure 5.1: Original illustration of Michelson-Morley interferometer. The
source of light passes through a half-silvered mirror. This beam-splitter allows half of the light to pass directly through the glass plate, and reflects the
other half toward the fixed mirror. The direct beam passes through a compensator which is the same thickness of glass as the beam-splitter. Its purpose is
to equalize the path lengths of the light. This light reflects from a mirror which
has an adjustable micrometer attached so that it may be moved in and out.
The two beams recombine and arrive at the eyepiece where one sees concentric
light and dark fringes. These may be used to count the number of wavelengths
of light as the mirror moves.

In 1892 Michelson went to Paris to relate he and Morley’s interferometer work. Unfortunately, Michelson discovered that his sodium light
did not produce a single frequency line, but was actually a composite of
two lines. This caused enough fuzziness to not allow for measurements
which were as precise as he needed. Michelson tried both mercury and
cadmium and settled on the latter.
In the 1906 book Outlines of The Evolution of Weights and Measures
and The Metric System, authors William Hallock and Herbert Wade,
state that Michelson used “three different kinds of light, viz. the red,
green, and blue of the cadmium spectrum, he determined the waveFor Non-Commercial Use Only
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length of each or the number of times this wave-length was contained in
the standard meter.”
Hallock and Wade can hardly control their enthusiasm and excitement at this technical breakthrough:
The accuracy of this work is almost incredible, as the
variation in measurements was only about one part in ten
million. . . . here is an absolute measurement which gives
the length of a standard in terms of a natural unit, under
conditions reproducible at any time. This, of course, gives a
permanent check on the integrity of the meter, as in the event
of the international prototype being damaged or destroyed. . .
It was decided by the participants, that pursuing a method of tying
the natural phenomenon of light to the meter was to be undertaken.
French physicists Charles Fabry (1867-1945) and Alfred Perot (18631925) made improvements to Michelson and Morleys interferometer, and
were able to obtain a precision near that of their artifact standard. Improvements to the interferometer continued.
A survey of candidate elements was undertaken to find the best one
for use as a new standard for the meter. This uncovered the fact that
various isotopes of the elements were emitting light at different wavelengths which caused blurred lines. The search was on for elements that
were heavy and had few isotopes. This work continued throughout the
20s and 30s. World War II delayed progress, but by the 1950s enough
improvements had been made to schedule a re-definition of the meter in
1960. By international agreement the meter was defined in terms of the
wavelength of light emitted by the krypton-86 isotope. The meter became equal to 1 650 763.73 wavelengths of the orange-red emission line
in the electromagnetic spectrum of the krypton-86 atom in a vacuum.
The meter was now a length available to all countries without respect
to an artifact or geography.
Despite the fact that Peirce, Michelson, and Morley, all American
scientists, were instrumental in achieving the dream of a universal meter
available to all, America did not convert to the metric system or metric
lengths for their everyday lives.
Engineers and scientists involved in metrology may have made considerable strides in developing a unique and reproducible length for the
meter, but how best to arrange those units was still up for debate in the
c Randy Bancroft

2020

77

For Non-Commercial Use Only

78

CHAPTER 5. MULTIPLE METRIC SYSTEMS & METROLOGY

early twentieth century. Between World War I and World War II the
French created a variant of the metric system called the meter-tonnesecond (MTS) system. Yet another throwback to pre-metric nomenclature, which is used to this day, is the word tonne as a substitute for the
Megagram. The pre-metric unit, the ton, had at least two variations
known as long and short tons. The word is derived from the word tun
which was the volume of a large sized barrel.
The third metric system should have more properly been called the
meter-megagram-second system or MMS. This new version of the metric
system was created in response to a perceived need by industry for it. It
was adopted by the Soviet Union in 1933, and abolished there in 1955.
It was a legal system in France from 1919 until 1961. The international
collaboration of scientists had produced a new measurement system, but
clearly, there was considerable fumbling and experimenting to discover
the most expressive and efficient way to use it.
A fourth metric system was in use by meteorologists, which was
known as the decameter-tonne-second system, or DTS system. [4] A decameter is 10 meters, and part of the archaic prefix cluster around unity
which complicates metric usage. Once again the cultural inertia of continuing to use a “metric unit” named after the non-metric ton continued
with the creation of this alternative system. It would have been more
properly called the decameter-Megagram-second system (DMS).
It looked like there might not be a consensus, and multiple incompatible metric systems might exist. The CGS system had about four
variations which encompassed electromagnetic units. The MTS system
existed well into the mid twentieth century, as did the MKS or meter,
Kilogram, second system. Considerable incompatibilities existed between them. Surprisingly an international consensus for a single version
the metric system overcame desires for tribalism, and the system unified
itself into what we now call SI.
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Out of Sight, Out of Mind

Historian Charles Treat in his 1971 work History of The Metric System
Controversy in The U.S. refers to the period from 1933-1958 as “The
Doldrums.” This is certainly an accurate description of metrication initiatives in the US at that time. Worse than being just a stagnant time
period, it had reactionary moments. As described previously, proposed
1937 federal legislation would have made metric artifacts only a standard by which we defined the current farrago of units—just a means
to an end. Metric had become almost unseen. This period encompasses The Great Depression, World War II, and the height of Post-War
American Industrial might. And that industrial might was measured in
inch-pound-seconds as far as Americans saw things. Their was a brief
moment, when this vision of US technical hegemony was shattered. On
October 4, 1957 the Soviet Union launched the first artificial satellite
called Sputnik. This caused enough concern to precipitate an emphasis
on technical education, to deal with how we had “fallen behind.”
One can gauge the level of concern Americans had that the current
set of weights and measures might have contributed to a loss of technical
prestige, by what took place on July 1, 1959. That was when the United
States, the UK, Canada, Australia, New Zealand and South Africa all
agreed on a value for the yard and pound. The International Yard and
Pound Treaty, which they signed, defined the yard as exactly 0.9144
meter and the pound as exactly 0.45359237 Kilogram. This agreement
yet again endorsed the idea among the US and countries with Imperial
units that metric was the calibration standard, but the accepted units of
measure were the yard, inch (as derived from the yard 25.4 mm), pound
and so on. The 25.4 mm inch is also sometimes called the Anglo-Saxon
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compromise inch.
The pound was originally defined using a British standard. In 1893
with the Mendenhall Order, the United States Prototype Kilogram 20
was used to define the US pound as 0.453 592 427 7 that of a Kilogram.
The British continued to stick with their own standard for mass. This
was the British Imperial Pound which had been fabricated in 1845. In
the intervening years after the US defined its standard, the British artifact some how lost a minute quantity of mass. It was now a very tiny
amount smaller than the American standard for the pound. The British
pound is equal to 0.453 592 34 Kilograms. The American avoirdupois
pound is equal to 0.453 592 427 7/0.453 592 34 Kilograms. This works
out to an 87.7 µg decrease in the mass of the British standard. During
the conference a tiny amount of mass was pruned from the US value to
bring it in line with the British Imperial Pound. [1]
The International Yard and Pound consensus was a reactionary agreement on measurement, which coincided with the era of Sputnik. Rather
than questioning our use of a non-metric set of units, the US doubleddown, and brought along other countries for the ride—at least for a
while.
Historian Treat observes:
In essence, this announcement was an updated version
of the so-called “Mendenhall Order” of 1893, but it’s real
significance was to be found in the acceptance of these definitions by the other nations listed. Inconceivable as it may
seem it was the first joint action taken by the United States
and Great Britain in over 200 years of independent existence
to secure uniform values for the units of the customary system of weights and measure to which both nations had so
tenaciously adhered. [2]
The aspect of this agreement which demonstrates it was more of
a cultural endorsement of these measures, than a technical agreement,
was that cost was not an issue. Clearly, if all the measurements were
to be brought into line among these countries, there would conceivably
be a cost involved. Whenever the metric system was broached, the first
argument is that it would cost too much to change all of our instruments.
There was no debate about if this was a good opportunity to simply
pursue the metric system in all these countries in a coordinated effort, as
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opposed to fixing the values of the current non-system of units. Clearly
the argument would be that most of the infrastructure would not change,
such as road signs and so on, but this would be asserted without study,
as an obvious matter. In the case of metric, all there would be were
studies in the US.
The Australians had already experienced loss from this poorly defined set of English units because of the number of versions of inches
that existed in English speaking countries. Because of the lack of a clear
international definition of the inch, there was a misunderstanding in the
early part of the Twentieth Century between Americans, British and
Australians, who were the contractors:
....In 1909 the American firm Pratt and Whitney was contracted to supply all the equipment for the Lithgow plant to
specifications that would ensure interchangeability of components with British rifles. But the parts would not fit because
no one told the Americans that the British drawings used
two different standards of length: dimensions above 2 inches
were expressed in inches aligned with the imperial yard; but
dimensions below 2 inches were based on the ‘Enfield inch’, a
standard used by the Royal Small Arms Factory at Enfield. [3]
It is also interesting to note that had all these nations agreed to
switch to the metric system, they would not only have been in concert
with one another, but with much of the rest of the world at that time.
Certainly there would be some cost savings to be found there. This
Anglo-centric act occurred, just as the rest of the world was beginning
to form a consensus on switching over to the metric system.
The United States response to Sputnik was to create the Mercury,
Gemini and finally the Apollo programs. The last of which would land
a man on the moon before the Soviet Union. The moon shot became a
cold war proxy to determine cultural superiority. While at the time the
metric system played little if no part in this political theater, its prominence in public arguments in the United States would slowly increase in
the decades that followed.
In October of 1960 the meter was redefined in terms of an orange-red
line of light produced by Krypton-86. The meter bar, which had been
the standard of length for over 70 years, had now been replaced, and
the work of American scientists was prominent in this re-definition. The
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political viewpoint was that only the standard upon which the accepted
length units in the US were based changed, and embracing the metric
system itself was of little importance or consequence.
During the 1960s, there was considerable congressional debate about
studying the metric system. In 1965, the British announced a ten year
plan to convert over to the metric system. The rational for this was
to bring their weights and measures into line with those of Continental
Europe, which was their largest export market. In that same year,
Congress continued to argue about the wording of any proposed metric
study. They wanted the objective of the study to steer clear of any
references which implied “conversion to” or “adoption of” the metric
system. The question they seemed to want answered—if any—was how
much does it cost us because other countries are metric? The bill was
not passed. In 1968, with assurances that it was only a study, a bill was
passed, and signed into law in August of 1968. Almost a century and a
half after John Quincy Adams made his report to Congress another was
commissioned.
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Chapter 7
The Era of World Wide Metrication

The metric study was released in July of 1971 with a title, which while
appearing decisive, upon reflection is not: A Metric America a Decision
Whose Time Has Come. The study is stunning in that a summary
of its recommendations is given after the title page, and they appear
unambiguous, unlike those of John Quincy Adams almost 150 years
before. Their recommendations were:
• That the United States change to the International Metric System
deliberately and carefully;
• That this be done through a coordinated national program;
• That the Congress assign the responsibility for guiding the change,
and anticipating the kinds of special problems described in the
report to a central coordinating body responsive to all sectors of
our society;
• That within this guiding framework, detailed plans and timetables
be worked out by these sectors themselves;
• That early priority be given to educating every American schoolchild
and the public at large to think in metric terms;
• That immediate steps be taken by the Congress to foster U.S.
participation in international standards activities;
• That in order to encourage efficiency and minimize the overall
costs to society, the general rule should be that any changeover
costs shall “lie where they fall.”
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• That the Congress, after deciding on a plan for the nation, establish a target date ten years ahead, by which time the U.S. will have
become predominantly, though not exclusively metric;
• That there be a firm commitment to this goal.
These items were submitted and signed by Maurice H. Stans who
was then Secretary of Commerce.
It seems immediately clear that those who produced this report did
not note the warnings found in earlier metric hearings that a protracted
length of transition will only cause an even longer delay. If given ten
years to transition, as suggested in the report, procrastination will take
up at least nine of those ten years. If this recommendation was taken to
heart, it would probably defeat any metric switch-over, because in the
system of government employed in the US—time kills. This protracted
period of metric transition makes the recommendation of a “firm commitment to this goal” less than possible. The assertion that after this
decade-long procrastination, we only needed to be “predominantly” metric, which is not a clearly defined quantity, made the goal a non-goal.
In most cases, this would be taken to be just over 50% metric at best.
Other countries who converted, and would convert in the future,
allowed the costs to “lie where they fall,” but with a US government
which falls over itself to do the bidding of business, any perceived cost
would cause them to veto the creation of any legislation which would
produce actual reform.
By 1972, President Richard Nixon (1913-1994) called for the enactment of legislation which would permit a gradual transition to the
metric system. Nixon stated this is: “an important step which could be
of great significance in fostering technological innovations and enhance
our position in world trade.” [1]
Hearings were held in the Senate in 1975, and presided over by Senator Daniel K. Inouye (1924-2012). Senator Claiborne Pell (1918-2009)
was the first to speak at the hearings. Senator Pell claimed that “metric
is inevitable.” He believed that it was so inevitable, that a voluntary
law would suffice. No one seemed to see the contradiction of a voluntary
law with a ten year “time limit.” If anyone had read the testimony of
the 1921 metric hearings, they would have seen this was exactly the plan
offered then. Fifty years had passed, and the voluntary 1921 metrication
“plan” had very effectively not worked, but this did not deter Congress
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from implementing the same “voluntary plan” yet again in 1975.
Pell asserted that “metric conversion is going forward at an accelerating pace in the United States, on a voluntary basis.” He continued:

Indeed, metric conversion is moving ahead so rapidly now
that the critical need is for Government action to provide essential mechanisms for coordination, planning, and information among Government agencies, among industrial groups,
and between industry, Government, and labor.
The Department of Defense weighed in and indicated it had no interest in becoming metric.
A group called The Engineers Joint Council which claimed to represent 38 engineering societies indicated it would like to see the US go
metric, but that: “It is not important, in our opinion, that the general
public use every one of these units in their everyday life.”
The AFL-CIO said that metric conversion was “premature,” and
claimed the current set of units is actually superior. The AFL-CIO then
cites Market Darwinism as a reason to not have mandatory metrication:

The Committee feels strongly that in any sector, the
marketplace—not the Congress or the Metric Board—should
provide the impetus in deciding whether, when and how metric conversion activities should proceed.
And:
The AFL-CIO is concerned about the impact of metric
conversion on its members as workers, as consumers, and as
taxpayers.
First and foremost, we are concerned that metric conversion will accelerate the deindustrialization of the United
States, thus cause soaring unemployment
The Small Business Administration took issue with the ten year conversion period and saw possible disaster in a metric conversion:
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. . . and there’s no question that our best conversion period would be about 20 years, and to try to do it in 10 years
would be horrendous and practically put us out of business,
and we made quite a study of it. It is our understanding the
Small Business Administration has determined that under
existing authority it may make economic disaster-type loans
under Section 7(b) (5) of the SBA Act. It is also our understanding that the Office of Management and Budget and
the Commerce Department concur in this decision. We have
just in the last couple of days checked again with the Small
Business Administration and are advised that they believe
that since this is a voluntary conversion act as opposed to
a less voluntary act, which was discussed in the House last
year, that they would not have authority at present to make
hardship loans for metric conversion.
···
...but I do feel that if we are to go too fast we tend to
ride roughshod over small business, which so frequently is
not adequately heard, that it may do a real disservice to
the country. In fact, as I said in the closing of my written
statement, and as I have said for many years, and I believe
it to be very true:
If the United States can complete the metric conversion
process in a manner which inures to the economic advantage of small business—the 98 or 99 percent of the private
economy—the conversion will have been a success; if this
does not occur, the cost of conversion to the U.S. economy
will require decades to be overcome, and may actually incur
irreparable damage to the position of the United States in
the economy of the world.
···
Senator Ford. Yes, sir. I understand it a little bit
better. I understand what you’re saying about the problems
that would face you. It could be an economic disaster to
convert involuntarily. There is a problem, even though it
could be economically helpful. It also could be an economic
disaster if its implemented too fast.
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Mr. Beck. That’s right. We all recognize that there is a
large one-time conversion cost which we want to get through
as inexpensively as possible, admittedly, but on the other
hand, the only way this is going to work is that there’s going
to be a long-term economic benefit. To the small businessman, the large conversion cost, whatever its size may be, is
considerable to him because he’s small and he maybe needs
help to get over this hump in order that the benefits repay
him over a period of years.
The American Bar Association stated they were against metric conversion, but were amazingly candid about what was happening:
The point is that Government by its nature cannot be
neutral, and in many cases so-called voluntary conversion
cannot occur until there has been significant governmental
action.
···
The House-passed bill, rather than simply expressing a
national policy in favor of a coordinated approach to voluntary conversion and establishing housekeeping details for the
proposed Metric Board, makes no change in existing law.
The ABA states that the legislation, does not contain any legislation.
Amazingly, they go further by offering up an alternative:
By the fifth clause of article I, section 8, of the Constitution of the United States, Congress is given express power
to “fix the standard of weights and measures.”
Under this clause, under the commerce clause, and under
the necessary and proper clause, Congress unquestionably
has adequate constitutional authority to create a “measurement czar” whose metric conversion directives would preempt all inconsistent State laws.
In other words, the ABA indicates the Constitution grants Congress
the power to impart the power to implement metric in the US to a single
person, who as “measurement czar, would have all the powers they would
require to implement metric in the US, should Congress wish to do so.
The ABA then points out the vacuous nature of the legislation:
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As H.R. 8674 has emerged from the House, the policy
direction apparently given by the Congress is circular: to
plan planning. But what is the objective of this planning?
When you plan you ordinarily have an objective?
Congress finally passed The Metric Conversion Act of 1975. It was
signed by President Gerald Ford (1913-2006) on December 23rd of that
year. Ford stressed in his signing statement, that the act was “a completely voluntary one” however. Ford did state that continuing to use
English measurements “was making us an island in a metric sea.” [2]
President Jimmy Carter (1924- ) appeared to be at best apathetic
to metric conversion, and like his many predecessors was willing to let
Market Darwinism sort it out as the government passively looked on.
Carter stated in 1979: “It is the intent of the Metric Act, that the rate
of metrication be governed by the marketplace, with the U.S. Metric
Board playing but a facilitating part in the process.” [3]
What is most amazing about this negative testimony, is that it was
taking place during the period that the metric system was being adopted
at a furious pace by other countries around the world. We can see
in Figure 7.1 that a spike of metrication occurred in the 1970s, and
then trailed off, as all but the US, Myanmar and Liberia became metric
countries.
This rush to embrace the metric system around the world, bred a
climate in the US of the 1970s, in which the public expected America
would soon become metric. The public knew that legislation was passed.
Newspapers of the time period announced metric values of temperature
to safely cook pork and other meats. One supermarket boasted it was
adopting metric in its ads. Local ladies clubs in the Midwest had meetings where speakers told them what to expect in the metric transition.
Collector columnist Cora Wright wrote on April 15, 1977 in the Delaware
County Daily Times (Primos, PA):
A collector with foresight keeps an eye on lifestyle changes
and anticipates the collectables of the future. For instance,
with the metric system coming as the American standard a
collector might start now to collect present day measuring
devices such as rulers, spoons and cups, or any other measures we take for granted now.
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Figure 7.1: The Social Life of Measures: Metrication in the United States and
Mexico, 1789-2004 Hector Vera 2001
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Well known advice columnist Abigail Van Buren, who wrote a column called Dear Abby, responded to an anti-metric person on November
8, 1977 thus:
DEAR MAD: Sorry oldtimer, but the United States is
the ONLY major nation in the world still clinging to pounds,
inches, gallons and acres. The whole world is adopting the
metric system of weights and measures. And the benefits
to this country of promoting an “international language of
measurements” are too numerous to detail here.
A multipart series called An Everyday Guide to the Metric System
appeared in newspapers across the country at the beginning of 1977.
On September 17, 1977, the only known NCAA metric football game
in America took place between St. Olaf and Carleton Colleges in Northfield Minnesota at Laird Stadium. The game was proposed by Jerry
Mohrig, a Chemistry Professor at Carleton College. This was precipitated by Jerry’s son, who noticed that sports such as swimming and
track were going metric–perhaps a metric football game might be good.
The NCAA had to grant permission for the game to take place–and
did–after working out how to convert the statistics back to US measures.
The major concern was that with a longer field, it was possible to have
a runback for a touchdown that was longer than on a non-metric field.
The field was 100 meters long by 50 meters wide with 10 meter end
zones.
The game is remembered fondly for the esprit de corp it created
among the student body. Metric puns were to be found everywhere.
During halftime, special guests included General Ulysses S. Gram, skier
Jean-Claude Kilo and baseball legend Harmon Kilogram. The half-time
show featured Misty Meters and her Hectoliters. The football game was
dubbed The Liter Bowl. Almost 10,000 people showed up to watch
the Metric Football game. The game was broadcast on KYMN radio.
Unfortunately it was a 43-0 defeat for Carleton. St. Olaf gained 302
meters of “meterage.” Carleton had 106 meters in total offense.
The public seemed to be preparing itself for the coming of metric
in the US, even as the government and industry was not. The rest
of the world was becoming metric at a mad pace, surely “metric was
inevitable” in the United States. Everything was in place except an
enforceable government initiative.
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Figure 7.2: Cover of a program from the only NCAA sanctioned Metric Football
game, played in Northfield Minnesota on September 17, 1977. Courtesy of Jeff
M. Sauve, Northfield Historical Society.
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Chapter 8
The 1978 GAO Report

