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Summary
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preferred system of units, the basic language for science, technology, industry and

trade sinceitw A O A OOAAI1 E OHHRishstatément pherglds 8hé 9th edition of

the Sl released on 2019-May-20. An new approach was introduced by defining the

S| base units Y and thus the abstract Sl units in general Y by their relation to fixed

numerical values of fundamental constants of nature. Previous definition s of

abstract units relied on a reference to concrete individual things realized as

material artefacts, such as the International Prototype of the Kilogram ( IPK). The

(general) abstract unit ®ilogram 6 had to be calibrated in balance against a n

i ET AE OE A O Auniglefithihg @ ¥y &s A feference for the unit of mass and the

mole [mol] as the unit of amount . Now the Sl defines the mole as the fixed number

of entities given by the Avogadro constant Na. The elementary charge e is a fixed

number of charges per proton . Amount and charge are thus in a fixed relation to the

count of elementary entities Ux [x]. Count, amount, and charge are isomorphic
elementary quantities . Amount and charge are linked to the count Nx = NWx with
elementary unit x by fixed conversion constants Nal [mol3™] and e [CaM],
respectively. The Sl does not use the elementary unit x. This causes a number of

formal inconsistencies as discussed in the present communicaton I 1 %OAI EA8 O O]
whichis Ush AT A %OAl EA8O 1 O0i AOh xEEAE EO A Al 010
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Introduction

Thinking quantitatively is not easy outside very simply perceived and commonly
encountered instances in everyday life. The number of individual persons in a family or
individual collaborators in acompany is a count, expressed by most societies and in most
(but not all) languages in the same abstract unit that is understood intuitively and does
not need an international convention. In contrast, the mass of the earth is beyond our
perception. The mas of the International Prototype of the Kilogram (IPK) may appear as
abstract as the unit kilogram itself, despite the fact that the IPK is a real artefact, a single
individual thing, which is Euclid's definition of the unit. The International System of Uts
takes care ofabstract units, which have their roots inreal, material units, which are the
defining realizations as artefacts or prototypes of a unit, such as the IPK. Some abstract
units are far removed from our peception, such as the joule. There are scientists, who
think of units of temperature as Celsius [°C] in the lab, but Feenheit [°F] at home. Several
scientific journals recommend to report data in Sl units, but in the same journals we find
respiration reported in time units of minutes [min], energy in units of calories [cal], and
respiration as volume instead of molar amount of oxygen. This disconnects us from
grasping quantitative terms? or do you have a quick recognition of the meaning 168.3
dozens of yars? In 2020 we still cannot convince authors and journals to consistently use
Sl units.

A problem is encountered in thelnternational System of Units on the quantity
‘count’. This accounts for substantial difficulties in general. How consistent are we in the
formal use of the basic termscount' and 'number'? Can we refer to quickly recognizable
disambiguousterms for quantities normalized for a count, such as mass, volume, or rate
per count? In a position statement on quantitative 'Mitochondrial physiology'we did not
follow Sl guidelines on units of the quantity 'count’, andhad to find new ways for
distinguishing the mass or volume of cells or organisms, versus mass or volume per single
individual cell or organism (Gnaiger et al 202(). Whereas adhoc terms and symbols may
be easily invented in a single publication or in practical language during a lecture, itrist
easy to predict, if such invented terms are actually understood or properly decoded. Since
even statisticians are quickly ready to present an apparently coherent story in view of few
data (Kahneman 201)), | predict that misunderstandings of normalizations per count are
the norm in some areas of the biomedical literature. Most importantly, in a general
position statement, adhoc invented terms and symbols cannot be tolerated, but a
consistent and coherent nomenclature is required with proper definitions. The difficulties
may appear to be trivial, since counting and the unit linked to countingre not expected
to present any significant problemsCounting is such a basic, fundamental, simple thing,
deeply implemented in our common language. Did you realize the following terms used
in this paragraph above: count, encounter, account? The fictitious 'Canonical reviewer's
comments' on the probably mos fundamental and formal publication in the scientific
literature provides a better feeling than a theoretical treatise for a scientific readership to
realize the actual problems angotential solutions offered in the publicationBEC 2020.1
&1 0 OEA 1T AAT ET ¢ 1 £ O EtHofstOdledio79D BoAthel pladiidalsided
of canonical pages, use numerical and canonical pages on opposite sides.

