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INTRODUCTION

0 01. Scientists, artists and artisans tend to develop a terminology of
their own. They use common language as a vernacular that will be enriched,
impoverished, and modified in order to serve special purposes. The trans-
formation may affect not only the vocabulary but also the syntax of the
vernacular, though essential syntactical modifications are rather unusual.

It is certain, though far from generally admitted, that the meaning of a
linguistic term should be determined by its contexts, it is a matter of fact
that there cannot be any reasonably uniform opinion about the meaning
of a word, if people cannot agree about the truth of the majority of contexts
in which the word occurs. It is a common historical feature of many
sciences, that their first representatives tried to create a terminology
before the stock of known facts was large enough to provide a sufficiently
large context for the elements of that terminology. Even now this is a
serious drawback for philosophy and the arts. When people do not under-
stand each other, this is usually said to be because ‘they speak different
languages’. This may be correct as long as ‘‘understanding’ means a mere
linguistic phenomenon. If understanding means intelligence, one may
posit the inverse thesis with at least as much justification: People speak
different languages because they do not understand each other. (Note
that the word language has here a rather unusual meaning.)

As long as there is no reasonable agreement about facts and terminology
among those who work in a given field, it seems wise to stick as closely as
possible to the vernacular, and not to create any new term until it has
become possible to define it in a satisfactory way by a sufficiently rich
context. In any case, one should try to abstain from playing upon words
as contexts.

In the following pages I shall use common English as a vernacular,
and I shall endeavour not to use technical terms that are not generally
agreed upon or else to provide for a sufficiently rich context or even some-
thing of a definitionif I use technical terms of my own. So verbs like “‘to
designate’ and ‘‘to mean” will have the same meaning as they have in the
Vernacular and not that given them in recent publications which might
be characterized by the term “formalist semantics”. The use of a few
words will be explained below.
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002. The meaning of the word ‘“language’ is fairly unambiguous as
long as there is no reference to any special language. Generally people
agree that somebody who uses English words when he explains some
astronomical experiments, is speaking English, but sometimes, especially
if one wishes to stress some divergences between the vernacular and the
more technical idiom, one says that he uses a special astronomical language.
Though borderlines may always be disputed (one may quarrel about the
question whether as early as 1250 the monk Robert of Gloucester wrote
English and whether nowadays ‘“Beach-la-mar”’ is still English) “language”
in the first sense is one of the best defined notions of contemporary English,
whereas in the second sense it is extremely vague. So I will provisionally
stick to the customary unsophisticated use of the word “language”.

003. We shall have occasions to speak of natural languages. This is
a term which may give rise to misunderstanding, as it seems to evoke the
obsolete idea of one natural language in the dawn of mankind, as the germ
of our present languages. When nature is opposed to society, then language
is rather a social then a natural phenomenon. “Natural language’’, however,
as meant by us, is opposed to “‘artificial language”, and as the best-known
example of such an ‘“unnatural” language, we may mention Esperanto.
Of course natural languages are not absolutely natural, any more than
artificial languages are absolutely artificial. Sanskrit is a noteworthy
transitional form, though it is perhaps more artificial than natural, but
even in our present-day languages conscious influences have directed the
spontaneous growth. Orthography in particular has often been the object
of attack and the source of a conscious linguistic policy. On the other
hand spontaneous growth has been observed in Esperanto, the only living
artificial language.

0 04. When dealing with artificial languages we must decide whether
codes are to be counted among languages. First of all we shall explain the
sense in which we will use the word “code”. In the European languages
“code’” may denote a collection of laws of jurisprudence, and in some of
them ‘“‘code” is also the system of rules of etiquette. This circumstance
may give rise to a terminology in which codes are distinguished from
languages by their highly conventional character. In this terminology
every artificial language would be a code.

I shall not accept this terminology. I shall distinguish codes from
languages not by a genetic, but rather by a formal criterion. If the meaning
of a message is to be kept secret, sender and receiver may use a language
that is unknown to other people. Inventing and using brand-new languages
is difficult. So they will try to parasitize on a common language. By a well-
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chosen system of superficial transformations they will change that common
language into something like a language, that can only be understood by
people who are acquainted with the system of transformation rules. This
collection of rules is a code in the proper sense (as a juridical code is a
collection of juridical rules). If a code X is employed to transform plain
English into a less understandable text, we say that this text is written
“in Code X, just as the original text was written “in English”. So “Code
X”, which was the name of a system of ‘“coding’ rules, becomes the
name of the linguistic matter which arises from transforming plain English
according to the transformation rules of “Code X”. I do not object to this
ambiguous use of “Code X”. The strong dependence of ‘‘code language’’
on ordinary language is stressed by the fact that the same word is used for
both the system of ‘‘translation” rules and for the result of applying
those rules. There is, however, still another word that means only the
system of coding rules, viz. the word ‘“key’’.

The relation between a natural language and a code is not the same
as that between two languages. Translating from one language into
another is quite different from coding and decoding. Coding and decoding
can be done by formal substitution, whereas translating presupposes
understanding. Of course this is again a gradual difference. The relation
between spoken and written language is similar to that between a language
and a code. Writing is like coding, and reading like decoding. Yet the rules
that govern the relations between a spoken and a written language, are
much more complicated than the rules of any cryptography. The rules of
writing and reading are not purely formal such as those of coding and
decoding. They can hardly be handled by people who do not understand
the language in question, even in languages with a nearly phonetic spelling
as Italian and Dutch. Coding and decoding machines can be much simpler
than machines for writing down spoken language and for reading written
language. Furthermore written language is much more independent of its
spoken foster-mother than coded language is of its plain substratum.
Spoken and written language may widely differ, and spoken language may
undergo profound influences from written language. So it is not surprising
that one speaks of spoken English and of written English, as though they
were really two languages. The relation between plain English and coded
English is quite different from this. Calling coded English a language would
not match our customary use of the word ‘“language’”. Yet I would agree
to coded English being called a coded language.

005. A few other linguistic or quasi linguistic phenomena need to be
considered. If a traffic sign shows the picture of two children going to
school, or that of a fence, the car driver understands these pictures as if
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they were linguistic announcements of a school and of a level-crossing gate.
The skull on a bottle is to be read as ‘“poison”, an arrow or a fingerpost
may mean ‘‘this way”, a stroke of lightning is a warning against high
tension wires. Pictures of children, fences, skulls, arrows, strokes of
lightnings do not belong to customary English, but everybody knows
how to translate them. The analogy with a code is striking. Of course
there are differences: codes proper are to be secret, and they are fitted for
more general purposes than the traffic-signs code. The common feature
of these codes and the codes proper is the existence of a key for coding
and decoding. Coding and decoding do not presuppose any understanding,
but only the mechanical use of coding and decoding rules which can be
collected in some list. An astrologer who casts someone’s horoscope is
considering the constellations as coded messages which can be transferred
into plain language by adepts who possess the key. Telling the cards,
interpreting dreams, looking for the ‘“sigilla” of herbs as practised by
herbalists of earlier times in order to recognize the medicinal value of
plants, are methods of decoding something that is considered as a message.

006. We rejected the denotations ‘‘astronomical language’, ‘“‘medical
language’, and so on for the idiom used by astronomers, physicians, and
80 on. We now resume this discussion because there is at least one exception-
al] case: the case of mathematics. Is there something that, in the frame of a
reasonable terminology, may be called mathematical language?

A strong argument for an affirmative answer may be found in what
happens if a book be translated from one language into another, let us
say from English into French. If this book is a mathematical textbook or
treatise, there will be parts that need not be conveyed into, viz. the
mathematical expressions and formulae. If we seek for other examples
of texts that are excempt from translation, the result will be meagre.
First of all: the occurrences of Arabic figures. Yet Arabic figures are,
to say least of it, so near to mathematical expressions that they can hardly
be considered as a new instance. The proper names Shakespeare, Oxford,
and Portugal will reappear in the French translation in their original
form, but “Pliny”’, “London” and “England”’ will be changed into ‘“Pline”,
“Londres”, and ‘“Angleterre”. Clearly it is not on principle that proper
names are not translated. Or rather: the French translation of ‘‘Shake-
speare’’ is again ‘‘Shakespeare’’, whereas the English and the French name
of Pliny differ from each other. (Note that in a Russian translation all
proper names would at least be transcribed, whereas mathematical
expressions and formulae do not undergo any change.)

Another example: it is highly probable that a translator will leave
quotations unchanged, especially if the language of such a quotation
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differs from that of the surrounding text. The sentence ‘‘Before crossing
the Rubicon Caesar said: Alea est iacta’ will be translated “Avant de
traverser le Rubicon, César dit: Alea est iacta’. It is, however, not sure
that a quotation of Hamlet’s “to be or nor to be” would again read “to
be or not to be” in a French translation. (Perhaps adherents of formalist
semantics might say that, as compared with proper names, quotations
are not a new instance of texts not to be translated, because a quotation
is a proper name, namely of the thing quoted. Yet I do not feel the need
to use the term ‘“‘proper name” in a broader sense than usual.)

Even if mathematical expressions and formulae were proper names or
quotations (I am sure that they are not), it would be a strange thing that
they are never involved in the effective translation procedure. There are
not many other examples of so strong an immunity. The best-known case
is that of the formulae of chemistry. Physics is less striking. The resistant
parts of a textbook on a subject of physics will be mathematical formulae,
denotations of measures and units, and some reaction formulae like those
of chemistry. The last instance of invariance with respect to translation
I will mention, are staves.

I shall restrict myself to invariant parts that are neither proper names
nor quotations, and I shall ask the question what is the reason for this
invariance, e.g. why the mathematical formulae of an English textbook
reappear unchanged in its French version. A priori two different answers
are possible: The mathematical formulae are neither English nor French,
or they are both. In the case of chemistry and music we may likewise
choose between these two solutions.

We prefer the first answer: that the mathematical expressions and
formulae belong to a language different from that of the surrounding
context, because there are more reasons to adhere to this interpretation.
The syntactical structure of “mathematical language’ differs enormously
from that of all natural languages. The main points of departure are
“punctuation” and ‘‘treatment of variables”.

007. One may fairly well maintain that punctuation is one of the
numerous redundant elements in natural languages. There is hardly any
interdependence between punctuation in spoken and in written language.
Punctuation signs do not match the means of spoken punctuation, pauses
and intonation. The question mark is the only punctuation sign that might
reflect a kind of intonation, but its actual use is much more syntactic than
phonetic. The punctuation signs which might mark pauses are placed
according to conventional — in the main syntactic — rules which do not
cover the use of pauses in spoken language. Attempts at phonetic punctua-
tion may be found in the t’amim (accents) of the masoretic bible text,
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and in the neumata added to the Greek gospel, but both were adjusted to
the special use of language in liturgy and they developed into rather
musical systems not related to spoken but to sung language.

In speech punctuation still accomplishes syntactic tasks. Perhaps the
inability of written language to reproduce spoken punctuation has been
one of the reasons why nowadays spoken and written language differ.
Complicated syntactic patterns took the place of spoken punctuation.
Sumerian reflects a linguistic stage of mankind where connectives were
nearly unknown, and nevertheless syntactic patterns of subordination were
possible by chain constructions in which a whole sentence could be subject
or object of a superordinated sentence — this is still a characteristic of
infant language. Such patterns are unthinkable without a well-developed
punctuation system. Since then this system has been abandoned in favour
of a system of subordinating by means of connectives. The invention of
relative clauses has been the most important step in this direction, though
originally relative clauses are merely interpolations independent of the
sentence on which they seem to depend; indeed the relative pronoun is
etymologically interrogative or demonstrative. Relative clauses in the
proper sense are still unknown in Accadian and in Biblical Hebrew. The
words sha and asher that correspond to our relative pronouns cannot
literally be translated by relative pronouns. Sentences such as “‘a nation
whose language you do not understand”, reads in a literal translation
““a nation asher you do not understand its language”. So Accadian ‘‘sha”
and Hebrew “asher” are still rather punctuations than connectives. It is
true that contemporary English (and Scandinavian languages) also know
relative clauses without connectives, but this case is quite different from
that of the ancient Semitic languages. “The man I have seen ...” would
read in an interlinear version of Biblical Hebrew ‘‘the man asher I have
seen htm . . .”’; in English the absence of the personal object “him” betrays
a dependence of the second clause ; in Hebrew it is syntactically independent.

The principle of syntactic structure by means of punctuation has been
abandoned in natural languages (at least in those of Western civilisation),
but it has been revived in the language of mathematical formulae. As
punctuation marks pairs of brackets are used. Pairs of brackets tell us

that in } @+ b — (a — b))

we start by calculating the sum and difference of a and b, that these
numbers are then squared, that the squares are subtracted, and that the
difference is to be divided by 4. We should arrive at clumsy linguistic
structures, if we tried to translate such expressions into the vernacular.
Of course we can read the above expression as ‘“one fourth of square
bracket open bracket open a plus b bracket closed square...” but this
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would be to infringe lexicological and syntactic laws of the vernacular.
It is noteworthy that in the vernacular the mathematical process of putting
in brackets is described by a reference to the graphical means (the brackets)
by which this process is represented in written formulae. Compare this
situation with the one we would meet if the vernacular did not possess a
word meaning “equal” and speaking about equality were only possible
by using graphical descriptions of the mathematical equality sign such
as “pair of horizontal lines”.

Brackets are not the only means of punctuation used in mathematical
expressions. By mere convention algebraic connectives are at the same time
punctuation marks. The separative power of the different connectives is
fixed by a few rules, some of which are explicitly stated in the textbooks,
whereas others are tacitly assumed. The signs of equality and inequality,
‘and of “smaller than” and “larger than” are the strongest separators; the
separative power of a plus-sign is greater than that of a times-sign ; algebraic
sums (such as a+b—c—d+e) are to be read as if all open brackets stand
at the utmost lefthand; and so on.

In the vernacular there are no rules about the use of connectives as
punctuation signs. In the sentences ‘‘we visited Dutch towns and villages”
and “we got lessons in Duteh history and mathematics” the apparent
syntactic pattern of “Dutch towns and villages” is the same as that of
“Duteh history and mathematics” though on semantic grounds we are
to bracket ‘‘towns and villages” in the first case and “Dutch history’ in
the second. The sentence ‘“He studied the history of medecine in Bologna”
does not tell us whether he was in Bologna when studying history of
medecine or whether he studied that part of the history of medecine that
was played in Bologna. Again the decisive point is the place of the brackets.

Little attention is paid to the need of formal punctuation in the vernac-
ular, whereas in the language of mathematical expressions it is the back-
bone of the syntactic structure.

0 08. The other feature that distinguishes mathematical language from
natural languages is to be found in the treatment of variables. Philologists
usually ignore the notion of variable though they are reasonably acquainted
with other notions discovered by logistical analysis of language such as
constant, connective, relation, function and so on. Indeed the variable
as a syntactic element is not easy to uncover in natural languages, precisely
because in natural languages almost all syntactic units may be used as
variables though mostly ranging over a very restricted domain ; it depends
on the context whether a unit is to be considered as a variable or not.
Furthermore in almost all instances the variable or at least its binding
is hidden and can be recognized only by logical analysis.
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It is probable that generic names (appellatives) were originally (ambig-
uous) proper names, i.e. every appellative was really a proper name of
every individual belonging to the genus designated by that name, e.g.
ant is a proper name of every individual ant. This conception is reflected
in the Bible when “Adam” or ‘Israel”’ or “Kanaan’ is used not only for
one single person, but also for a group of people and for every member of
this group. Every man bears the name Adam = Human, or “Son of
Adam” = “Son of Human”’ in virtue of his descent from the first person
that bore the name Adam.

The semantic and syntactic change from proper name to generic name
has been made in an early stage of linguistic development, as it is stiil
made by children in their early youth (only a few vocatives such as
“father”’, and ‘“mother” will strongly resist the transformation from
proper name into appellative).

The semantic transformation of proper names into ambiguous proper
names and of ambiguous proper names into appellatives has not been
accompanied by systematic syntactical transformations. “Man” will be
an ambiguous proper name in the sentence “He killed a man” and a
generic name in “man is mortal”’. Many languages have suffixes, prefixes
or connectives that transform ambiguous proper names into generic
names, but their use is neither obligatory nor always possible. I may say
“man is mortal”’ though there is a “mankind”, which could be used in
this case, but I have to say ‘‘a mouse is a rodent’’, because there is no
“mousekind”. There are suffixes which in one case can transform an
ambiguous name into a generic name and which in other cases will alter
the sense. ‘“Priesthood’”” may be the genus ‘“‘priest”’, but ‘‘brotherhood”
will never be the genus “brother’.