In October of 1978, the General Accounting Office (GAO) of the US
issued a report titled “Getting A Better Understanding of The Metric
System–Implications If Adopted By The United States.” It is a snapshot
of the late 1970s solipsistic view of metrication as the rest of the world
converted to the metric system. The report seems very uneven in its
views and understanding of the metric system. It has the look of a
report by committee where those who wrote each chapter might have
been insulated from one another.
The report is clear on asserting that a decision has not been made
to convert to the metric system by the United States of 1978. The 1975
Metric Hearings are in line with that statement: “...the national policy
is not to prefer one system over the other but to provide for either to be
predominant on the basis of the voluntary actions of those affected.” It
is also stated by the GAO that:
“The [metric] Board is not to advocate metrication, but
is to assist various sectors when, and if, they choose to convert.” It is also “...to encourage retention of equivalent customary units (usually by way of dual dimensions) in international standards or recommendations;” (1-10)
The method used by the GAO was essentially to perform extensive
polling of multiple US industries, and finally the public, about how they
thought metrication would affect them. The polls could only measure
emotions as their targets of the inquiry. The US had not experienced
any change, and therefore the participants could only provide a visceral
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viewpoint. Not surprisingly, small businesses believed the disadvantages
would outweigh any benefits.
The GAO begins with responses that are congruent with long-time
US economic mythology:
Present sizes have developed over the years in the marketplace to meet demand. ... There is little doubt that increased standardization and rationalization could result in
benefits, although this objective could be achieved using the
customary system.
This is the sort of false equivalence that can be asserted when no
specifics are studied. One can imagine a person who currently uses
Roman Numerals, and has never encountered Hindu-Arabic ones, might
make the same statement.
The beginning of the report seems like a strange loop of inconsistency
(pg vii):
The total cost of metrication in indeterminable in spite
of various estimates that have been cited in the last decade
by various organizations and individuals.
and two paragraphs later:
However, based on the limited cost data that was available to the GAO and the input from various representatives
from a wide spectrum of organizations throughout the country, the cost will be significant–in the billions of dollars.
In a swelling of ersatz democratic pride, the report indicates:
Since a decision will affect every American for decades
to come, GAO believes the decision, which is to continue
with the current policy or change it, should be made by the
representatives of the people–the Congress.
The beginning of the report continues its emphasis on what the current policy is, and launches into a short history of the metric system.
The Adams Report of the 19th century is quickly encountered. The
GAO points out:
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Adams concluded in his report that the Congress should
not change the existing system but should fix the standards
for the units. .... He believed that the time had not yet
arrived in which he could recommend
* * * so great and hazardous an experiment * * *, as
that of discarding all our established weights and measures,
to adopt those of France in their stead.
The GAO quickly mentions that the Mendenhall Order was “an administrative action.” In light of their democratic stance, one might
question their view of the validity of the Mendenhall Order. The technical superiority of the contemporary metric standards, and the failure of
the British ones, was not mentioned as the driving force for this ad hoc
legal patch by Thomas Corwin Mendenhall (1841-1924) that Congress
ignored.
The 1971 National Bureau of Standards Report A METRIC AMERICA, A Decision Whose Time Has Come is mentioned with this interjection:
A major area of controversy was the impartiality and
completeness of the NBS metric study. The critics, which
included former members of the study group and its advisory
panel, contended that NBS was biased in favor of conversion
while performing the study and reporting the results.
Then an interesting historical tidbit:
Metric conversion legislation was passed in the Senate in
1972 providing for a predominantly metric America within a
10-year period. It was introduced into the House where no
action was taken.
From a legislative standpoint, this was a return to the 19th and early
20th century.
The GAO report generally sees the metric system through Olde
English measurement usage, and not as a new and upgraded way of
implementing measures. The report states “Millimeters and centimeters would be used instead of inches and feet.” They then offer an
inch/centimeter ruler as an example. Think about the statement and it
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should be clear that millimeters are not like inches or feet. The reader
is told that “The metric system is decimal because prefixes are used
to indicate multiples and sub-multiples of 10.” The majority of metric
prefixes now use 1000, and this is clearly the best practice for implementing metric quantities. The GAO has a frivolous objection to the pascal:
“The major objection to the pascal is that it is too small of a unit with
which to work. It takes about 1,000 pascals to equal 1 pound per square
inch.” So a Kilopascal would be about 1 pound per square inch, the
base unit for metric usage would simply be Kilopascals. This statement
demonstrates the provincial understanding of the metric system often
shown in this report.
A more legitimate complaint is that a pascal is rather abstract. This
can be remedied easily by using newtons per square meter instead of
pascals, as pounds per square inch are used in the current Olde English
measurements.
Chapter 3 of the Report highlights ascribed advantages and disadvantages of metric. The initial positive aspects related by the GAO have
been covered by metrication consultant Pat Naughtin many times:
1. Conversion would provide opportunities for worthwhile changes
[needed reforms to implement efficiency] and
2. Conversion would stimulate the economy.
There is no discussion of the advantage of using millimeters versus
centimeters, no discussion of whole number usage with milliliters, and
grams and how that could simplify everyday matters, just vague platitudes.
The ascribed disadvantages of the metric system begin with an appeal to the mythology of Technical Darwinism, and an appeal to the
“practical” over the theoretical:
The Customary System is a better measurement system
The U.S. customary system is tailored to meet practical
everyday needs of human beings. It is firmly established,
and is not obsolete or complex. It came into being by natural
selection. Although use of the metric system has been legal in
the United States since 1866, the customary system survives
because it meets a need. ....
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The same old Goldilocks pseudo-arguments about Olde English measures are employed:
The meter, about 4 inches longer than the yard, is too
great a length for general application, and the gram is too
small to be practical. Metric names are more difficult to say
and remember.
The Report has no clear conclusions on US trade, as that is the view
which came back from the questionnaires sent to representatives of the
Fortune 500. The GAO surveyed people in Business, and discovered:
Few of the respondents knew the U.S. policy on metric
conversion. As the following chart shows, almost half of the
respondents believed conversion to be mandatory. (5-13).
and “Few believed the Government should legislate or enforce conversion.” (5-21).
There are many other chapters in the 1978 GAO Report. For the
moment we will look at the overall view of the GAO toward metric
conversion. We will skip to the end of the Report and look at the GAO
conclusions for an answer. Chapter 30 of the Report examines lessons
learned by foreign countries. If the US decided to become metric, here
is the GAO’s list of what we should embrace:
– A firm Government commitment to convert is necessary.
– A central body should be established early to plan and
coordinate the conversion and inform the various sectors of
the economy and the public of metric activity.
– A well-developed plan and effective coordination by industry and all sectors of the economy must be accomplished.
– A voluntary conversion must eventually become mandatory through laws and regulations, etc., in order to complete
the metrication program.
– Overall and specific target dates must be used.
– The public must be adequately informed and educated,
and responses must be made to consumer concerns because
conversion of the retail sector is most difficult.
c Randy Bancroft

2020

103

For Non-Commercial Use Only

104

CHAPTER 8. THE 1978 GAO REPORT

– Letting costs lie where they fall can be adopted in whole
or in part.
– Government purchasing power can be used to propel
the conversion.
– The conversion of certain sectors, such as in sports and
weather forecast, can aid in metric education.
– Periods of dual marking should be kept to a minimum
– Hard conversion of products is more desirable than soft
conversion whenever practicable to obtain benefits.
The list provides a set of very good guidelines for the most part,
other than allowing for dual marking. Whoever wrote this section of the
1978 GAO report has a good understanding of the problems involved.
Surprisingly, they also offered a very self-introspective view:
Another difference between these countries and the United
States is the type of governments. Basically, the foreign
countries have a parliamentary type of government in which
the executive is also the leader of the legislative branch. Two
of the foreign countries only had to change national laws to
effect metrication. Australia, with six State governments,
and Canada, with ten Provinces, had to change some local laws. The changes appeared to be well coordinated. The
United states has a Federal Government and 50 State governments. Metrication would necessitate revisions in the laws
of each of these government entities. Because of the differences in government, the other countries’ decision making
process, including changes to laws, regulations, ordinances,
and codes, is less complex than the United States. (30-4)
The Report points out the frozen nature of the US Republic:
Other countries established their metric organizations early in the conversion process. One month after Australia enacted its metric legislation, the metric board had its first
meeting. In New Zealand the metric board had its first
meeting 10 months after the decision to convert had been
made.
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The Metric Conversion Act of 1975 provides for a U.S.
Metric Board to coordinate the voluntary use of the metric
system. .... However, the Metric Board had not become fully
operational at the time this report went to print, more than
2 years after passage of the act. (30-7)
In Chapter 31 the GAO exposes the misuse of the word voluntary in
1975:
In other countries that are converting, “voluntary” means
that the various sectors voluntarily agree on how and when to
convert within the over-all parameters of a national commitment to convert to the predominant or sole use of the metric
system during a specific period of time, usually within 10
years or less. In other countries voluntary was not a choice
of whether to convert or not, as in the United States.
In the 1975 metric hearings, this confusion about the word “voluntary” was used to falsely equate the legislation passed by Congress with
that of Australia and other countries.
The GAO Report explores a wide spectrum of industries, and how
they reacted to possible metrication. The section on fasteners is an
example of how the US viewed itself with respect to the rest of the
world. The first sentence of the fastener section reads:
The U.S. fastener industry which was originally opposed
to metrication, began conversion efforts in 1970 in order to
maintain its markets.
The industry found that in the 1960s their major customers were
moving toward the metric system. One would think the US fastener
manufacturers would have been in favor of metric by 1978, but the story
is more complicated than expected and perhaps too American. The
Report has a nice description of a fastener:
A fastener is anything which holds two things together.
Nuts, bolts, screws, rivets, cotter pins, and nails are a few
examples. (See following page.) Of these, the United States
produces approximately two million different types. Fasteners can hold together a vast number of items. For example,
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a telephone is held together with about 70 fasteners. Jumbo
jets contain millions; and for one model, fasteners costs represent about 10 percent of the planes total cost. In short,
much of the nearly $2 trillions U.S. economy is held together
by the $2 billion fastener industry.
The report notes that a considerable increase in the use of metric
fasteners is taking place in the US. The domestic fastener industry was
also under pressure from imported Olde English fasteners. At the end
of the 1960s, no US engineering standard for metric fasteners existed,
but an international standard did. US industry representatives claimed
that the international standard had too many sizes and thread types.
The values of these sizes did not follow a logical pattern it was alleged.
If the US fastener industry was going to become metric, it was argued
that the US should create a new fastener system that was:
....as perfect as possible. Also, the industry did not want
to give a competitive advantage to foreign producers of metric fasteners. It was felt that the foreign producers would
gain an advantage if the U.S. industry merely accepted the
existing international standard for metric fasteners in its entirety.
US industry was going to produce a “more perfect fastener” or perhaps even a perfect fastener, and in January of 1971, the report “A
Study To Develop An Optimum Metric Fastener System” was released
by the Industrial Fasteners Institute. The study was presented to the
ten largest corporations in the US as well as the National Bureau of
Standards (NBS), and technical bodies in Canada. The selected group
was unanimous in its view that a detailed study should be undertaken.
The GAO Report states:
The Committee’s ultimate objective was to design a metric fastener system which would be so attractive technically
and economically that it would become the single internationally accepted system of threaded fasteners. (7-5)
An unshakable US faith in technical Darwinism, coupled with the
hubris that the US would create the fittest and most compelling fastener
meme which would entice all other nations to adopt it, propelled this
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new study. The Special Committee published its results in 1973. It
recommended a fastener system with 25 sizes and a single thread type.
The first metric fastener standard based on these recommendations was
released in 1974.
Even before the standard was completed, the new system was encountering international resistance. Britain and German standards representatives released a paper titled “Why Should the International Standards Organization System for Metric Fastener Threads be Changed?”
It argued that the costs and confusion were unwarranted, “the technical
advantages were minimal, and the system could hardly be called ‘optimum.’ ” There were complaints of protectionism, and everyone having
to start all over again. (7-6)
The discussions continued from 1973 to 1977 as the ISO1 negotiated
with its US members. The US representatives finally backed off from
the proposed changes to the international standard. The US standard
became essentially the same as the preferred series of the ISO standard.
There was controversy about the strength grade of fasteners in the 6
to 18 millimeter range. Europeans used an international strength grade
of 8.8. It has a strength capacity of 116 000 pounds per square inch.
The comparable US SAE is grade 5, which has a strength of 120 000
pounds per square inch. This is about a three percent difference. It was
recommended the next higher grade 9.8 be used. This fastener has a
strength of about 130 500 PSI.
The Europeans went along with the proposed change, but only the
US automotive industry adopted the higher grade. US farm equipment, Canadian and European manufacturers decided to use 8.8 for their
threaded fasteners. The unavailability of fasteners that met the US requirement caused concern that an 8.8 fastener could be interchanged
for a 9.8 version during a repair. If 9.8 was not available, it would be
necessary to use 10.9, which requires an alloy steel.
The report next focused on the head sizes for the fasteners:
A major problem arose during the attempt to reach agreement on the hexagon head size for three fasteners. This was
probably the most hotly debated and difficult issue considered during the 1977 ISO meetings. The schedule below
shows the head sizes wanted by the United States, those
used in Europe, and those agreed to at the meetings.
1

International Standards Organization
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Figure 8.1: Bolt head sizes from the 1978 GAO Report

The Optimum Metric Fastener System study had shown
that the head size for a number of fasteners was unnecessarily
large. International standard sizes were widely used in Europe, but the European representatives had in 1975 agreed to
reduce the head size 1 millimeter on each of the three sizes.
The U.S. representatives agreed to the compromise sizes in
the earlier meetings, but in 1977 returned to the demand for
a smaller head for the 10-millimeter fastener size.
The Europeans would not approve an inclusion of a 15 mm head and
the US would not compromise. The official standard became 10, 12 and
14 millimeter diameter fasteners with 16, 18 and 21 millimeter heads
respectively. The US would use these and the 15 mm head. It became
possible that several head sizes might be used for these three fastener
sizes. The Report noted:
Head sizes (like strength grades) are an example of an
international standard which is formally agreed to on paper
but not uniformly adhered to in practice. (7-8)
The European view was that the benefits of the changes to the new
system did not justify the expenses involved. The fastener standard is
voluntary, and the US could do whatever it wanted. This impasse could
leave US fastener manufacturers holding the bag. The GAO report
states:
An official of one company told me he had stuck his neck
out and stocked six metric sizes in 24 lengths. The stock included the 6.3-millimeter fastener which was one of the U.S.proposed sizes that did not gain international acceptance.
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This size was being used by a major automobile manufacturer in its 1977 and 1978 models. However, the automobile
manufacturer has dropped it for future models.
It was noted that maintaining Olde English and metric fasteners in
the US could cause considerable difficulty:
It is virtually impossible to visually identify some sizes
of customary-threaded fasteners from similar-size metric fasteners. It is possible to mismatch 36 combinations of customaryand metric-threaded fasteners. The result could be either
stripping during assembly or full assembly with 25- to 60percent loss in load capacity. Thus, the accidental mismatch
of fasteners could result in fastener failures.
This is a very good argument for a quick metric switch-over, with an
M-day, rather than implementing voluntary with an indefinite “transition period”
A Representative of the Industrial Fasteners Institute described the
US “Optimum Metric Fastener System” as a “misguided move” in 2014.
The OMFS attempted to eliminate fine threads, this “simplification”
was rejected. The US introduction the M6.3 X 1 fastener simply because
they wanted a metric version of an Olde English 1/4-20 US fastener,
rather than using a standard M6 x 1.0 was rejected. The introduction
of a new thread gauge was not accepted. The US wanted to replace
the hex head with a new spline head, but that was also rebuffed. The
changing of hex sizes (head sizes) by 1 millimeter on M10, M12, M14, and
M22 is still causing confusion to this day. The US has finally withdrawn
its proposed “optimum” metric standard.
The two metric standards that remain are ISO and DIN. DIN is very,
very close to the ISO standard. They are 99.99% interchangeable, and
90% identical. The German DIN standard is to be replaced with the
ISO standard.
The US introduction of an “optimum” fastener standard in the 1970s
has the fingerprints of American hubris all over it. Rather than finally
bring some order to the chaos that is side by side US and metric fasteners, by eliminating the “custom”-ary versions, and using ISO metric
exclusively, we instead opted to show everyone “how to do it better.”
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History has not judged us favorably, and the exercise in imposing a US
metric fastener “standard” on the world continues to cause discord and
confusion to this day.
The 1978 GAO report offers insight into how the beverage industries
in the US did, and did not, embrace the metric system in the 1970s. The
1978 GAO Report chapter on beverages indicates a quick change took
place in the 1970s, and then the metrication of beverages was frozen
in place at near zero kelvin. What happened has become mythologized
in the last few decades. The GAO Report is interesting as it comprehensively looks at all the beverage sectors. This section of the report
begins:
Wines and distilled spirits are converting their products
to metric sizes for marketing reasons. Both are regulated
by the Department of Treasurys Bureau of Alcohol, Tobacco
and Firearms; however, the producers requested the change.
A considerable portion of their products are now being sold
in metric sizes.
The Report notes that soft drink manufacturers have introduced
products with metric volumes in many areas of the US. However, the
soft drink industry “did not plan an overall metric conversion in the near
future.” Milk has labels with metric equivalents, but had no plan to
change-over to metric sizes. The beer industry had no plans to become
metric, but would in some cases put equivalent metric quantities on
their labels. Currently, a considerable number of microbrewries have
taken to using obtuse and archaic units as marketing strategies by selling
“growlers” and other volumes for novelty appeal.
The Report first discusses the wine industry. They decided to convert
their entire product line to metric. Amazingly:
...it was the Wine Institute, a trade association representing California wine producers, that petitioned the Bureau to
convert to metric sizes and reduce the number of permissible
sizes.
The organization wanted to reduce the number of permissible sizes
from 16 customary to 7 metric sizes. A table is then included that shows
only 9 of the 16 customary sizes were in general use.
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The Wine Institute made the request because many imported wines were being sold in bottles containing up to several ounces less than the 4/5 quart (the fifth 25.6 ounces),
the most common size used by domestic products. The bottles used for imported wines appeared to contain the same
amount of contents as those used for domestic wines. The
industry believed the practice was deceptive to consumers
and gave foreign producers an unfair competitive advantage.
At a hearing held on the Wine Institute request, it was
brought out that imported wines should not be required to
use customary-size bottles because the National Bureau of
Standards study had recommended that the United States
switch to the metric system over a 10-year period. Subsequently, the Bureau denied the request because it considered it inappropriate to require foreign wine producers to
use customary-size bottles for sales in the United States.
It appears that the wine producers first wanted to force foreign manufacturers to produce wines in Olde English, but because alcohol is one
of the few government regulated industries in the US. The NBS had
the authority to tell the wine producers they had to switch to metric.
It appears as clear as a summer day, that given their choice, the wine
manufacturers would have forced foreign manufacturers to produce a set
of bottles in Olde English for the US and metric for the rest of the world
As it was:
The Wine Institute selected the 750-milliliter (25.4 ounces)
size as the primary size because it was very close to the 4/5
quart (25.6 ounces) which comprised about 48 percent of
the industrys sales. The 750 milliliter was also used in other
countries. Four other metric sizes—the 3 liter, 1.5 liter, 375
milliliter and 187 milliliter—were selected by the Wine Institute because they were multiples or sub-multiples of the 750
milliliter and thus would enable consumers to make price
comparisons between sizes. Selection of the 375 and the
187 milliliters also permitted continuation of sizes similar
to those consumers and the industry were familiar with.
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Miraculously, the NBS held a public hearing on the subject, and all
the persons who spoke were either for the conversion or didn’t oppose
it. The NBS took written comments. 40 comments were submitted, and
only three were opposed to the metric switch-over.
In June of 1974, the NBS approved seven metric sizes. Six had been
requested by the Wine Institute, plus the 100 milliliter, which “had been
requested by foreign wine producers, importers, and airlines to permit
importation of sherries sold in one-person servings.” The conversion
period would be 4 years beginning in January of 1975 and ending on
December 31, 1978. Four years was chosen to allow for existing glass
molds to wear-out. Foreign wine producers would now have to conform
to the US metric size requirements.
The conversion process was nearly complete in October of 1978, when
the GAO Report was issued. The amount of time given allowed for the
orderly transition that took place. The largest snag was not technical
but legal. Tax law was written using Olde English units, and the producers had to convert the values for tax purposes. In this case, the
producers put the metric conversion to good use by introducing reforms
that might not otherwise have taken place:
... One wine company official told us that about $12,000
annually in storage costs will be saved because of the new
shape, a 375-milliliter bottle, will be used to replace three,
4/5-pint bottles that the company previously used. Changes
in other bottles could also result in some savings to the industry. These changes could have been made without converting
to metric, but the metric conversion was viewed as providing
the opportunity to make the changes.
The use of metric units by the authors of the Report is seen to
reflect pre-metric usage of expression. The first is the archaic Olde
English notion that one should immediately switch from milliliters to
liters when encountering a value of 1000. Rather than switch to liters,
one should continue using milliliters and not change metric prefixes, and
therefore units. The values adopted were: 100 mL, 187 mL, 375 mL ,750
mL, 1000 mL and 3000 mL, where the 1000 mL was changed to 1 L and
3000 to 3 L.
Indeed, one can use the 750 mL size as a standard price touchstone,
but only if the store carries that particular size for the wine you desire.
For Non-Commercial Use Only

112

c Randy Bancroft

2020

113

A go-to way to describe the price is in dollars (or cents) per 100 mL. If
the 100 mL item is shown as $2.00 per 100 mL and the 750 mL bottle
has $1.45 per 100 mL, then it is very easy to compare, just like metric
fuel efficiency, which is written in liters of fuel per 100 Km. Each item
should have a price per 100 mL for comparison.
The GAO next indicates that consumers will receive limited benefits.
They immediately argue:
The 100 milliliter will be more difficult to make comparisons with than the other sizes; however little use will be
made of this size, and consumers will feel little impact.
and:
... Also, sizes such as 4 and 5 liters cannot be easily
compared in volume to other metric sizes, such as the 750
milliliter and the 1.5 and 3 liter, thereby defeating another
of the original aims of metrication.
The Department of the Treasury finally offered an official chart two
years after the metric wine conversion had taken place.
Once again, we see the metric sizes treated like Olde English sizes,
with liters and milliliters, rather than just one unit. The cultural inertia
to continue with factors of two makes metric seem unwieldy. This practice continues on their more graphically designed chart shown in Figure
8.2
The distilled spirits industry also converted to metric and decided to
reduce the number of sizes. The GAO seems shocked they decided to do
so using metric: “The size reductions could have been achieved without
metrication.” Again a table is offered for the new sizes
What makes the distilled spirits table in Figure 8.3 so unusual is
not its metric quantities, but that it has a mandatory date for metric
conversion of January 1, 1980. This is a singular situation in the history
of metrication in the US, where the conversion was not voluntary.
The metric sizes used by the distilled spirits industry are more rational than those of the wine industry at 50 mL, 200 mL, 500 mL, 750 mL,
1000 mL and 1750 mL. As seen previously with the wine industry, the
chart immediately changes the 1000 mL and 1750 mL to liters, which
introduces a cognitive discontinuity.
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Figure 8.3: Official distilled spirit volumes from the 1978 GAO Report