CanonicalO A O E A serfe@@@nments

This Sl publication is one of the most significant scientific, interdisciplinary and
transdisciplinary publications of the century. Too many teachers and editors resist to
making it a highly influential publication with actual impact on scientific publicaton, and
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"The former International Prototype of the
Kilogram (IPK) is an artefact whose mass
defined the Sl unit of mass until the
implementation of a revised definition of
the kilogram on 20 May 2019. .. The unit of
mass is disseminated throughout thevorld
by comparisons with the IPK made
indirectly through a hierarchical system of
mass standards. Historically the IPK has
been compared to its official copies at
intervals of about 40 vyears, with the
exception of the "extraordinary campaign”
carried out in 2014, which was only 22
years after the preceding one. In the
intervals in between, the waorking
standards are used to disseminate the
kilogram unit to the Member States by
calibrations of their "national prototypes",
which are intended to serve as natinal
standards." ?
https://www.bipm.org/en/bipm/mass/ipk/

o

%ﬁix
S

%‘(Oped‘;\ Count Nx[X]

Count Nx is the number N of elementary
entities of entity-type X The single
elementary entity Ux is a countable object
or event.Nxis the number of objects of type
X, whereas the term 'entity’ and symbolX

are frequently used and understood in
dual-message code indicating both1) the

entity -type Xand (2) a count ofNx= 1 x for
a single elementary entity Ux. '‘Count’ is
synonymous with 'number of entities'

(number of particles such as molecules, o
objects such as cells). Count is one of th
most fundamental quantities in all areas of
physicsto biology, sociology, economy andg
philosphy, including all perspectives of the
statics of countable objects to the dynamicy
of countable events. The term 'number of
entities’ can be used in short for 'number of
elementary entities', since only elementary
entities can be counted, and as long as it i
clear from the context, that it is not the
number of different entity types that are

the object of the count.
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thus contribute to the current communication crisis. This does not reflect any faults of the

S| authors but a lack of governance to improve scientific communication, and the
limitations of the non-Sl readers trapped into the International System of Impact Factors

rather than guided towards implementing the International System of Units. What is the

numerical value and the practical meaning of the Impact Factor of this S| publication?

Quantity values being pure numbers (Section 5.4.7 Stating quantity values being pure numbers;

p. 151):
"As discussed in Section 2.3.3, values of quantities with unit one, are expressed simply
AO 1 0i AROO8 4EA QIEQ‘QQIATI P LOAOIQQ IALA
symbols can neither beattachedto EA OUI AT 1T p 11 0 OF OEA 1AI
powers of 10 are used to express particularly large or small values."

What aretd apart from ratios of quantitiesd these 'quantities with unit one"?

The quantity count

Section 2.3.3 Dimensions of quantitie€On p. 136, the quantitycount is mentioned:

"All other quantities, with the exception of counts, are derived quantities, which may
be written in terms of base quantitiesaccording to the equations of physics. .. There
are also some quantities that cannot be described in terms of the seven base
guantities of the SI, but have the nature of a count. Examples are a number of
molecules, a number of cellular or biomolecular erties (for example copies of a
particular nucleic acid sequence), or degeneracy in quantum mechanics. Counting
guantities are also quantities with the associated unit one."

Importantly and surprisingly, a general definition of the quantity count is missing This is
particularly disconcerting, since it appears to ignore the specific emphasis placed on clarification
onp. 137:
1 "It is especially important to have a clear description of any quantity with unit one
(see section 5.4.7) that is expressed as a ratof quantities of the same kind (for
example length ratios or amount fractions) or as a count (for example number of
photons or decays)."
1 In section 5.4.7 (p. 151): "Quantities relating to counting do not have this option
{of being expressed withunits (m/m, mol/moal)}, they are just numbers."
1 On p. 140: "the Sl unit of activity is becquerel, implying counts per second".

These phrases are the only places where count(s) and counting are mentioned in the SI document,
besides 'counting fringes' (p. 207:".. using an interferometer with a travelling microscope to
measure the optical path difference as the fringes were countedand p. 129.

Unit of count

On p. 129 a duantity for counting entities" is given asNa times amount of substance.
"The Avogadro constant Na is a proportionality constant between the quantity
amount ofsubstance (with unit mole) and the quantity for counting entities (with unit
one, symbol 1)."

A unit should not be anumber, and the symbol for a unit should not be aumeral. In

Resolution 1 (p. 189) a consensus is reached on the importance ef fedefinition of a
number of units of the International System of Units (ST)

The definition of countand redefinition of the unit of countremain an open task.
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MARCUS GIAQUINTO

THERE are many kinds of number: natural numbers, integers, rational numbers, real num-
bers, complex numbers and others. Moreover, the system of natural numbers is instantiated
by both the finite cardinal numbers and the finite ordinal numbers. We cannot deal properly
with all of these number kinds here. This chapter concentrates on the finite cardinal numbers.
These are the numbers which are answers to questions of the form ‘How many Fs are there?’
In what follows, an unqualified use of the word ‘number’ abbreviates ‘cardinal number’.