Ambiguous proper names are an instance of what logical analysis calls
variables. In the sentence ‘I bought a car” we recognize “a car’ as a
variable that has been bound by the fact that there is some car that I have
bought, thus by existential binding. In the sentence ““A car is a carriage’ one
can interpret ‘“‘a car’’ as a generic name or as a variable that has been gener-
alized over the genus ‘‘car’’. There are other kinds of binding, usually not
considered in logical analysis, but as important as the preceding ones, e.g.
the interrogative binding such as that met in “Which car did you buy?”

The linguistic equivalent of a variable may be still more complicated.
In “I bought three apples” and in ‘“‘three apples (of a certain kind) go to
a pound” we may consider ‘“three apples’ as a variable ranging over all
triples of apples; in the first case the binding is existential, in the second
case it is generalizing. The use of “little money” in ‘I have little money”’
and “with little money you can succeed at Smith’s” is quite analogous.

Pronouns are still other instances of variables. “I” is a variable bound
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to the person who utters it by the fact that he does so. “You” is a variable
bound to the person that the speaker is addressing. ‘“Now’’ is a variable
bound to the moment at which it is pronounced. “Here’’ is a variable
bound to the place where it is pronounced. One might speak of demon-
strative binding in these instances, because the demonstrative pronouns
“this” and ‘“that’ are variables of this kind with an unusually large
domain. Formally it is, however, possible to reduce demonstrative bindings
to existential bindings.

These examples show that natural languages are equipped with a large
stock of variables which all have different domains. Natural languages are
unsystematic in dealing with variables; and they are far from a clear-cut
solution of the problem of indicating the means by which a variable is
bound. The makers of language acted instinctively, uninfluenced by
rational analysis. The use of ambiguous proper names as generic names
was a discovery. Rational analysis has turned it into a problem. The
eleatics and sophists were troubled by the “one that can be many”. but
the first who consciously justified generic names as a new kind, was
Socrates —in Aristotle’s appraisal of Socrates’ work stress is laid on this very
fact. In Socrates’ tracks Plato and Aristotle arrived at a frankly ontolog-
ical solution of the problem. A generic name is said to be the proper name
of a thing that is no less real than individuals are. These things are called
ideas by Plato and genera by Aristotle. Historically this ontological
interpretation seems to be provoked by the rather superficial and incidental
methods which natural languages have applied in order to settle the
relation between ambiguous proper names and generic names.

It would be an enormous task to analyse how the various natural
languages operate variables. We have already noticed that every variable
has its own domain, “car” cannot be used for other things than cars,
“he” ranges over the set of males only, “‘yesterday” is a temporal variable,
“there” varies over places and “thither” over directions. With the help
of numerals one can form variables such as “five fingers’” and ‘‘one hundred
people’’. “One gallon” can hardly be interpreted as a variable, but “one
gallon of milk” can. “One shilling” behaves differently in “this costs one
shilling” and in “I gave him one shilling”. In the first case it is not a
variable, but something else, in the second case it will be a variable (at
least if the sentence really means that he got a shilling, and not that the
thing he got was worth one shilling). It is unnecessary to point once more
to the indifference natural languages show to the character of binding,
whether it be existential or generalizing.

We shall now compare this use of variables in natural languages with
that in the language of mathematical expressions. It is a striking principle
in this language that all variables have the same domain and are freely
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interchangeable. Incidentally the domain may be restricted and the
interchangeability may be partially blocked. This can be done in a formal
way, e.g. if in the first chapter of a book on linear algebra the author
announces that Latin letters will be used for vectors and Greek letters
for scalars. The reader of a paper on elementary geometry is assumed to
know that variables written as Latin capitals range over the set of points
of three-space and variables written as Greek capitals range over the set
of angles. The reader of a paper on complex functions may conclude
from the context which letters are related to complex numbers and which
to functions. If a theorem is pronounced, it is understood that all restric-
tions imposed on the variables belong to the premises and may easily be
added, if they do not occur in the text as it stands. This does not affect
the principle of uniform domain and free interchangeability.

It is true that this principle is not always strictly observed. The best-
known infringement is related to a notation of function that in thirty
years may be considered old-fashioned though it is now very common.
If a function f is called f(x), this may have been done in order to state a
special relation of this function f with the particular variable z, so that
f(y) will be another function than f(x) though v and x may range over the
same domain. In the case of functions of more variables this notation will
be a means of distinguishing between ‘“‘the functions f(z, ) and f(y, x)”.
It is well-known that this notation leads to serious inconsistencies, espe-
cially when partial derivatives occur. It is a remarkable feature in the
development of mathematical language that mathematics are becoming
more and more repugnant to such infringements.

By the device of free interchangeability of variables mathematical
language avoids a difficulty that is vividly felt in natural languages. In
natural languages there is not more than one variable that ranges over
the set of stones (books, trees, numbers and so on) viz. the variable ‘‘stone”
(“book”, “tree’’, “number”’, and so on). So if I wish to speak about two
or more stones (books, trees, numbers, and so on) in the same context,
I am committed to clumsy circumlocutions such as ‘“‘this stone, and that
stone”’, “one stone and another”, “the former and the latter”’, ‘‘the first,
the second, the third” (and analogous constructions). Incidentally such
variables may be distinguished by letters, ‘“stone A, stone B, stone C”,
and this is just what mathematics has done systematically, because the
simultaneous occurrence of many variables meaning variable points or
numbers has been a not unusual phenomenon in mathematical texts from
the oldest times. Finally the need for a large stock of variables has led to
the principle of free interchangeability.

It will be clear from this exposition that natural languages and math-
ematical language differ widely as to the management of variables.
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009. In 7 and 8 we have seen that mathematical expressions have
a syntax of their own which, owing to a rapid evolution, may successfully
deny its descent from the syntaxes of natural languages. So I feel justified
when I speak of a “‘mathematical language® as opposed to natural languages
and to medical or juridical idioms which lack almost all characteristics
of an independent language. Even in the case of chemical formulas one
may wonder whether it would be reasonable to state that they constitute
a more or less independent language. The syntax of these formulas, though
very poor, is patterned after that of natural languages; for every chemical
element there is only one variable that may vary through atoms of that
kind (called H for the hydrogen atom), and the only respect in which the
syntax of chemical formulas is superior to syntaxes of natural languages
is a good system of punctuation.

It is true that mathematical language as written in textbooks and
papers still parasitizes on natural languages. The text surrounding the
mathematical formulas is usually written in an idiom that bears the
characteristics of the vernacular, to which it belongs in the ordinary
sense. This is why I spoke of a language of mathematical expressions. The
mathematical expressions about which the author reasons are written in
this language, whereas the reasonings are usually worded in the vernacular.

So far I have not yet mentioned the logistic language created by G.
Peano and perfected by B. Russell and A, N. Whitehead. There have been
earlier attempts, but Peano was the first to design a linguistic pattern
more adequate to mathematical reasoning than common language. Logistic
language used and developed consciously the peculiar features of the
language of mathematical expressions. Of course words that mean logical
connectives had to be introduced, but their number could be cut down,
as syntactic structure is mainly got by means of punctuation: variables
are treated as in the language of mathematical expressions, systematically
and according to the principle of free interchangeability. Further, words
are created to account for the kind of binding that has been applied to a
variable, whether existential or generalizing.

Russell and Whitehead’s purpose was different from Peano’s. Peano’s
idea had been to create a workable language that should supersede the
vernacular in mathematical texts. Yet in the work of Russell and White-
head the stress shifted to the foundations of mathematics. Logistical
language proved useful in foundational research, and improvements
tended to increase that utility. Instead of the colloquial language of
mathematicians logistics became the subject-matter of foundational
exploration. Mathematicians not specialized in this domain did not mind
whether logistic language could serve any other purpose than the very
special ones of foundational research. Many mathematicians even distrusted
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logistics, because practicians of this discipline used to link it to some
school of philosophy and because certain details created an impression of
hairsplitting and clumsiness. For years I too shared this false impression.
It is true that the actual systems are a little too rigid. Though logistics
has influenced the idiom of mathematical texts we still have little expe-
rience at putting mathematical expressions into a frankly logistical frame.
Mathematics, particularly in its youngest branches, has become an
intricate machinery. I think logistics may be a great help to better under-
standing.

010. Aslogistical language has not been much applied to mathematics,
it is not to be wondered at that no attempts have been made (at least as
far as I know) to apply logistics on a reasonable scale in some other domain,
let us say physics or daily life. Before logistics came into existence, people
were more optimistic. Leibniz fostered the idea of a ‘‘characteristica
universalis’’, and under his influence as well as independently of him,
17th and 18th-century scholars developed systems of this kind. At that
time the syntactic problems were not yet posed, still less solved. The
attempts did not lead to languages but rather to rational systems of
concepts, forerunners of the decimal vocabulary of our days.

At present affairs would appear to be much more promising. Thanks
to logistics the syntactic problems are solved or, in any case, elucidated.
One can imagine numerous ways of tackling the subject. After several
unsuccessful attempts I finally became convinced that it is just the
difficulty of choice which causes the trouble, and that the only thing
which matters is to find a starting point. Seeking in history how analogous
situations were met, I came to the conclusion that one should start with a
concrete, sharply-defined and rather narrow problem.

011. In spite of Peano’s original idea, logistical language has never
been used as a means of communication. If there was something to be
communicated, even logisticians kept to the vernacular. Logistical lan-
guage became a subject-matter. For the sake of a better understanding
of its intrinsic properties one tried to isolate it as strictly as possible. The
bonds with reality were cut. It was held that language should be treated
and handled as if its expressions were meaningless. Thanks to a reinter-
pretation, ‘‘meaning’ became an intrinsic linguistic relation, not an
extrinsic one that could link language to reality.

A language that is to operate without regard to the meaning of its
expressions, e.g. by people who do not understand it, must fulfil very
high requirements. It must be fully formalized. Formal rules of constitution
and transformation will determine the structure and handling of the
linguistic expressions.
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Formalization of language is a highly important problem. Coding as
treated in 0 04 is an example of formal translation. Indeed, in such cases
it is imperative that a code works without any regard to the meaning of
the text to be coded or decoded.

This is a rather unproblematic example, because inside the coded text
there is no need for operations, any more than for rules of operation. The
coded language has a static character. The best-known example of an
“individual” really operating within a fully formualized language is the
computing machine. Independently of any closer examination of the
concept of meaning, we may assert that the machine does not understand
the meaning of the linguistic expressions on which it is operating, in the
sense in which we understand them. The machine works according to
formal rules, whereas the human being who runs the machine knows the
meaning of the input and output text. The subject matter on which the
machine operates is language only from the point of view of the human
being, just because it is he who attaches some meaning to it.

012. In view of the logistic tendency towards formalization it is not
surprising that logisticians have paid less attention to language as a means
of communication. In 010 I have explained why in the construction of a
characteristica universalis we have to start with a concrete, sharply-
defined, and rather narrow problem. After these explanations it will be
clear why I think that this problem must be a problem of communication,
and more precisely communication ab ovo. My purpose is to design a
language that can be understood by a person not acquainted with any
of our natural languages or even their syntactic structures. The messages
communicated by means of this language will contain not only mathema-
tics, but in principle the whole bulk of our knowledge. I shall assume that
the receiver of these messages has understood their language if he is able
to operate on it. He will be able to do so only if he has grasped the meaning
of the expressions of this language, because it will be a moderately formal-
ized language that cannot be handled on the ground of formal rules only.

The problem is not yeét sufficiently outlined. Communicating with
individuals who are not acquainted with our natural languages is a problem
that is daily solved in the intercourse with babies and infants. We succeed
in teaching them our language though we have started with a tabula rasa
of lexicologic and syntactic knowledge. This linguistic education takes
place in surroundings where things and situations are shown, and named
at the same time, by people who are acquainted with the language.
Showing will mostly be unintentional; the act of naming will mostly
include that of showing, even if the thing or the situation is not named
for the purpose of being shown.
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In order to narrow the problem, I propose to exclude or at least to
restrict excessively the opportunities of showing. I shall use showing as
little as possible as a means of explaining the meaning of linguistic
expressions.

On the other hand I shall suppose that the person who is to receive my
messages is human or at least humanlike as to his mental state and
experiences. I should not know how to communicate with an individual
who does not fulfil these requirements. Yet I shall not suppose that the
receivers of my messages must be humans or humanlike in the sense of
anatomy and physiology.

013. It was in this way that I arrived at the problem of designing
a language for cosmic intercourse. Lincos, the name of this language, is an
abbreviation of “lingua cosmica’. As a linguistic vehicle I propose to use
radio signals of various duration and wave length. These two dimensions
will suffice. As compared with our acoustic vehicle, intensity as a third
dimension is lacking. I rejected it because I think it less fit for radiographical
use. But this is not a serious loss, because the wealth of information is
much greater in the ether than in the acoustic medium, even if we dispose
of the dimensions of duration and wave-length only.

I have not made a study of communication techniques, so I shall not
dwell on technical details. When I designed Lincos, I had in mind using
unmodulated waves. Perhaps modulated waves would be better. It would
require only slight changes to adapt the program of messages to the use
of modulated waves.

I have not examined which distances can actually be covered by radio
messages. It is very probable that we can reach other planets of our solar
system by means of radio signals, but I doubt whether with the powers
now available we can ecommunicate with inhabitants of other solar systems.
Nevertheless I have taken into account the possibility that the receiver
will belong to one of the neighbouring solar systems.

Of course I do not know whether there is any humanlike being on
other celestial bodies, and even if there were millions of planets in the
universe inhabited by humanlike beings, it is possible that our nearest
neighbour lives at a distance of a million light-years and, as a consequence,
beyond our reach.

On the other hand it is not unthinkable that inhabitants of other
planets have anticipated this project. A language for cosmic intercourse
might already exist. Messages in that language might unceasingly travel
through the universe, maybe on wavelengths that are intercepted by the
atmosphere of the earth and the ionosphere, but which could be received
on a station outside. On such an outpost we could try to switch into the
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cosmic conversation. Long ago I thought cosmic radiation to be a linguistic
phenomenon, but at the present state of our knowledge this seems to be
very improbable. It is not easy to state a priori how to distinguish messages
from purely physical phenomena. But should the case really arise, we shall
know how to answer the question: we should try to understand the
message.

This, I suppose, intelligent beings in the universe will do if they receive
our messages. They will try to decipher them and to translate them into
their own language. This task might be easier than that of terrestrial
decipherers who have to discover the key of a code. Indeed our objective
is just the opposite of that of the sender of coded information. We want
to communicate with everybody who might receive our messages, whereas
the sender of a coded message wishes to keep secret the information
contained in his message. But in spite of our efforts even intelligent
receivers might interpret our messages as physical phenomena or as music
of the spheres.

014. It has been one of our presumptions that we cannot start cosmic
intercourse by showing concrete things or images of concrete things. One
might observe that television images are sent by radio and that we could
try to do likewise. Television is founded on the principle that an area is
decomposed into a set of spots and that these spots are arranged in a
simply ordered (temporal) sequence according to a fixed rule. As long as
we cannot tell the receiver the principle and the code of decomposition and
arrangements, we cannot expect that he will understand television mes-
sages and transform them into images. Synthesizing television messages
into images may be taught by means of analytic geometry. In our Lincos
program analytic geometry is a rather advanced stage. When this is
reached, television, even three-dimensional, will be possible. But by then
our linguistic proficiency will be great enough to dispense with television.
I tend to believe that verbal description is superior to showing by television.
I have not however paid sufficient attention to this problem as I am
mainly interested in linguistic problems.

015. Throughout our exposition we will talk of Lincos as if it were
speech (not writing). We shall say that Lincos phonemes (not letters) are
radio-signals of varying wave-length and duration, and that Lincos words
are constituted of phonemes (not of letters). If we aim at this éonstitution,
we shall speak of phonetica (not of spelling).

This is no more than a convention, but it will prove very useful. We shall
need to consider two versions of Lincos, Lincos proper, and a coded
version. It will be convenient to use the term spoken Lincos for Lincos
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proper, and the term written Lincos for coded Lincos. Moreover this choice
of names is justified by the fact that the broadcast language will be
“spoken Lincos” whereas in printed expositions such as the present book
“written Lincos” will be used.

Written Lincos will not bear a one-to-one graphic-phonetic relation to
spoken Lincos. On the contrary the relation will be global; every spoken
Lincos word is reflected in written Lincos by a rather arbitrary graphical
sign or group of graphical signs. This is a realistic procedure. A phonetic
spelling of Lincos would be rather clumsy and illegible. Moreover for the
time being there is no point in knowing how the different Lincos words
will be pronounced (i.e. translated into groups of radio signals) when they
are broadcast. The reader of the present book, who meets with words of
written Lincos such as 10, +, A, Num, PAN, @, and so on will understand
that these graphical complexes are codings of spoken Lincos words. It is
quite unimportant how these spoken Lincos words are constituted, and
I have never concerned myself with this question. In any case the spoken
Lincos word corresponding to Num need not be composed of phonetic
groups which correspond to N, u, and m. In this book we shall stick to
the convention that e.g. ‘Num’ is not the proper Lincos word but the
written (or printed) image of it. But we shall not always stress this feature,
and sometimes, in order to avoid clumsy language we shall even behave
as if the Lincos word were ‘Num’.