The conversion is also being carried out under regulations
prescribed by the Bureau. However, it was the Distilled Spirits Council, a trade association which represents about 95
percent of the distilled spirits industry, that petitioned the
Bureau for permission to convert to metric sizes and reduce
the number of permissible sizes. Among the reasons given
by the Council for wanting to convert were to (1) reduce
production costs, (2) permit marketing and distribution efficiencies, (3) provide better service to the public, and (4)
promote exports. (26-18) and (26-19)
The GAO claimed that the change occurred because of: “The legislation by the Congress directing NBS to study metrication also stimulated
the industry to consider converting to metric.”
The agreement by the European Economic Community to use 17
metric sizes for trade among the member nations was also a factor.
There were arguments about what sizes to adopt, but not the fact that
the industry would become metric.
When the conversion was announced in 1976, the Bureau Director
stated:
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. . . the change to metric would (1) reduce significantly
the number of bottle sizes, (2) provide enough separation
between sizes to deter possible consumer deception, and (3)
make calculations easier because of round numbers. (26-20)
It is surprising that the Bureau Director cites the use of round numbers, but does not note the change from milliliters to liters as cognitive
problem.
The cost of conversion did not seem to be much of a deterrent:
One distilled spirits official described the conversion as
posing no difficult problems for his company. He said the
company is constantly making changes in its operations. New
bottles are introduced, new labels developed, and production
lines are adjusted to handle bottles of different sizes with
varying contents. He viewed the change to metric as just
another change; one not much different than his company
faces on a day-to-day basis.
Another official of a distilled spirits producer told us that
his company estimated it would cost $1.5 million to make the
conversion. “.. This amount, however was not considered
substantial in that it amounted to less than 0.5 percent of
the companys annual sales.”
One company didn’t seem to see the costs as attributable to metrication, as they had timed the transition to coincide with a time when they
were replacing worn-out glass molds with new ones. The GAO spends
more time asserting that metric will make price comparisons harder,
and still does not mention price per 100 mL as an option. Once again,
milliliters and liters are implemented by the Treasury.
The choice of 750 mL is based on one-fifth of a gallon. This has
produced an incompatibility with Europe and affects our international
trade. The operators of Montanya Distilleries in Crested Butte, Colorado make rum, and wanted to expand their sales into Europe. The
problem is that US bottles are 750 mL and European bottles are standardized at 700 mL. The distillery could not obtain 700 mL bottles in
the US so they had two choices. The first was to import 700 mL bottles
from Europe, fill them with rum, and then export them back to Europe.
This was definitely cost prohibitive. The second option was to obtain
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permission to send the rum over to Europe in bulk and have it bottled
there. The distillery chose the second option, which employs Europeans
and their glassware industry.
There is more to the story however. Most of the world had adopted
the 750 mL size as standard, but in 1990 the European Union (EU) legislated that liquor bottles were now required to be 700 mL, whereas wine
and soft drink bottles would remain 750 mL. This is an example where
a group of countries introduced incompatibility with world standards,
rather than conforming with them.
The soft drink industry is examined next by the GAO, and here there
is a bit of a surprise:
Use of metric size containers for soft drinks began in April
1975 when a major soft drink company introduced the liter
size in one of its marketing areas. The company wanted to
use the new bottle which, while shorter, would cost less since
it contained less glass and would perform better on production lines. The new bottle would also permit a 20-percent
savings in space for bottlers because (1) more cartons could
be placed in the same amount of space, (2) increased payloads would be possible for trucks, and (3) more storage capability would result in warehouses. Also, customers preferred
the new bottle. (26-30)
The company viewed using the liter as an opportunity to
be the first in the soft drink industry with the metric system.
Yes, the one liter size was first introduced in the US, and not the
ubiquitous 2 liter bottle. “...the company also began use of 1/2-liter
and the 2-liter sizes. Both refillable and nonrefillable metric-size bottles
were used.” (26-31)
But like beer, there was a demarcation:
All the metric soft drink changes that we are aware of
involved soft drinks sold in bottles. No soft drinks were being
sold in metric-size cans. Soft drink industry officials told
us that no conversions involved cans because the costs to
convert can production facilities would be too high, about
$1 million for each can production line. Also, concern was
expressed on the impact changing can sizes would have on
vending machines.
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It is clear that machines wear-out, and small aluminum cans of soda
have been introduced over the years. It is very difficult to believe that
in the last three decades, an opportunity did not arise to make soda
cans metric. The desire to decrease the amount of material used to
produce each can is monumental, it would only make sense to change
from a 355 mL can to a 350 mL can, yet this has not occurred. In
recent years aluminum “bottles” of soda have made their way onto US
shelves. Could they not have been changed over to metric from 251 mL
to 250 mL? Such is the cultural inertia that stifles US change.
The soft drink industry also saw voluntary metric conversion as
meaning optional metric conversion. They assumed if metric was not
voluntary, the government would impose how they would do metric,
rather than just saying you have to go metric, you figure out how you
would like to do that, but you must become metric as has been done in
other countries.
The GAO praised the soft drink industry for using “1/2 liter, liter,
and 2 liter–[which] are multiples of one another.” This in their view
made it easy for consumers to compare prices. If the soft drink industry
had actually been compelled to convert then what is said next would
not still exist:
Soft drinks are sold in 15 customary size containers–61/2, 7, 8, 10, 12, 16, 24, 26, 28, 30, 32, 36, 48, and 64 ounces.
Many of these sizes do not lend to easy price comparisons
with other sizes. Also many soft drinks are sold in cartons
having 2, 4, 6, 8, or other quantity containers. Because of
this, the soft drink cartons consumers purchase come in sizes
such as 39, 42, 96, and 128 ounces–quantities which do not
lend to easy price comparisons.
If there were a complete conversion to metric sizes, this
could help facilitate consumer price comparisons, particularly if rational sizes like 1/2 liter, liter, and 2 liter are used.
For example, the price of a carton of eight 1/2-liter bottles (4
liters) could easily be compared with the price of four 1-liter
bottles or two 2-liter bottles. The same advantage could be
achieved, however, if soft drinks were sold in customary sizes
that were multiples of one another.
The GAO just had to take a jab at metric. Without a metric switchFor Non-Commercial Use Only
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over what opportunity might present itself to change the custom(-ary)
units to a more rational series?
The GAO report moves on to milk:
The sizes in which milk may be sold is strictly regulated
by various state laws. At present, the 1/2 pint, pint, quart,
1/2 gallon and gallon are the most commonly used sizes.
They are all multiples of one another which makes price comparisons for consumers simple.
The GAO seems to ignore difficult comparisons such as the half-pint
to the half-gallon. The paragraph goes on:
Other sizes permitted include the gill, an amount equal
to 1/4 pint, and 3 quarts. The 3-quart size is permitted in
about 20 states but is not widely used.
This points out again that weights and measures in the US have been
left to the individual states, and the Federal government has been asleep
at the switch since at least 1797. This means:
The States have not approved the sale of milk in metric sizes. . . . It appears that if conversion occurs, the most
frequently used metric sizes would be as follows.(26-35)
In their speculation, they cite 250 mL, 500 mL, 1 L, 2 L and 4 L,
again eschewing milliliters after they meet 1000 of them.
They point out that “Each of the above metric sizes is about 6 percent larger than the customary size it would replace.”
Beer producers vigorously opposed any metrication efforts that would
make its container sizes obsolete. Again:
The sizes in which beer is sold is regulated by the States
and many different sizes are authorized. Under the Federal
Alcohol Administration Act, the States are provided the authority to regulate beer sizes. The sizes most widely used are
7, 12, 16, and 32 ounces. Revisions of laws in many States
would be necessary if the industry converted to metric sizes
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Strangely, it was cost effective for the soft-drink industry to change
their bottles, but the replacement of 12 ounce bottles of beer would be
prohibitively expensive?
Several industry officials believed it was inevitable that
the industry would convert to metric. But, they believed
conversions would not occur for many years unless required
by the government. . . . Industry officials believed that the
United States should continue a voluntary policy of converting to the metric system. (26-36)
As we have seen, voluntary metric means no metric.
The GAO Report has an interesting history of the mixed-bag that
is the beverage industry. The wine and distilled spirits world became
metric, the soft drink industry added metric to the mix, and the milk
and beer industries flat-out rejected metric and had their way. To this
day, the weights and measurements situation in the beverage industry
remains frozen in the 1970s.
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Chapter 9
Return to the Past

In 1977 the highway signs in the US were to be changed to metric. This
might have provided a turning point for metric implementation in the
United States, it might have become a catalyst for change, but instead
it proved to be the beginning of the end.
In April of 1977 the Associated Press reported: [1]
A highway administration official said there is no plan to
print both metric and mileage figures on the highway signs
to ease familiarization.
The official said the action is in line with the national
switch to the metric system outlined in the Metric Conversion Act of 1975.
The changeover will apply to every highway, road and
city street in the country. Under the Metric Conversion Act,
the highway administration can order the conversion even on
roadways that receive no federal aid.
During the 90 days ending September 30, 1978, vertical
clearance signs for over passes also will be changed to metric
figures. Truck drivers accustomed to looking out for 10 foot
warnings will have to learn to hit the brakes when they see
a three meter sign.
Some American cars already contain markings for kilometers as well as miles, and auto makers already are planning
to install metric speedometers and odometers in all cars.
Motorists with old cars will not be required to buy new
speedometers. They will be able to go metric simply by
pasting a label over their speedometer.
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If people started seeing the government actually implementing metric, it might have made a considerable amount of difference. Unfortunately, one man was ready to stand alone against Congress and the public. That man’s name is Representative (now Senator) Charles Grassley
(1933- ) of Iowa. Representative Grassley waged a one person political
war against metric road signs, and single handedly killed them on June
8, 1977. The Thursday June 9th Des Moines Register reported that:
The Iowa Republican told his House colleagues that Federal Highway Administrator William Cox will withdraw proposed regulations that would have forced the conversion of
highway signs to the metric system.
The Des Moines paper further related Grassley as:
Denouncing kilometers as a “foreign system of measurement,” Grassley said that “forcing the American people to
convert to the metric system goes against our democratic
principles.”
Who Grassley was representing is unclear. The Sunday Des Moines
Register reported on January 11, 1976 that a majority of Iowa’s manufacturers were for metric adoption by the US. On October 31, 1976 the
Cedar Rapids Gazette had a full page devoted to metric, which showed
a photograph of a dual unit road sign, and did not seem to receive a
deluge of anti-metric reaction. Grassley was also for a law, which was
eventually passed, forbidding the use of federal funds for metric road
signs.
On October 20, 1977 the weather service decided to put implementing the metric system on indefinite hold.
It was in 1980 that Ronald Reagan (1911-2004) was elected. He
promised to return the United States to a pristine time in the past when
all was abundance, and the US was at its zenith. He asserted that
nothing was wrong with the nation that could not be fixed by reducing
and attenuating government. A few newspapers of the time reported the
words of Dean Krakel, Director of the National Cowboy Hall of Fame,
who summed up the cold war zeitgeist by associating the metric system
with communism and stating:“We know the West was won by the inch,
foot, yard, and mile.”
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In February of 1982, the US Metric Board told congress they needed a
clear congressional mandate to bring about metric conversion. Dr. Louis
F. Polk (1903-1991), Chairman of The Metric Board asserted that:
Before putting money on the line, business leaders want
and deserve a clear-cut position so they can order mills, systems, and machine tools without expensive uncertainty as to
the proper selection from among metric, customary, hybrid
or universal stocks and standards. [2]
Polk was an engineer, scientist and had been chairman of Sheffield
Measurement, as well as a director of the Bendix Corporation.
Ronald Reagan then requested that congress abolish the U.S. Metric Board. [3] On September 30, 1982 it was abolished as “an economy
measure.” What little remained was renamed “The Office of Metric Programs.” The budget, which in 1982 had been $2.7 million, was reduced
to $300,000 per year by 1984.
In 2006, Frank Fabian Mankiewicz II (1924-2014) came forward and
claimed he had been working behind the scenes with another person,
Franklyn C. “Lyn” Nofziger (1924-2006), in secret, to assassinate the
US metrication effort during the Reagan Administration.
Nofziger and Mankiewicz were journalists, who worked for political
campaigns. Neither had any scientific, engineering or manufacturing
background, which might have informed them about the issues involved
with metrication. Mankiewicz, in a remembrance of Nofziger, who died
in 2006, had this to say in The Washington Post: [4]
So, during that first year of Reagan’s presidency, I sent
Lyn another copy of a column I had written a few years before, attacking and satirizing the attempt by some organized
do-gooders to inflict the metric system on Americans, a view
of mine Lyn had enthusiastically endorsed. So, in 1981, when
I reminded him that a commission actually existed to further
the adoption of the metric system and the damage we both
felt this could wreak on our country, Lyn went to work with
material provided by each of us. He was able, he told me, to
prevail on the president to dissolve the commission and make
sure that, at least in the Reagan presidency, there would be
no further effort to sell metric.
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It was a signal victory, but one which we recognized would
have to be shared only between the two of us, lest public
opinion once again began to head toward metrification.
It is doubtful that Mankiewicz’s history is accurate.
Lyn Nofziger was Born in Bakersfield, California in 1924 and earned
a degree in journalism from San Jose State College. He worked as a
reporter for a number of years. Richard Nixon was elected in 1968 and
Nofzinger began to work in various capacities for the Nixon administration. According to John Dean (1938- ), who was Nixon’s White House
council, Nofziger helped to compile Nixon’s infamous enemies list. Lyn
Nofziger worked to elect Ronald Reagan in 1980. Following Reagan’s
election, he held positions in the Reagan White House.
Frank Mankiewicz was born in Beverly Hills, California in 1924. His
father co-wrote Citizen Kane. Mankiewicz is credited with coining the
term retronym. This is a name that has been modified because its original meaning has ceased to be relevant because of technical innovation.
Generally a leading adjective is used. Examples are: mechanical typewriter, analog watch or film camera. While these are observations of
technical change, there is no evidence that Nofziger ever educated himself about technical issues of any kind. Like Nofziger, Frank Mankiewicz
earned a degree in Journalism. He worked on Robert Kennedy’s campaign as press secretary. Mankiewicz would announce Robert Kennedy’s
death to the world in June of 1968. He would work as a campaign director for George McGovern in 1972. Mankiewicz would be on the “Master
List” of Nixon’s political opponents. Did Lyn Nofziger help place him
there?
One can feel the schadenfreude toward the metric system that Mankiewicz exudes in his remembrance. Mankiewicz appears eager to claim
credit for destroying metrication in the US. In fact he is so eager, one
might not immediately notice his choice of words: “He was able, he told
me, to prevail on the president.” The ‘he’ refers to Nofziger. When
Mankiewicz makes this assertion, it is essentially hearsay. His eagerness to take credit for crushing the metric system in the US makes
one wonder if the “journalist doth protest too much that he did it.”
Mankiewicz seems to be confessing to a murder he wished he had committed. Mankiewicz’s zeal to destroy the metric system was so strong,
that it is surprising, that a person who worked on Robert Kennedy’s
campaign, would be so proud as to have lobbied a person who worked
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for both Nixon and Reagan to ‘nix’ the metric system. The two political
opposites in the US shared a unified culture of anti-metric sentiment.
Mankiewicz never changed his view on metric. In a November 12,
2013 Reddit ask me anything period, he pushed back against a prometric interviewer and finally indicated with some exasperation: “Let
them convert. Seriously, both may be the answer, as we all become more
global.”
After the defeat of metric, only Democratic Senator Claiborne Pell
of Rhode Island spoke up in front of congress:
It’s inevitable that the United States will change to the
metric system, and it would be best for American businesses
if the conversion were to take place in 10 to 15 years instead
of 30 to 40 years.
Republican Representative Eldon Rudd (1920-2002) countered with
an appeal to cultural identity:
. . . the dual system used by Americans has worked well
and has become as much a part of our heritage as the English
language.
Rudd also claimed that “No free country in the world has voluntarily gone metric, . . .” The word voluntary is again invoked for affect, and
in this context assumes that Australia, New Zealand, Canada and others were not free countries in the 1970s when they implemented metric
conversion. The bloody shirt of “the loss of freedom” was invoked yet
again to rationalize the visceral backlash of reactionary Congressmen.
Once again it was shown that derailing legislation is easy, implementing
change in the US is not, unless it is done by executive order.
The standard size of paper used by the US government had been
determined in 1921 by then Secretary of Commerce Herbert Hoover
(1874-1964). The paper dimensions chosen were 8 x 10 12 inches. Why
this size paper was chosen is a mystery. When government archivists
researched the origin of why 8 x 10 21 inch paper had been chosen for
government use, they were unable to find any information. In 1923,
the printing and paper industries were consulted, and recommended 8
1
2 x 11 inch paper, but government and industry simply continued to
disagree on paper size. This was the case until the late 1970s. Senator
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Claiborne Pell wrote a memo insisting on the use of 8 12 x 11 inch paper
for government use, and Ronald Reagan endorsed the move. [5] Which
apparently made it another “bipartisan” agreement against metric. The
choice government made for paper, had apparently little affect on what
was used by industry. This choice calls into question the idea that if the
government just switched over to metric, then industry would follow.
It has been claimed that when photocopiers became available in the
late 1970s, an 8 x 10 21 inch document did not lend itself to easy copying,
but this is not a tenable claim, because neither is 8 12 x 11 inch. That
moment was a great opportunity to mandate the use of A4 paper. Paper
with A series dimensions is designed to be exactly enlarged or reduced
without introducing distortion (A series paper will be discussed at length
in a later chapter). Astonishing amounts of paper could have been saved
from becoming waste, as well as fewer strained eyes, had A4 been chosen.
Why Claiborne Pell recommended 8 12 x 11 inch paper is unknown.
It certainly could not have been from an exhaustive analysis. The Aseries paper standard had existed since 1922. By 1977, A4 was the
standard letter format in 88 of 148 countries. Today “metric paper”
has been officially adopted by all countries, with the exception of the
United States and Canada. It is very possible that the adoption of 8 12
x 11 inch paper by the government might have been a result of industry
pressure. Rather than switching to metric paper in the late 1970s, US
industry probably saw it as a way to make the government conform to
their usage. Only the government would bear any cost, as US industry
would continue with the paper size it had been using for decades.
The property of A-series paper that makes it so useful, is that the
ratio of its length to width is the square root of two. This allows one
to exactly double or halve the paper area without distortion when photocopying. The square root of two is approximately 1.414. If one takes
the dimensions of A4 paper (the approximate equivalent of 8 12 x 11
inch paper), which are 210 mm x 297 mm, and divides the length by the
width we obtain 1.414–which is essentially the square root of two.
Industry used both 8 21 x 11 and 8 12 x 14 paper. A very minimal
change, and consolidation of these accepted industrial paper sizes, into
one that would now have a length of one foot, would have produced 8 12
x 12 inch paper, which would have essentially modernized the old paper
size. This new foot-long paper would have a length to width ratio of
1.411, which is very, very close to the square root of two. This change
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would have created US paper with essentially the same advantages of
“metric” A-series paper. There was apparently no actual analysis done
by Pell’s committee, and 8 21 x 11 inch paper was probably only implemented to placate industry, which has only served to isolate the US
further from common international usage, and provided no technical
benefit.
At the end of his presidency in 1988, Ronald Reagan signed into law
The Omnibus Trade and Competitiveness Act of 1988. It amended the
Metric Conversion Act of 1975, yet didn’t have the word metric in the
title of the legislation. President Reagan was apparently concerned that
the voluntary nature of the Metric Conversion Act of 1975 was not clear
enough. The new legislation now did what previous legislation did not,
give a date by which this voluntary act should be accomplished.
Section 3 of the Metric Conversion Act of 1975 is amended
to read as follows:
SEC. 3. It is therefore the declared policy of the United
States
(1) to designate the metric system of measurement as the
preferred system of weights and measures for United States
trade and commerce;
(2) to require that each Federal agency, by a date certain
and to the extent economically feasible by the end of the
fiscal year 1992, use the metric system of measurement in its
procurement, grants, and other business-related activities,
Except to the extent that such use is impractical or is likely
to cause significant inefficiencies or loss of markets to United
States firms, such as when foreign competitors are producing
competing products in non-metric units;
The legislation allows the government to opt out if anyone finds
switching to metric “impractical” or “inefficient.” making it non-legislation legislation which echos the American Bar Association’s opinion
that the 1975 Metric Conversion Act made no change to existing law.
Perhaps one of the strangest statements in this law is the idea that
foreign competitors might produce “competing products in non-metric
units..” The markets for non-metric products is officially: The United
States, Liberia and Myanmar. It seems completely unreasonable to expect that Liberia and Myanmar would become manufacturing powerc Randy Bancroft
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houses that could produce products in non-metric units, which would
put US industry at a disadvantage. No country which has ever become
metric, has ever changed back, so it would be delusional thinking on the
part of Congress that suddenly new markets for non-metric products
might emerge from metric nations. Clearly the 1992 date was meaningless and arbitrary. It made it look like the government was taking
action, when in fact it was not.
These actions by the Reagan administration effectively squelched any
discussion of metric from that point on. The metric system as a national
topic for discussion was “off the table.”
President George H.W. Bush (1924-2018) issued an executive order
in July of 1991. It authorized the Secretary of Commerce to issue regulations to carry out government metrication and report annually the
progress being made in metric use. It also “Required all agencies to submit detailed metric transition plans to the Department of Commerce.
Agencies were required to develop plans for implementation by 1993
through 1996 fiscal years.”
The year 1992 came and went without any implementation of the
metric system. By 1996 it was clear that new hearings would be a
good idea. On May 16, 1996, The US House of Representatives held
hearings on proposed amendments to the Metric System Conversion Act.
There was considerable concern about the previous legislation which was
articulated on the first page:
While there appears to be a built-in flexibility in the current law to account for adverse economic impact, there is a
concern that such flexibility is not being implemented administratively.
Congressman Cox’s bill attempts to promote flexibility by
providing soft metric conversion in construction metrication
instead of hard metric measurements, which are in round
metric units.
So in response to these concerns, our first witness today, our colleague, Congressman Chris Cox, introduced H.R.
2779, the Savings in Construction Act.
What soft metric conversion means is no metric conversion. All of
the sizes remain as they always have been and are measured in metric.
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Figure 9.1: An Olde English dimensioned block is the top figure. It does not
have dimensions that produce easy lengths for checking construction values.
The metric block is designed for 10 mm of mortar so the overall dimensions
become 200 mm x 200 mm x 400 mm. 10 blocks upward is 2000 mm or 2
meters, and 10 blocks along a wall is 4000 mm or 4 meters. (Image is from
1978 GAO report)

Soft metric values are ludicrous, and camouflage the advantages actual
designs with metric values would allow. “Flexibility” essentially is a
code-word for no metric. Hard metric in this context means actually
switching to using the metric system. The “Cox Bill” amended the
Metric Conversion Act:
• A Federal Agency may require that specifications for structures or
systems of concrete masonry be expressed under the metric system
of measurement, but may not require that the concrete masonry
units to be “hard-metric” converted products.
• The Federal Agency may not require that lighting fixtures be converted products unless the predominant voluntary industry consensus standards are “hard-metric.”
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The law required each agency to appoint a Construction Metrication
Ombudsman to handle metric-related complaints. There were a number
of metric projects which were underway, and it was believed that US
Government construction would be metric by the year 2000.
One of the great advantages of metric in other countries, such as
India, occurred when house bricks were changed to 190 mm x 90 mm x
90 mm, so that with 10 mm of mortar, each layer would be 100 mm in
one direction and 200 mm in the other. The workmen could count ten
of these layers, which should make a distance of 1000 mm or 1 meter in
one direction, and 2000 mm or 2 meters in the other. The 1996 Cox Bill
essentially outlawed this requirement in the United States.
The difference between metric blocks and Olde English versions is
shown in Figure 9.1. Both bricks and blocks would become much easier
to use if converted to “hard metric” or as the rest of the world would
call it: metric. The image in Figure 9.1 is from the 1978 GAO report.
In January 1994, the National Institute of Building Sciences completed a preliminary report on nine federal metric construction projects: [6]
1. GSA Warehouse, Denver, Colorado ($900,000)
2. Border Patrol Station, Sasabe, Arizona ($3 Million).
3. Richmond Federal Center Renovation, Richmond, Virginia ($13
Million)
4. Department Of Veterans Affairs Data Center, Philadelphia, Pennsylvania ($70 Million)
5. Federal Bureau Of Investigation Regional Office Building, Washington, DC. ($60 Million)
6. Federal Courthouse, St. Louis, Missouri ($185 Million)
7. Federal Courthouse, Kansas City, Missouri ($90 Million)
8. Federal Courthouse, Tampa, Florida ($40 Million)
9. Census Bureau Computer Center, Bowie, Maryland ($28 Million).
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It was found that design fees for the projects was not an issue, nor
were construction costs. Further, after a short learning curve, the metric
system produced fewer errors, and was easier and faster. The tradesmen
adapted to metric usage with such ease that very little job-site training
was needed. The most important factor was to supply metric measuring
tapes. Even with all the non-metric obstacles in the way, metric still
proved its worth.
However, not all was as metric as it seemed. In 1994, the construction
of a warehouse using metric units was completed at Denver’s Federal
Center. It was revealed that “some of the subcontractors converted
drawing dimensions to inch-pound units before using them.” [7]
After this short period of experimentation, the metric system disappeared from US Government construction. By 2012, it had abandoned
metric construction altogether. In an article written by the National
Precast Concrete Association, Bob Risser, P.E. stated: [8]
There are no plans or specifications for construction produced anywhere in the U.S. that currently use metric units.
By the late 2000s, the remaining DOTs using metric specifications had converted to inch-pound units. The U.S. GSA
(General Services Administration) and the U.S. Army Corps
of Engineers no longer use metrics. In fact, no one in the engineering community, federal government, state government
or private business anywhere in the country uses metrics for
construction projects.
Every time any metric change began, reactionary forces in US industry and government, would stop it, deride it, and return the frozen
republic to its 18th century past.
With a voluntary metrication “plan” in place for over 150 years, how
long would it take for metric to seep into the US and finally change it
over to metric without a government mandate? One historical example,
which might shed light on this question, is the adoption of Hindu-Arabic
numerals.
Historian George Sarton [quoted by Hector Vera] [9] had this to say:
The case [of the dissemination of Hindu-Arabic numerals]
is interesting because the new decimal system was a timeand labor-saving invention of the first magnitude. The Hindus had made to mankind a gift of inestimable value. No
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strings of any kind were attached to it, nor was the suggested improvement entangled with any sort of religious and
or philosophic ideas. Those proposing to use the new numerals were not expected to make any disavowal or concessions;
nor could their feelings be hurt in any way. They were asked
simply to exchange a bad tool for a good one. [... However]
more than a millennium had elapsed between the discovery
and its general acceptance [...] [10]
It took over 1000 years for Hindu-Arabic numerals to propagate
around the world without mandate. Their adoption did not require
new rulers, tape measures, educational materials or machine tools. The
adoption of Hindu-Arabic numerals were not associated with any political doctrine, unlike the mandatory adoption of the metric system in the
US. Is there any reason to expect the US to become metric earlier than
1000 years into the future with its voluntary “plan” in place?
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Chapter 10
American Anti-Intellectualism