Numbers cannot be seen, heard, touched, tasted, or smelled; they do not emit or reflect
signals; they leave no traces. So what kind of things are they? How can we have knowledge of
them? These are the central philosophical questions about numbers. Plausible combinations
of answers have proved elusive. The aim of this chapter is to present and assess the main
views — classical and neo-classical, nominalism, mentalism, fictionalism, logicism, and the
set-size view. All views are disputed, including the view I will argue for — the set-size view.
The final section relates finite cardinal numbers to natural numbers.

THE CLASSICAL VIEW: MULTITUDES
OoF UNITS

At the start of Book VII of Euclid’s Elements, having defined a ‘unit’ to &individual
thing, a number (arithmos) is defined thus:
The Euclidean unit is great!
But ‘number‘ — should it rather be
‘A count is a number of units?

A number is a multitude of units.

»OAl EAJ O
individual thing.

»OAl EA8O 1
of Euclidean units.

ROI
COHEN KADOSH
ANN

DOWKER

The Oxford Handbook of

L

i ]
Euclid of Alexandria, ¢. 300 BC, coloured woodcut, 1584

Elements

Ap TNy
’?opem\ Number N

A number N (or n) is acount Nx [x]
divided by the elementary entity Ux [X].
X must represent the same entity in
both occurences. The elementary unit
[X] cancels in the division by
simplification, such that numbers (for
example, numbers 8 or 24) are
abstracted from the counted entityX.
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Technical comments
Spelling

Since small spelling variations occur in the language of the English speaking countries
(for instance, "metre" and "meter"”, "litre" and"liter") ' (p. 124), a decision should be taken
for consistent spelling in a document. The English text of the SI brochure follows the style
"metre" and "litre". It is found that in the scientific literature the spelling style "meter" and
"liter" prevails even in European journals. In the following quotes from the SI brochure
(with reference to page numbers in the 9 edition), the spelling style is changed, which

does not exert any influence on the meaning.

Quantity calculus (p. 148)

"Symbols for units are treated as mathematical entities. In expressing the value of a
guantity as the product of a numerical value and a unit, both the numerical value and
the unit may be treated by the ordinary rules of algebra. This procedure is descrithe
as the use of quantity calculus, or the algebra of quantities. For example, the equation
p = 48 kPa may equally be written ap/kPa = 48. It is common practice to write the
guotient of a quantity and a unit in this way for a column heading in a table, $bat
the entries in the table are simply numbers."

Suggestionpo2[kPa] = 18.6; So2[umol-kPa-1] = 9.72

Without changing any of the above rules, it is useful to put units into brackets to designate
the units specifically in quantity calculus.

No comment

Defining the unit of a quantity (p. 127)

"The value of a quantity is generally expressed as tipeoduct of a number and a unit.
The unit is simply a particular example of the quantity concerned which is used as a
reference, and the number is the ratio of the value of the quantity to the unit.

"For example, the speed of light in vacuum is a constamithature, denoted byc, whose
value in Sl units is given by the relatiorc = 299 792 458 m/s where the numerical
value is 299 792 458 and the unit is m/s.

"For a particular quantity different units may be used. For example, the value of the
speedv of aparticle may be expressed ag= 25 m/s or v= 90 km/h, where meter per
second and kilometer per hour are alternative units for the same value of the quantity
speed.

"Before stating the result of a measurement, it is essential that the quantity being
presented is adequately described. This may bénsple, as in the case of the length of

a particular steel rod, but can become more complex when higher accuracy is required
and where additional parameters, such as temperature, need to be specified.

"When a measurement result of a quantity is reported,hie estimated value of the
measurand (the quantity to be measured), and thancertainty associated with that
value, are necessary. Both are expressed in the same unit."
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Numbers cannot be seen, heard, touched, tasted, or smelled; they do not emit or ref
signals; they leave no traces. So what kind of things are they? These are the central
philosophical questions about numbers. Plausible combinations of answers havegrc

elusived Marcus Giaquinto, inkadosh 2015 Oxford Univ Press

/ Entity X

Theoretically, everything can be
counted with some uncertainty in the
microscopic  world of quantum
physics. A sample of Christmas
pudding can be counted in terms of
atoms ? theoretically. Practically,
there are noncountable entities X
such as a Christmagpudding. It does
not have natural, recognizable
individual parts that can be counted
(except for the two spherical
decorations on top of it). /