016. The notations in written Lincos are borrowed from mathematics
(10, +), from logistics (A), from other sciences (@), and from Latin (e.g.
Num is an abbreviation of Latin numerus). As a rule such abbreviations
will be of three letters; we also use contractions of groups written of Lincos
words, such as PAN (from Pau Ant Nnc). Finally there are Lincos words
written in entirely arbitrary fashion, such as Ha, Hb, Hc,. . . which mean
names of humans.

As pointed out before the spoken Lincos correlates of the written Lincos
words will be rather arbitrary. A certain restriction, however, should be
made. Lincos will be more easily understood if it has a systematic phonetics.
It would be pleasant if the various syntactic and semantic categories could
be distinguished by certain striking phonetic characteristics. A receiver
who has to interpret the Lincos messages and who has made some progress
in understanding them, will be grateful if he can see at first glance whether
a word means a variable, a connective, a set, a human, a chemical element,
and so on. Probably this will even help deciphering. Disconnected fragments
of such a systematization exist in all natural languages. A noteworthy
attempt to amalgamate these fragments has been made in Esperanto.
There the syntactic and semantic categories emerging from Western
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languages have been accepted without much criticism and have been
characterized by the traditional means of stems and inflections.

Establishing the principles of an adequate Lincos phonetics would be
premature. No more than a rough systematization would be available at
the present time. A few syntactic and semantic categories can be clearly
distinguished at the moment, but their number is rather small. We have
still to wait for a more extensive vocabulary of Lincos. Then we can
resume this question.

017. In a more essential way the choice of Lincos phonetic means is
restricted on account of the use of ideophonetic words. We have agreed
to abstain as much as possible from showing, but we cannot entirely
abstain from it. Our first messages will show numerals, as an introduction
to mathematics. Such an ostensive numeral meaning the natural number
7 consists of » peeps with regular intervals; from the context the receiver
will conclude that it aims at showing just the natural number n. Ostensive
numerals will soon be superseded by algorithmic ones. An ostensive
numeral is ideophonetic (as a hieroglyph both showing and meaning an
eye is ideogrammatic). Other ideophonetic words are the so called time-
signals introduced in the second chapter. These words have no simple
correlates in other languages. One might even doubt whether they are
really words, or rather signs, that mean nothing but themselves. More
things will be shown in the Lincos broadcasting program, but then the
means of showing are still less linguistic. With a common name such
occurrences might be called noises. Some of them mean nothing but a
noise, others mean unintelligible speaking, and still others mean events
which are usually accompanied by a noise, such as in a radio play the noise
of smashing a door means smashing a door.

The phonetic structure of an ideophonetic word is strongly determined
by its meaning. It cannot be arbitrarily changed. This is even true of the
less linguistic pieces of our program. Of course a noise meaning a noise
may be replaced by another noise, but in any case the substitute ought to
be again a noise.

There is still another kind of truly linguistic phenomena which might
be reckoned among ideophonetics: the means of punctuation. We have
already had occasion to point out the importance of punctuation in
mathematical and logistical language. Punctuation will be the principal
means of showing Lincos syntactic structure. Lincos punctuation will be
explained in 105 0. As punctuation marks we will use pauses, because
pauses are self-explanatory to a high degree. It is a debatable point
whether purposive pauses are to be considered as words. If we agree to
this terminology, we may count Lincos punctuation marks among the
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ideophonetic words. From a syntactic point of view they are a special
kind of connectives.

For punctuation in written Lincos we have adopted the Russell-White-
head system of square dots, though in a more economical version (see 105 0).

018. The syntax and the lexicon of connectives of Lincos have been
mainly borrowed from logistical language, but at the same time we have
tried to mitigate the rigidity and clumsiness of logistical language. Looking
back at the result, I must confess that I am not satisfied, mainly because
I often lacked the courage to go far enough. (Formalists will surely claim
that I have gone too far.)

Lincos should be a means of communication. Lincos syntax is not an
aim in itself, but it should serve the general aim of Lincos, Lincos will be
far from fully formalized. It will be used by people who are supposed to
understand what they are saying, and to try to understand what they
perceive, not by machines which must operate according to formal rules.
So we can dispense with full formalization, even where this is possible.
To a high extent comprehension may be favoured by formalization, but
it may also be hampered by needless exaggerations.

The liberties we have taken are very usual in common language, the
common idiom of mathematics included. Words and clauses which can
readily be supplied are often omitted, especially when pieces from a
question would have to be repeated in the answer to this question. Some-
times we account for the omitted words or clauses by a word meaning
“and so on”, but this is not compulsory. Variables bound by a definite
or indefinite article are repeated without the clause by means of which
they have been bound. In the common mathematical idiom an existentially
bound variable is allowed to reappear as an instance out of the set to
which it has been bound. We have adopted this habit, sometimes justifying
it by a more formal device (see 3 05 2), but sometimes disregarding even
this formality. Looking back I regret that I did not take more care for
uniformity in this matter. It would have been easy to introduce words
meaning ‘“‘this”, “that”, “the afore mentioned”, and so on, and it would
have been a real gain. On the other hand it is not so important a question
as to justify a total revision of the project.

Definite and indefinite articles, and other words which. conceal exist-
entially bound variables, may only be used if it is clear where the binding
takes place. In many instances of our Lincos program this will be decided
not on syntactic but on semantic grounds.

Lincos speech has been assimilated to common language by introducing
words meaning “thus” (3 04 5), “suppose that” (3 05 2, 3 05 3), “because”
(3 12 0), and others, and by using them in a not too formal way. “And”
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and “or” as used in “John and Mary have come’ and in ‘“John or Mary
will come” are represented by Lincos words, of course different from the
usual syntactic connectives meaning “and’ and “or” (129 2). A rather
verbal translation of “three people” such as occurring in “three people
have come” is possible in Lincos (3 28 1). Modalities have been dealt with
in a quite unformal way, disregarding the highly developed formal theory
of modality (3 35 1-3 35 7). Nor have I respected the formalism of quota-
tions and quasi-quotations; in Lincos one may speak about things and
events in a recklessly autonymous fashion, i.e. by using copies of these
things or events as names. I have decided on this conduct only after a
thorough analysis which led to the result that the usual precautions are
unsatisfactory and superfluous (2 040-2060). The reader will have
remarked already that we have not adopted the rules of formalist sem-
antics in the use of quotation marks, or any other conventions of this kind.

I have lowered the degree of formalization of Lincos purposely and
deliberately though without any intention of abusing this argument. It is
not meant as a means of evading criticisms. In all cases where more
formalization would have favoured comprehension and comprehensibility,
I shall plead guilty. I feel convinced that this will happen rather often,
and that even very serious mistakes may have occurred.

019. I have dwelt upon divergences from the syntax of logistical
language. This might mislead the reader. In fact these divergences are far
from essential, surely less essential than the concurrences and the additions
which have proved indispensable.

One of this additions is concerned with the syntactic structure of
oblique or reported speech. As far as I know logisticians have always treated
oblique speech in another context, viz. that of the problem of inten-
tionality. In my conviction this is a pseudo-problem of formalist semantics
which is unable to deal with language as a means of communication
adequately.

The syntactic problem of oblique speech arises if a certain person A
says that a certain person B said that p, and if p contains variables which
do not belong to B’s but to A’s discourse (e.g. if B said “I am ill” and A
changes the variable “I"” into ‘‘he’’). Syntactical means have to be devised
in order to ascertain whether such a variable is genuine or belongs to the
discourse of another person. The devices used in common®languages are
too unformal; they cannot serve in Lincos. Our solution is quite different.
In Lincos hidden variables and words that look like variables will always
be genuine, whereas overt variables belong to the discourse in which they
are bound. We shall see that such variables cannot be avoided. The
problem has been fully treated in 204 0-2 060, 3015 and 3 07 0.
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Hitherto in logistics little attention has been paid to sentence patterns
other than the propositional one. The interrogative mode must however
be accepted if one considers mathematics not as a stock of true propositions,
but as an art of discovering. Moreover language as a means of communica-
tion cannot dispense with the interrogative mode. Interrogative sentences
will be formed by a new kind of binding variables, the interrogative
binding. We introduce a connective ‘?’, which prefixed to a variable z in
a context ‘?x ...’ produces a question that may be translated ‘‘wanted
an & with the property ...” (see1 121and 3011, 3 02 1, 3 02 2 and so on).

Of course many more problems of syntax have had to be solved. In
fact, whenever a new word is introduced, its syntactic status has to be
settled. This requires a careful analysis in every single case. Fortunately
the variety of syntactic status is rather small, thanks to the existence of
a few syntactic paradigms, such as the words meaning ‘“to happen”,
“to say”’, “to know”’, “‘second’’. For instance the unit of time is a paradigm
for all units of measure; “second’’ is handled as if it were a (linear) function
from the set of real numbers to the set of durations.

I have tried to outline the syntactic status of every word sharply, but
I am not sure whether I have always strictly observed these syntactic
rules. In any case it is still too early to write a syntax of Lincos.

020. Lexicology is much more embarrassing than syntax. In a field
which can be organized by simple rules, lexicology reduces as it were to
syntax. A vocabulary of natural numbers can easily be designed on the
basis of some positional system. Number vocabularies of soldiers are
known in modern armies, and it would be easy to draw up similar vocab-
ularies comprising all humans. Geographical coordinates can serve to set
up a vocabulary of geographical positions; a pair of integer coordinates
can be used to name chemical elements. But these are exceptional cases.
We are still far from constructing the rational system of notions of which
Plato and Leibniz might have dreamed, perhaps we are even farther than
they were. We have not the faintest notion of the character of the enor-
mous preparatory work that we ought to do if we want to realize those
dreams. The system of stems and inflexion of our natural languages is
more historical than rational, and even in languages with a relatively
simple history such as German, this system is a logical chaos. In Esperanto
inflexion has been intentionally organized, but not on logical grounds.
(This is not at all a reproach. Nobody can tell us what conditions good
means of communication are to fulfil. Under exceptional circumstances
a rational structure may be advantageous. In daily life common languages
have proved to be extremely useful in spite of their chaotic structure.)

As long as we have not the faintest idea of a rational system of notions,
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lexicological engineering will be a mere succession of haphazard attempts.
When introducing a few hundred Lincos words successively, I have not
been guided by lexicological rules. I have made a rather sporadic use of
inflexion as a means of formation of words. Two of the three affixes I have
introduced are unproblematic; they transform a cardinal into a ordinal
number and into a multiplicative number respectively. With the third
I feel less satisfied. Its function is to transform a verb into a nomen
actionis. If such a word really means the action and not also the result
of the action as is often the case in common languages, it can be probably
dispensed with.

021. Lincos has to be taught to the receiver. Therefore our program
to be broadcast cannot have the character of a newsreel. On the contrary,
in the beginning we shall communicate facts which may be supposed to
be known to the receiver. In this way we can try to facilitate the work
of deciphering.

As our means of showing are heavily restricted, we cannot start with
a concrete subject matter. Mathematics is the most abstract subject we
know and at the same time a subject that may be supposed to be univer-
sally known to humanlike intelligent beings. So we have decided to start
our program with mathematics. Natural numbers are introduced by
ostensive numerals in contexts of elementary arithmetics. The first texts
of this kind will be true formulas of the type a+b=c, a=b, a>b, a<b,
where a, b, ¢ are to be replaced by natural numbers.

Of course we cannot communicate all formulas of this type because of
their infinite number. We shall communicate a number of such formulas
that is large enough to justify the supposition that an intelligent receiver
can conclude from these texts what the words (complexes of signs) -+,
=, >, < mean. By a finite number of instances the relation between
natural numbers described by a+b=c, or a=b, or a>b, or a<b is not
uniquely fixed from a formalist point of view. A machine that does not
know any more about the relation a+b=c, but its truth value for natural
a, b, ¢ with 1<a, b, ¢<1000 cannot solve similar problems with numbers
a, b or ¢ > 1000. Yet the receiver will be supposed not to be a machine
but humanlike. Children learn arithmetics by a finite number of instances,
and a set of rather unformal rules. They succeed in generalizing the in-
stances in a unique way. Arithmetics yields unique results though the
definitions leave room for an infinite diversity. If I ask anybody to con-
tinue the sequence 1, 3, 5, 7, 9, 11, I may be sure that he will do it with
13, 15, 17 and so on. So I am sure that a humanlike being will conclude
from a sufficiently large number of texts like 3>2, 7>1, 9>3, that ‘>’
has its usual meaning.
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1t is perhaps superfluous to insist on this point. A hundred years ago
such assertions would have been self-evident. Since then we have got
into the habit of giving formal general definitions and proofs even for
arithmetical and algebraical motions and formulas which could be defined
and proved in a less formal way. It is not long ago that in arithmetics and
algebra a common method of defining and proving was the method I have
called elsewhere the quasi-general definition and the quasi-general proof.
Euclid proves the existence of infinitely many prime numbers by showing
that three prime numbers being given, one can construct a fourth different
from them. The proof is formulated in such a way that everybody under-
stands immediately that it intends to show how = prime numbers being
given, a (n+1)-th prime number can be constructed. Euclid could not
sufficiently formalize such a proof or even such an assertion because he
lacked a functional symbol which meant numbering a general finite set,
such as our system of numbering by indices, which we owe to a gradual
developinent that started after Vieta and lasted nearly three hundred years.

Euclid’s proof for the assertion A, is a formal proof only for n=3.
For A, it is “quasi-general”, i.e. every reader can be expected to be able
to recognize the general pattern of the proof, and to generalize it for all
natural numbers.

Up to the end of the 19th century it was commonly held that even
geometrical proofs are quasi-general: a geometrical theorem is proved by
means of one figure in such a way that the proof can be transferred to any
other figure of the same kind.

Even now the quasi-general proof is still indispensable as a didactic
tool, and the same is true of the quasi-general definition. In school math-
ematics, in sciences, and in daily life most definitions are quasi-general.
One defines by means of instances, though in such a way that the other
can generalize the definition as desired by the person who has given the
definition. The method of quasi-general definitions (and even of quasi-
general proofs) has been a fundamental principle in the construction and
presentation of the Lincos vocabulary, in the chapter “Mathematics” as
well as in the later chapters. The reader will meet a good many examples
of this method. However, we may remark that our definitions will never
have the logical form of a definition. Things will not be defined, but
described. We shall not say ““this is called a clock”, but “this is a clock”.

I will mention another didactic principle which has often been applied:
If a set (a predicate, a relation) is to be introduced and named, we shall
start not with a formal definition, but with a quasi-general definition,
displaying a sufficiently large stock both of elements belonging to the set
and of elements not belonging to the set (possessing the predicate, fulfilling
the relation). So we shall not introduce the predicate “integer’ until other
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predicates can be named. We shall not introduce a word meaning action,
until a large number of actions is known, and so on.

From the aforesaid it is clear that mathematical notions will not be
introduced axiomatically. Of course when the Lincos vocabulary has
developed far enough, one can add an axiomatic, and one can join this
axiomatic to the preceding nonformalist mathematics by a semantic: We
have renounced this, because it would not touch our main problem. In
the chapter ‘““Mathematics’ we shall restrict ourselves to the fundamental
notions. We shall even drop notions of calculus which are needed in other
chapters, because at present it cannot be our aim to write a textbook of
calculus in Lincos.

0 22. This is closely connected to another feature of our project.

The definite program to be broadcast will consist of a large number of
pieces called program texts. The collection of texts to be found in the
present book is to be considered as an abstract from the definite program.
It would be no use publishing soemthing like the definite program in full.
We have restricted ourselves to one example for every kind of program
text which will occur. A kind such as a-+b=c (a, b, ¢, natural numbers)
is represented by the single example 4 + 2 = 6, though actually the program
will contain twenty or more of this kind. If variables are introduced as
a new kind of word, every text containing variables will be repeated with
other variables, so that a sufficiently large stock of words meaning variables
and interpreted as variables by the receiver becomes available. Program
texts in which certain humans display a certain behaviour are to be
followed by similar texts in which a similar behaviour is displayed by
other humans, so that the receiver can understand that this is a general
behaviour; and so on.

Written program texts are enclosed in pairs of signs * which do not
belong to the program text itself.