Quite often, when confronted with the possibility of the introduction of
the metric system in the US, people will state that “the metric system
is only for scientists and not ordinary people.” This short statement
has considerable cultural baggage attached to it. Richard Hofstadter’s
Anti-Intellectualism in American Life is an important work that allows
us to understand the reaction against metric system in the US from
an ingrained cultural perspective. The pursuit of scholarly interests by
men is suspicious, and thought to be un-masculine. A cultural axiom in
the US is that practical men get things done, and theoreticians don’t.
Theoreticians are pipe dreaming dandys that never would have “won
the west.” Hofstadter states:
The boys grow up thinking of men teachers as somewhat
effeminate and treat them with a curious mixture of genteel
deference (of the sort due to women) and hearty male condescension. In a certain constricted sense, the male teacher
may be respected, but he is not “one of the boys.” [1]
In the US, some of the most ingrained resistance comes from the
traditional engineering professions that construct bridges, roads, sewers
and water distribution systems. Civil engineering in the United States
is dominated by medieval units. Electronics in the US is implemented
with inches. The metric system is viewed as emanating from that most
effeminate of countries: France. Americans developed a cult of the accomplishing “practical man” versus the effete “theoretician.” The practical man is thought to be the one in the best position to judge the utility
of a method, and decide if it would be best to adopt it or not. John
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Kasson reassured himself with this belief after mandatory metrication
was defeated in the mid 19th century.
When discussing The Practical Culture of the US, Richard Hofstadter states: “With all this there went a persistent hostility to formal
education and a countervailing cult of experience.” [2] Americans often
invoke the phrases: “I’m a person who works with his hands.”, “You
can’t learn this from a book” or “They don’t teach people this in college” or “I learn while doing.”
When metric hearings were held by Congress in 1905, a Mr. Gaines
asserted the usefulness of the foot for farmers estimating how much
volume would be needed to store grain. Then this exchange took place: [3]
Mr. Gaines. Now, you yourself do not use the peck or the quart,
or the pint. Then you are not an expert in this. Then you are a professor
in this.
Mr. Colles. No; I am an engineer.
Mr. Gaines. Rainbow people want this metric system, and the practical people
do not want it. And when you want to change the bushel into something else
you become yourself one of these rainbow chasers. [Laughter]

Mr. Gaines was clearly not pleased that an engineer would side with
impractical scientific longhairs, and did his best to shame him.
This cult of practicality is actively promoted by the management
of many manufacturing firms. A letter to the editor from the May 19,
1920 Bridgeport Times and Evening Farmer provides a typical example
of this attitude:
The meter was never designed by manufacturers for manufacturing. A meter was sort of conjured up by a bunch of
purely theoretical scientists. In practical use, the divisions
of the metric system are either too great or too small to be
of practical value.
Go through any buyer’s guide from A to Z and see if you
see any products whose sale or manufacture would be improved by metricalizing their measurements. Manufacturers
are the immediate butt of the metrical joke. (It’s a theoretical joke but a practical calamity)
This epistle is from a company newsletter called Drill Chips, published by The Cleveland Twist Drill Company. The company name still
exists as a brand in the US.
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It is the fate of the metric reformer in the US to be viewed through
the lens of American anti-intellectualism. These metric ideas are seen
as abstract; they are not “practical” or we would have known about
them already and adopted them in the US. The reformer is not a “git ’r
done” guy, but is instead a mamby pamby complainer with impractical
“ideas.”
Samuel Dale in The Metric Failure had this to say in the early twentieth century:
The eminent scientists who designed that system were
able to solve the most difficult problems in higher mathematics, but they failed to comprehend what system of weights
and measures was best suited for the carder, spinner, weaver
and finisher of wool, cotton, linen and silk. The glamor of
their fame failed to make the centimetre suitable for counting
picks. Their system had to stand or fall on its merits, and
falling has proved that the highest of mathematical abilities
is not inconsistent with a dense ignorance of the practical
affairs of every-day life. The most eminent of the mathematicians who designed the metric system exhibited an utter
disregard of principle in both private and public life and the
most complete incompetency when placed in an administrative office. The son of a farm laborer he owed his education to
wealthy neighbors, and as soon as he became distinguished
ignored both his relatives and benefactors. Although his
discoveries in mathematics were sufficient to make his name
immortal, he appropriated the work of others as his own.
The pronoun under attack is Pierre Simon Laplace (1749-1827), one
of the greatest mathematicians of all time. His development of the
Laplace Transform is essential to the development of modern electrical engineering and communication theory. In Dale’s view, all his high
end problem solving made his intellect deficient for understanding the
everyday:
This man could demonstrate that the “lunar acceleration
was independent of the secular changes in the eccentricity of
the earths orbit” but did not know that a weaver requires
a unit of length approximating the inch. He could formulate the theory of probabilities with mathematical precision,
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but was ignorant of the certainty that exclusively decimal
divisions of weights and measures are unsuited for manufacturing cloth. He was the first to introduce potential and
spherical harmonics into analysis, but failed to recognize the
advantage of the English cotton system for numbering yarn.
He could prove the stability of the solar system, but failed
to recognize the stability of a peoples established weights
and measures. He was familiar with theories of infinity, but
ignorant of the wants, necessities and limitations of textile
manufacturing. The co-workers of this man in constructing
the metric system differed from him only in degree. They
were a party of mathematical prodigies, ignorant of the essentials of textile weights and measures.
The artificial system they evolved has failed to meet the
requirements of the textile trade. Nearly every one of its
standards of length, area and weight is either too large or
too small, and it has no units corresponding to the inch,
foot, ounce and pound, approximations of which are found
in every system of natural origin and for which the human
mind appears to have some innate need. It is not to be
wondered at, therefore, that the system thus conceived has
failed, even in France where it was so greatly favored.
Dale then emphasizes the obvious complexity of this system of measure, and its horrible human consequences for the US. He sees the icy
hand of the government forcing at least 1 000 000 textile workers to attend night school to learn the metric system. He further warns: “that
our textile weights and measures can be eradicated only by exterminating all who use them and by destroying all our textile records.”
The anti-intellectual and anti-scientific views of John Quincy Adams’s
Report on Measures are invoked by Dale:
None of the successive decimal divisions of the metre are
suited for either the commercial or manufacturing widths of
textile fabrics. For the finished widths of the wide goods the
decimetre is too long, the centimetre too short. For narrow
fabrics the millimetre in turn is too long and its decimal
divisions too short. For all of these widths the inch, divided
to suit the particular case, answers every purpose perfectly.
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Could there be any stronger confirmation of the following
extract from John Quincy Adams report?
“Thus, then, it has been proved, by the test of experience,
that the principle of decimal divisions can be applied only
with many qualifications to any general system of metrology;
that its natural application is only to numbers; and that
time, space gravity and extension inflexibly reject its sway.”
We find Dale quoting a JQA passage that effectively argues dimensions used in scientific work are not suitably described with the metric
system, only numbers are. The scientists who developed the metric
system are accused of not understanding how best to approach measurement, even when conducting scientific research.
A great irony concerning this anti-intellectual celebration of the
“practical man” is that Thomas Corwin Mendenhall, who was a champion of the metric system, could be considered that sort of man. Mendenall never graduated college, and his PhD was honorary. Mendenhall
used a gravitational pendulum while in Japan to deduce a mass value for
the Earth that confirmed those measured using other methods. While
there, he took an interest in earthquakes, and helped found the Seismological Society of Japan. When he returned to the US, he was the first
to establish earthquake monitoring stations in America.
Mendenhall served as the president of two engineering colleges, and
organized physics departments at a pair of universities. Mendenhall
knew Fredrick A.P. Barnard who participated in the first era of metrication controversy in the mid 19th century. Mendenhall would, in turn,
posthumously inspire the wrath of Samuel S Dale in the early 20th,
when Dale published a pamphlet entitled: The Mendenhall Conspiracy
to Discredit English Weights and Measures in 1927, three years after
Mendenhall’s death.
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Chapter 11
Metric Isolation & Its Consequences

The US entered into the current long period of metric isolation after the
metric board was extinguished. An intrinsic problem with persuading
people to embrace metric, is that it first assumes they already understand the system. Discussions and arguments about the metric system
and its usage were completely unknown to citizens of the United States.
This isolation caused them to remain ignorant of how persons in other
countries were debating and creating new and better ways to use metric,
while the US continued to channel the 18th century past for its usage,
when metric was used at all.
The metric system, as it was first articulated, was a vast improvement over the endless polytheistic units, which had been inherited from
thousands of years of groping in the dark. But when a new concept is
embraced, although simpler than what it replaced, further introspection
can reveal more efficient and intuitive ways of using it.
Early usage of the metric system apes the manner in which the ancient confusion of units were implemented. To this day, in some countries, one finds drawings which have numbers written in this manner:
1.20.7 Yes, that is not a misprint, they employ two decimal points.
The number represents 1 meter 20 centimeters 7 millimeters. Countries
which adopted the metric system early on, interpreted the new system
by employing the common usage implemented with pre-metric units.
For instance one might have a height of 5 feet 10 inches 2 barleycorns.
The mixing of pre-metric units was common, and only provided a source
of increased complexity and opportunity for error where it was unnecessary. Perhaps the most important property a measurement system
should have is simplicity.
143

144

CHAPTER 11. METRIC ISOLATION & ITS CONSEQUENCES

The human mind has an internal model of how it believes the world
works, and constructs an abstract set of physics, that is often called
intuitive physics. The problem with intuitive physics is that it causes
people to believe that heavier objects fall faster than lighter ones, that a
ball rolling off then end of a table will travel outward for a moment and
then drop. It took study and experiments to determine that these obvious “common sense” and “practical” ideas did not match the physical
world. Intuitive measurement also fails us, it is why we need to create
measurement methods in the first place.
It was taken as an axiom, that the metric system should have a
unit with a magnitude that was similar to an inch. This notion was so
entrenched that even a titanic minds like James Clerk Maxwell thought
that the metric unit which made the most sense for a measurement basis
was the centimeter. But, the centimeter is an intellectual iceberg from
the past.
The problem with using centimeters as the default everyday small
metric unit was articulated during the 1921 Metric System Hearings on
Monday, October 31, 1921 (1921-10-31) by S.M Vauclain, President of
the Baldwin Locomotive Works of Philadephia PA:
If we are going to work in the metric system we will think
in the metric system, and you have no difficulty. You know
how long a meter is, and you can visualize a meter; you can
visualize a millimeter. Very few people pay any attention
to the centimeter, as the millimeter is so easy to handle. A
thousand millimeters is a meter.
Another thing: In our present system, when we are handling small apparatus, which I have been doing a good many
years, the unit of 1 inch, which we now use, is not small
enough, and we frequently speak of such dimensions as fiftyseven sixty-fourths. I ask you, can you visualize what fiftyseven sixty-fourths is? You can not. Hardly anybody else
can. We don’t know what those things are, and as a rule
engineers who are working with these matters every day use
decimals instead of fractions; but we would rather use metric
decimals than present decimals. If you wanted to write that
in metric dimensions you would write 23 millimeters. You
can visualize 23 millimeters. but you can not visualize fiftyseven sixty-fourths, because it is a very unusual dimension.
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We have, for another example, a working drawing presented by a prominent locomotive company in the United
States. It is a side and top view of an ordinary gauge cock.
The drawing is full size. The words “all dimensions in millimeters” obviate the need for the familiar abbreviation, m. m.
after the figures in the drawing. There are 39 dimensions
noted, and not one of these includes a fraction of any kind.
If inches had been used in the design and manufacture of
this particular American product, only 6 of the 39 dimensions could reasonably have been expressed in an integral
number of inches.
That is, by doing the work in millimeters the inconvenience of 33 fractional numbers and the corresponding involved calculations were avoided. These two illustrations are
typical of the saving effected in the measurement of length,
area, volume, and in the more involved calculations. It may
fairly be said that the more difficult the problem the greater
is the advantage in having it worked out in the metric way.
When Australia, Bangladesh, Botswana, Cameroon, India, Kenya,
Mauritius, New Zealand, Pakistan, South Africa, United Kingdom, and
Zimbabwe contemplated introducing metric into their construction trade,
they chose the millimeter.
The formal recommendations for metric construction in the United
States is in the Metric Design Guide (PBS-PQ260) September 1995.
Here is what it has to say about the use of centimeters in construction:
Centimeters (cm)
Centimeters are typically not used in U.S. specifications.
This is consistent with the recommendations of AIA and the
American Society of Testing Materials (ASTM). Centimeters
are not used in major codes.
Use of centimeters leads to extensive usage of decimal
points and confusion to new readers. Whole millimeters are
being used for specification measurements, unless extreme
precision is being indicated. A credit card is about 1 mm
thick.
Here is the Guides statement about millimeters:
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Figure 11.1: The 990 mm to 1070 mm section of a mm only Australian tape
measure used in building construction.

Millimeters (mm)
SI specifications have used mm for almost all measurements, even large ones. Use of mm is consistent with dimensions in major codes, such as the National Building Code
(Building Officials and Code Administrators International,
Inc.) and the National Electric Code (National Fire Protection Association).
Use of mm leads to integers for all building dimensions
and nearly all building product dimensions, so use of the
decimal point is almost completely eliminated. Even if some
large dimensions seem to have many digits there still will
usually be fewer pencil or CAD strokes than conventional
English Dimensioning
Even though a US metric system construction guide, which is in line
with international standards, exists, it remains obscure, and makes no
impact in the US. The rest of the world discussed metric, some of them
changed to the more streamlined method of construction, but in the US,
people had no idea this was even an issue. In 1974, Australians changed
their housing construction industry to metric in two years. All measurements are in millimeters, meters or Kilometers (no centimeters). It
means that Australian builders never need to use fractions when constructing a home, not even decimal points. All dimensions are in whole
numbers.
America’s metric isolation means that very, very few US citizens
have ever seen a metric only millimeter tape measure. A section of one
For Non-Commercial Use Only
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Figure 11.2: Construction drawing using traditional measures in feet and
inches.

is shown in Figure 11.1
The Canadian Government created a pamphlet explaining the virtues
of metric construction (even though Canada has not switched to metric
construction). They have the plans for the wall of a house in both Imperial and metric. The Imperial illustration is in Figure 11.2 The metric
illustration, Figure 11.3, is in millimeters.
The dimensions in Figure 11.2 use two different measurement units
which have a 1:12 relationship (i.e. feet and inches) and are spelled out
separately, so that they must be added and subtracted by converting
between them. The inch units also have attached fractions which must
be taken into account. The metric version of the same wall is in a single
unit, millimeters, with all integer values, save one. The metric plan is
streamlined when compared with the Imperial version.
Usage like this, which is common in many metric countries, is met
with disbelief and even hostility when presented to US citizens. Generally there is an objection based on thoughtless folklore that “you don’t
need that much precision” or “those numbers are just too big.” The notion of using all millimeters to construct a house is so foreign to American thought that it shocks it. This is because of our international metric
isolation.
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Figure 11.3: Construction drawing in metric with all dimensions in millimeters.

Figure 11.4: Unit designations found on US rulers are generally confusing and
incorrect. (a) Centimeter ruler with millimeter graduations is designated as
a millimeter only ruler. (b) Centimeter ruler without millimeter or tenth of
centimeter designations (c) Centimeter ruler with ambiguous centimeter and
millimeter designation using upper case. (d) Millimeter only metric ruler designated as millimeters using upper case.
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Figure 11.5: The upper image is of a common wooden yardstick with fractional
divisions marked for illustration. The lower image reduces these fractions to a
single designation.

What has been discovered in metric countries, is that workers will
try to cut to within a mm or so if possible. This produces construction
which is much more precise, and fits together more accurately than non
metric construction when compared with the combination of feet and
fractional inches.
There are many practices that exist in the United States which act
as intellectual barriers. One barrier is the confusion found on the metric
side of dual-scale US rulers. The minimal understanding and utilization
of metric in the US produces a confusing set of adopted unit designations.
In Figure 11.4 we have four examples of ruler labeling in the US.
Image (a) has a metric side of a ruler with millimeters as its designated unit, but the Hindu-Arabic numerals are actually centimeter
divisions. The second example, (b), is a ruler with centimeters as its indicated unit, but does not define the graduations between. This leaves
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it to the user to decide if this is a centimeter ruler with tenth of a
centimeter graduations between or millimeter units between. Ruler (c)
realizes the ambiguity, but then produces more confusion by offering up
two choices of units, centimeters or millimeters, for the Hindu-Arabic
numerals along its length. It adds confusion with its uppercase designations for cm and mm. The final ruler (d) is the only one of the four with
only a single measurement unit, which is millimeters. The uppercase
designation is confusing, and a lower case mm would be the best choice
to avoid any ambiguity.
Rulers in the US use what appears to be a single unit, but the binary
subdivisions are represented as fractions. When measuring a length, a
common US ruler generally has fractions that are multiples of 1/1, 1/2,
1/4, 1/8 and 1/16. A measurement generally consists of an integer
representation of the 1/1 fraction with a concatenated fraction. Should
two measurements not have identical denominators, which is a common
occurrence, these fractions cannot be directly added until a common
denominator is determined. For instance 5 7/8” and 4 1/2” require one
to change the 4 1/2” into 4 4/8” before addition or subtraction can
occur.
Most every US household possesses a wooden “yardstick.” The finest
division for a yardstick is generally one eighth of an inch. In Figure 11.5
the upper image of a yardstick has a different length of graduation line
depending on what denominator of fraction is represented. The first four
are labeled and designate the locations of 1 1/8”, 1 1/4”, and 1 1/2”
respectively. A very simple change would make the ruler easier to read,
and use its measured results in computations. The finest graduation
on the example yardstick is 1/8”. The lower image of Figure 11.5 has
identical graduation lengths, (as there is no longer a need to designate
different denominators) all marked in fractional eighths. If one measures
1 3/8” and 1 7/8” the common denominator is already present and when
added becomes 2 10/8” or 3 2/8”. To maintain this simplicity one would
need to leave the value as 3 2/8”, and not reduce it to 3 1/4” which is
no longer on our single scale.
This type of simplification is never implemented, and the idea of
reducing “improper” fractions like 2/8 to “proper” fractions like 1/4” is
the familiar inviable rule thoughtlessly handed down from generation to
generation in the US.
High quality metal rulers in the US have a set of divisions on them
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Figure 11.6: US six inch rulers generally have the first inch with fraction lines
down to 1/32 of an inch, but then change to 1/16 of an inch for the finest
graduations after that. Twelve inch US rulers often have 1/32 graduations on
the first and last inch sections.

Figure 11.7: Ruler to illustrate the use of the first and last inch of US fractional
rulers.

that most people in the US never notice. Figure 11.6 illustrates this
segregation. The first inch is binarily divided down to thirty-seconds
of an inch. Inch 2–6 are binarily divided only down to sixteenths of an
inch.
A majority of US citizens never give this separation a moment of
thought. If they do, they may assume that the fine divisions on the first
inch are there so that when measuring a distance below an inch, one
has the option for more resolution. While this is true, it also begs the
question as to why the last inch on a foot-long rule is also divided into
thirty-seconds of an inch.
Figure 11.7 has a ruler that illustrates how one is expected to use a
US ruler for measurement down to 1/32 of an inch. The idea is to line
up one edge of whatever you are measuring with an integer inch mark:
0, 1, 2 . . . with the other edge protruding into the region from the edge
of the ruler to the zero mark. Suppose one edge of an object is placed
on the 4 of the ruler and the opposite edge rests on the 1/4” line in
front of the zero. The length of the object would be 4 1/4”. The 1/32
designations are there, and so if the value would have been 15/32” in
front of the zero, the total length of the object would be 4 15/32”.
A US ruler expects you to place the object on 5 so that the other
edge is from zero to one, subtract one from five to get four and then
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add on the amount from zero to one. As one might expect, very, very
few people in the US do this or know how to do it. In general, most
everyday linear measurements in the US are to 1/16”. US rulers have
fractional graduations.
The introduction of decimals took place over two centuries ago, yet
US rulers continue to use fractions. Decimals are everywhere in US daily
life, ordinary calculators output only decimal values, yet this innovation
has not been introduced onto US rulers. An integer (whole) number
millimeter ruler has better measurement resolution than a common US
ruler. A millimeter is approximately 1/25th of an inch, and many have a
second scale with 0.5 mm divisions or 1/50th of an inch. The immediate
replacement of US rulers with millimeter only metric rulers instantly
increases measurement resolution and decreases numerical complexity.
US rulers are effectively an ongoing experiment that demonstrates
when a ruler has dual-scales, the familiar scale will be used over a simpler
unfamiliar one. The opposite side of almost all US rulers has a scale that
can be interpreted in a decimal fashion, yet almost no one in the US uses
it. Australia, New Zealand, UK and other countries that use metric in a
streamlined fashion skipped the complicating factor of a decimal point
and use millimeter only metric rulers exclusively in their construction
industry and elsewhere. None of this underlying theoretical complexity
is apparent to the “practical man” in the US, and so he continues to use
a fractional ruler, with a nearby fraction to decimal wall chart, for his
weekend projects.
The gram is the “millimeter of mass,” and is used in the same way
for kitchen recipes in metric, as millimeters are used in construction and
engineering. A gram is about the same mass as a plain chocolate m&m
or a paper clip. Americans tend to use volume when cooking which is not
nearly as repeatable as weighing ingredients. Our international metric
isolation also has preserved the use of volume over mass in cooking.
Similarly, the milliliter (mL) is the “millimeter of volume” and has
all the advantages of millimeters and grams as no fractions or decimals
are needed for everyday use. Liquid ingredients in cooking are measured
in milliliters by metric countries.
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Here is a simple recipe in metric:
Don’s Soy Sauce Marinade
125 mL LaChoy Soy Sauce
125 mL Orange Juice
30 mL Lemon Juice
12 grams (15 mL) Brown Sugar
30 mL Salad Oil
3 mL Pepper Sauce
1 Clove garlic, crushed
1.25 mL Black Pepper
Combine ingredients. Use to marinate beef, pork, or chicken before
grilling or broiling. I usually put it in a Ziploc bag with the marinade
for 2 to 4 hours before grilling. . .for a little different flavor add 30 mL
of Worcestershire sauce.
Yield 300 mL

The original recipe was in US units and, resided in a cooking recipe
computer program which allows one to sort and retrieve recipes. The
people who write computer software in the United States are a product
of our metric isolation, and will revert to using the metric system in
the same way they use the archaic non-system which remains in the US.
When the recipe program was asked to convert from US units to metric,
one obtained this printout:
Don’s Soy Sauce Marinade
1
1
3
1
3
2
1
1