But the pudding seen as a serving on a dish has been partitioned from a larger
mass of pudding. The servings are partitioned according to an external concept
of a serving unit, in contrast to an internal pattern of replicative items. After
artificial parti tioning and serving on plates of the entity typeX = pudding, we
can recognize the samples of pudding on the plates as countable entities. Then
our sample is not a single big or small mass of pudding (such as the mass of
pudding in the picture, which canna be quantified in terms of countable parts),
but the new and larger sample is the assembly of servings of partitioned
pudding prepared for the entire
X-mass party. In this sample the
single individual ? and hence
countable? thing is defined as
the single serving, without any
reference to its parts. This type
of sample consists of a number
of servings, and the servings are
the countable parts of the
sample, the units of pudding
served and enjoyed at theX-
mass party. Talking about stone,
units of stone (sbnes or
puddings versus stone or
pudding) are even harder to
partition and to bite than X-
mass pudding.
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Canonical comments

Definition of the Sl (p. 127)

1. "As for any quantity, the value of dundamental constant can be expressed as the
product of a number and a unit."

2. "The definitions below specify the exact numerical value of each constant when its
value is expressed in the corresponding Sl unit. By fixing the exact numerical value
the unit becomes defined, since the product of the numerical value and the unit
has to equal the value of the constant, which is postulated to be invariant."

Comment: The termsriumber' and 'numerical value' are used as being equivalent in the
two phrases above: (1) value of a fundamental constant prbduct of a number and a
unit"; (2) value of the constant = product of the numerical value and the unit.

It should be considered to define The value of a quantityQ (Qxor Qu) is the product
of the numerical value of a numberN and a unitug. Symbols for quantitiesQx are,e.g, Nx
and nxfor count and amount, respectively; symbols for quantitie§. are,e.g, m and V for
mass and volume, respectively. Do these symbols represent merely the quantifype?
Interpret a formula such asm = 60 kg: The symbom represents the quantity 'mass’, tte
numerical value of the numberN is 60 (N = 60), the unit isum = kg, and the value of the
guantity mis 60 kg. Just in case that these definitions appear to be acceptable, then it
follows: quantity m = value of the quantitym. The numberNis not a quantty, since it has
no units, and the numerical value of a numbeX is a pure number N is the symbol for any
number, and 60 is the numeral for the number with numerical value of 60 = 6-10.

e% "The seven constants are chosen in such a way that any unittbé SI can be

written either through a defining constant itself or through products or

guotients of defining constants.
‘p The International System of Units, the S, is the system of units in which

=

the unperturbed ground state hyperfine transition frequency of the
AAAOCEOI p mgis 9681 730 Hz,

the speed of light in vacuum cis 299 792 458 m/s,

the Planck constant his 6.626 070 15 x 104 J s,

the elementary charge eis 1.602 176 634 x 10M9 Cx-1,

the Boltzmann constant kis 1.380 649 x 10M3 Jx-1 K-1,

the Avogadro constant Nais 6.022 140 76 x 1023 x mol M.,

the luminous efficacy of monochromatic radiation of frequency 540 x
1012 Hz, Kcg, is 683 Im/W,

= =4 -4 —a 2 -2

where the hertz, joule, coulomb, lumen, and watt, with unit symbols Hz, J, C, Im, and
W, respectively, are related to the units second, meter, kilogram, ampere, kelvin, mole,
and candela, with unit symbols s, m, kg, A, K, mol, and cd, respectively, aceardo

Hz =x 1, J = kg a2, C = A's, Im = cddmz2 = cd sr, and W = kg &3,

The numerical values of the seven defining constants have no uncertainty."
The nature of the seven defining constants (p. 129)
"The Avogadro constantNa is a proportionality constant between the quantity

amount of substance (with unit mole) and the quantity for counting entities (with unit
one, symbol 1)."
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ﬂhe Euclidean unit \
Ux and items

Counting can begin only
after defining the single
individual thing (the

Euclidean unit). Having
defined the countable
unit Xas theElementary
entity Ux externally as
step 1, the next step 2 is
Sampling as the transfer
into a counting system,
followed by step 3 of
Assembling into a
counting list, and the last
step 4 is Counting,

starting with the first

elementary entity in the
counting list (Nx = 1-Ux)

and adding sequentially
item after item. In this

case, you should read
CASE backwards. The
term 'item ' derives from

the Latin word item

meaning 'also, moreover,
likewise', and the
present meaning in
English stems from
adding identical objects
after the first one into a
list, item after item. Since
there was no counting
before counting begins
(ESAC), the single
individual thing has not
yet been counted? Uxis

entirely different from a

count of one. And with a
single individual X-mass
pudding on the menu,
there is no X-mass party
on the counting table?

kinthe counting table.
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