0 23. For the convenience of the reader the program texts have been
collected in paragraphs, and the paragraphs in chapters. The first chapters
bear the titles

I. Mathematics, I1. Time, ITI. Behaviour, 1V. Space, Motion, Mass.

Further chapters entitled ‘“‘Matter”, “Earth”, “Life”, and a second
chapter “Behaviour” have been planned for the second volume of this
project. The reader should not attach too much importance to the division
into chapters and to the titles of the chapters. Systematics is a passion
not only of mathematicians. According to an ancient pattern, teaching a
language is subdivided into chapters, running from the article and the
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noun to conjunctions and interjections. This system is to be condemned
not because it is illogical, but because it is a system. Systematics is an
antididactic principle. To the same degree that it is a comfort to the teacher,
it can be a discomfort to the pupil. There will be many people who are
keen on systematics and who will judge the present work to be rather
chaotic. My own feeling is rather that I have too often preferred systematics
to didactics.

024. A short abstract will give an idea of the subjects dealt with in
the present volume, and of the method which has been followed. All
details will be omitted.

Chapter I. Mathematics.

Ostensive numerals, quickly superseded by algorithmic ones, written
in the dyadic positional system. ‘+’, ‘>’, ‘=", ‘<’ introduced by numer-
ical examples. Introduction of variables. Means of punctuation. The
logical connectives ‘—’ ‘-’, ‘v’, ‘A’ are introduced as connectives between
arithmetical propositions. Problems are set, using the interrogation mark.
Zero and negative integers, further arithmetical operations and relations.
Dyadic fractions, and especially periodic dyadic fractions, which give the
opportunity to introduce the word “Ete”” meaning “and so on”. The first
predicates (sets) are ‘Num’ and ‘Int’ (natural numbers, and integers). The
connectives ‘€’, ‘¢’. The quantors ‘A’ and ‘V’ arise as infinite conjunctors
and disjunctors. More predicates and relations are defined, especially ‘Pri’
(prime numbers), ‘Rat’ (rationals), ‘Rea’ (reals), ‘Com’ (complex numbers),
in order to prepare the more general notion ‘Agg’ (sets). Real numbers
appear originally as infinite fractions; afterwards a more systematic
theory is given. Set theory is dealt with in a rather unsophisticated way.
Functions are introduced as we usually do in elementary courses; after-
wards a formal definition is given. Algebraic notions such as group and
field. Propositional calculus; the words ‘Ver’, ‘Fal’, ‘—’ (true, false, non).

Chapter II. Time.

Duration measured by seconds is introduced by means of “time signals”.
A clock is installed. Mentioning events by means of time data.

Chapter III. Behaviour.

Actors appear. The fundamental action, ‘Inq’, is “‘saying”. Actions are
valuated by the judgements ‘Ben’ (good) and ‘Mal’ (bad). Conversations
start with mathematics. One actor sets a problem, another solves it, and
the first states whether the solution was good or bad. (If the problem is
to find the x with 6 =4, the solution 4/6 will be bad.) Typical behaviour
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words, such as ‘Tan’ and ‘Sed’, meaning ‘““but”. A great many interrogative
pronouns and adverbs can be formed by means of the interrogation mark.
Ordinals, multiplicative numerals, and words meaning “‘counting”, “‘com-
puting”, ‘“proving”, ‘“‘seaking”, ‘“finding”, ‘‘analyzing”, ‘‘responding”’,
“changing”, are introduced by showing the related actions. ‘“‘Supposing
that””, “in the way of”, “thus”, “instead of”, ‘‘omitting”, “adding”,
“why”, “because” appear. In common languages “why” and ‘‘because”
are polysemantical. Provisionally we have adopted this use in Lincos.
Later on it will be possible to distinguish the various meanings of “why”’
and ‘‘because’” by means of indices.

Much care has to be bestowed on introducing words meaning ‘“knowing”’,
“perceiving”’, ‘“‘understanding”, “thinking”.

An entirely new element appears with a word meaning ‘‘nearly”.
“Error”, “much”, “little”, “too” (such as in “too large’’) are akin to it.
“Now” is defined as ‘“nearly the moment of pronouncing now”. “Short
time back’, “long ago”, and so on are akin to ‘“now”.

“Necessary” and ‘‘possible” are the first modalities that appear. Their
meaning is borrowed from common language, not from modal logic.

The next topics are “age” (of humans), “‘existence’’ (actual, not logical),
“birth”, ‘“death”, “man’”, “animal”’, demographic statistics of actual
mankind, average development of humans.

Modality is continued with words meaning ‘‘wishing”, “allowing”,
“promising”’, ‘“‘being obliged”, “being allowed”, ““it is courteous”, “it is
convenient’’, ‘“difficult’.

Mathematical games are used as a means of showing human behaviour.
Words meaning “‘giving”, “penny”’, “fortune”, law‘”’, “game”, “playing”,
“winning”, “losing”, “probability”, “utility”, “fair”’, “aiding”, “ally”
appear in this connection.

At the end the paradox of the liar is dealt with.

Chapter IV. Space, motion, mass.

Mechanics is not drawn up as an axiomatic system. The fundamental
mechanical notions are introduced by acts of behaviour, approximatively
in the way schoolboys usually learn them. Afterwards they are embedded
into a mathematical system.

Difference of place is characterized by the delay of messages; distance
is said to be proportional with the time of delay; the length unit is called
centimeter, but its value is still unknown. Space is the union of all places.
Special properties of Euclidian space are mentioned, and finally a descrip-
tion of Euclidian space as a three-dimensional vector space is given. Angle
and volume are defined. Measures of humans and animals are mentioned.
Movements are studied. Causing movements, carrying, throwing, mean



26 INTRODUCTION

velocity, oscillation, vibration, communicating through undulating me-
diums, acoustical velocity, light velocity — this sequence of words leads
to the numerical definition of the length-unit which is sharpened by
communicating Rydberg’s constant.

Mass is introduced as a property of things that determines the difficulty
of moving the things. More precisely mass ratio is defined by the law of
elastic collision. The mass unit remains unknown. Density, especially that
of human bodies. Things, humans, and animals have bodies. The existence
of the body of a human begins earlier and finishes later than the human
itself. Origin and place of a human body before the existence of the
human; notions “mother”, “father”, ‘“female’, ‘“male”.

Velocity, acceleration, free fall, Newton’s attraction law; this fixes the
mass unit. Planetary motions, revolution, rotation. Masses, sizes, and some
movement elements of members of our solar system, and of a few stars in
our neighbourhood.

Solid bodies (their shape is difficult to change), liquid bodies (their
shape is easy to change, and their volume is difficult to change), gaseous
bodies (their volume is easy to change). Measuring: length by means of
measuring-staffs, time by means of a clock, angles by means of theodolites,
mass by means of balances — the instruments are described in a schematic
way. Measuring length by means of light signals leads to relativistic
mechanics. The fundamental relativistic notions are introduced. This has
been indispensable, because of the previous introduction of the velocity
of light as a universal constant.

025. In the remainder of this introduction we shall continue the
analysis of linguistic and semantic notions interrupted by the exposition
of the main features of Lincos.

When designing Lincos the main problem I had to solve was how to
get rid of Russell’s imposing theory of “description”. This analysis is
particularly illustrative of Russell’s work and, more generally, of formalist
semantics. Its background is not linguistic in the usual sense of the word.
No arguments are taken from language as a means of communication.
Description as it originates from this analysis, is not a means of describing,
but a mere technical device for reformulating and abbreviating certain
logistic expressions. Description in the usual sense has been eliminated by
Russell’s analysis.

This is in accordance with the goal of formalist semantics. Its main
problem is to find formal rules by which the meaningfulness or even the
truth of linguistic expressions can be decided, independently of any
context. This is an important problem, but it is not ours. So an analysis
of sentences like ‘“the present king of France is bald” cannot serve our
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aims, firstly because they are too simple, but mainly because it is hard
to find any context in which they could occur.

Even for Russell’s standard example ‘“the author of Wawverley” I cannot
imagine contexts in which it could be conceived as a description of Walter
Scott. (Of course from Russell’s standpoint this is not at all a disadvantage.)
“The author of Waverley” is rather akin to ‘“‘the Stagirite”, ‘“‘the laughing
philosopher”, ““the king of beasts”, “the Queen of the Adriatic”’, “‘the rock
called the key of the Mediterranean’, “the roof of the world”, “the poet
who is claimed by seven cities as their native”, “the knight of the rueful
countenance”, ‘““der Fiihrer”, “wo der Zimmermann das Loch gelassen
hat”, “I'Incorruptible”, “I’Aiglon”. These expressions might be called
appositions with an omitted support. The name or appellative against
which they are supposed to lean is omitted, because it is uniquely deter-
mined in a certain context and it is well-known. Appositions with an
omitted support are used as a device of poetical or rhetorical expression.
At the present stage we are allowed to disregard them. They can also be
used as a means of imputation though expressions more akin to real
descriptions may better serve this purpose.

Real descriptions can be found in the sentences

The gentleman living over the way is ill.
I have lost the pipe I bought at Smith’s.
The first book of the Bible is Genesis.

I did not grasp what he said.

A variable (gentleman, pipe, book of the Bible) is bound by means of a
restrictive clause (living over the way, I bought at Smith’s) or an adjective
(first). The uniqueness of the result is indicated by the definite article
(the). Yet sometimes both the variable and the article can be hidden;
in the last sentence the variable would be ‘“‘the thing” and the restriction
“that he said”. Binding a variable with the definite article only can produce
unambiguous descriptions of one thing. In a suitable context

He opened the door

.

may mean ‘“to open one sharply defined door”. Here the definite article
is not only the symptom but also the instrument of binding. In another
context the same result might be got even by the indefinite article:

I asked a policeman the way

does not point to the existence of policemen that I asked the way (“‘there
is a policeman whom I asked the way’’), but at an event of asking one
well-defined policeman the way. I could also read the last sentence

I asked the way of the policeman I happened to meet
but it would be as good an interpretation to assert that in this sentence
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a policeman
means
the policeman whom I asked the way.
Then the sentence would run
I asked the way of the policeman whom I asked the way

which is not at all a tautology. On the contrary I think that generally
in a sentence like

The x with the property A has the property B

the property B may play an essential part in the description that restricts
the ; in other words that in many cases such a sentence should be read

The = with the properties A and B has the property B.

This is not surprising, because in factual assertions the explicit description
will never be sufficient to bind the variable unambiguously. All the examples
we have given can only be understood in a broader context. Yet we cannot
admit the broader context as a part of the description, and at the same time
reject the nearer context, i.e. postulate the sentence in which the variable
occurs formally, shall not have any influence. So even the construction of
binding by means of the indefinite article can only be wholly understood
if due regard is paid to the context.

As to the use of the article as a means or a symptom of binding (whether
the definite article or the indefinite article or no article shall be used)
natural languages disagree. There are even languages without articles.
People educated in a non-article language find it enormously difficult to
learn the use of articles in foreign languages, and users of an article language
are often embarassed by ambiguous readings caused by the lack of articles
in non-article language text, especially in short contexts.!) Non-article
languages prove that natural languages can do without articles, though
article substitutes may occur in non-article languages, such as the Greek
article 7o, sometimes used in medieval Latin (e.g. in 76 esse, the being) or
Russian “to Ze ”” which would probably be used to translate “‘the 2’ in

The z with the property A has the property B.

But such occurrences are rather unusual or artificial.

In non-article languages binding of a variable to one value is formalized
by means of relative pronouns, adverbs, superlatives, ordinals, demon-
strative pronouns, adjectives, and so on. Since in Lincos these categories
are not available, we cannot dispense with a general device which formalizes
this kind of binding. We have called it article, though this word might

1) T once translated a Russian book-title ‘“Istoriya zakona” by ‘“History of Law”
instead of The history of a law (viz. the law of conservation of energy).
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remind the reader too strongly of idiomatic peculiarities of some natural
language. Perhaps neutral terms like description-connective and descrip-
tion-binding would have been better than article and article-binding. But
this is relatively unimportant. My distinguishing definite and indefinite
articles will perhaps evoke more serious criticism. I shall revert to this point.

According to Russell
The z with the property A has the property B
is equivalent to

There is one and only one x with the property A,
and all  with the property A have the property B.

By this equivalence article binding is reduced to quantification (V- and
A-binding). Special devices are needed in order to ascertain how this
reduction is to be carried out when ‘“the property B’ is a complex expres-
sion containing negations, quantifications and further article-bound
variables. It may be doubtful where the existential quantifier that arises
from the reduction of the article is to be put. So according to Russell

The present king of France is bald
is false, though

All present kings of France are bald
is true, and

The present king of France is not bald
is false if it is parallelized to

All present kings of France are not bald,
which is true,
and it is true if it is parallelized to

Not all present kings of France are bald,
which is false.

Paradoxical results like this refute neither Russell nor English. Never-
theless Russell’s procedure is misleading. As it has been often imitated,
but never questioned, it is worthwhile to analyze it.

Russell’s exposition is formulated as if it were an analysis of some
phenomena of the English language. But in fact it is an explanation and
justification of some habits adopted in Principia Mathematica. Here an
extensive use is made of interlinear versions into English. Interlinear
versions may be very useful when teaching foreign languages, but the
part they play in Russell’s exposition is not easy to understand. They

seem to be used as arguments though it is not clear what they are supposed
to prove, especially when they are accompanied by ontological arguments.
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Nevertheless they are extremely instructive. Though most of his examples
can hardly be put into a reasonable context, Russell does face the problem
of lending them a definite meaning or a definite truth value. This is a
consequence of formalization.

If problems of meaningfulness must be evaded as much as possible,
the ideal solution will be to give some meaning to any expression whatso-
ever. Formulas clearly borrowed from mathematics like “‘since so far the
expression such and such is meaningless, we are free to endow it with the
meaning so-and-so”’ are not unusual in formalist semantics, though
Russell prefers more dogmatic statements. Without denying the impor-
tance of eliminating problems of meaningfulness we may stress that our
problem is just the inverse, i.e. not to invent some meaning for a given
linguistic expression, but to invent linguistic means for sending certain
messages.

Russell’s analysis of description turns around the problem what
the # with the property A

means if there is no « or if there is more than one # with the property A.
According to Russell, who gives ontological arguments, that expression
is admissible, but meaningless, and a sentence in which it appears is
(roughly speaking) false ; according to Hilbert-Bernays both are forbidden;
according to Quine it means the void class. All these solutions are possible,
though Russell strongly advocates his.

I could not decide in favour of any of them. If a language is designed
as a means of communication, it is better not to restrict its possibilities
as long as there is no urgent need to do so. Furthermore it is not certain
that void descriptions can be dispensed with in communication. Void
descriptions are at least an important means of imputation, and since
imputation is a not unusual form of social behaviour, we cannot but
provide linguistic means to show it. In a certain context ‘‘the arrant
rogue” may be an apposition with omitted support. In another context it
might aim at a real description, though it is not one. In any case it is not
clear how such expressions can be avoided, if human behaviour is to be
shown. Of course one can imagine a language in which every question
beginning with “whether”” would have to be answered by “yes” or ‘“no”,
and where it is not allowed to ask a husband whether he has stopped
beating his wife, unless he has been convicted of a conduct like the imputed
one in the past. Unfortunately such a language would not reflect human
behaviour.

Yet this is not the main point. Closer inspection will show that we
cannot apply any formalist theory of description. Such a theory would
presuppose the possibility of formal descriptions, but at this stage of
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Lincos formal deseriptions are lacking. The best we can do is to try de-
scriptions that can be understood by people who endeavour to understand
what they are told. Formalist languages have always been dealt with
by means of highly-developed non-formalist metalanguages. At a more
advanced stage of Lincos we can try to do likewise, but at present it
would be rather a waste of time.

The descriptions we shall give of concrete things will possibly be some-
what sharper than they are in natural languages, but they will remain
extremely vague as compared with descriptions of mathematical entities.
Every speaker will strongly rely on the context and on the good will of
the listener.

Our rule for article-binding will not be purely syntactical. “The 2,
when honestly used, will mean one z; which one must appear from the
formal description (“with the property A’’) together with the nearer and
farther context. By article-binding the variable is intentionally, not
formally bound to one instance, but the listener may always claim that
the intentions of the speaker are clear enough. The result of article-binding
must be as sharply defined as it has been in the examples at the beginning
of this paragraph, put into a reasonable context. Of course article-binding
interpreted in this way cannot be reduced to quantification, which is
much more formal.

Mention was made above of a distinction between definite and in-
definite article. I cannot deny that this distinction will be somewhat
artificial. I shall prefer the indefinite to the definite article (“an x with
the property A” to “the z with the property A”) if the one and only one
z that satisfies the context may be replaced by many formally equivalent
other instances so that it does not matter which of them actually satisfies
the context. In a suitable context this distinction between indefinite and
definite article may be reflected by the pair of English sentences

I opened a door,
I opened the door of my bedroom,

or by the pair
He wrote with a pencil,
He wrote with the pencil I had lent him,
though indefinite articles like these will often be omitted in English

I went by car,
I went by the car of my friend.