1/8 deciliters LaChoy Soy Sauce
1/8 deciliters Orange Juice
centiliters Lemon Juice
1/2 centiliters Brown Sugar
centiliters Salad Oil
1/2 milliliters Pepper Sauce
Clove garlic, crushed
1/4 milliliters Black Pepper

Combine ingredients. Use to marinate beef, pork, or chicken before
grilling or broiling. I usually put it in a Ziploc bag with the marinade
for 2 to 4 hours before grilling. . .for a little different flavor add 30 mL
of Worcestershire sauce.
Yield 1 cups

When the metric system is implemented with fractions instead of
decimals (which in everyday use most people wouldn’t need) and by
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Figure 11.8: Section from The Journal of The American Medical Association
September 20th 1902 pointing out the inaccuracies from using common teaspoons and tablespoons. The same section endorses the Shafroth metrication
bill of that period.

using atavistic metric prefixes, the recipe makes the metric system not
only appear as complicated as the current set of US units, but perhaps
even worse. The manner in which this recipe is converted to metric also
illustrates the fetish for grouping multiple unnecessary units.
This practice is taught in US schools, and is ubiquitous in society.
The number of inches in a foot, the number of feet in a yard, the number
of yards in a mile. The number of pints in a quart, the number of
quarts in a pottle, the number of pottles in a gallon. This produces the
automatic implementation, and assumption by US programmers, that
using deciliters, centiliters, and milliliters is the accepted norm, when
only milliliters (mL) would be used to maintain simple whole numbers.
The non-use of milliliters in the US is a serious problem, it can lead
to misdosage and death. This problem has been understood at least
since the dawn of the twentieth century.
Figure 11.8 has a clipping from The Journal of The American Medical Association dated September 20th of 1902.
The article points out that a common flatware spoon has no enforced
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relationship to a known measure. In the US, the two measures associated
with a spoon are the teaspoon and tablespoon. These are still used
ubiquitously for medicine dosage in the United States. Ordinary flatware
spoons are not only uncalibrated volumes, but are generally abbreviated
with tsp and tbl. These two abbreviations are often confused. If one
confuses tsp for tbl, an administered dosage will be three times more
than prescribed, which can lead to an overdose. When tbl is confused
with tsp, a dosage is 3 times too low, and can be ineffective. A dosage
mistake of this magnitude is more dangerous for a baby or small child
than for an adult.
The Journal of The American Medical Association on May 21, 2014
again reported on a group that recommends the US become metric. In
one case, a pharmacist mistakenly labeled a medication with a specified
dose of 3.5 teaspoons instead of 3.5 mL. In another case, a parent misinterpreted instructions to administer 4 cc (4/5 teaspoon) and gave a
child 4.5 teaspoons instead. The cc or cubic centimeter should not be
used at all; the milliliter (mL) should be used in its place. In one case
a child died because of this confusion.
On November 4th 2015, WVLT in Morristown, Tennessee reported
that a nine year old girl had been rushed to the hospital for emergency
surgery to remove her tonsils. The surgery was successful, but her father
noted something strange on a prescription they had been given. It indicated that she should take 2.5 tablespoons or 12.5 mL. The father, who
has a technical background said to WVLT “It didn’t seem right that 2.5
tablespoons would equal 12.5 Milliliters [sic].” The article states:
His daughter was prescribed liquid hydrocodone for her
pain. On the bottle they got from Walmart Pharmacy, the
label read tablespoons instead of teaspoons, a dosage three
times what she was prescribed by her doctor.
“For her, that dosage could have been lethal,” says Alexander.
Fortunately, Alexander’s background with the metric system paid off and allowed him to catch the mistake before it
was too late.
In March of 2016, the American Pharmacists Association voted to
support moving away from outdated dosing cups and teaspoons, and
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instead use milliliters (mL) exclusively. This is only a recommendation,
as the APA has no authority to legally compel any company or organization to adopt its ruling. It is another example of voluntary metric in
the US, and its consequences. Recent statistics indicate that over 70 000
emergency department (ED) visits result from unintentional medication
overdoses among children under the age of 18 in the US.
The confusion of teaspoons and tablespoons continues in the US
endangering our health. This is one of the consequences of the lack of
mandatory metrication in the United States.1
Metric prefixes which were developed early in the history of the metric system, and in retrospect, the prefix cluster around unity, complicates
without any added utility. The prefixes hecto, deca, deka, deci and centi
are the prefix cluster around unity. A powerful aspect of arabic numerals
is they can express large numbers with ease. When paired with prefixes
that are spaced by a factor of 1000, the metric system becomes simplicity itself. This has been noted by countries which have embraced
metric more recently, than those that did so in the 19th century. The
old pantheon of metric units continue to hold more favor in countries
that adopted the metric system before the last half of the 20th century.
Because of their metric isolation, Americans have no idea that any
debates about the most intuitive and simple ways to use the metric
system have ever taken place. They also don’t realize how much the
current set of US units costs their country because of these inefficiencies,
which in turn create waste and cost lives.

1

The use of MG for milligrams and MCG for micrograms in the United States for
drug labeling is another source of dosage error. Incorrectly using MG for MCG, or
MCG for MG can cause a 1000 fold error. The proper use of mg and µg reduces this
possibility considerably as the two abbreviations are quite different symbolically. The
lack of integer (whole number) metric usage by prescribing .5 mL rather than 500 µL
is one source of this problem. If a decimal point must be used, then a leading zero,
0.5 mL will help to reduce potential confusion.
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Problems With US Measures

Because there has never been a top-to-bottom analysis, and reform of
US weights and measures, a large number of inefficiencies and irrational
usage occurs. The inability of our political system to provide much
needed reform, perpetuates the problems.
Roadways in the US are measured out in chains. A chain is a unit
of measure. In the US we use Gunter’s chain. Because of this, there
are ten square chains in an acre. Chains are also marked in decimal
feet. In other words, the base unit for the chain is the US foot. All the
roadways in the US are measured, surveyed, and constructed in chains,
or decimalized feet. There are no inches.
However, when another government agency designs a bridge which
is to connect with this highway, that bridge is designed and built in feet
and inches. This offers opportunity for error that one does not encounter
when one uses millimeters only.
One needs fasteners for construction, and those which most people
in the US encounter are shown in Table 12.1. The screw designations
appear cryptic to anyone who first encounters them, and in many cases
to people who have used them for many years. Often long time users are
unaware what the number (#) designations signify. The reason there
are two types of designations is because US screws are a concatenation of two separately developed designations into one “standard.” The
number designations are essentially gauge numbers. The term gauge is
completely vacuous, and so devoid of meaning, that the word is generally
allowed on metric drawings. These gauge numbers are proxy designations for a diameter in inches. The number after the dash is the number
of threads per inch on the screw. For instance a 6-32 screw is a screw
157
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US Screw Designations
#0
#1-64
#2-56
#3-48
#4-40
#5-40
#6-32
#8-32
#10-24
#12-24
1/4-20
5/16-18
3/8-16
7/16-14
1/2-13
9/16-12
5/8-11
3/4-10
7/8-9
1-8
Table 12.1: Table of US Screws
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Screw Designation
M1
M1.2
M1.6
M2
M2.5
M3
M4
M5
M6
M8
M10
M12
M16
M20
M24
M30
M36
M42
M56
M64

Drill
1 mm
1.1 mm
1.2 mm
1.3 mm
1.4 mm
1.5 mm
1.6 mm
1.7 mm
1.8 mm
1.9 mm
2 mm
2.1 mm
2.2 mm
2.3 mm
2.4 mm
2.5 mm
3 mm
4 mm
5 mm
6 mm
8 mm
10 mm
12 mm
16 mm
20 mm
24 mm
30 mm
36 mm
42 mm
56 mm
64 mm

Table 12.2: Table of Metric Screws and Drill Bits Diameters Note: Drill bit
sizes above M2.5 have not been included for brevity
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with a number six gauge diameter, which is 0.1380 inches, with thirtytwo threads to the inch.
The second set of designations are in terms of fractions of an inch,
and the number after the dash is the same as before, the number of
threads per inch. The common 1/4-20 screw has a diameter of 1/4 inch
(0.25 inch) with 20 threads per inch.
Because the screws used in the US are a the combination of two sets
of arbitrary industrial designations, they at one time overlapped. It is
still possible to obtain #14 and #16 screws. The #14 screw is very close
in diameter to the 1/4 inch screw, and so to make the two designations
“compatible,” or more accurately non-overlapping, it was decided to use
the gauge number designations until 1/4 inch and then use the fractional
designations afterward.
In order to prepare a construction material for a fastener, one needs
to create a hole through which it is to pass. This is generally done with
a drill and drill bit. There are two different sets of sizes for US drill bits.
The first is the fractional-inch size bits. The second is US Number and
Letter Gauge bits. Neither directly expresses their diameters directly as
a decimal.
If one wishes to drill a hole which is the same diameter as a chosen
screw (this is often called a “friction fit”) it is simply not possible with
common US tooling. The drill bit sizes were developed independently of
the screw diameters. This is the difference between an integrated system
and an uncorrelated set of tooling.
The designations for metric screws and the sizes of metric drill bits
are given in Table 12.2. The assortment of metric drill bit sizes has
been truncated after 2.5 mm for brevity. The designation for metric
screws is simple, it has an M for metric, and then a number which is the
diameter of the screw in millimeters. So an M5 screw is five millimeters
in diameter, and so a 5 mm drill bit would produce a friction fit 5 mm
hole. If the pitch in mm is not designated, then the screw is assumed to
have standard coarse threads. The standard M5 screw is assumed M5 x
0.8, M5 x 0.5 is the designation for fine thread.
The metric system is in fact a system, the sizes of tools have been
carefully crafted to integrate with one another. The sizes chosen are
generally based on what are known as preferred numbers. In 1877, the
French Engineer Charles Renard (1847-1905) was instructed to look into
improving captive balloons. These stationary, moored balloons were
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then in use by the French military, and of great importance. What Renard discovered, was that 425 different sizes of cable were being used
to moor these balloons. Clearly this large number of cables was not required from the outcome of any Engineering analysis, and were a nightmare to inventory and procure.
Renard determined that for mooring balloons, the most important
inherent property of these cables, is their mass per unit length. He was
able to develop a mathematical relationship which allowed him to replace
the 425 sizes of cable with 17, which covered the same engineering range
of requirements.
Renard’s geometric series was a perfect fit for a base 10 decimalized
system, as it starts with 10 and ends with 100. The system Renard
had in mind when he developed his series was, of course, the metric
system. This series produces what are proverbially known in engineering
circles as preferred numbers (also called preferred values). Renard’s
system was adopted as an international standard, ISO 3, in 1952, and
are appropriately referred to as a Renard Series, or R Series. A similar
series, the E series, is used to determine the values of electronic resistors,
capacitors, inductors and zener diodes.
When metric was introduced into the building industry, a choice
of dimensions which could easily be manipulated in one’s head was
thought best. Grid lines on metric construction drawings are multiples of 100 mm. This is the basic “module,” and the center to center of
major dimensions are to be multiples of this value, which is denoted as
M. Therefore 3M = 300 mm, 6M = 600 mm and 12M = 1200 mm or 1.2
meters. A multiple of 600 mm (6 M) can always be divided by 2, 3, 4, 5,
6, 8, 10, 12, 15, 20, 24, 25, 30, 40, 50, 60, 75, 100, 120, 150, 200, and 300,
each of which is an integer number of millimeters. Because 600 mm can
be evenly divided 22 ways, the distance between studs is chosen as 600
mm. This allows for building construction without decimals. In storm
prone regions, sometimes 400 mm stud spacing is used, with 2, 4, 5, 8,
10, 16, 20, 25, 40, 50, 80, 100, and 200, as factors that produce 13 round
divisions of the 4M metric module.
The introduction of metric is a perfect opportunity to introduce
much needed reform into different trades. An example which illustrates
the savings one can obtain by using preferred numbers, occurred in Australia. When metric was introduced into an Australian Ford car plant,
the number of fasteners used by Ford were reduced by a factor of four
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after metric conversion. The implementation of metric threads reduced
the hodgepodge of bolts by 88%, and nuts by 72%. The number of sheet
metal thicknesses in some factories were considerably reduced, which
saved on inventory costs, and had no impact on Engineering design options. According to Kevin Wilks in his book Metrication in Australia:
When standardizing containers, Australia was able to reduce the number of can sizes, for packing goods sold by mass,
from approximately 90 to 30.
He goes on:
Another example in wholesale packaging concerned corrugated fiberboard cases for packing fruit. With the establishment of metric packing quantities the opportunity was
taken to reduce the variety of shapes and sizes from many
hundreds to about 50.
As previously mentioned, the word gauge if often used to describe different materials. There are at least 14 different definitions of the word
gauge. There are 12 gauge shotguns, railroad gauge, drill bit gauge,
stubs iron wire gauge, sheet metal gauge, film gauge, loading gauge,
structure gauge, and they are all needlessly uncorrelated with one another. The word gauge is also used to describe devices that do the
measuring, such as an air gauge, rain gauge, gauge blocks, water gauge,
weather gauge, needle gauge and tire gauge. The thickness of metal
sheets are in gauge values, and are not correlated with the thickness
of sheets of plastic. There are gauge sizes where, as the gauge becomes
larger, the quantity becomes smaller, and others that become larger with
gauge number.
One of the most meaningless, is American Wire Gauge, which was
adopted in the US around 1857, and is used for conductive wire. An
abbreviated list of American Wire Gauge and the diameter of the wires
in inches is given in Table 12.3
American Wire Gauge is inversely proportional to the gauge number, so larger gauge numbers mean smaller values of diameter. Metric
wire has a diameter directly in millimeters. Some common values are
given in Table 12.4. For conductive wire, the electrical resistance is proportional to the cross-sectional area of the wire, and this is another way
For Non-Commercial Use Only

162

c Randy Bancroft

2020

163

AWG Number
1
2
3
4
5
6
7
8
9
10

Wire Diameter (inch)
0.2893
0.2576
0.2294
0.2043
0.1819
0.1620
0.1443
0.1285
0.1144
0.1019

Table 12.3: American Wire Gauge

Wire Diameter (mm)
0.5
0.7
1.0
1.5
2.0
3.0
4.8
Table 12.4: Abbreviated Table of Metric Wire
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to describe it. In either case the diameter is in millimeters or area in
square millimeters (mm2 )
Copper thickness on printed circuit boards is not given in inches in
the US, but by a proxy value in ounces. The number of ounces per square
foot is the designation, although the primary dimension of interest for
electronic design work is the copper thickness.
Perhaps one of the best examples of poor practice by US industry
is that of electronics. As electronics continued to miniaturize, electrical
components were packaged into surface mount devices (SMD) also called
chip components. Industry consultant Tom Hausherr points out that:
All the World Standard Groups involved in the electronics industry (IPC, IEC, NIST, JEDEC, EIA & JEITA) have
made the transition to the metric measurement system. They
formed an alliance to stop using English units and all the
data they publish is in metric units.
In the 1980s, the world standards organizations banded together
and produced worldwide metric standards. The Electronics Industries
Alliance (EIA) in the US was given the responsibility to articulate the
size of surface mount devices. The world had created all the standards
in metric, and the EIA was to publish the new metric dimensions for
all to use. A book was printed with all the component names, dimensions and other pertinent engineering data. It was then released to US
manufacturers for implementation.
American component manufacturers refused to make components
to metric dimensions. The PCB assembly and etching houses rejected
metric dimensioned drawings, and spurned any thought of using them.
They repeatedly demanded the EIA publish a version of the standard
with US (inch) units. The EIA finally did this and unilaterally changed
the names of the components.
The metric SMD components were now renamed using inches. Originally, the first two numbers of the chip component names are the SMD
length in mm, and the second two are the width in mm. There is an assumed decimal point between each set of paired numbers. For example
3216 is 3.2 mm x 1.6 mm. A short list of the renaming is given in Table
12.5
The 3216 is renamed 1206, which is 0.12” x 0.06”, with an assumed
decimal point at the front, and whatever conversion factor error is introduced. We can see this US “improvement” introduced identical name
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Millimeter
0402
0603
1005
1608
2013
3216
5025

Inch
01005
0201
0402
0603
0805
1206
2010

Table 12.5: SMD (chip component) millimeter and non-standard inch designations. The unilateral renaming of chip components by US industry had created
identical names for different sized parts. The designations which cause confusion are in bold.

designation for different size electronic SMD components. After this renaming, should you be interested in specifying an 0402 or 0603 device,
one now has the opportunity for a metric/inch nomenclature mistake,
which could precipitate lost time and money.
When the world standards committees discovered what the EIA had
done, they released an order for the EIA to cease publication of this
non-metric document. The EIA was reminded they were in violation
of the international agreement they signed with all the world standards
bodies, agreeing NEVER to publish ANY standards using English units.
In 1991, the EIA stopped publishing the feral document, and because
of this, there is no longer any official standard followed in the US. The
EIA ceased operations on February 11, 2011.
The US component manufacturers, and PCB etching houses, returned to the days of the perch, furlong, and barleycorn. With no
standard to follow, SMD manufacturers began to game the situation.
There were no longer standards for capacitors or inductors, or common
three leg transistors known as SOT23. So 20 different sizes of these small
outline transistors (SOT23) appeared. Chaos ensued. Rather than impose order by standards regulation, or metric adoption, the US industry
just tried to figure out a way to name the multitude of these ad hoc
non-interchangeable “standard” parts in Olde English.
The rest of the world embraced metric measurements, and metric
standard electronic parts. If you are in Germany and order parts from
Japan, or Korea, or Timbuktu, you know they will fit on your printed
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circuit board. These are all metric countries. You have no guarantee if
you order American electronic surface mount parts, that they will fit.
The situation is actually far worse than explained thus far. In the
United States, our PCB software puts down design grids in mils (a feral
unit of the inch which is equal to one-thousandth of an inch) or in other
words inches. The world standard for parts is metric. The standard grid
size for which these parts are designed is 0.05 mm, so there is no reason
to expect the metric parts to fit nicely on an inch based software grid.
They are two different measurement units! Recall the surface mount
parts may have been named in terms of inches, but they are actually
designed to fit on a metric grid and are metric parts. The software
used to connect up parts makes many mistakes in a mixed US/metric
environment. Often manufacturers have to fix these “by hand.” There
is no guarantee of compliance to layout standards when metric and Olde
English are mixed. Metaphorically, we are trying to fit square pegs into
a set of round holes. Metric parts on a metric grid are interconnected
by software to international standards, US parts which are metric on a
non-metric grid are not.
To this day, should you decide to purchase shoes in the United States,
the base unit used to measure your feet is the barleycorn. The largest
shoe size is 13 with sizes counted backwards in barleycorn units (three
barleycorn to an inch). A metric based shoe size standard exists, called
mondopoint. Mondopoint is measured in millimeters along and across
the foot. NATO uses this standard as does most of Asia. Expensive
shoes such as ski boots use mondopoint to make certain of a good fit to
a person’s foot.
The metric system is but a subset of a larger set of useful and streamlined international standards. Countries around the world have met and
worked out numerous standards. One of these standards is paper size.
A series (ISO 216) paper is used by all countries, with the exception
of the United States and Canada. This is why, when a photocopier or
printer’s paper cassette is empty, quite often it will say “load A4 paper”
in the US. It is the international paper default size.
At first glance the size of A4 paper might seem odd. It is 210 mm
x 297 mm. Despite appearing to offer odd linear values for paper when
first encountered, these values have been chosen very carefully.
The standard American paper sizes are: 8.5” x 11”, 11” x 17”, 17”
x 22”, and 22” x 34”. The “approximately equivalent” A-series “metric
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Figure 12.1: US and A series paper sizes cut into triangles and then mirrored
into sheets. The US paper triangles are on the left and A series paper triangles
are on the right
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Figure 12.2: US and A paper sizes cut into triangles and then mirrored into
sheets.

paper” sizes are: 210 mm x 297 mm, 297 mm x 420 mm, 420 mm x
594 mm and 594 mm x 841 mm. So why would the world choose these
strange sizes over the nice monotonic values of American paper? It all
comes down to what happens as one doubles each size in one direction
only, as both of these paper sizes do. In Figure 12.1 American paper sizes
and “Metric Paper” sizes, are placed side by side, and each formed into
a triangle. This is equivalent to cutting a sheet along its diagonal, and
producing a triangle with exactly half the original area. If one mirrors
the triangle about its hypotenuse, then it produces the rectangular paper
from which it was originally derived.
You might not notice a difference at this point. The way to clearly
see a difference is to place all the colored triangles for each paper size
with a common shared point at the vertex of their right angle, which is
done in Figure 12.2
It should be immediately obvious, that the hypotenuses of the ASeries “metric paper” are all parallel, and the American sizes are not.
What does this mean? It means that the aspect ratios of the “metric
paper” are all identical. They are all equal to the square root of two.
If you take 297 mm divided by 210 mm you will obtain 1.414 which
is the square root of two. The American paper aspect ratios oscillate
back-and-forth between 1.2941 and 1.5455.
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Why is the aspect ratio important? Well, if the paper aspect ratio is
the same, then one can enlarge A4 paper to A3 exactly, and from A3 to
A2 exactly. The lengths of the two legs of the “metric paper” triangles
can both altered by the same amount to fit into the next sized triangle.
This is not the case for American paper. One cannot exactly fit an 8.5”
x 11” image onto 11” x 17”. One can fit every other size however, so
8.5” x 11” will fit onto 17” x 22” or 34” x 44” and 11” x 17” will fit onto
22” x 34” but they will not map onto each other without distortion or
paper waste.
If one has an engineering drawing, or any drawing, or advertisement
for that matter, which is size A4, it can be exactly doubled to A3 perfectly on a printer or plotter. One could double its size again from A3
to A2, and it would still fit perfectly without distorting the dimensions,
or producing waste.
A4 paper and notebook binders are not available in US office supply
stores. The use of A4 paper in the US is generally not discussed, possibly
because the majority of US citizens have no idea what it is, or why the
rest of the world uses it. As stated previously, Ronald Reagan made the
executive choice to change government paper from 8 1/2” x 10 1/2” to
8 1/2” x 11” in the 1980s. It is unknown if A4 was even a consideration
in this decision.
Another change which would bring more order to everyday life would
be the introduction of the international date format (ISO 8601). This
format is YYYY-MM-DD or year first with a dash, month next with a
dash and then the day. In each case there are to be two digits even if
they are leading zeros. So the founding of the US was on 1776-07-04.
The Gettysburg Address was given on 1863-11-19 and Pearl Harbor was
attacked on 1941-12-07.
This format brings order to a date scheme, which while accepted
and taught in the US, is not consistent with the number system we use.
If one sees any number, say 4321, we know the digit furthest to the
left, 4, represents the largest value of the number or 4,000. The next
column is hundreds, tens and ones. This is ubiquitously taught in public
schools. The left-most number is the largest, and as one moves to the
right, each place represents a smaller value. In the US, the founding date
of the United States is proverbially written 7/4/1776. One cannot use
the common 7/4/76 because this is ambiguous, the year could be 1776,
1876, or 1976. The first value is the month, which is not the largest
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value. The smallest value is next, followed by the largest. This is not
even consistent with the common grouping of US units from largest to
smallest. If I said that a distance was 2 feet 5 inches 6 yards, I’m sure
you would think why didn’t he say 6 yards, 2 feet and 5 inches? That
would be the expected descending grouping.
A most important application of this international date standard is
with computers. When using this standard, dates will automatically
sort in order. One can develop file names which will automatically sort
by date. For example, a general name of a file could be:
Title which is constant YYYY-MM-DD Changeable suffix