It is a natural consequence of this policy that in the case of the definite
article the description will be much more formal than in that of the
indefinite article.
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I may take the liberty of explaining how I arrived at this solution. In
the first elaboration of this project I tended to avoid existential binding
unless the existence had to be stressed.

I perceived a noise
was transformed into
There is a noise I perceived,

only if the existence of the noise was the main point. I made an extensive
and sometimes reckless use of article-binding such as we do in the vernac-
ular. Definite and indefinite article were not distinguished. Article binding
is often a much less exact means of expression than quantification. When
I looked the work over, I was assailed with doubts. For conscience sake,
anxious about exactness of expression in Lincos, I undertook to eliminate
the article in many occurrences, especially what could be called indefinite
articles. Obviously I was still under the influence of Russell’s theory of
description. In any case I had not yet adequately clarified my ideas on
this matter. Afterwards I happened to notice that a device for indefinite
article-binding already existed in Lincos though I had failed to use it.
Finally a number of texts have been transformed back by using this
device. (Discoveries like this have been made more than once. Lincos
proves as it were its independence. One suddenly sees that things not
dreamt of beforehand can be expressed by devices created for other
purposes. This is a strange sensation. Such a piece of good luck is not
easily refused.)

Our rejection of Russell’s theory of description is not absolute. Our
dissenting from formalist semantics is only a consequence of our dealing
with language as a means of communication. A language such as Russell’s
in which “Walter Scott” and “the author of Waverley” may be freely
substituted for each other, cannot serve our purposes, because it does
not allow to communicate the fact that Scott is the author of Waverley
and to ask the gquestion whether Scott is the author of Waverley. Nor can
we do this with a language like Carnap’s in which the incidental admissibil-
ity of this substitution is decided on the strength of formal criteria. The
reader will have remarked a strong influence of intuitionism in our exposi-
tion. Against the formalists Brouwer was the first to stress the commu-
nicational character of language; but as mathematics can be formalized
to a degree, examples drawn from it have failed to provide a convineing
argument for who in daily life and in discussing mathematics use un-
formalized language as a means of communication though they wish to
renounce this liberty, when formalization seems to be possible. I can
only hope that extra mathematical examples for language as a means of
communication will be more convincing.
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0 26. The next notion we shall deal with is “convention”. In the
vernacular this has a fairly definite meaning. In some idioms, especially
in that of analysis of science, it has undergone a development which is
typical for many misused words. An initially aphoristic use has been
interpreted as if it were seriously meant.

The original meaning of ‘“convention” is ‘“‘agreement’ i.e. the act of
agreeing as well as the result of agreeing, the thing agreed on. Convention
may mean treaty (as in “Geneva convention’) but mostly “convention”
is less formal than “treaty”’. This informality is stressed, when “convention”
is applied to forms of social behaviour which could have been the result
of some explicit engagement (though actually they are the result of
education). Fifty years ago it was a convention that women did not smoke
in public. Convention now allows women to smoke in public. People more
or less tacitly agreed to this change. Smoking or not smoking are not
conventional, but smoking or not smoking under certain circumstances
may be conventional. It is not conventional as long as it is not a form of
soctal behaviour. There is no convention that people eat, because eating
as such is biological, not social behaviour. But meal-times, manners of
eating, dishes may be conventional. “Convention’ seems always to refer
to forms of social behaviour, but it is not true that all forms of social
behaviour are conventional. That people do not kill each other is probably
not a convention; rather is it true that many conventions have been
adopted in order to ensure individual indemnity. Rousseau claimed that
social organization was the result of a social contract. Of course this is
not true, but it is even less true that the fact of social organization (though
a symptom of social behaviour) is a convention. On the other hand many
existing means of social organization may be highly conventional.

H. Poincaré in his La Science et I Hypothése (1st ed. 1902?) claimed that
all general judgements of natural sciences were conventional. At least this
proves to be the purport of his argumentation. He deals with different
fields of physics, but constantly uses one pattern of arguntentation which
can meet many more general needs. So later conventionalists declared all
general (not mathematical and not purely phenomenological) judgements
to be conventional.

Conventionalists undoubtedly hold that their assertion “‘general judge-
ments are conventional” is true, not merely conventional. Thus the first
question we may raise is: “Why does the judgement ‘general judgements
are conventional’ not apply to itself?”’ A provisional answer might be:
This assertion is not conventional, because most people will reject it. This
answer shows that the thesis of conventionalists should rather read:
General (not mathematical and not purely phenomenological) judgements
which are generally believed to be true, are merely conventional.
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This gives rise to a second question: How about general judgements put
forward by individuals and not generally approved? They are not conven-
tional, but are they true? Was the Copernican world-system true as long
as it was not generally admitted, did it become a convention afterwards,
and did the Ptolemean system reach the status of truth as a consequence
of Copernicus’ triumph ¢ We need not answer this question, but if we adopt
the conventionalist view, we are obliged to say what kind of thing a
convention, e.g. the theory of relativity, was before it was generally agreed
on. Clearly conventionalists do not intend to hold that it was a truth.
They have probably never considered this problem. Maybe they would
answer that before being agreed on, it was a hypothesis (note that “‘hypo-
thése’” occurs in the title of Poincaré’s work, though it is not often used
in the book itself). But this solution is impossible. Poincaré and other
conventionalists continually speak about linguistic conventions; the
counterpart of a linguistic convention would be a linguistic hypothesis.
but it is evident that relativity might have been a hypothesis but not a
linguistic hypothesis before it became a convention. Perhaps the pre-
decessor of a convention could be called a proposal.

Poincaré and other conventionalists deal with ‘‘convention” and
“linguistic convention” (convention de language) as if they were synonyms.
This is unreasonable. Calling the metric unit of length “metre’” was a
linguistic convention. Adopting the metric system is not a linguistic, but
a metrological convention. Adopting the name ‘“metre’” commits us to
use the word “metre” under certain conditions, whereas adopting the
metric system does not result primarily in certain linguistic behaviour.
but in the behaviour of using metric measuring-staffs.

To elaborate : making the first metre-rod from platinum was a convention
(a rheological convention); the choice of a solid as the material of the rod
was not conventional, but implied by the aim, namely to get a measuring-
staff. The actual depository of the standard metre in Sévres is conventional;
it is not a convention that the standard metre is held at a place where the
temperature can be kept constant.

Poincaré’s starting point was Euclidian geometry. He considered geo-
metry as a physical science (‘“si done il n’y avait pas de corps solides, il
n’y aurait pas de géométrie”’). Poincaré is far from Hilbert’s axiomatic
point of view. Interpreting Poincaré’s work in the sense of axiomatics
would be anachronistic. It appeared after Hilbert’s Grundlagen der Geo-
metrie, but it is a collection of essays published separately long before.
Poincaré became acquainted with the idea of axiomatics only through
Hilbert’s Grundlagen. This is testified by his review of Hilbert’s work
where he was struck by Hilbert’s questioning other axioms than that of
parallels. He was not even familiar with the development of axiomatics
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from Helmholtz to Hilbert. The sentence quoted above proves that he
agreed with Helmholtz’ erroneous criticism of Riemann’s work; his ideas
about geometry are mainly influenced by Helmholtz. In any case Poincaré’s
thesis that Euclidian geometry is conventional cannot be interpreted as
an adhesion to axiomatics.

Poincaré argues that physical space could be described as well by non-
Euclidian as by Euclidian geometry. This is correet as long as the curvature
of geometric space is assumed equal to that of physical space (with due
account to the precision of measurements). The argument still holds, if
one agrees on notions of straight line, congruence and distance which
differ from the usual notions. But then it ceases to be an argument. Any
true theory will be replaced by another as soon as words used for one kind
of things are used for a different kind. Poincaré’s answer to this objection
would run: In that case the physical notions of straight line, congruence
and distance are conventional. To a certain extent this might be correct,
but as a matter of fact the notions straight line, congruence and distance,
and our physical methods of measuring distances and angles, are implied
by our everyday experiences of space, in this sense that the physical notions
are refinements of the everyday notions. In his discussion with Poincaré
Russell pointed out that even if physical geometry is very loosely related
to a very crude everyday geometry, it would not be possible to attach
a curvature radius as small as 1 centimeter to the universe. Poincaré
would answer once more that everyday geometry is conventional. Yet this
is still more improbable. Everyday geometry is exhibited mainly by non-
linguistic means, by bodily movements and by handicraft. The straight-
line shape of arrows, of fold lines, of walking sticks, of paths and furrows,
the circular shape of wheels and millstones, the rectangular shape of doors,
the rotational symmetry of vases can hardly believed to be conventional.
Of course the words denoting straight lines, circles and so on have been
conventional, but as soon as a certain language is agreed upon, they lose
this conventional character.

Other fields of physics have been analyzed by Poincaré with the same
arguments as geometry. It is a common feature of all these analyses (but
in the case of geometry it is less striking) that the rational character of
physical theories is overstressed and their roots in everyday physics are
rather neglected. He holds that for example the laws of mechanics are
conventional definitions for the physical magnitudes related by means of
these laws. Clearly such views are rooted in the same soil as definitions
in French textbooks of rational mechanics like “mass is nothing but the
ratio of force and acceleration”. Of course ‘“the number of pages of a
sheet”” may be said to be a definition of the number 16, but then the fact
that such a clause defines a natural number, is still a law, and likewise
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the constancy of the said ratio is a non-trivial law. Natural definitions of
mechanical notions have to arise from notions of everyday mechanics
by a process of refinement. For the mass of material points such a definition
would run as follows:

1. The mass of a material point is a positive number connected with
a unit symbol. It does not depend on the place and velocity of that point.

2. Two material points have equal masses if they are interchangeable
in mechanical experiments (e.g. interchangeability in a symmetric ar-
rangement).

3. The mass of the union of two material points is the sum of the
masses of the two points.

By these principles (supplemented with some principle of continuity)
mass is fixed, logically and operatively. In mechanical problems these
principles are continually used, but textbooks of mechanics do not deign
to state such evident truths. The term ‘“axiomatic system’ (of mechanics
or of electromagnetism) is often used for a collection of fundamental
mechanical laws or for Maxwell’s equations respectively. If by physical
axioms we understand something like the above-mentioned principles for
the notion of mass, we cannot but state the lack of an axiomatic system
for any field of physics whatsoever. This lack may be made responsible
for the usual misunderstandings as to the logical and epistemological
status of mechanics and other fields of physics. As long as a few mechanical
laws or Maxwell’s equations can be believed to provide a sufficient basis
for mechanics or electromagnetism, it is also possible to believe that
physics is linked to experience by convention. In the chapter “Mechanics”
a more careful analysis has been attempted, but the solution there suggested
is a rather artificial one owing to the artificial character of our general
problem of cosmic communication. A more natural approach is still
required.

Physics isolated from experience has been responsible for Poincaré’s
conventionalism; if physical notions and laws are not viewed as having
arisen from everyday physics, it is not astonishing that the bond between
both is thought to be conventional. Yet Poincaré’s difficulties are still
greater. He is puzzled by the phenomenon that no isolated physical law
can yield a satisfactory definition of any physical magnitude. So all notions
and all laws are declared to be conventional. Poincaré disregards the
possibility that nevertheless the total system could fix these notions,
logically and operatively. If we remember that Poincaré wrote La Science
et I"Hypothése before Hilbert’s Grundlagen, we can easily understand his
perplexity. The idea of implicit definition by means of an axiomatic system
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dominates Hilbert’s work, but even after the publication of the Grundlagen
it is still rejected by many mathematicians; even Frege believes it to be
wrong. So we can understand why Poincaré makes no use of the concept
of implicit definition by means of an axiomatic system.

How conventionalism arises from isolating the notions or the facts of
a field of knowledge from each other, may be shown by many examples.
When isolating one single phenomenon, one is right to hold that asserting
the existence of microbes in a drop of water on microscopic evidence is a
linguistic convention, and that without denying any fact we could assert
the microscope to have produced the spots called microbes in the water.
If, however, the action of looking through the microscope and interpreting
the image seen, is taken in its usual context of biology and optics, and if
that assertion as a linguistic phenomenon is to be taken as plain English,
then this verdict is not allowed. Of course the conventionalist may declare
biology, optics and English to be conventional and replaceable by some
biology*, optics*, and English*, so that in the asterisk context it is true
that it is the microscope that has produced the spots called microbes in
the drop. Yet this is sooner said than done. As long as nobody has tried
building up a biology* and an optics*, calling on them as arguments is
premature. English* is an easier case. We should agree on saying “B
produces A’ instead of “A becomes perceivable by means of B”’. Then we
are committed to introducing a new word ‘“‘produce*’’ in order to translate
the original ‘“produce” in all its occurrences. English* would be merely
coded English. Of course this is a poor result. By the same method one
could prove “two and two make four’ to be conventional, for it becomes
false as soon as I interchange the English words three and four.

Let us imagine somebody who holds that it is a convention to consider
all dogs as one species and all cats gs another; one could as well agree
on all male dogs and male cats as one species and on all female dogs and
female cats as another. As long as no other notions and facts are affected,
this may be correct. In the context of systematic zoology that assertion
is false because it conflicts with the usual sense of “species’. The conven-
tionalist can evade this by declaring the usual notion of species to be
conventional. He could insist on using ‘‘species’”’ in such a way that in
the case of dogs and cats it differs from the usual ‘“‘species”. Such a new
notion of species would conflict with the bulk of our scientific habits, but
for the conventionalist our scientific habits are as conventional as the
others. If science were isolated from life, this might be true. But to the
extent that science is one of our vital functions and means of subsistence,
it is as little conventional as eating and sleeping are.

Isolating some parts of knowledge or language from their context is
not bad in itself. It may even be very useful for analysis, just as considering
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artificially-isolated physical systems may be useful in physics. But in
physics one tries to account for the exterior disturbances when applying
the results to a non-isolated real system. It is not only in conventionalist
analysis that disregard of context is a weakness. It is a danger that
threatens all attempts at analysis.

So far we have not given a proper answer to the first question of his
paragraph: Why does the conventionalist not apply his thesis ‘““all general
assertions are conventional’” to the sentence included within quotation
marks? In this form the question asks for a motivation of conventionalist
behaviour, which in fact is only a special case of a more general behaviour.
People who analyze languages or idions or theories is in order to discover
features common to them, often state or postulate general rules which are
belied by the language or the idiom they use or by the theory they develop
when dealing with languages or idioms or theories (e.g. nominalists forbid
general concepts while using a great many general concepts, especially the
general concept ‘“‘general concept’). More or less artificial idealizations,
abstractions, dissections, isolations which are applied (perhaps because
they cannot but be applied) to languages, idioms, theories as a subject
matter, are lacking in the language, the idiom, the theory which is used
as a working medium. We- may disregard the communicating character
of a subject language and the connection of a subject theory with reality,
but.in the meantime we still use the working language (metalanguage) as
a means of communication, and we still believe that the working theory
(metatheory) is related to some reality.

This explanation can probably not be applied to Poincaré’s behaviour.
In fact it has been Poincaré’s merit to turn against two interpretations of
geometry and mechanics, the aprioristic and the empiristic. He pointed
out that geometry and mechanics were neither a priori nor empirical.
Initially conventionalism was a merely aphoristic answer to the question
what geometry and mechanics are, if they are neither apriori nor empirical.
This aphorism has shared the fate of many aphorisms in being taken
seriously and repeated more emphatically. While Poincaré discovered
“conventions” and “linguistic conventions’ everywhere, other conven-
tionalists preferred the terms “arbitrary (linguistic) conventions” and
“purely arbitrary (linguistic) conventions’”, but I doubt whether they
sincerely meant that e.g. geometry is purely arbitrary; it seems more
probable that they only wished to express their very strong conviction
that geometry was conventional.

There is still another way of explaining conventionalist behaviour. In
physics and other natural sciences it has often happened that in order to
explain some observational facts investigators proposed two or more
theories which seemed to fit equally well. Experiments were carried out
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in order to decide for one of the competing theories. Gradually one of
them became more and more probable, and finally the evidence for this
one and against the other one became overwhelming. A certain theory
which is now taken to be the true theory, might have been valued only
as better or as not worse than other competing theories. So it would be
wise to consider it not as a true theory, but as much the best theory now
available. This remark is quite reasonable. It matches very well the actual
behaviour of investigators who usually work with the best theory as if it
were true. If you want to know the value of the elementary charge, a
a physicist will answer you: the best value now available is such and such.
(Usually the accuracy of a value will be measured by the observational
error.) Such an answer does not mean: The value such and such is the
present conventional value. It is possible that the only thing conven-
tionalists wish to state is that theories are always questionable. This is
correct, but in this respect observational facts are no better.