An example of a newspaper article named so that it will immediately
sort by newspaper name and date is:
Des Moines Register 1975-08-23 Islands in a Metric World.pdf

The first title is the name of the newspaper, The Des Moines Register. Next is the international date. Finally the changeable suffix is the
title of the article which is Islands in a Metric World.
The standard is written to document both date and time. It turns
out that one can also uniquely add on the time of day using a 24 hour
clock. The format is: YYYY-MM-DD HH:MM:SS For instance, the
Apollo 13 spacecraft was launched on 1970-04-11 13:13:00 CST
Microsoft Windows and Mac OS both allow for international date
and time to be set and displayed. Even the smallest concessions to
international standards like international date and time, A-series paper,
or the metric system is not implemented in our government, industry
or educational institutions. This lack of adoption not only separates us
from the rest of the world, but also costs us greatly as a nation in many
ways, even if the public is unaware of these standards.
Perhaps the most famous cookbook in America was Julia Child’s
Mastering the Art of French Cooking. It is not well known that Julia,
who was from Pasadena California, did all of her cooking in metric
because it was so much easier, and would then convert the recipes to US
units. [1] Cookbook publishers realize that popular cookbooks cost more
to produce because the US edition is in our US units, and if the book
is to be sold in the UK, Australia, New Zealand, South Africa or other
English speaking countries, the recipes must be converted to metric (SI)
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units. This is also true for American Cocktail Recipe Books which use
ounces and jiggers rather than milliliters. [2]
Another difference between the US and metric countries is fuel efficiency computation. In the US, it has traditionally been expressed as
miles per gallon or MPG exclusively. Europeans, and others in metric countries do not compute their fuel efficiency in Liters/Kilometer,
but in Liters/100 Kilometers. Say a car gets about 30 miles to a US
gallon, which is 7.84 Liters/100 Kilometers. The formula to convert is
Liters/100 Km = 235.21/mpg. In Table 12.6 we have the two ways of
expressing fuel efficiency side by side:
MPG
10
15
20
25
30
35
40
45
50

L/100 Km
23.52
15.68
11.76
9.41
7.84
6.72
5.88
5.22
4.70

Table 12.6: Miles Per Gallon expressed as liters per 100 kilometers

The liters per 100 Km values give a much better intuitive understanding of the actual fuel efficiency of a car. The fuel savings when one
goes from 10-30 MPG show an obviously quick increase when we look
at the expression in Liters/100 Km. After 30 MPG the fuel efficiency
change is much slower. Another way to view this is by rewriting the
table in terms of milliliters of fuel instead of liters.
Table 12.7 compares miles per gallon, to mL per 100 Kilometers
(which can be easily read as decimal liters: 23 520 mL = 23.520 L),
the amount of fuel saved from the MPG improvement is next. The last
column of Table 12.7 represents the number of 500 mL bottles of fuel
saved. Bottled water in the US is sold in 500 mL sizes, and it is a familiar
everyday touchstone for the amount of fuel saved.
If we doubled the mileage to 100 MPG we obtain 2352 mL/100 km,
and save a fuel volume of 2348 mL when compared with 50 MPG. The
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MPG
10
15
20
25
30
35
40
45
50

mL/100 Km
23 520
15 680
11 760
9 410
7 840
6 720
5 880
5 220
4 700

Fuel Saved
–
7 840 mL
3 920 mL
2 350 mL
1 570 mL
1 120 mL
840 mL
660 mL
520 mL

500 mL Bottles
–
15.68
7.84
4.70
3.14
2.24
1.68
1.32
1.04

Table 12.7: Miles Per Gallon expressed as liters per 100 kilometers and the
computed volume of fuel saved in milliliters

difference in fuel efficiency gain from 50-100 MPG is close to the difference from 20-25 MPG.
In almost every area of life, the rest of the world has evaluated how
it implemented its measures, and then reformed them. In the United
States, the 18th century status quo continues to rule. The gallon we use
to compute gas mileage, is the wine gallon, which dates back to 14th
century in England. A ten penny nail designates not a nail dimension,
but the price of them in England long, long ago. It is not hard to
understand why it takes more energy to create products in the US, than
it does in Europe—we have no idea how to measure.

For Non-Commercial Use Only

172

c Randy Bancroft

2020

References

[1] Pomroy, Wendy Metric Today Vol. 44, No. 2 March–April 2009
page 3
[2] Regan, Gary SF Gate (San Francisco Chronicle) “A bartender’s
plea for presidential metrics” March 1, 2009 page E-6

173

174

For Non-Commercial Use Only

REFERENCES

174

c Randy Bancroft

2020

Chapter 13
A Momentary Flash of Metric Lighting

There were a few behind the scenes metric skirmishes in the 1980s and
1990s.
In 1982, the state of Florida decided to add metric units to its highway signs. The rational behind this change was that over five million
tourists visited Florida, and many of them were unfamiliar with US
measurement units. They also believed it would encourage Americans
to become more familiar with metric units. Florida was going to use
its own funds to implement this change. There was only one thing they
needed, the approval of the Federal Highway Administration (FHWA).
It came as a surprise when, despite the 1866 federal law which does not
allow the prohibition of metric units in the US, the FHWA refused to
allow the metric signs. They argued that Congress had passed a law
which prohibited the installation of solely metric highway signs using
Federal funds, unless Congress approved. The installation of these signs
would violate neither of those conditions. [1] The FHWA would later reverse itself without providing reasons for the attempted ban, or why it
changed its stand. Like most tales of metric in the US, a later Florida
Governor would refuse to allow the signs to be installed.1 [2]
During the momentary faux-interest in metrication during the late
1970s, Interstate 19 in Arizona was constructed using metric signs for
distances. I-19 is just over 101 Km in length and thus far exists as a living
fossil from 1978. The signs have distances in meters, or Kilometers, but
speed limits in miles per hour. There was a push by the Arizona DOT
1

President George H.W. Bush argued that more time was needed to figure out how
to change over highway signs. President Bill Clinton backed away from a program to
convert highway signs to metric in 1994.
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to change the signs over the US medieval units, but in 2010 this plan
stalled.
On September 23, 1999 after two decades of quiescence, there was a
momentary flash of interest in the metric system by the media. It was
on that day that the first known US space mission failure was caused
from the lack of the US adopting the metric system. The Mars Climate
Orbiter is assumed to have crashed into the surface of Mars. Because
pound-force was used instead of newtons (metric) in navigational computations, it doomed the spacecraft. The thrust instruction software
expected values in newtons, but was instead given pound-force. There is
pound force and pound mass in US units. In the metric system there
is newtons and Kilograms. It is hard to confuse those two designations.
Total cost of the Mars Climate Orbiter to the American taxpayer was
$327.6 million.
This “metric mishap” did not deter NASA from continuing to embrace US units in a metric world. Michael Milstein in Air & Space
magazine pointed out in 2001 that: [3]
. . .the U.S. portion of the International Space Station is
built in Imperial Units while the rest of the super-expensive
structure has been constructed in metric. About 10 years
ago NASA gave serious thought to the idea of building the
whole thing in metric, but decided that would drive the cost
way up. All the NASA contractors were tooled to build parts
in inches and pounds; converting to metric would have required revised designs and new machines. So instead they
developed an elaborate and costly computer-modeling and
cross-checking procedure to make sure that metric and Imperial parts fit together and work properly.
Yet again, NASA would rather continue to tempt fate, and absorb
the cost inefficiencies of using US units, simply so its ossified contractors
could continue to use them, which in turn makes their designs incompatible with all other space agencies in the world. NASA continues this
mixed course, even as they insist they are striving for “international cooperation in space.” Rather than insisting NASA contractors switch to
metric, NASA continues to employ the worst of both worlds.
In 2005, the DART (Demonstration for Autonomous Rendezvous
Technology) satellite crashed into another satellite, called MUBLCOM,
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with which it was to rendezvous. This would be referred to as a “Premature Retirement.” The full report of the mishap by The Mishap
Investigation board has not been released. In 2006, NASA announced
that they would not release the investigation’s report, citing that the
report includes details protected by the International Traffic in Arms
Regulations.
An abbreviated and opaque summary of the report was released.
What it tells us is that DART has a GPS system on board to compute
its position, and used other sensors to determine its position. The discrepancy between the positions reported by the sensors, and the GPS,
were so large that the software continued to reset, over and over, in the
expectation the oversized error would vanish. This used up considerable amounts of fuel at a high rate of consumption, which eventually
ran out. The report offers this explanation concerning the measurement
discrepancy:
If the measured velocity had been sufficiently accurate,
the calculations would have converged and resulted in correct navigational solutions. However, DARTs primary GPS
receiver consistently produced a measured velocity that was
offset or ‘biased’ about 0.6 meters per second from what it
should have been.
Later in the report is this statement:
Correction of the units conversion error [emphasis mine]
in the simulation math model described earlier led to a lowering of the gains setting to improve the expected proximity
operations performance based on mission simulations.
This is a very, very, roundabout admission that a unit conversion error was central to the failure. The error is “about” 0.6 meters according
to the report. This is 600 mm. The simplest apparent explanation for
the bias is that the software had a conversion error between feet and
meters. The GPS system is meter based. Its software would expect
meters. A meter is 1000 mm, and a foot is 304.8 mm with a difference
of 695.2 mm or “about” 0.6 meters. The release of the full report would
shed light on the possibility that a second space mission was terminated
because of the lack of the metric system in the US.
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The UK publication New Scientist stated on June 22, 2009, without reservation, that a foot to meter conversion was responsible for the
DART mission failure:
Before DARTs launch, NASA found that GPS data on
its position was mistakenly being read by its computer in
feet. Ironically, correcting this to metres in a simulator resulted in an incorrect change to another parameter that was
programmed into the spacecraft – a problem that led to the
collision.
It would appear that the embarrassment of the Mars Climate Orbiter
fiasco had taught NASA to only obscure any further metric muddles
which related to spacecraft mission failure. Rather than face the lackof-metric problem, and reform their agency, NASA instead chose the
status quo, obfuscation, and denial.
In light of the Mars Climate Orbiter and DART mission failures, it is
quite ironic that the navigation system used by the Apollo spacecraft was
all in metric. [4] The data internal to the computer was entirely metric.
Only at the end of the navigational computation was another possible
error introduced, and precious computer memory wasted, by converting
the metric values to pre-metric medieval units for display.2
The same year that the Mars Climate Orbiter incident occurred, a
metric Olde English conversion confusion cost eight people their lives.
In April of 1999, about four months before the Mars Climate Orbiter
debacle, Korean Airlines KE6316 crashed over a confusion between meters and feet. The cargo flight was to take off from Shanghai China for
Seoul South Korea. The Chinese controllers told the aircraft to initially
climb to 900 meters after take-off. During their ascent, the first officer
contacted Shanghai Departure and received clearance to climb to 1500
meters. Internationally feet are generally used to designate altitude, and
the first officer became confused and convinced himself that the plane
had been authorized to fly at 1500 feet. The pilot requested confirmation, and twice the first officer stated the plane should be at 1500 feet,
and was 3000 feet too high.
The pilot then quickly sent the plane into a steep decent. Both the
pilot and first officer tried to pull the plane out of the dive it was now
2

This practice continues to this day in the US. The GPS System is entirely metric.
The metric values are converted to miles and yards for display to the American Public.
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in, but failed. The airplane crashed into an industrial development zone
10 Kilometers southwest of the airport. Three crew members, and five
people on the ground, died from the impact; 40 more were injured. The
Mars Climate Orbiter failure was widely reported at the time. Despite
the fact that people died, and were injured in the KE6316 crash, and
only hardware was destroyed in the Mars Climate Orbiter crash, the loss
of KE6316 is generally lost to metric history.
Metric system discourse disappeared into blackness during the 1980s
and 1990s. However, for a single brief moment, the lightning bolt of the
Mars Climate Orbiter crash publicly illuminated the metric problem in
the US, which had been there in the darkness all along. Like a blinding
flash of lightning, it illuminated the toxic US measurement landscape
momentarily, and then blackness engulfed the terrain once again. Metric
discourse in the US media then receded back into non-existence.
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Chapter 14
Down Under in Oz

In the 1970’s, Australia decided it would convert to the metric system.
Australia would choose Alan Harper (1913-1991) to shepherd the change.
He had been a research scientist, and would lead Australia’s metric
conversion board. Harper intended to change his nation to the exclusive
use of metric measurements. The task was overwhelming, every aspect
of measurement practice in Australia would need to be closely examined,
and reformed. Alan Harper was the pilot who would guide the way, and
make it happen.
On May 29, 1968 an Australian Senate Committee concluded unanimously to adopt the metric system exclusively as soon as possible. The
majority of Australia’s trade was with metric countries. It was a clear,
practical, economic decision.
Harper realized that in countries where the metric system was implemented quickly and decisively by the government, conversion had gone
well. In countries which allowed the process to shepherd itself (such as
in Britain) momentum was lost and the country might end up in metric
purgatory.
The process was to be voluntary, as far as how various industries
would implement the new system, but pressure would be applied using
strong legislative initiatives, and there would be significant penalties for
non-compliance. Harper also saw that metrication should take place over
as broad a spectrum of society and industry as possible all at once. This
would immediately create a metric environment for as many citizens as
possible, with no islands of Imperial ecosystems to hinder the transition.
Communication with the public was of paramount importance in
order to enlist them, and make Australians understand the changes.
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Perhaps the most important aspect of metric conversion was to use it as
an opportunity for commerce to reexamine current industrial practices,
and to streamline, simplify, and rationalize industries and practices. The
Metric Board would act to shepherd and facilitate these activities, not
to dictate details.
Alan Harper had a very effective partner in this undertaking, one
John Norgard (1914-2010). He had the industry contacts which would
smooth out, and help coordinate the metric conversion. The two complemented each other like salt and pepper. Norgard approached the
heads of all the countries newspapers, and asked them not to take an
editorial stand against metric. Only once was this promise violated.
The Metric Board enlisted an army of specialists in multiple fields
to help with this broad transition. They would act as liaisons on behalf
of the nation in the coming transition. Despite some wavering by the
Government during the decade, the transition remained firm. Weather
reporters started to convert in 1972, and were finished two years later.
Dozens of industries followed suit. Strangely, the conversion of women’s
bras and biscuits (crackers) proved to be stumbling points.
The public demonstrated considerable anxiety over the single day
change of all the road signs and traffic rules to metric. This was to take
place on July 1, 1974. There were terrifying warnings of mayhem that
would take place. In a non-event reminiscent of the Y2K bug, the ocean
remained blue, and the cars on the freeways traveled as easily as they
always had. When voluntary conversion time tables were violated, legal
actions were taken to enforce the changes. The most important mandate
was no use of dual units—they were not allowed. Direct metrication
takes about a year, allowing dual units can inhibit conversion almost
indefinitely. The Australian metric conversion was nearly 75% complete
by 1976, and by 1980 the committees had essentially finished their tasks.
Historian Jan Todd summed up Australia’s experience:
Australia’s conversion process had shown how a centralized, coordinated national program of measurement change
could work. With strong government commitment, full legislative backing and a national body dedicated to developing
policy and leading implementation, even a federation of six
unruly states could be brought into uniform order.
While Australia was changing to metric, the US was holding metric
hearings in 1975. Their assessment was that Australia is “Currently
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moving rapidly toward a strongly metric environment–more quickly and
easily than expected.” [1] The American Bar Association understood the
importance of what was occurring in Australia:
The reason why the Australian Post Office is converting
its internal operations is to avoid becoming a customary island in a metric ocean with all the permanent training and
recruiting problems which would be incident to that status.
Sports were selected as pacesetters because it was recognized that their early conversion would be a most effective
way to generate public familiarity with metric usage on a
widespread basis.
The ABA recommended much stronger legislation “So that the U.S.
Metric Board may have a pole star to guide it rather than to be left to
fend for itself without adequate congressional direction.”
Esther Peterson (1906-1997) of Giant Food also understood the importance of following and learning from the Australian example:
The Australians have given us a fine example of a smooth
transition to metric which involved the public all the way.
The primary aim of The Australian Metric Conversion Board
was to overcome public apprehension. Dual labeling and
conversion exercises were avoided for a “think metric” approach. The consumer was saturated with metric information. Special target dates were set for each sector—speed
and road signs, temperature, clothing, et cetera—so the consumer knew what to expect and when. The board published
booklets, distributed posters, showed films, gave speeches,
and utilized the media. There were very few cases of unfair
practice in the marketplace, because no-one dared to cheat
the consumer with a metric-sensitive press watching every
move.
The success of the Australian metric program was also
enhanced by a strong initial and sustained support by the
Australian Government. We need that same kind of support
from all branches of our own Government. Many agencies
have already begun to prepare for metric. All need to move
ahead.
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The most important point here is that the Australian legislation utilized a metric conversion board which kept their
public informed right from the beginning. Today, a little
over 5 years after legislation was passed in Australia, the
conversion process is almost completed.
Esther argued that “guidance in the form of Federal Legislation is
needed, We need a uniform approach in order to implement a smooth
and total conversion in all areas . . .where standards are set and followed,
target dates are met, and uniformity in practice exists.” Her words
proved prophetic, and the vacuous US metric non-legislation would not
be strengthened.
Donald Peyton (1925-2004) of the American National Standards Institute (ANSI) used a football analogy and said that comparing the US
with Australia “is like comparing a high school football team with the
Green Bay Packers.” Statements like this assume there is no economy of
scale to be exploited during a metric switch-over in the US, as compared
with a smaller country.
Australia’s metrication was misrepresented in the US as a totally
voluntary “program” by participants who testified at the 1975 metric
hearings. Australia’s metrication program was characterized as a product of spontaneous generation, which aligned nicely with US economic
mythology dating back to at least the 1920s, if not before. Alan Harper
took note of this misrepresentation and wrote a letter, which is included
in the record of the 1975 hearings. He told the assembled Congressmen
in his epistle, that Australia’s metrication was voluntary, only as far as
how industry would implement metric in each of their trades, but not if
they would convert to metric.
In April 1979, Mr. Harper was asked in person, by a US Metric Board
member, if Australia could have accomplished what it did, had it been
working under metric legislation similar to the U.S. Metric Conversion
Act of 1975
“No” was his emphatic single word answer.
By 1992, the metrication of Australia was complete enough for the
government to commission a study of the subject. The monograph,
Metrication in Australia, written by Kevin Joseph Wilks, documents
the metric changeover, and details how it was successfully accomplished
in the myriad sectors of the Australian economy. The book makes this
observation about the decision to implement metric:
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It was sometimes asked why the decision to go metric was
not reached by referendum. This would have presupposed
that people would have had a comparable knowledge of both
the imperial and the metric systems and of the impact such
a change might have. While metrication has certainly had
a massive cultural impact on people in their lives as ordinary citizens it is, nevertheless, a predominantly technical
change, affecting commerce, industry, engineering, science
and education. For referendum purposes, relatively few people would have had sufficient knowledge of both systems to
make an informed decision.
The decision to go metric was achieved through an open
committee of inquiry, appointed by the Government, which
collected evidence from any person who felt interested or
competent enough to give it.
The statement demonstrates that the Australian government did not
get caught up in the idea that metrication is a social change, but saw
it as essentially a technical one. The inflated costs of metrication, as
quoted by critics of metric, were simply a red herring. The effectiveness
of setting an M-Day for each industry was of paramount importance
to the transition. There would be planning and preparation, so that
on a particular M-Day, the industry involved would switch overnight
to metric. The avoidance of dual markings was explicit, and so there
was no opportunity for metric backsliding on the roads, at work, or
anywhere. The book, Metrication in Australia, is very much a “how to
guide” which would be of great utility in the event the US decided to
become metric.
In the United States, the history of the metric system non-implementation was slowly being distorted into a patriotic social myth. It
has become a political proverb, propagated by reactionary anti-metric
people, that the government tried to impose the metric system on the
citizens in a heavy-handed manner, which caused a great amount of
suffering and disorientation. In this myth, the public rose up and revolted, they held their democratic representatives accountable, and had
the metric system imposition terminated.
As one can see from the testimony in the 1975 metric hearings, this
is all buncombe, but this myth has provided a quick, effective, sanctimonious response to those who question the lack of metric in the US.
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Anyone who questions the US lack of metric system implementation, is
assumed to be against democracy, and may be dismissed. Often antimetric people will say “we tried in the 1970s, but it just didn’t happen”
and that defeat should be accepted as “the people spoke.”
In 2004, the work For Good Measure: The Making of Australia’s
Measurement System by Jan Todd was published, and offered a look
back at Australian metrication, which was becoming a distant and fading
memory for many of the citizens there. For people in their mid twenties,
it was the only system they had ever known.
Australian metrication is probably the most successful of all the former British territories. As the decades passed, the Australian metrication period dimmed, and became a part of the past. America remained
in its Olde English coma as the Twenty-First Century unfolded.
The fact that the United States had not embraced metric became
more and more of an enigma to one resident of Australia. His name is
Pat Naughtin, and he lived in Geelong Australia. Naughtin created a
website called Metrication Matters, and on June 10, 2003, he published
the first of his 100 newsletters about the metric system. Naughtin had
spent his career guiding his fellow Australians in the current best-use
implementation of the metric system. Certainly, one would expect that
in Australia, his job was mostly dealing with the few remaining holdouts in industry, education and government, and helping usher along
metric. It would appear that after his career in Australia, Pat saw it
as important to do his best, to bring what he learned to the US, and
also to understand why the US was the lone metric hold-out. His first
Newsletter has a question:
I wonder why the USA is the last nation in the world to
admit the extent to which they use the metric system of measurements. For example, of the 10 000 parts in a modern car,
made in the USA, all of them are measured in millimetres to
the nearest tenth of a millimetre. But because the speedometer is labelled with the letters ‘mph’, drivers in the USA are
generally convinced that they are driving an ‘English Units’
automobile.
Part of the answer to Naughtin’s query, which he later stated himself,
is that in the US, a majority of people have no idea what measurement
system was used to build cars, refrigerators, televisions, washers, and all
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manner of consumer products they use. They only know what the system
is they use to interface with them. Naughtin also appeared to believe
that much more metric usage was occurring in the US than probably
exists, and over a longer period of time than is warranted. The first
Hidden metric section of his newsletter asserts:
As vinyl records developed, in the 1920s, they were designed and made 250 millimetres and 300 millimetres in diameter. In English speaking countries, they have been called
10 inch and 12 inch records ever since.
This correlation is a metric coincidence. The RIAA specifications
for records is written in fractions: “The Diameter of a 12” record is:
11 7/8” + 1/32”.” The specification as written produces an average
diameter of 302.0 mm for a 12 inch record, 251.4 mm for a 10 inch
record and 175.4 mm for a 7 inch record. Metric coincidences occur,
and it is a small but illustrative peccadillo that Naughtin would embrace
this belief. He loved the metric system. The values are so close, that
one could easily measure vinyl records, and become convinced they were
designed in metric. Compact Discs were designed to be 120 mm, and
90 mm computer floppy disks, were also designed in metric, but called
3 1/2 inch floppy disks in the US.
In his quest to understand why the US had not become metric, it was
postulated by Naughtin that decimalization might be to blame, that in
the US, the use of decimals had obscured the need for this aspect of the
metric system. It is true that in engineering, decimal inches are common, but a trip to any US hardware store will reveal that tape measures
and rulers are all marked in fractions of an inch: 1/2, 1/4, 1/8, 1/16, and
on the first and last inch, 1/32 of an inch graduations are often found.
There are no decimal markings. Entering any US garage owned by an
amateur mechanic, or other technical person, one almost immediately
will see a fraction to decimal conversion chart. This is the height of inefficient measurement use, yet it lingers and remains. Naughtin’s decimal
hypothesis explains his confusion as to why the US is not metric. His
lack of experience with America, and how ordinary people design and
build there, encouraged his optimism. The non-metrication of the US
was a metric puzzle.
Naughtin appeared as an Australian metric ambassador to the US, at
a time when the United States had no metric spokesperson, nor seemed
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aware one might be needed. Pat embraced international standards that
Americans had only encountered minimally. He championed A-series
paper, which is used internationally, except for the US and Canada.
Naughtin encouraged the use of international dating. His first newsletter
was on 2003-06-10 and dated this way.
Pat had an unrequited desire to help the US become metric, and
educate its citizens on the most effective ways to use metric, which were
discovered during the Australian metrication period, and also what has
worked during the metric conversions of a few stragglers.
One of the first points he makes about metric system conversion,
concerns the use of centimeters versus millimeters. He wrote an indepth, detailed discussion analyzing the merits of both. In the end, he
suggested millimeters—period. The pragmatic point he made in 2008
was about how the two are embraced by industry:
If you choose millimetres as your small unit for a metrication upgrade then the metric transition is smooth, rapid,
and so economical that the companies involved save so much
money that their net profits increase dramatically..... It’s
hard to know how long a metric transition using centimetres
will take as no one has completed one yet.
This emphasis on millimeters is a subset of what Naughtin called
“The Rule of Thousands.” The best way to use the metric prefixes is in
groupings of 1000 magnitude. In the US this is often called “Engineering
Notation.” It simplifies metric usage considerably, and provides a more
intuitive experience for the user. A list of these prefixes is presented in
Table 14.1
Naughtin also stressed the importance of M-Days. This would be
the single date on which a group would become metric. Metric would
appear to have occurred in a single day, but this would only happen
with careful preparation. An important point Pat made, was that the
task of preparation should not be delegated to someone unfamiliar with
metrication. In some cases, during Australia’s metric transition, the
management of one particular company had tasked a secretary to purchase new scales and tools. Attempting to demonstrate her frugality,
dual-scale tools were purchased. Two scales were thought to be a bargain compared with a single scale. Experience had shown that if you
offer dual-scale tools, the people using them just continue to use the
For Non-Commercial Use Only
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Metric Prefixes
Name and Symbol