Valuations like “the best theory now available”, though disregarded by
analysts, are very important in science. Two correct mathematical theories
in the same field need not be equally good; one of them may give more
insight into the subject-matter. Among several definitions of the same
mathematical object there may be one which is better than the others.
Physicists might discuss the best method of arranging a certain experiment.
People who work in analysis of scientific knowledge or of scientific lan-
guage (idiom) are just trying out explanations which organize the subject
matter somewhat better than other explanations do. Mostly there is no
overwhelming evidence for one of them. So the explanation “a true theory
is a theory which is much better than gompeting theories” is itself at most
only much better than other explanations.

The reader might wonder why so much attention has been paid to the
conventionalist thesis. If this thesis were correct, our Lincos project
would be doomed to failure. If e.g. comparison of time intervals were
purely conventional, we could not expect our messages containing a time
signal together with the numerical value of its length to be interpreted as
such. If Euclidean space as a good approximation of real space were
conventional, we could not expect the receiver of our messages about
space to interpret the intended object as space. In my opinion physical
notions are not arbitrary. This belief is based on the history of science.
In earlier times some discoveries might have been accidental. But theories
which are current now have been the result of systematic attempts.
Kepler and Planck tried a great many hypotheses before they succeeded
with the one which has been accepted, not only by logical coercion, but
also on the strength of overwhelming evidence. I suppose that these
historical facts are little known.
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The opinion that scientific theories are completely arbitrary is also held
by irrationalists, as a consequence of their fundamental conviction that
truth cannot be reached by rational methods, but only by intuition. I
refrain from discussing this attitude.

027. Finally we shall try to justify our use of the word ‘‘meaning”
and of related words.

We start with a few artificial dialogues in which the verb “to mean”
occurs.

1. I saw a robot at the exhibition.
What is a robot?

“Robot”’ means something like ‘“golem”.
I saw a robot at the exhibition.

What is a robot?

. “Robot”’ means a machine which behaves like a human.
. What does ‘‘Zoll”” mean?

. Where did you read it?

. At Hamburg airport.

. There it means the Customs.

Miss Parker is ill.

Who is Miss Parker?

I mean our nurse.

She is a nice girl.

Do you mean the blonde or the brunette?
She is a nice girl.

Do you mean Miss Parker?

She is a nice girl.

. Do you mean this girl?

. This is a robot.

. What do you mean by ‘‘robot’’?

. What did you pay for the car?

. It was very cheap.

. What do you mean by ‘‘cheap’?

PEp W EE PE RE PER RERE PEE PR

I have avoided examples like “this cloud means rain”’, “I mean you
no harm”, “he meant what he said”’, in which we meet a semantically
quite different verb ‘“to mean’’.

There can be little doubt about the meaning of “to mean” in our
examples. Words, sentences, and other linguistic phenomena may mean
something, and what they mean can be shown, or said, by definition or
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circumscription in more intelligible terms or by translation into a better-
known language. Two slightly different syntactical forms are possible:
“X means Y’ and “by X somebody means Y. The first looks more
objective, but in fact whenever the word “to mean” is used, it is bound
to a special situation in a special way. In the 8th example “Do you
mean . ..” refers in a more explicit way to the user of the word ‘‘robot”
than “to mean’ does in the 2nd or 3rd examples. If a more explicit reference
to the actual situation is wanted in the explanation of the 2nd example,
A could say: If “robot” is used in one context together with ‘‘exhibition”,
it means a machine which behaves like a human. Or: people speaking
about an exhibition mean by “robot’” a machine which behaves like a
human. Or in the 3rd example: By “Zoll” people in Hamburg airport
mean ‘“‘customs’’.

(The double syntactic pattern of English “to mean” is neither reflected
by French ‘‘signifier”’, nor by German ‘“bedeuten”. ‘“Vouloir dire” and
“bezeichnen’ show the same feature as ‘“to mean”.)

So far “to mean’ raises no special problems. Even the noun ‘“meaning”
would not cause difficulties if we used ‘‘the meaning of X is Y’’ as synon-
ymous with “X means Y”’. Yet there is a strong tendency to assert that
a thing which means something has a definite meaning, just as a thing
which ends somewhere has a definite ending. ‘‘Meaning’ (or ‘“‘denotation”
or “nominatum”) is used as if it were a function from the set of linguistic
entities to that of real entities — somehow this is the leading idea of any
attempt of formalist semantics. I would not object to this use of “meaning”
if it were suitably restricted and if it did not falsely suggest a much too
simple description of the relation between language and reality.

I concede that linguistic expressions generally have some meaning, but
I cannot imagine general rules of meaningfulness, and I do not know
how to attach just one meaning to every meaningful linguistic expression.
I think that in every not-too-poor language the meaning of expressions
will strongly depend on the context in which they occur. The importance
of the context is often disregarded as soon as language is not primarily
considered as a means of communication.

The ancient belief that everything has a true name and that the system
of the true names yields the true language, has given way to the insight
that there is essentially a variety of languages, and that the meaning of a
linguistic expression depends on the language in which it is met. Moreover
nobody will seriously deny that in natural languages there are no general
rules for stating whether some expression is meaningful and that the
meaning of a meaningful expression may depend on its context. If someone
asserts the contrary or if he acts as though the contrary were true, it is
probable that he has in view not a natural language but some artificial
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language and that he has tacitly asked permission to take his examples
from a natural language pending the existence of that artificial language.
If formalized mathematics is destined to play the part of that artificial
language, one may ask why the examples have not been taken from
mathematics. Formalized mathematics might be a suitable field to which
the formalist semantical notions could be applied, but I doubt whether
this is still true if a richer language with more essential relations to reality
is to be discussed. I think Carnap is right when he confines his analysis to
an artificial language given in advance and precisely described, though
I have the impression that his languages are just not rich enough to
disclose essential problems.

Formalist semantics is atomistic. It makes the assumption that some
elementary expressions have a definite meaning, and that the meaning
of composed expressions is derived by certain rules from that of the
elementary expressions. If this could be realized, the meaning of any
expression could be made independent of the context. In Lincos I have not
pursued this aim, mainly because I do not believe in it. Nevertheless
I admit that it might be important to fix one’s attention on this aim as
long as possible. ' :

Proper names seem to be a strong argument in favour of atomistic
semantics. But this argument cannot be maintained on closer inspection.
Proper names with a definite meaning are extremely rare (I disregard
mathematical notions). Socrates, Rembrandt, Walter Scott are good
examples, but what about John Smith and Mary Young? William
Shakespeare is never mentioned in this connection. In common English
it will depend on the context whether ‘“William Shakespeare’” means some
person known by certain portraits or a certain playwright or both. It is
an advantage that in common English one can raise questions like that
of the identity of Shakespeare even if they are whimsical. Formalist
semantics aim at a language in which this freedom is not allowed.

A moment ago we tackled a well-known problem. Usually it is connected
to the name of Walter Scott: Is the same meaning to be ascribed to
“Walter Scott’ and ‘“‘the author of Waverley’’? This case looks somewhat
easier because Scott’s authorship of Waverley is usually admitted to be
objective truth. The so-called problem of intension in a language with
formnalist semantics is how to account for the fact that there might be
people who are not acquainted with that objective truth or who do not
believe it. In fact the case of Walter Scott is not essentially different
from that of Shakespeare. In some epoch the identity of the author of
Waverley was more obscure than that of the author of Hamlet (e.g. before
Scott published Waverley). At some moment Scott’s authorship became
known. A language in which it will be possible to account for discoveries
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of new facts cannot do with expressions which have a definite meaning,.
Formalist semantics will even not match mathematics, if mathematics is
considered not as a stock of true propositions but as a field of invention.

The convention about the meaning of propositions is the strangest
feature of formalist semantics. According to Frege a true proposition
means truth, a false proposition means falsehood. As opposed to incomplete
expressions such as subjects, predicates, and so on, propositions are
syntactically independent. Therefore it is easier to put an isolated word
“red” or ‘“‘now’” into a virtual context than to do the same with a proposi-
tion. The context of incomplete sentences like ‘it is raining’” can also be
guessed with relative ease. But what about propositions like ‘“‘Socrates
is a man’’ or “It rained at Utrecht on December 20th, 1957, at 15 o’clock’?
The only context in which “Socrates is a man” can be imagined is the
famous syllogism where it is the minor, and in this context the only thing
that matters is just to know whether the minor is true. The second sentence
might be met with in the report on a bet or something like this, and in
this place its meaning might be truth or falsehood indeed. Such arguments
may have been responsible for Frege’s convention. Moreover if ‘“‘meaning”
is agreed to be a non-trivial function from the set of linguistic expressions
which does not depend on the context, the truth function defined for
propositions will be welcomed, because it seems to fit very well the require-
ments of the “meaning’’ function. In my opinion this does not justify
infringing the terminology of the yernacular with respect to ‘“‘meaning”
as radically as Frege did. even if “‘meaning’ is replaced by “denotation”
or “nominatum”. It is dangerous to create the impression that difficult
semantic problems could be solved by a mere convention.

0 28. Attempts to construct symbolic languages have often been linked
to some philosophy. though the linking usually proved to be less close
afterwards than the author believed. Dealing with language as a means
of communication has been the only philosophy I have espoused in the
present project. Though devised for a special aim Lincos must be a general-
purpose language in which all sayable things can be said. By formal
linguistic means we cannot forbid any religious, ethical, philosophical,
political or social faith or even any nonsense. So it is better to abstain
from such attempts. Our method has been determined by linguistic
considerations only. Our pragmatism has been that of an engineer, not
of a philosopher. The use of both predicates and sets from the beginning
does not prove any partiality in favour of nominalism or realism. The
use of the word behaviour does not involve support for behaviorism.
Introducing human bodies much later than humans themselves is not to
be interpreted as a spiritualist attitude. Defining life as the possibility of
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perceiving is not the consequence of any form of sensualism. Lincos words
for “good”, “bad’, ‘“‘allowed”, ‘‘forbidden” do not reflect any ethical
theory.

Lincos is moderately formalized, but we do not object to fully-formalized
language. Foolproof languages have an importance of their own. I hope
Lincos will be wise-proof. Formalized languages appeal to the malevolent
reader. The present book is addressed: lectori benevolenti.

Utrecht, December 23rd, 1957.



1000.

1010,

1011,
1012
1013
1014
1015

CHAPTER I
MATHEMATICS

Pairs of signs * will enclose the printed image of a program text.

A (metatextual) “and so on’ after a text indicates that this text
is an exemplary extract from the factual program. When carrying
out the program we will replace this text by a large number of texts
similar to the text we have printed. If the number of examples is
large enough, we may expect that the receiver can generalize the
quasi-general definition or proposition that is intended by the
program text.

F>l<l=1l4+1-1lxlslzxl
N Y R |
11101111111}
alblcl
> lviallle* o

Loose Lincos words are presented, without any context, in order
to stress their individuality. So it will be somewhat easier for the
receiver to recognize them when they occur in a certain context.

The bold-faced strokes mean pauses.

#¥eeeee> oo % andsoon.
# oeeo< oo 0eo¥% andsoon.
¥ oeooe= 000 +% andsoon.
#4esed ee= 102000 % andsoon.

#oooooo-—-oo:o"'*andsoonv

In these texts the Lincos phoneme that corresponds to the round
dot is a short radio-signal (a peep). A Lincos word that consists of
n successive phonemes of this kind, separated by short and equal
intervals, is written as a group of » round dots. It both means and
shows the natural number n. It is an ideophonetic word, which has
the power of an image as well as that of a word. We also call it an
ostensive numeral. The greater part of the Lincos vocabulary will
be purely conventional; words may be permutated at pleasure.
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This is not true of ideophonetic words. Their essential features
must not be changed.

The Lincos words written >, <, =, +, —, and so on designate
connectives with the usual meaning. The receiver should guess
their meaning from the context. Therefore each of the first pro-
gram texts contains one unknown word only.

and so on.

Ostensive numerals are superseded by algorithmic ones, composed
of syllables written 0 and 1 according to the rules of the dyadic
positional system. For the convenience of the terrestrial reader we
shall sometimes use the decimal code, but as a matter of fact such
occurrences should be translated into the dyadic code.

Texts as those of 1011-1015 will be repeated, using algorithmic
numerals instead of ostensive ones.

#111 = 110 + 1 — 101 - 10 = 100 + 11 = 11 + 100 =
10 - 101 =1 + 110 * and so on.

#111 + 11 > 11 4+ 101 > 1 + 100 = 101 * and so on.

In elementary arithmetics expressions such as ‘4 + 3” are often
considered as problems, not as numbers; “4 + 3” is read as if it
were “add four and three”, “4 + 3 = 7’7 as if it were “if I add
four and three, I get seven”. Our program texts will prevent such
interpretations. The receiver will learn the relational symmetry of
the Lincos word written =, as well as the “static’’ character of
expressions as ‘111 + 11°.

#100 > 10
100 + 11 > 10 + 11
100 + 1101 > 10 4 1101
100 + 1 > 10 -1
100 4+ 110 > 10 + 110
100 - 11111 > 10 + 11111
100 + ¢ > 10 5+ a *

and so on.
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By such texts we introduce Lincos words that mean wvariables.
In Lincos speech words meaning variables will be distinguished
from other words by certain phonetic characteristics.

#100 + 111 = 111 + 100

100+ 1 = 1 -4 100

100 + 1101 = 1101 + 100

100 + 11 = 11 + 100

1000+ ¢ = a + 100%*
and so on.

*g + 1110 = 1110 + a
a+ 11 = 11 +a
a + 11011 = 11011 + @
e+ 1 = 1 +a
a+ b = b +a*

and so on.

Textsas those of 104 1-104 3 will be repeated using other words that
mean variables. A sufficiently large stock of such words should be
provided for.

So far no explicit attention has been paid to punctuation. In fact
we can dispense with an exposition of the means and rules of
punctuation. In speech, we mark punctuation mainly by pauses,
and we will . do so in Lincos speech as well. Pauses will be used as
Lincos punctuations. It is understood that the longer pause will
have the stronger power of separation, and the receiver will under-
stand this tacitly imposed rule.

In the printed image spaces would be the equivalent of pauses,
but such texts would annoy the reader. Russell-Whitehead square
dots are much better as long as the number of dots in one punctua-
tionmark does not exceed six. Unfortunately seven- and eight-point
marks will not be unusual in our texts; we shall even meet with
eleven- and twelve-points marks. So we have devised a variation
on the Russell-Whitehead method:

A square dot will account for 1, 2, 4 punctuation units according
as the level of its placing is the bottom, the middle, or the top of
the letters b, d, h and so on. A short vertical bar will account for
8 units, a long vertical bar for 16 units, and a long horizontal bar for
32 units. Every group of such elements represents one punctuation
mark. In each group the units are added, in order to get the
punctuation value of the corresponding mark. The separative power
of a mark will be a monotonously increasing function of its punc-
tuation value.
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We give a list of punctuations with their values:

| 2 13 "4 5 f6 17
1 8 1. 9 1710 1:11 1712 4113 1f14 .i15
116 1.17 1-18 1:19 1720 1:21 1:22 123
1024 016.2500-2604:27014°2814:-2910+4°3014531
32

We shall not use all these marks. In algebraic formulas we shall
often stick to the classical procedure (brackets with the usual con-
ventions), but this is rather a concession to the terrestrial reader.

In our system there is a great variety of punctuation marks.
So there is no need to economise punctuations, as there is in the
Russell-Whitehead system. We can also avoid another drawback
of that system and of other systems: the use of logical connectives
as punctuation marks, and artificial conventions regarding their
separative power.

Let us emphasize once more that these considerations do not
affect Lincos speech, but only written Lincos.

#101411.4+111*=+1014.11+111=.101+11+4111:
101+11.4+1"=+1014.114+1"=.1014+11+1:
101411.4+101*=+1014.11+101"=.1014+114+101:
101+11.4¢*=+1014.11+¢c*=.101+411+¢c:
1014+1001.4¢*="101+.1001+¢*=.10141001+c:
101 +b.4¢*="1014+.b+c*=.101+b+c:

1101 +b.+¢*="1101+.b+¢*=.1101+b+c:
a+b.+c="a+.b+c'=.a+b+c*

*g+b+.c+di=1a+b+c.+di=:a+b.+.c+d:i=
ta+b+c+di=:a+b.te+di=a+b+ctd*
*a>100.>.a>10"
a>1101.—».a>1"
a>1l.—.a>11%*
and so on.
*q<10.—>.a<11101-
a<110.—-.a<110-
a<lll.—.a<1110#*
and so on.