Multiplier

yocto (y)
zepto (z)
atto (a)
femto (f)
pico (p)
nano (n)
micro (µ)
milli (m)
1 (unity)
Kilo (K)
Mega (M)
Giga (G)
Tera (T)
Peta (P)
Exa (E)
Zetta (Z)
Yotta (Y)

10−24
10−21
10−18
10−15
10−12
10−9
10−6
10−3
100
103
106
109
1012
1015
1018
1021
1024

Table 14.1: List of metric prefixes with separations in magnitude of 1000, sometimes called Engineering Notation in the US. This eliminates the notational
congestion caused by the “prefix cluster around unity.”

more familiar non-metric scale. Naughtin estimated that the presence
of dual scale tools might delay metric adoption for 200-300 years. He
often stated “don’t duel with dual.”
One of Naughtin’s metrication pamphlets describes how to achieve
Metrication in a Day. It is a step-by-step guide that uses, as an example, how a group of plumbers were converted to metric. The plumbers
(and other tradesmen) were informed their company was “going metric.”
They were told they would attend a Metric Information and Training
Day in the future. The plumbers were instructed “to bring along all
their company owned rulers and tapes as they would be doing some
practical measuring exercises during the day.” When they arrived for
training, the employees were directed to bring the tools to desks where
c Randy Bancroft

2020

191

For Non-Commercial Use Only

192

CHAPTER 14. DOWN UNDER IN OZ

“the old rulers and tapes were exchanged for brand new high quality
rulers and tapes marked in millimetres only.” The workmen were also
provided with rugged calculators.
The men were then given a short lecture on the importance of changing to metric, and quick instruction in the use of the system. The workers
were invited to a beverage break, and offered their preferred beverage
in robust 250 mL mugs, which they were instructed to take with them.
While the plumbers were on this break:
. . .their old feet-and-inches tapes and rulers were ceremoniously wheeled, in labeled 200 litre drums, into the centre of
the courtyard. Flame accelerant was poured on to them and
the old rulers and tapes were burned to total destruction.
This dramatic demonstration made it absolutely clear that
the object of the day’s training was to change completely to
metric system units and to do it now.
The workers would then use the new measures to determine the
length of their fingers and palm width, which are often near 100 mm
for men. The width of a pinky fingernail is measured, which is often
about 10 mm. Pat argued that this session must not be hurried, and to
let the people involved, experiment with their new measurement tools.
After lunch, the basics of the metric system would be explained, and
exercises in metric estimation would take place. Clearly all the new
tools had to be purchased well before the M-day, but not revealed until
the exchange. It is imperative to use quality tools to replace all those
taken from the workmen. If the replacement tools are of inferior quality,
it would endanger success. Naughtin goes into great detail as to why
this metrication in a day method worked so well. He has a final note:
In later interviews the plumbers reported that they ‘changed their mind to metric’ on that day and then consolidated
their metric knowledge on the job over the next two weeks.
Surveys of participants a month later showed that they, personally, saw their metric transition as complete by then. The
plumbers and their unqualified labourers were comfortably
using millimetres for all of their work. They reported that
critical factors in their success were using only millimetres
so they didn’t have to mix measurements or to use any fractions or decimals at all. They particularly liked avoiding
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the confusion that comes from using centimetres and from
“slithering decimal points all around the place”.
Pat Naughtin’s expertise was in understanding human psychological
barriers to adopting metric, and implementing ways to overcome them
to produce a smooth metric transition. He had helped to usher along
metric changeovers in Australia, but then began to turn his attention
toward the most incorrigible metric holdout on Earth, the United States.
In 2007, Naughtin traveled in the US, and gave a lecture on the
metric system to a group at Google. In his lecture, Naughtin relates
that the head of AVJennings, a construction firm in Australia, had two
identical houses constructed side by side. One used Imperial units, and
the other metric. All the waste was kept on site. The Imperial (feetinches) house had two five tonne trucks of waste. The metric house? The
waste “wouldn’t fit in a wheel barrow.” The difference was dramatic.
The cost savings is probably about 10–15%. The important ingredient
needed to realize this savings is to use only millimeters when constructing the house. No fractions, only whole numbers are used, and people
are willing to cut to a mm if possible.
The standard two by fours used to construct Australian houses were
of a nominal size. Each individual two by four varied considerably (which
is still true in the US). Some are bowed which requires planing. Currently builders here in the US have to select the best two by fours they
can find as they purchase them. When placing drywall, shims and planing are required to even out the wall. This all adds labor costs and
time. The Australians used their metric conversion as an opportunity
to re-write the regulations for building materials. In Australia, if a stud
is 35 mm x 90 mm, it’s very, very close to that, so no preparation work
is required. This saves considerable time.
During the 2008 US election campaign, a group called Scientists and
Engineers for America, and fifteen other science organizations, developed a list of questions they believed the candidates should address. It
surprised Naughtin that:
The highly original, smart, clever, and creative scientists
and engineers who wrote the seven questions had not begun
to address the most basic issue in science—how to measure
things. They simply didn’t seem to see that measurement
was at all important to their nation of the USA
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This is a very revealing observation about the situation with scientists and engineers in the US. The technical culture of the US in 2008
was completely oblivious to the metric system. The very people who
represent the professions which rely directly on measurement, saw the
metric system in the US as a non-issue. Many technical professionals in
the US see measurement as a long ago settled issue, and one way is as
good as another. This cultural inculcation has been passed down generation after generation, and Naughtin, an Australian, did not understand
how deeply this pervasive viewpoint is embraced in the US. John Kasson
had only made metric measurements permissible in the mid-nineteenth
century, and after that, all measurement units became equal, and the
issue was settled.
A US cultural issue that Pat Naughtin did understand, is the pernicious idea that the metric system is “French,” and because of some
ill-defined Anglo-Franco cultural hostility, it is a system that should not
be embraced for that reason alone. Historically, the success of the metric
system began to take-off when the French turned the metric system over
to international governance, but this is unknown by the vast majority
of Americans, and would probably have little impact if it was.
In 2007, Naughtin discovered that the original proposal for the metric system had been published by an Englishman, John Wilkins, in 1668.
This was many years before the French would adopt the same weights
and measures, that is, the liter, meter and Kilogram, but with decimalization.
While historians might treat this information as a historical curiosity, and ponder if the information was used during the formulation of
the metric system in France, Naughtin realized it was of great cultural
relevance. The fact that the metric system was proposed by an Englishman, may have exactly zero relevance to the length of a millimeter, the
mass of a gram, or the volume of a milliliter, but it could potentially attenuate, and possibly overcome the perception of metric units as foreign,
by the English speaking world. On July 13, 2007 (2007-07-13) Naughtin
appeared on the BBC and publicised this fact. In a TEDxMelbourne
talk in Melbourne Australia on March 13, 2010, (2010-03-13) he incorporated this new knowledge about the British origin of the metric system
into his lecture.
Naughtin also realized that Australia may have the metric system,
but many people use it in a rather cavalier manner, that does not provide
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clarity, and transparently transfer information. Naughtin championed
the simplest manner of expressing quantities, and spoke against creating
“mixed metaphors” of measurement units in place of direct measurement
comparisons. The metric system, when properly used, allows for an instant understanding of the magnitude of quantities under comparison.
In his 2010 TEDxMelbourne talk, Naughtin illustrated the problem of
using mixed units and prefixes. Pat presented a slide in which he compares energy use data he has organized for clarity, and compares it with
the data as originally presented by the Australian Bureau of Statistics.
The information from this slide is reproduced in 14.1.
Energy statistics
From Australian Bureau of Statistics
‘Non-Renewable fuels used to generate electricity include black coal
(53.576 kt), brown coal (65.075 kt), and natural gas (291,372 TJ).
Hydro-Electricity was the main renewable source of electricity, and in
2001-02, 15,567 GWh of hydro-electricity were produced. . .’

. . . Non-renewable fuels used to generate electricity include:

1. 1600 petajoules from black coal,
2. 1000 petajoules from brown coal,
3. 290 petajoules from natural gas, and
4. 56 petajoules of hydro-electricity
Figure 14.1: Australian energy statistics slide – after Naughtin

The slide shows the original quotation from the Australian Bureau of
Statistics. All the representations are not directly in terms energy, but
worse yet, they have been written in a manner with units and values
which obscure comparison. The tonne is accepted as a metric “nickname” for the pre-metric unit called the ton, which has two varieties.
The acceptance of this intrusion of a pre-metric nickname in the metric
system encourages poor measurement expression. The kt represents a
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kilotonne mass measurement. The tonne is correctly called the Megagram so it actually represents a KiloMegagram, which is a kilokilokilogram, which are both unacceptable uses of prefixes. The value would be
more correctly called a Gigagram.
The mass values offered for coal are not direct energy values, but
proxies. When discussing energy, the only metric unit for energy is
the joule. The use of GWh (GigaWatt-hour) is a metaphorical way to
represent energy. Watts are in energy per second, and would not be
properly multiplied by hours. One would have to convert the hours to
seconds and multiply to get the total amount of energy in joules. Below
the quotation from the Australian Bureau of Statistics, Naughtin has
converted the information entirely to joules, and used an appropriate
metric prefix, Peta, so they may all be compared as integer numbers.
This demonstrates that when properly used, the metric system encourages numeracy.
Naughtin pointed out in his lectures and writings over and over, that
without a measurement policy, there will be measurement anarchy. He
cites NASA’s metrication policy as currently being: become metric if you
want to, and choose millimeters or centimeters, if you want to. Indeed,
the very idea of a measurement policy is not discussed among engineers
or scientists in the US. There is almost a view that it is not important, or
worse yet “you’re over-thinking your job.” Quite reasonably, Naughtin
asserts that probably about 10% of the USA’s Gross Domestic Product
is waste because it has no measurement policy.
Naughtin also examined the amount of waste paper generated because programmers in the United States determine the default margin
for paper. When using Microsoft Word with A4 paper, the margins are
set 25.4 mm (1 inch) on the top and bottom and 31.7 mm (1 1/4 inch)
on each edge. The total image area is 146.6 mm x 246.2 mm for an area
of 36 093 square millimeters. When the margins are rounded to metric
values of 25 mm top and bottom, and with 30 mm on the sides, the
page looks fine (possibly better) aesthetically, and your working area
has increased to 37 050 square millimeters (150 mm x 247 mm). If this
image area is used, as is generally done for common reports, the paper
savings is about 957 square millimeters or about 2.65% of your previous
costs. Naughtin points out:
Saving about 2.7% of the 490 000 000 tonnes of paper used
each year for business forms in offices in the USA, would reFor Non-Commercial Use Only
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duce annual office costs nationwide by about $3 500 000 000 000
each year – and this estimate does not include any savings
from reduced printing, photocopying, paper handling, and
storage costs.
Naughtin also argued that editors should avoid the prefix cluster
around unity:
Avoid unit names that use the prefixes centi (c), deci (d),
deca (da), or hecto (h). Instead use unit prefixes that are
multiples and sub - multiples based on thousands. Examples
of preferred prefixes are micro (µ), milli (m), kilo (k), and
mega (M).
but strangely he found kilotonne (kt) acceptable.
Naughtin sent letters to every member of the US Congress about
the importance of Metric System adoption in 2011. In his newsletter,
Metrication matters - Number 95 - 2011-04-10, Pat states: “The result:
nil, nix, nothing, zero, zilch. Not even a courteous, “We thank you for
your letter...”
Pat Naughtin died on 2011-07-16 (July, 16, 2011). His last two
newsletters arrived to his readers posthumously, for a grand total of
100.
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Chapter 15
The Mass of The Kilogram and of Signatures

Any national discussion of a metric system conversion in the US public
media or in government simply vanished from view after the 1980s. The
1990s and 2000s came and went in metric silence. Pat Naughtin had
done what he could to reignite a discussion of metric conversion in the
US, but appeared to have little impact. The world of technology had
dramatically changed how the world communicated since the era of the
1980s. Pat Naughtin left a body of work on his website, where it was
still available for all to access as he had wished. Naughtin bequeathed
his Metrication Leaders Guide for all to read on his website. At least the
metric conversion knowledge he had acquired over his lifetime, would in
all likelihood, be preserved somewhere in cyberspace, should it ever be
needed to help guide a US metric conversion.
Very few articles appeared calling for the US government to act on
metrication. A singular occurrence was when the Editorial Page Editor
of Barron’s offered this viewpoint in 2002:
. . . there are few places in the economy where the government can actually legislate American efficiency. The system
of weights and measures is one of them. Congress can and
should convert the country to the metric system. [1]
Any mention of the metric system in the popular press, especially by
the business press, was minimal in the first decade of the 21st Century.
When the metric system was mentioned, it was often from an anti-metric
point of view.
On September 26, 2006 the California Department of Transportation,
which had adopted metric, changed back to Olde English units after
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Figure 15.1: Title of memo which announces the 2006 change back to Olde
English Units from metric at the California Department of Transportation.
Effective on 2007-05-30, an exemption must be obtained from the State of
California to utilize the metric system.