*ll<a.—>.l<a-*
10<a.—.10<a-
lll<a.—>.a>10"
a>111.—-.10<a #

and so on.
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*a>b.—>*a+1.>b:
a>b.—>a+10.>b:
a>b.—*a+110.>b *

and so on,

*ta<b.—>ra<.b+1:
a<b.—>a<.b+111:
a<b.—>*a<.b+10*

and so on.

*a=b.—>.b=a
a>b.—»>.b<a-
a<b.—>.b>a:
a>b.—>*b<.a+101%*

and so on.

*a+b.=c"—>a+b+1.>c:
a+b.=c*—>a+b+1l.>c:
a+db.=c*—>ra+b.<.c+1:
a+b.=c*—>a+b.<.c+110#

and so on.

*¥qg+b.=c*—>*a=.c—b:
a+b.=c*—>*b=.c—a:
a=.c—b.—~>a+b.=c*

and so on.

49

At 1061 the first connective with a logical meaning has oc-
curred. In order to avoid misinterpretations we have inserted texts
in which the ‘-’ could be replaced by ‘«>’. We have deliberately

not admitted texts like

10+1.=11*—»+-11+4+1.=100:
104+1.=101-—+114+1.=100:
10+1.=101"—-+11+10.=100:
1+41.=10*—>+a+b.=.b+a

and so on. Such texts are meaningless for any receiver who is not

acquainted with the formal use of implication.

*a>11.—-:6>10.—>"a+b.>110"
a>c.—>:b>d.—>a+b.>.c+d’
a>b.—»"b>c.—.a>c"
a=c.—~>:b=d.—>*a+b.=.c+d"*
a=b.—»>*b=c.—>.a=c*

and so on.
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*0>100.<.a>100:
a>100.<>.100<a:
a>b.<.b<a:
a>b.<ora+1.>.b41:
a>b.<a+c.>.b+c:
a+b.=c*ora=.c—b*

and so on.

*g=b.>.c=d"—>:ic=d.>.a=b"—>"a=b.<>.c=d *

The tautology p —>¢.—>*¢—>p.—>.p<-q has been stated in an
exemplary way. As long as we have no words that designate pro-
positions, this will be the way of formulating tautologies.

#1+£10.1%#£11.1%100.1-110111.
10#1.10%#11.105£1010.
11#1.11#10.11#111.
1101%11011.1105£111.111010-1100 *

and so on.

*a>b.—>.a#b"
a<b.—>.a#b*
a#b.—> a+c.#.b+c*

and so on.

We try to avoid formulas that no longer hold true when the
domain of the variables is extended.

*a>1.v.a<10"
a>10.v.a<1l"
a>111.v.a<1000"
a>1l.v.a<l1l-
a>10.v.a<100-
a>1110.v.a<110001 #

and so on.

*a#101.—>a<10l.v.a>101:
a#b.—> a<b.v.a>b:
a=b.v.a<b.v.a>b:
a=10.v.a=1001.v.a=111"—.a<1011:
a=10.v.a=1001.v.a=111-—.a>1:
a=10.—»a=10.v.a=111#*

and so on.
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1093, *a=b.—»>'a=b.v.c=d:

1101.

1102.

1111.

1112,

1113

1114,

a=b.v.c=d*< c=d.v.a=b:

a=b.v.c=d-<ra#b.—>.c=d"

a=b.v.c=d'v.e=fi<>ia=b.vie=d.v.e=f"

a=b.v.c=d*v.e=f:<ra=b.v.c=d.v.e=f*
and so on.

Exemplary tautologies. See 107 2.

#¥1<1.1510.1<11.1<10101.
10<10.10=<11.10111.
11511.11<11011.
1=21.10=21.11=1.1100=1.
10=10.111=10.
1110=>101 *

and so on.

*a<b.<>a=b.v.a<b:
azb.<a=b.v.a>b:
asb.v.a=b+

and so on.

*a=111.->.a=10:
=111.-.a<11001:
a=111.-5-a=10.A.a<11001:
a=10.A.a<11l*<>-a=10.v.a=11.
v.a=100.v.a=101.v.a=110.v.a=111%#
and so on.

*a=111.w a<1ll.A.a=111:
a=b.<a<b.A.bZa*
and so on.

Fa<111.A.0510—>+a+5.<1001:
a>110.A.6=10"—+a+b.>1000:

asb.A.cEd —ratc.<.b+d:
a>b.An.c=d—>at+c.>.b+d*
*a=b.A.c=d*—.a=b"
a=b.Ar.c=d > c=d.r.a=b"
a=b.A.c=dr.e=fr<i1a=b.rc=d.re=]"
a=b.r.c=dre=fi<ia=b.r.c=d.A.e=f"
a=b.—>.e=f"rc=d.—.e=f:—>ia=b.v.c=d*—>.e=f"
a=b.—>.c=d-rc=d.—>.e=fi—>a=b. >.e=f"
a=b.—>'c=d.>.e=fi<v:a=b.r.c=d*—>.e=f*
and so on.
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*?2.2+10=111-
z+10=111.—».2=101"°
1x:a<b.A‘z+a.=b"
a<b.rz+a.=bi—>z=.b—a*

and so on.

In symbolic logic little attention has been paid to sentential
forms other than propositional ones. Problems and questions,
though indispensable in mathematics and life, cannot be forma-
lized by the usual symbolic methods. The philosophy that mathe-
matics is rather a stock of true propositions than an art of dis-
covering is responsible for this omission.

We have introduced a word written as an interrogation mark
in order to formalize questions.

#* %2 2+101.=11%*
and so on. No answer is given.

*11-1.=10:
11-10.=1:
11-11.=0:

11-100.=.—1:
11-101.=.-10:
11-110=.-11:
11-11001.=.—10110:

11101 -1101101.=.—1010000 *

"'a—a.=0'
a<b.—»>:a—b="—.b—a*
and so on.

*lxx4+a.=b:
rz+a.=b*—>x=.b—a*
and so on.

#10+11 =101:
1+11.=100:
0+11.=11:
—1,411+=10:
—10.4+11-=1:
—11.4+11=0:
—-100.+11+= -1+

and so on.



CH. I]

113e.

1137.

113s.

1139.

1141.

1142

MATHEMATICS 53

* —100.+11*=.—1:
—100.4+10+=.-10:
—100.+1*=.—11:
—100.4+0°=.—100:
—100.+.—1-=.—-101:
—100.4.—-10"=.—110*

Of course different words must be used for the “‘minus” operating
on one object (in —a) and the ‘“minus’ operating on a pair of
objects (in a—b).

Addition and substraction laws for integers will be developed
in detail by the method of quasi-induction. We omit these texts.

#0#£1:0£10:05411:0£1101:
—1.#02—-1.#1:—1,#10:—1.%#£11101:
—10.£0:-10.5%101:
—100.5.—1010 #

and so on.

# -10001.<.—-100,<.—11.<—-10.<0<1<110#*

*a<b.<o*—b.>.—a:
a>0,<"—a.<0:
a>b.<*a—b.>0:
___a-=a*

and 8o on.

Some earlier formulas will be repeated in order to suggest that
variables now range through the system of all integers.

#101x1=101.
101 x 10=1010.
101 x 11=1111.
101 x 100=10100.
101 x 101 =11001.
101 x 1010=110010 *

and so on.

#101x0=0"

101 x.—1=,—101"

101 x.—10=.—1010"

101 x .—1010=.-—-110010 *
and so on.
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*ax0=0:
ax.bt+le=-axb.4+a:
ax.b—1l=-axb.—a*

and so on.

¥*axb=bxa:
ax.bxc=axb.xc=.axbxc:
at+b.xc =*axc.+.bxc*

and so on.

For the convenience of the reader of written Lincos we shall
now adopt the habit of omitting the multiplication sign and of .
ustng brackets in algebraic contexts.

*ab=0.<'a=0.v.5=0"
ab#0.<>a#0.A.0£0"
ab>0.<:1a>0.A.6>0"v'a<0.A.b<0"
aa=0*

and so on.

1z.112=110-

11z=110.—».2=10:

22.112=1100"

112=1100. —.2=100:

?2.112=100-

112=100.—.2=100/11 *
and so on.

. *F11x=100.<.1102=1000-

lOO/l 1= lOOO/llO =1100/1001 =11000/10010
=(—100)/(— 11)=(—1000)/(—110) *
and so on.

*lzra#0.Aax=0:
a#0.n.ax=b"—>.x=>bfa*

. *ar=b.—.cax=ch"

c#0.—.bla=(ch)/(ca) *

. *all=a*

5. % 110/101.>0-

110/(—101).<0-
ab>0.<>.a/b>0-
ab<0.<>.alb<0*
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In an analogous way arithmetics of fractions will be exposed in
all necessary details.

#1100/10=110.
110/10=11.
11/10=1,1.
1,1/10=0,11+

and so on.

*1/10=0,1.
1/100=0,01.
1/100000 = 0,00001 *#

and so on.

# 1,101101 = 1+ 1/10-+ 1/1000+ 1/10000 + 1/1000000 *

and so on.

#1/11=0,01010101 Ete.
1/101=0,0011001100110011 Etec.
1/110=0,001010101 Etc.
1/111=0,001001001001 Ete.
1/1001=0,000111000111000111 Etc.
10/11=0,1010101010 Etc.

1000/11 =10,1010101010 Ete:

(1000/11) — (10/11)==10,101010 Etc.—.0,101010 Etc-—
10,0000 Etc=10:

11/111=0,011011011011 Ete.

(11/111)— (1/1001) =0,010100010100010100 Ete.

(11/111) + (1/1001) = 0,100010100010100010 Ete.

10(11/111)=0,110110110110 Etc.

This is an important step. A Lincos word meaning “‘and so on”
and written Etc is introduced. I doubt whether it could be done
at an earlier stage, if we wish to avoid ambiguous interpretations.
The child that computes its first periodic fraction faces infinity.
By showing periodic fractions we get the most natural opportunity
of introducing ‘Ete’.

‘Ete’ is to correspond to the of common mathematical
language. Note that ‘Etc’ should not be confused with the meta-
textual “and so on”.

A few examples will illustrate the use of ‘Etc’.

X3 kb4
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1165 *1+10=0,1x10x11.
1+10+11=0,1x 11 x100.
1+10+11+100=0,1 x 100 x 101.
Ete.
1+10+11+Ete+(a—1)+a=0,1xa(a+1) *

1166. *a%=1.
al=aa%=a.
all=qql=aa.
all =aa%=aaa .

Etec.
arl=qga"=aa x Etc x a:
a—"= l/an #

1167. *a+#1.—.1+a+a%+all+Ete+an=(1—-ar1)/(1—a)"
—l<a<l.—>.l+a+al%+all+Ete=1/(1—a)*

1171. *1eNum.10eNum.1leNum. 100 Num. 101 € Num. Etc *
OcInt.leInt. — 1€Int.10€Int. —10€Int. 11 €Int. Ete *

The Lincos word written Num (fL1) numerus) means ‘‘natural
numbers”. The Lincos word written Int (fL integer) means ‘‘in-
tegers”. Words designating sets have been introduced when at last
two sets can be shown. As a rule we shall not name a particular

kind of thing unless things not of this kind are known.

1172. *aecNum.<'a=1.v.a=10.v.a=11.v.a=100.
v.a=101.vEtec:
acelnt.<+a=0.v.a=1.v.a=—1.v.a=10.
via=—10.v.a=11.v.Etc *

1173. *aeNum.<-aelnt.An.a>0"
acNum.-—»>+a+41.€¢Num”
acInt.<>:a+1.€eInt*r-a—1.€Int”
acelnt.<+ —a.clnt"’
aeNum.A.beNum+*—>+a+b.eNum”
acNum.A.beNum:—>:a—b.eNum-*<.a>b#

1) “fL” means “from Latin”. Most written Lincos words are abbreviations of
Latin words or word-groups.
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1181. *z/l.eInt*<+*2=0.v.z=1.v.z=—1.v.Etc:

2/10.€Int*«+-2=0.v.2=10.ve= —10.v.Etc:
z/1l.eInt*-+2=0.v.z=11.v.z=—11.v.Etc:
Ete*
z[l.€Int-A*2z/10.€Int- A 2[11.€Int
< z=0.v.2=110.v.2=—-110,v.Etc"
z/l.€Int-A-z/10.€Int*A-z/11.€Int*A-2/100.€Int:
< 2=0.v.2=1100.v.z= —1100.v.Etc"
Ete*
z[l.€eInt-A*2[10.€Int-A-z[11.€Int A-2/100.€Int- A"
z[101.eInt*A*Etec: <>.2=0:
a=1.-»>-zfa.cInt:A:a=10.->"z/a.cInt:
Ata=11l.—>"zla.cInt:r:Etc”
<:aeNum.—>-2zfa.€Int.
z[l.eInt-A*2/10.€Int*A-2/11.€Int A~ Ete:
<" Aa:aeNum.—>-z/a.cInt:
Aa:acNum.—> zfa.€Int” <. 2=0%

A connective written A and meaning “for every” has arisen
from an infinite conjunction. This seems to be the most natural
way of introduction. Some phonetic resemblance between ‘A’ and
‘N’ would be desirable.

Texts such as

*g=1.-.019>0*Ar"a=10.—>.a19>10"r-a=11.
-—)-al°>0'/\'Etc=
Aa*acNum.—>.al®>0 *

could hardly serve to introduce ‘A’. Remember we have always
been considering

aeNum.—.al>0

as a (true) proposition. This means that we have tacitly agreed to
generalize over free variables. (It would be difficult to avoid this
convention.) If we should start with the last program text, the
receiver would not understand why we at once add the word
written ‘A’, and he would be unable to guess its meaning. We
are obliged to introduce the word written A by means of a pro-
position, in which it is not syntactically superordinated to the rest
of the proposition. Upon this point of view we choose our example.
After this we are allowed to superordinate the connective written
A to a whole sentence too.
It is advisable to give more examples:



58

MATHEMATICS [om. 1

1182. *0¢Num:—1.¢ Num-—10.¢ Num- —11.¢Num+

—100.¢Num*-Etc-11/111.¢ Num-—111/10.¢ Num - Etc "
a¢Num.<a#l.A.a#10.A.a#11.A.a#100.A.Etc*
a¢Num.>:z=1.—>.a#z" A 2=10. >.a#2"

Ax=11.>.a#2 A 2=100.—>.a#z-Ar"Etc’
a¢Num.o: Az-zeNum.—>.a#x *

1183 * Ax-xaéa.v.x;éb;».aaéb*

1184, * Ax-Etc.x.Ete:

1185,

118s.

1187.

—>:Etc.0.Etc-A-Etc.—1.Ete-A-Ete.100. Etc -
A*Etc.1001/100.Etc-A-Ete”

Az*zeNum.A.Etcx Ete:
<>*Etc1Etc.A.Etc10 Etc. A.Etc 11 Etc.A. Ete”®
Az*zeInt.A.Etex Etes

<>*Etc0Etc.A.Ete 1 Etc.

A.Etc—1Ete.A.Etc 10Etc.A.Ete”
Az Etc.z.Etc:<>: Ay-Etc.y.Ete *

*a=1l.A.2=10a"v-a=10.A.2=10a"
via=11.A.2=10a*v*a=100.A.2=10a-v*Etc:
<'acNum.A.2=10a"
2=10x1.v.x=10x10.v.z=10x11l.v.2=10x 100.v.Etc"
<:1VaraeNum,Ar.z=10a*
A connective written V and meaning “there is a” has arisen
from an infinite disjunction. The case is entirely analogous to that
of 118 1.

Fy=l.anx=yl0evy=10. A x=yl0voy=11.A.2=yi0
vy=100. A x=y0-v-Etc: < -yeNum.r. z=y10"
z=1.v.x=100.v.2=1001.v.2x=10000.v.Etc:<>:
VyryeNum.A.z=y10;
y=0.Ax=y0vry=1, A 2=y0 viy=—1.A.x=y20"
vy=10. A x=y0-v y=—10. A .x=y20-v-Etc:
< yelnt.a.x=yl0"
x=0.v.x=100,v.2=1001.v.2=10000.v.Etc*
<:Vyryelnt.A.x=yl0#
The last example is to prevent the misinterpretation that the
‘V’ would meand “‘there is one”’.