using metric for ten years. Kevin Herritt was the project manager of
the Metric To English Transition at the Division of Design.
The 2008 Elections in the US brought out political commentators,
who mostly used the possibility of America becoming metric as a scare
tactic. The July 25, 2008 Wall Street Journal published an article entitled “Take Me To Your Liter.” The article is a polemic laced with
sarcasm which would seem more appropriate in a tabloid paper: [2]
The single most disturbing thing we have heard about
Barack Obama is this paragraph from a report in the German
tabloid Bild, describing the candidate’s workout in a Berlin
hotel gym:
He goes and picks up a pair of 16 kilo weights and starts
curling them with his left and right arms, 30 repetitions on
each side. Then, amazingly, he picks up the 32 kilo weights!
Very slowly he lifts them, first 10 curls with his right, then
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10 with his left. He breathes deeply in and out and takes a
sip of water from his 0,5 litre Evian bottle.
This shows just how far to the left the Democratic Party
has lurched since 2004. Back then, the party decisively rejected Howard Dean, an advocate of the metric system, in favor of the “electable” John Kerry*, who kept any pro-metric
sympathies to himself. Now the Dems have nominated someone who actually uses the metric system.
Adherents to the metric cult like to rave about how easy
it is to multiply by 10. It’s a familiar enough refrain: ”We
were only following orders [of magnitude].”. . .
* The haughty, French-looking Massachusetts Democrat,
who by the way served in Vietnam.
The effectiveness of this polemic relied on the ignorance of the American public concerning the fact that Germany became metric in the 19th
Century. It would not be possible for candidate Obama to easily avoid
using it in a metric country. This was of course not the point, the statements were all made for political impact, and to generate fear that an
uncomfortable change might occur should Obama become president.
The media continued to fan the flames of fear. When Al Franken
was elected as Senator from Minnesota, CNN’s John Freehery lamented:
“The metric system is the kind of thing that you can expect from the 60–
vote filibuster-proof majority Democrats now have in the United States
Senate.” [3]
The constant problems that weights and measurement miscommunication caused in trade between the US and the metric world continued silently in the background, and seldom made it into the US press.
In 2002, Woodland California businessman Carlos Zambello, manager
of The Wild Rice Exchange, sold a shipment of rice to a customer in
Japan. Zambello quoted the rice at 39 cents per pound. The Japanese
business thought Carlos had quoted it as 39 cents per Kilogram. With
2.2 pounds in a Kilogram, the actual price was 81 cents per Kilogram.
Zambello wanted to do business with them in the future, and marked
his rice down to cost. Both parties lost money and the representative
had to explain to her boss in Japan how this mishap occurred. [4]
Mistakes like these do not occur between countries other than the
US, because they are all metric. Clinging to Olde English measures
promotes a very negative view of America and Americans. In 2010, a
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Baltic businessman offered some pointers to his fellow citizens on how to
do business with Americans. He points out that Americans are rather
geographically arrogant, and feel they need to know little about the
world beyond their border. The author then relates the steps it takes to
move a bushel of grain from the US to his country: [5]
This arrogance extends to weights and measures. While
some American companies use the metric system, most do
not. It is crazy not to. I worked in commodity trading for
20 years and these are the calculations you made:
1. You bought grain from farmers in bushels — a bushel
of corn is 56 lbs (25 kilos).
2. You shipped the corn by railroad to a port or a barge
loading point. U.S. railroads charge by 100 weight (100
pounds or 45 kilos) or short tons (2,000 pounds or 900
kilos).
3. Ocean shipping is calculated in long tons (2,240 pounds
or 1,000 kilos).
4. Sales overseas are calculated in metric tons
All these transactions could have been accomplished in Kilograms,
without bushels, hundred weights, long tons, or short tons, with far, far,
less of a chance of an error. The use of metric tons rather than the
proper term Megagrams is an example of poor international use of the
metric system. The ton is a pre-metric unit.
Following the 2008 US election, four years passed, and the Obama
Administration remained silent on the issue of US metrication. Barack
Obama was re-elected in November of 2012. President Obama, and his
administration had not addressed metric in his first term, and appeared
well on their way to ignoring it in their second.
On December 31, 2012 a We The People petition was launched on
the whitehouse.gov website, by R.C. from South Pasadena, CA. The
text of his petition is:
WE PETITION THE OBAMA ADMINISTRATION TO:
Make the Metric system the standard in the United States,
instead of the Imperial system.
For Non-Commercial Use Only
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The United States is one of the few countries left in the
world who still have not converted to using the Metric System as a standardized system of measurement. Instead of
going along with what the rest of the world uses, we stubbornly still adhere to using the imprecise Imperial Unit despite the fact that practically every other country that we
interact with uses Metric.
Why should we convert to using the Metric System? Because it’s superior, less convoluted - everything is ordered in
units of tens, while the chaotic arrangement of the Imperial
System slows things down for us - not only in terms of education, but also businesses, science, foreign relations, and
daily life.
Created: Dec 31, 2012
Issues: Education, Science and Space Policy
The petition attracted almost 50 000 signatures, which is twice the
number of signatures needed for a mandatory Whitehouse response on
the issue. On the Friday before Memorial Day weekend, a response was
posted:
Official National Institute of Standards and Technology
Response to Make the Metric system the standard in the
United States, instead of the Imperial system.
Supporting American Choices on Measurement
By Patrick D. Gallagher
Thanks for your petition.
Theres a lot of history here. Right after the Civil War,
President Andrew Johnson signed legislation that made it
“lawful throughout the United States of America to employ
the weights and measures of the metric system in all contracts, dealings or court proceedings.” In 1875, the United
States was one of the original 17 nations to sign the Treaty
of the Metre. Since the 1890s, U.S. customary units (the
mile, pound, teaspoon, etc.) have all been defined in terms
of their metric equivalents.
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So contrary to what many people may think, the U.S.
uses the metric system now to define all basic units used in
commerce and trade. At the same time, if the metric system
and U.S. customary system are languages of measurement,
then the United States is truly a bilingual nation.
We measure distance in miles, but fiber optic cable diameter in millimeters. We weigh deli products in pounds,
but medicine in milligrams. We buy gasoline by the gallon,
but soda comes in liter-size bottles. We parcel property in
acres, but remote sensing satellites map the Earth in square
meters.
While many countries mandate the use of the metric system by law, the U.S. Congress has repeatedly passed laws
that encourage voluntary adoption of the metric system. We
use a mixture of metric and customary units depending on
the context. We also have a long tradition of voluntary standards and our bilingual system of measurement is part of
that tradition.
The Commerce Departments National Institute of Standards and Technology (NIST), the agency I direct, was specifically tasked by Congress to help businesses and federal agencies adopt use of metric units.
The NIST Metric Program provides manufacturers and
exporters with the information about the metric system they
need to sell U.S. goods abroad. And it helps distribute resources for educators who are teaching the metric system in
their classrooms. That responsibility is growing as more students look to careers in science, technology, engineering, and
math, where metric is universal.
Since the 1970s, all American schools have taught the
metric system. Many federal agencies use metric routinely,
and the U.S. military does so almost exclusively. Moreover,
since Congress updated the Fair Packaging and Labeling Act
in 1992, most consumer products in this country are labeled
in both metric and U.S. customary units. So-called dual-unit
labeling has helped consumers become familiar with using
metric units.
NIST is currently working to make it possible for manuFor Non-Commercial Use Only
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facturers to label their products with metric units only (.pdf)
if they choose to do so because it will reduce their costs or
improve their international competitiveness.
Ultimately, the use of metric in this country is a choice
and we would encourage Americans to continue to make the
best choice for themselves and for the purpose at hand and
to continue to learn how to move seamlessly between both
systems.
In our voluntary system, it is the consumers who have
the power to make this choice. So if you like, “speak” metric
at home by setting your digital scales to kilograms and your
thermometers to Celsius. Cook in metric with liters and
grams and set your GPS to kilometers.
We were thrilled to see this petition from “We the People”
succeed. Feedback like this from consumers shows everyone
from policy makers to businesses how important having this
choice is to Americans.
So choose to live your life in metric if you want, and thank
you for signing on.
Patrick D. Gallagher is Under Secretary of Commerce for
Standards and Technology and Director, National Institute of
Standards and Technology
This response was offered on the Friday before a major US holiday,
which is the typical timing used to bury any possible media interest.
The website Gizmodo was quick to comment on the NIST Directors
petition response on May 24, 2013: [6]
The White House ends the response by saying ‘choose to
live your life in metric if you want’. Basically, do whatever
you want because the US will never officially change to the
metric system.
On August 27, 2013 Discovery News reacted to the electronic epistle
offered by Dr. Gallagher by epitomizing his statement in response the
metric system thus: [7]
We as Americans can choose to live our lives as metric.
Essentially living as a bilingual family using celsius at home
and Fahrenheit at school and work—that’s dumb.
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David Wogan, writing for Scientific American, published a blog on
August 20, 2013, entitled: “You know what the rest of the world has
figured out? The metric system. Its time the US got on board” which
ended:
While speaking in metric at home is encouraged, I disagree with Mr. Gallaghers statement that being bilingual in
the unit system sense is good – its unnecessary. We need a
national standard – not a choice – if we want to speak the
language of science.
The latest attempt by members of the public to petition their government to switch to the metric system had a low number of signatures
by historical standards, but they were gathered in a very short time
period. Once again the request was ignored by the executive branch.
This exchange demonstrated two aspects of the metric discussion
which are perennial in the US. The first is that anti-metric people frame
metrication as a social change, and not a technical one. The farrago
of Olde English units used in America are often called US Customary
Units. They are marketed as a social custom, which must be preserved
it is argued. The second is that the anti-metric voices frame metric as a
system needed only by scientists–which doesn’t include them. The Scientific American blogger attached the metric system to science, rather
than describing it as a system which has been designed for everyone.
This immediately allows metric conversion to become an issue which is
unpopular because of the long time anti-intellectual culture nurtured in
the US, and appears to only increase its influence.
In 2013, the head of US Metrication, Elizabeth Gentry of NIST,was
given an award for her metrication work. It was described in a press
release:
Ms. Gentry was selected in recognition of her exceptional
leadership as metric program coordinator with the National
Institute of Standards and Technology, Department of Commerce. Ms. Gentry serves as the nations focal point for voluntary conversion to the metric system. She led an effort
to persuade states to amend their laws and regulations to
permit manufacturers and retailers to voluntarily use metric
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units on their packaging. At the same time she worked to ensure the laws of other countries to continue allowing current
U.S. labeling while the transition occurs.
The irony is that the transition to metric has been a non-occurrence
for about 150 years. The argument for the allowance of metric-only
labeling on packaging in all 50 states, and then waiting for Market Darwinism to jump start metric is essentially the same argument made in
1866, and more forcefully by the chairman of the 1921 metric hearings
who stated that “the great law or science of commerce ought to adjust
it.” What was ignored, yet again, was the Australian experience. In his
monograph Metrication in Australia, Kevin Wilks offers this assessment:
In hindsight, the early conversion of quantity statements
on packaged goods and changes in package sizes had little
impact on public education due largely to the universal existence of the supermarket method of marketing, in which
packages were selected by the customer by visual size rather
than by quantity name in either imperial or metric.
Australia had already shown that mandatory metric only packaging
had proved completely ineffective, yet this snake oil is perennially sold
by Market Darwinists as the hope for the future for metric in the US.
The worst aspect of this press release is that Ms. Gentry was praised
for keeping the rest of the world from refusing our products because
they do not conform with those of the rest of the world. Protecting the
use of ancient pre-scientific measurement values on our products, is seen
to be a great accomplishment. It is clear that the current culture in
government is simply hostile to the metric system, and proudly so.
In August of 2014, John Bemelmans Marciano had his book Whatever Happened to the Metric System?: How America Kept Its Feet published by Bloomsbury USA. Marciano’s book contains little about the
metric system, and reads like dilettante sociology. While one would suspect this book to be about why the US does not use the metric system,
the majority of the book is a historical digression. About one-quarter
of the book is dedicated to the horrors of the French Revolution and
metric is charged as an accessory to the horrors involved.
Marciano does not mention John Wilkins as the creator of the metric system, even though this information is readily available, and any
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serious modern history would include it. John Wilkins did not create
the system in a vacuum, William Brouncker and Christiaan Huygens
collaborated. Marciano is clearly aware of the seconds pendulum as a
candidate standard, but remains silent on the controversy surrounding
the choice of the Earth over the seconds pendulum.
The book contains only a minute amount of information about the
modern metric system or SI. It spends a considerable amount of time
on spelling reform, and Melvil Dewey (1851-1931), esperanto, base ten
time, calendar reform, money, and anything that the author finds to be
a combination of red herring and albatross to place around the neck of
the metric system. He then uses them to tarnish the metric system with
guilt by association, no matter how tenuous that association might be.
The absence of any discussion of actual numerical representation and
discussion is deafening.
Marciano quotes Tom Wolfe: “NASA had gone to the moon on inches
and pounds and had never considered any other system.” This statement
is quite incorrect. The computers on the Apollo spacecraft performed
all their computations in metric. The outputs were converted into US
medieval units.
The success of rational, democratic metrication in Australia is completely avoided with the statement that it was a: “relatively straightforward project.”
The only book published in the 21st century on the metric system in
the United States, simply pontificates against the metric system, without
any actual content. The book Whatever Happened to the Metric System?
is simply a vacuous anti-metric polemic. It would also be a portent.
On June 4th 2015, Former US Senator (D-RI), and Governor of
Rhode Island, Lincoln Chafee, announced he would be running for President of the United States. In his announcement speech, Chafee addressed a number of important issues such as infrastructure, climate
change and education. Chafee reminded the public that he voted against
the resolution for the Iraq war during the George W. Bush administration. The newly announced candidate argued for a renewal of the United
Nations, and the elimination of diplomatic posts going to the highest
bidder. He asserted we will abide by the Geneva Conventions, and not
torture prisoners. Chafee called for allowing Edward Snowden to come
home to the US. Chafee continued with a long list of important issues.
Then fourteen minutes into his speech the candidate stated:
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Earlier I said let’s be bold. Here’s a bold embrace of
internationalism. Let’s join the rest of the world and go
metric. I happen to live in Canada and they completed the
process. Believe me it’s easy. It doesn’t take long before
34 degrees is hot. Only Myanmar, Liberia and The United
States aren’t metric and it will help our economy.
The press took note of Lincoln Chafee’s proposal for a metric United
States, and that became the tagline for his speech. Suggesting a metric America was proof certain that he is indeed a far-out, non-serious
fringe candidate. Chafee is incorrect that Canada has transitioned to
metric, they still do all their housing construction in Imperial. They
have a metric veneer covering an Imperial interior and live in a metric
purgatory. England is far more metric than Canada. He was indeed
bold when using a temperature example, which has the least amount of
utility as an example of metric superiority. Indicating he lives outside
of the US in Canada, and is now running for President of the United
States, only welds metric and foreign together, yet one more time.
The Daily Show with Jon Stewart reached around two million viewers
each night in 2015. Stewart skewered Lincoln Chafee and his metric
proposal the same night:
Jon Stewart: Alright Chafs, hit us with your Hillary
crushing vision for America.
Video of Chafee: Here’s a bold embrace of internationalism. Let’s join the rest of the world and go metric.
[Audience Laughter] Stewart blankly stares at the camera.
Jon Stewart: The time has come America, to switch to
centimeters. [Audience Laughter] And why use cars when we
can relax and exercise by travelling only by recumbent bicycle. Wait where’s everybody going I haven’t passed around
my homemade .. blondies yet. Why would you launch your
campaign by invoking one of Jimmy Carter’s most notable
non-hostage related failures?!
Video of Chafee: Only Myanmar, Liberia and The United
States aren’t metric...
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Jon Stewart: You want to be our president and yet you
don’t know we don’t give two shits about other countries?
Or...or if I may, to put that in metric terms, point oh two
millifeces.
Not all the coverage was negative. NBC News, on their website, had
the headline: A Case for Liter-Ship: Advocates Cheer Lincoln Chafee’s
Metric Proposal. CNN had Lincoln Chafee: Go bold, go metric. CNN
also published a blog by John Bemelmans Marciano entitled No, America Shouldn’t Go Metric, where Marciano asserts:
The only reason for us to switch is exactly the one Chafee
brings up – that it would be “good for our international
reputation.” Yet beyond this being of questionable logic –
would it really net enough good PR to justify the billions in
dollars it would cost us to convert? – there is the underlying
notion that it is bad for us to be out step with the rest of
the world.
Marciano is either an incredibly poor researcher or willfully ignorant
of the advantages to construction, medical practice, and everyday life,
metrication would provide. He also states without any reference of any
sort, that it would take billions of dollars to convert to metric. This was
asserted by anti-metric persons in Australia, and proofed to be illusory.
Marciano invoked truthiness as his proof, and in the contemporary US,
this is far more effective than a scientific dissertation, as it is based on
emotion, which everyone can understand.
Lincoln Chafee dropped out of the U.S. Presidential race on October 23, 2015. CNN had the headline: “Lincoln Chafee Drops Out Of
The Democratic Presidential Primary” with the subtitle: “Farewell to
dreams of the metric system becoming a campaign issue.”
Esquire interviewed Chafee in October of 2016, just before the election. He had this to say about his metric proposal:
Looking back on the primary, are there things you
wish you did better?
I guess the big mistake—I went back and forth on including the metric system angle. I was just crossing my
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fingers there would be some intellectual approach to the various proposals I put out in my announcement speech, which
kind of covered the gamut, from ending capital punishment,
to bringing Edward Snowden home. Also, I was for TPP.
Unfortunately, my crossed fingers didn’t work, and it just
turned into more of a joke about metric, not “let’s look at
the bigger picture.” I think, and it’s a trend, there’s just
less of a Walter Cronkite, I call it, approach to the news.
It’s entertainment. Donald Trump, early on, said: I’m just
going to push every possible emotional button I can. I don’t
care! And he crushed the nomination.
The metric system seems like it works everywhere
else.
Canada had it. And I was there when they were doing
the transition to it. It’s no big deal!
It could be our undercurrent of anti-European
sentiment.
Yup. I was saying, should I put it in or not? My wife
said, no, it will be misunderstood. And she was right.
In June of 2019 Fox News personality Tucker Carlson went after the
metric system:
Almost every nation on Earth has fallen under the yoke of
tyranny—the metric system, From Beijing to Buenos Aires,
from Lusaka to London, the people of the world have been
forced to measure their environment in millimeters and kilograms. The United States is the only major country that has
resisted, but we have no reason to be ashamed for using feet
and pounds. So says New Criterion editor James Panero.
James Panero, had earlier penned an anti-metric article titled Be
a Leader, Not a Liter in the Wall Street Journal. The article enlists
every common metric system misconception of the last 100 years, somuch-so, that its prose creak. Panero is an art critic, with a background
in the classics, and art, who sees himself as a “A preeminent voice of
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American cultural conservatism.” World Metrology Day had stimulated
his cultural hackles, producing the vacuous sarcasm found in his article.
The only recent metric news had been the decision to finally define the
Kilogram in terms of natural phenomena, rather than an artifact. The
Kilogram is now tied to Planck’s constant which Panero opines:
With the European Union being cut down to size, can we
hope for a return to British imperial units, which the U.K.
was forced to abandon after it joined? A pints a pound, the
world around, and it beats walking the Planck.
In the United States, the metric system became simply a culture
war talking point for the right, and a non-existent one on the left. The
phrase “A Pint’s a Pound the World Around” originated with a 19th
century organization, the International Institute, who wrote a song in
1883, with the same title, A Pints a Pound the World Around, which
contains these lyrics:

For the Anglo-Saxon race shall rule
The earth from shore to shore
Then down with every ‘‘metric’’ scheme
Taught by the foreign school
A perfect inch, a perfect pint.
The Anglos honest pound
Shall hold their place upon the earth
Till Times last trump shall sound!

Which have a very obvious appeal to colonialism and racism, and
has its origins in the pseudo-scientific notion of the existence of a sacred
“pyramid inch.”
On February 22, 2016 CBS 60 Minutes aired a report that showed
laminate flooring manufactured in China, and sold by Lumber Liquidators in the US, had dangerous amounts of formaldehyde outgassing. A
scandal ensued and the Center for Disease Control (CDC) issued a report which quantified the expected danger from the measured levels of
formaldehyde released into indoor air from the non-compliant flooring.
For Non-Commercial Use Only

214

c Randy Bancroft

2020

215

In some of the calculations CDC scientists made mistakes. They forgot
to convert feet to meters. The actual values are 3.3 times higher than
government scientists originally calculated. The original CDC report
estimated the risk of cancer from product exposure was 2 to 9 cases per
100 000 people. After the correction, the risk range increased to between
6 and 30 cases per 100 000 people.
By the first decade of the Twenty-First Century, the metric system was transparent for 95% of the world’s population. It was such a
commonplace everyday fact of life for everyone outside of the US, that
it was unseen, and undiscussed generally. Like air, it would surround
them, remain unnoticed, but be essential for the continued existence of
our civilization as we know it. This would be true until 2007, when
it was announced that the last artifact used in the metric system, the
Kilogram, was discovered to have changed by about 50 micrograms.
The original Kilogram was defined as a weight and not as a mass. Its
value was determined using the original meter to form a cube of water.
The weight unit of the metric system in 1795 was the gram. This unit
was defined using a cubic volume of pure water which was one-hundredth
part of a meter (10 mm), at the temperature of melting ice. The gram is
a rather small unit, about the weight of a plain chocolate m&m candy,
which made it a very difficult quantity to measure and define at that
time.
Cubic volume was centimeter based, and difficult to measure, so it
was decided to go with a cube which was 1/10 of a meter (100 mm)
instead. This is the length known as a decimeter, which is essentially
archaic. The new 100 mm (decimeter) cube was utilized, but then another problem was encountered. When water was cooled below about
0.3◦ C to 0.4◦ C a small amount of ice would form. Ice has a lower density than water, and as we all know, floats in water. This would have
compromised the weight measurement.
Water is most dense when cooled to 3.98◦ C, which with the limited
measurement methods of the time, was defined as 4◦ C. This would
be the temperature of water where the Kilogram would be defined, at
its maximum density. In 1799, the weight of a decimeter (100 mm)
cube of water was determined, and from this value, a metal prototype
was formed with equivalent weight. This new metal weight became the
accepted definition of the Kilogram.
The official Kilogram was now an artifact. The artifact was stored
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away and treated with all the concern one has for the unique and irreplaceable object that it is. The Kilogram was known as the kilograve
for a short period of time. The prototype cylinder of 1799 was replaced
with a new metal cylinder in 1889. The new standard is constructed
of an alloy of platinum and iridium, which at the time was expected to
have the most practicable resistance to chemical reaction and wear. The
height and diameter of the new cylindrical standard is about 38.4 mm.
To this day, 125 years later, this is the Kilogram upon which all other
Kilograms are calibrated.
Defining the Kilogram with an artifact, rather than in terms of a
scientific phenomenon is known to be problematic. Herbert Arthur Kein
in his 1972 book The Science of Measurement states:
Unlike the meter and the second, the kilogram has no
present referent in nature; it is an arbitrary amount of mass.
Today the meter is no longer the distance between marks
on a man-made bar, but a stated number of wavelengths
of light emitted by Krypton atoms, and the second of time
is the duration of a stated number of oscillations of radiation by cesium atoms. It is not impossible that, even before
the twentieth century ends, the kilogram also will be redefined, perhaps as a large multiple of the mass of the atom of
some designated element. Meanwhile, the prototype cylinder, stored under triple bell jars, remains the kilogram. . . .
While we wait for the choice of a more constant mass
standard, traces of microscopic film add infinitesimally to
the mass of the kilogram, year by year, despite all the many
precautions.
Klein’s guess as to what might be used to replace the Kilogram was
not too far off. He was overly optimistic about how soon the Kilogram
might be redefined. We are into the second decade of the 21st, and
still there are two competing options. The first is to create a sphere of
silicon atoms which is approximately 93.6 mm in diameter and count
the number of atom which it contains.
The choice of silicon is a practical one as it is the element which has
been evaluated, studied and fabricated by the semiconductor industry
for decades. The diameter of the sphere would be measured using light
interferometry like that used to redefine the meter in terms of wavelengths. The radius of the sphere would be determined to about 300
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picometers, which is a measurement on the order of a single layer of
atoms. The use of X-rays, allows technicians to determine the spacing
between atoms, which is of paramount importance in computing the
total number of atoms contained by the sphere.
Unfortunately pure silicon oxidizes, forming an oxide layer of two
different varieties, which produces a material variation which is approximately 5-20 atoms thick. This produces an uncertainty which must be
addressed to create an accurate standard. This is a problem from which
the original Kilogram prototype does not suffer, as platinum and iridium are noble metals which have almost no chemical reactions with the
atmosphere.
The other option is known as a Watt-Balance. This is a weighing
scale with a single pan. It determines the amount of electrical power
required to oppose the weight of a Kilogram under test which has the
force of the Earth’s gravity acting upon it in the opposite direction. The
Watt-Balance relies on a very precise determination of the gravitational
constant g, which has proven to be very problematic to determine, and
has one of the largest uncertainties of all the fundamental constants of
physics. There are also local variations in g from changes in water table
and other geological shifts.
For better or worse, the difficulties with the Kilogram will bring the
metric system back into the consciousness of the American public, for
as long as the Kilogram is not yet effectively redefined. Unlike the short
term impact of the Mars Climate Orbiter, the Kilogram difficulty will in
all likelihood return to the news periodically, as it is of ongoing interest.
On May 25, 2018 The Daily Observer of Monrovia Liberia reported
that their government pledged a commitment to adopt the metric system. “Commerce and Industry Minister Wilson Tarpeh has said the
government is committed to adopting the metric system to promote accountability and transparency in trade.” [8] The newspaper continued:
. . . on May 24, [Tarpeh] explained that the government
is aware that if it does not adopt the metric system, local
manufacturers will find it difficult to benefit from the various
ECOWAS trade agreements.
The minister therefore challenged participants at the celebration to develop a policy that will lead the government
to adopt the metric system.
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In October 22 of 2015 Myanmar announced it would move toward
the metric system. By 2017 there was some waffling. As Myanmar is
a country that has been torn by civil war for decades, this chaos may
preclude a metric change-over for some time. It is quite possible at this
point to argue that the United States is the final country on Earth that
has not adopted the metric system. It certainly has the largest GDP.
In 2019, the Alcohol and Tobacco Tax and Trade Bureau of the
Department of the Treasury proposed adding new values of standard
wine and distilled spirit volumes to augment existing ones.1 This was in
response to requests by industry according to the proposal. The addition
of of 200 mL, 355 mL, 250 mL, 700 mL, 620 mL and 2250 mL are
proposed for compatibility with existing international volumes. These
requests appear reasonable, but in tandem with this request, is one that
proposes that US Olde English labeling be returned, and metric only
labeling eliminated. The title of the change is: “Elimination of Certain
Standards of Fill for Distilled Spirits; Amendment of Malt Beverage
Net Contents Labeling Regulation.”2 The wording indicates this is to
emphasize what they claim is already law:
TTB is also proposing to amend the labeling regulations
for distilled spirits and malt beverages to specifically provide that distilled spirits may be labeled with the equivalent
standard United States (U.S.) measure in addition to the
mandatory metric measure, and that malt beverages may be
labeled with the equivalent metric measure in addition to
the mandatory U.S. measure. Such labeling is currently allowed, but that is not explicitly stated in current regulations.
This revision will align the distilled spirits and malt beverage labeling regulations with current policy and also with
the wine labeling regulations. The wine labeling regulations
state that wine may be labeled with the equivalent standard
U.S. measure in addition to the mandatory metric measure.
This is not unlike the Reagan administration reiterating the voluntary nature of metrication in the United States, just to remind people
that metric is optional, and the nation is in no danger of metrication, in
fact, where metric has been implemented, its use can be reduced.
1
2

Docket No. TTB-2019-0004
Docket No. TTB-2019-0005
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2020 Presidential Candiate Tulsi Gabbard was asked about the metric system on November 30, 2019. Her response was “This is not a
conversation I’ve ever had with anybody. I think it’s great were starting
this conversation here today and perhaps we should have this dialog as
a country so we the people can make sure our voices are heard on this
issue. Thank you for raising that.”
Gabbard’s answer only indicated how little she thinks of this issue,
and the question itself. No one else has ever brought it up, this is the first
time I’ve ever heard about this. Her “we the people” phrase could only
ring hollow for anyone who is a serious metric advocate. The number of
signatures for a 2013 We The People metric petition, during the Obama
administration, was only met with condescending platitudes, mantled
with inclusiveness justification, by the director of the National Institute
of Standards and Technology. Gabbard may not have been aware of
the brouhaha which occurred when 2016 Presidential candidate Lincoln
Chafee had the temerity to suggest we adopt the metric system, and was
then pilloried by members of the media for it. If she was, she clearly
was prepared to deflect, and offer a vacuous response, expecting never
to hear about the subject again.
Surprisingly, the metric system again arose as a topic in the 2020 US
presidential election, at an Andrew Yang for president town hall event
on January 1st 2020, in Rochester New Hampshire:
Questioner: The politicians and the bureaucrats are on
the side of the dummies who don’t know the metric system
and are proud of it. So mister make Americans think harder,
can we the people of the united states count on President
Yang to secure the blessings of the metric system to ourselves
and our posterity?
(Audience applauds)
Andrew Yang: I love this question so much. I’m a fan
of the metric system,—and you’re not going to believe, well
you will (pointing at questioner) but the metric system is
actually safer, because when you’re dealing with microdoses
of medication for infants, measuring it in ah, milliliters is
much more safer than like teaspoons and tablespoons, and
you actually can confuse teaspoons and tablespoons and endup giving people the wrong dosage, so the metric system
c Randy Bancroft

2020

219

For Non-Commercial Use Only

220

CHAPTER 15. THE MASS OF THE KILOGRAM AND OF SIGNATURES

would literally save lives every year, so to the extent we could
migrate toward the metric system I would love to make it
happen. I will say though I think most Americans would
resist giving their heights in centimeters or meters because
I have no idea what my height is, when they give it in feet
and inches I know what they’re talking about. That said,
that said, the metric system is the world standard there are
actually difficulties that arise from us being on a different
standard and it would be safer, so thank you sir very wise.
Yang’s answer to the question is probably the most informed any
politician has given in the history of the US republic. It is rather surprising that a corporate lawyer running for president would be the one
able to do so. Once again, the phrase “migrate toward the metric system” was invoked in his answer. This is the same incrementalist and
voluntary metric policy that has not worked since it was first advocated
in the middle of the 19th century. The answer also indicated that Yang
believes people won’t change, and will resist, so once again it was a
status-quo answer dressed-up with the sound of change, but did not
possess any conviction for change. It was true political answer. The answer may have been calibrated to avoid the kerfuffle that Lincoln Chafee
precipitated when he directly advocated for a metric switch-over. What
is most astonishing is the metric system arising as a campaign question
at all in the United States, let alone twice in a single presidential cycle.
Yang would not do well in the New Hampshire primary and dropped
out of the presidential race on February 11, 2020.
In January of 2017, quite possibly the most anti-science US President
ever elected, businessman Donald J. Trump, was inaugurated. Thus far
no one has been able to find a single example of President Trump ever
making a comment about the metric system.
It seems unlikely that a singular event will occur which prompts the
US Government to finally act on a metric switch-over; it has resisted for
over 180 years, since the time of John Quincy Adams. The costs of not
becoming metric are not obvious to politicians or the public at large. The
economic rot which our measurement system produces, will continue.
Ignorance will not protect us from the affects of our non-system, but
only serve as a psychological anesthetic which masks it. Any actual costs
will either be invisible to our collective consciousness, or rationalized
as something else. One can only wonder at this point if Liberia and
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Myanmar will finally become metric, and the US then become known as
the singular exception. This relentless resistance to progressive change
does not bode well for the US in general. It may not be until other,
unrelated political forces breakdown US intransigence, that metric will
also be addressed in turn by The United States of America.
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