#Vrx=a.Ax=b:—>.a=5b%
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* Vz-Etc.z.Ete: > :Etc.0.Ete*v*Etc.1.Ete* v

Etec.—1.Etc*v-Etc.101.Etc*

v+Ete.10/111.Ete-v+Ete.—101/11.Ete* v Ete"
VzrzeNum.A.Etcz Etc:

<>*Ete1Etc.v.Etc10Ete.v.Ete 11 Ete.v.Ete”
Vzrzelnt.a.EtcxEte:

<*Etc0Ete.v.Etc 1 Etc.v.Etc—1Etc.v.Etc 10 Etc.v.Ete"
Vz:Ete.z.Ete:<>: Vy-Ete.y.Ete *

aclnt.A.belnt.A: Az zelnt. - .29+ 10ax+5>0"
—>i12=1.—.219410a24+b>0"
A2=10.—-.220+10a2+b>0"
AEteraz=—a.—».2194-10a2+b>0¢
aclnt.an.belnt.at Az zelnt. —» .20+ 10ax+b>0"
—.b>al0¢
aclnt.an.belnt-
—>Nerzelnt. .29+ 10a2+b>0"—.b>al0*
aelnt.A.belnt.A.b>al%—" Ax:xzeInt.
— 210+ 10az+b>2104+10ax+al0=(z+a)l0=al0=0"*
aclnt.a.belnt-
—>ib>al0, > Azx:zelnt.— 210+ 10ax--b>0°

aclnt.A.belnt-
—>ib>al,. <" Nrixelnt.—>"2194-10ax+b>0 *

1192, #*aeNum.—:Vz-zeNum.r.a=zx10=10a *

1200.

1201,

A few new words are introduced, in order to provide for a larger
stock of sets.

#10Div10.10Div100.10Div 110. Etc-
11 Div11.11Div110.11Div 1001.Etc"
100 Div 100. 100 Div 1000.Etc*

1011 Div1001101.Ete"
10Diva.<>+a/10.eNum:

11 Diva.<>+afll.eNum:

Etc:
bDiva.<:beNum.A-afb.cNum.
aeNum.—-1Diva.Ar.aDiva *

The word written Div (fL dividit) means “divides”.
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#10ePri.11€Pri. 101 €Pri. 111 €Pri. 1011 €Pri. Ete*
1¢Pri.100¢Pri.110¢ Pri. 1000¢ Pri. 1001 ¢ Pri. Ete "
acPri.<>*a=10.v.a=11.v.10l.v.a=111.v,Etc?
10#a.A.10 Diva*—.a ¢Pri:
11#a.A.11Diva: —.a¢ Pri:
100s£a.A.100Diva*-—.a¢Pri:

Ete:

b#a.Ab#1.A.bDiva*—.a¢Pri?
acPri.—:bDiva.—>"b=a.v.b=1%
acPri.—"Ab:bDiva.—>"b=a.v.b=1*
acPri.<>.a—1.€eNum* A" Ab:bDiva.—>'b=a.v.b=1*

The word written Pri means ‘‘prime numbers”.

*geNum.—.acInt*
NumCInt:
acPri.—~>.aecNum-
PriCNum:
acPri.—.aclnt*
PriCInt:
aeNum.—>.acNum-
Num CNum:
acPri.—.acPri-
PriCPri:
IntCInt:
Num D Pri.
IntDNum.
IntDPri-
PriCNumClInt.
Int DNumDPri-
Pri=Pri.Num=Num.Int=Int *
*AaiaeAd.<>a=11.v.a=111.v.a=10011"—. A CPri}
Na:ae B.<>a=11.v.a=111.v.a=10011"—.BCPri}
Niaed.<>a=11.v.a=111.v.a=10011"—.A4 CNumi
Na:acAd.<>a=11.v.a=111.v.a=10011"—.ACInt}

Naiacd.<>a=100.v.a=101.v.a=10000"—>.A4 CNum

Niaed.<>a=100.v.¢=101.v.a=10000"—.4 ClInt:

MNiaed.<>a=—11.v.a=101.v.a=0"—.4AClInt *
and so on.

¥ NaracAd.—>.acPriz<.ACPri°
N aePri.—~>.acA:<.PriCA"
Na-acPri.<>.acAd:<.A=Pri+
and so on.

[cH.
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*peNum.—>"Na*acAd.<.aDivb: ->.AClInt:
beNum.—>"Aaacd.<.bDiva:—.ACInt:
NiacA.<aclnt.n.a>111"—>.ACNum +

and so on.

*NaiacA.<>a=—1.v.a=111.v.a=1000"A"
N aeB.<a=—1.v.a=0.v.a=1.v.a=111.v.a=1000.
—-~.ACB:¢
ANaracA.<.aDivec:a: NaraeB.<>.aDivd:rA.ceNum”
—-ACB.<.cDivd *
and so on.

#ACPri.—~>ACNum-*Etec *

#2x-210=10.A.2>0:
210=10.A.2>0"—.z=)10:
/10 =1,0110101000001 Etc:
tx.xl0=—1:
0= 1. 2=1.v.x=—1 #*

* =100 x (1—1/11+-1/101—1/111+ 1/1001 — Etc).
e=1+1/1+1/1041/(10 x 11)4-1/(10 x 11 x 100) +- Etc.
el0=1+4-10/1+-100/104- 1000/(10 x 11) - 10000/(10 x 11 x 100) -

Ete *

Of course 7, e, @ are constants with the usual meaning. In written
Lincos we shall not try to distinguish such constants from variables
by typographical characteristics. In Lincos speech they will be
carefully distinguished by phonetic means.

#0cRat.leRat. —1eRat.10eRat.Etc-
1/10e Rat.—1/10e Rat.101/11 € Rat.—1010/1011 € Rat . Ete*
Y10 ¢ Rat.n¢ Rat.e¢ Rat.el¢Rat-111)10—1.¢Rat-
w+e.¢Rat-1117—0,1e.¢ Rat-10)10—0,01 w+el0.¢Rat -
t¢Rat.wi¢ Rat-114-10¢.¢ Rat-Ete *

*acRat. <" Vb: Ve belnt.an.ceNum.r.a=bfc *
The word written Rat (fL numerus rationalis) means ‘“rational
numbers”.

*gcRat.n.beRat* >:a+b.cRat*a~a—b.cRat-a*ab.cRat’
acRat.n.beRat.A.b#£0-—-a/b.cRat *

*zreRat.an.20eInt* —.xzcInt:
zeRat.a.2lelnt-—.zelnt *
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aclnt.—.acRat*

Int CRat:

aeNum.—acRat*

Num CRat:

PriCRat:

Rat D Int D Num D Pri:

ACInt.—.ACRat*
Na'acd.<:VerzeNum.r.a=2/11.— .4 CRat?
Na"acA.«<:Verzelnt.n.a=1/z:—>.ACRat |
ACRat.A:Aa"aeB.<: Vx-xeA.A.x1°+x=a=—>.BC"Rat *

#*0cRea:l1cRea:—10.cRea:111/11.cRea:)/10c Rea:
neReaiecRea:el®c Rea:11)/10—101 +0,1we.cRea: Etc:
110,101001110110001 Etc.eRea: Etc:
t¢Rea:111—117.¢ Rea: Etc:
acRea.An.beRea.A.b#0"—.a+bi.¢Rea:
acRea.r.beRea' >+ a+bi.cCom #

The word written ‘Rea’ (fL numerus realis) means ‘“‘real num-
bers”. The word written ‘Com’ means ‘‘complex numbers”’. Though
arithmetics of real and complex numbers have not yet been dealt
with, we may venture to give a list of examples in which sums and
products of real numbers occur. In similar light-hearted fashion
we write down infinite sums, though limits have not yet been
defined. Every one of us knew real numbers and limits long before
he learned an exact definition of these notions.

*acRat.—>.acRea-
Rat CRea:
acRea.—.acCom:-
Rea C Com:
acPos.<>*acRea.r.a>0:
PosCRea:
Com D Rea DRat D Int D Num D Pri:
ACRat.—.,ACRea.
NatacA.<>"acRea.r.a¢Rat’—.A4A CRea*

The word written Pos means ‘‘positive real numbers”.

# 0,1101010001 Etc
40,1011010010 Etc
=1,1000100 Etc :

1,00100111101 Etc
+0,10011110010 Etc
=1,110001 Etc:
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a=0,101.A.56=0,00010101 Etc. ->.(a—b)+ b=
0,1000101 Etc
+-0,00010101 Ete
=0,10011111 Ete
=0,10100000 Etc
=0,101 *
and so on.

A typical difficulty met with in computations with infinite
fractions has been shown. This was quite unavoidable. In intui-
tionistic mathematics it is not true that every real number can
be developed in an infinite fraction.

11,01010010<11,01010010Etc<11,01010011:

—11,01010011 < —11,01010010 Ete < —11,01010010:
0,100101111<0,100101111 Ete<0,10011.

acRea.A,neNum-*—"Vb:Ve-beRat.r.ce Rat.
Ac—b<10”. A bZa<c.

zeRea.n.yeRea.r,acRat.A.beRat.r.ceRat.A.de Rat.
Aas=x=b.AcSysdr—>.atcsz+ysb+d.

1,0110101000001 < y/10<1,011010100001 :

10,1101010000010 < /10 +}/10 < 10,110101000010 *

*xeRea.r.ycRea.r.acRat.r.beRat.r.ce Rat.A.deRat.
AO=Saszrsb.A.0=Scsy<d'—>.acszy<bd:
1,11111111111110101010000001 <}/10 x /10 <
10,000000000001000101000001 *

*xeRea.rn.yeRea* >.2<y.
<" ANazacRat.r.a<sz —>.a5y!
zeRea.A.yeRea' > 2=y. .2y *

By 1 23 4-1 23 6 real numbers as well as their sums and products
(for non-negative factors) are formally defined. The definition,
which is essentially Dedekind’s, fits into intuitionistic mathematics
also. It does not rely on infinite fractions.

The remaining portion of real arithmetics should be dealt with
in an analogous way.

We do not dwell on complex numbers and their arithmetics as
they do not cause any difficulty.
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1238 *acRea.Ar.beRea*—"a+b.cRea*Ar"a—b.cRea-Arrab.cRea-

Atb#0.—>a/b.cRea.
acCom.Ar.beCom*
—>"a+b.cCom*Ara—b.cCom*Ar-ab.cCom*
Atb#£0.—>a/b.ecCom:
acCom.A.beCom.A.ceCom.A.a+#0-"
—>:VarzeCom.A.axl0+bx+c=0.
acRea.r.beRea.A.ceRea.An.a>0" .
—>"VarzeRea.A.ax04-br+¢c=0:<.b10—100ac=0 *

1239, ¥ \g-zcd..asxsbir: Nz zeB.<>.csx=d:

rtacRea.A.beRea.An.ceRea.A.deRea.A.a<b.A.cZd’
—>"ACB.<¢cZa.r.bd:
Neized.ozeCom.Ar.2>0"—>.ACRea *

124 0. In accordance with our general policy sets and relations between

sets (or classes) have preceded the appearance of the word “‘set”.
Of course we cannot formally tell what sets are. Even in axiomatics
of set-theory we learn no more than how to expand a given stock
of sets.

We shall teach the same thing, but we are bound to do it in a
less formal way. The working of axiomatic systems has always
been explained within highly developed meta-languages, whereas
for the present we do not know any Lincos word that we could use
if we were tempted to speak about the mathematics we are showing.

Set theory as such is not very important in our program, but
as a tool it is indispensable. We have tackled this subject in
traditional fashion. One point that should be mentioned, is our
adoption of Quine’s “‘a € a” for one-element-sets a.

In the Introduction we explained why the design of a language
like Lincos should be so liberal as not to impose opinions and
convictions by means of linguistic devices. Our attitude towards
the foundations of set theory and of mathematics has been largely
determined by this policy. No solution may seriously be excluded
by peculiarities of Lincos. As a consequence we cannot yet tackle
the set-theory paradoxes nor try to devise means of avoiding them.
At a more advanced stage of Lincos we can start dialogues between
representatives of different thoughts, in order to give an impartial
account of the various solutions. Nevertheless we cannot avoid
taking a few decisions even at this early stage. We are still free to
abrogate them as soon as it becomes desirable.

We have adopted Quine’s a € a for certain one-element-sets a,
but this is a mere convention without serious consequences. We
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have adopted a name (Agg) for “sets’ (classes), though only after
much hesitation. A name is useless if it is not subjected to syn-
tactical rules, which may anticipate certain solutions and exclude
other possibilities. The question may be raised whether the adher-
ence of Num to Agg is of the same kind as that of 3 to Num, or
whether it is so different as to justify the use of a new copula in-
stead of ‘€’. We have decided to write Num € Agg provisionally.

Introducing ‘Agg’ in this way commits us to indicating a few
entities not belonging to Agg, if we are to stick to our general
principles. We could state A ¢ Agg for some sets 4 which give
rise to the well-known set-theory paradoxes (e.g. for Agg itself).
It should be noted that there is not much sense in this kind of
statement unless it serves to kill the paradoxes. As far as I can
see adopting 4 ¢ Agg for such sets A4 is as dangerous as admitting
A € Agg, if the paradoxes are not prevented by other means. If
we wish to exclude 4 € Agg, we should do it by syntactical means,
i.e. by asserting that it is void of sense. At present means of this
kind are not yet available.

We therefore decided to indicate predicates (relations) and
connectives like ‘Div’ and ‘A’ as things not belonging to Agg.
T believe this is a honest solution because the average mathemati-
cian, when asked for instances of non-sets, is likely to answer in
the same sense. I admit it is rather unsatisfactory because it implies
that expressions like Div € Agg are meaningful (though false). Of
course no meaning may be attached to x € Div and so on; other-
wise Div would be equal to the void set.

Some expressions void of sense will be mentioned in 1 36 3.

. *NumeAgg.Inte Agg.Pric Agg.Rat € Agg . Com e Agg :

101 e Agg: —10.€ Agg-11/111 e Agg-)/10e Agg i e Agg* Etc :
DivegAgg. + ¢ Agg.>¢Agg. N¢ Agg . Etc ¢ Agg . Ete #

The word written Agg (/L aggregatum) means “sets’ (“‘classes”).

12492 #* Aa.acA.<"acCom.a:Vb*beNum.r.a=11+bs'

—~.AeAggl
M xeB.<txeRat. A 111210—102+0,1.€ Num:
—.BeAggl
Na*aeC.<:aePri.nta+10.ePrii—.CeAggl
MineN.<*neNum.r:Vr" Vy:Vz:
zeNum.A.yeNum.Ar.ze Num.
/\.x”+1°+y"+10=z”+10 ' —>.N€Agg *
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1243.

124 4.

1245.

124 .

12471,

1251,

125 2.

125 3.
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*2€101l.<>.2=101:
acCom.—> z€a.<>.x=a:
acd.—>.acAgg*

* Num ¢ Num . A. Num = Num - Ete*?
Pri¢ Num.Com ¢ Rat . Int ¢ Rea . Ete*
Naiacd.<>a=11.v,a=101"
A" NaeB.<a=11.v.a=101.v.a=0:
—>+11€B.A.101€e B.A.A¢B.A.B¢B*

* Naiacd.<a=0.v.a=1"

A NaaeB.<.a=0:A" Nx:xe€C.<>"2=A.v.x=B
—>*A#B.A.B#£C.A.A#C.A.A¢ A,
ANA¢B.A.AcC.An.BeA.A.BeB.A.BeC.
ACEA.ANCEB.A.CECH*

* Ng:xeC.<z=Pri.v.z=Num.v.z=Int"

—-PrieC.A.NumeC.A.InteC.A.C#Pri. n.C#Num.

A.C#Int.A.1010¢C *

*VC-CeAgg.n.PrieC:
NeszxeC. <. xz=Pri:—.CecAgg.
N zeC.<>.2x=Pri:«.C="Pril.
AeAgg. > " NerxzeTA . <>.x=A:nTA e Agg.
ze Tzl
yezl. .=y *

fcH. 1

The connective ™7 transforms a set into a one-element-set

containing just the given set as an element.

*ACB.<>: Nx*x€A.—~>.xe B’
ACB.<.BDA"
ACB.A.BCC-—.ACC"
A=B.<:Nx*xcd.<.xeB"
A=B.<"ACB.A.BCA*

* Naia€d.<>*a€Pri.An.10Diva”—.4 =101
NazacA.<>acRat.n.a<y10" A"
AaiaeB.<-acRat.n.a<y10.—~.A =B}
Niaed.<>"acRea.n.—l<a<1"a:
N"aeB.<>:Vx xecA.r.xll=a*—>.A=B*

*ACNum.A.led-aA"Ax:izecd. > 2+-1.€¢d.—>.A=Numi

ACInt.A.led AN zcAd.—>:x+1l.€¢Arx—1.€ 4"

—>.A=1Int *
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126 3.

126 4.
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*Tpl=Tyl, <> 2=yt
el l=x.<: \y'yex.<>.y=x *

* Ag:acd.<acRea.n.a=11"
A" Na:ae B.<>acRea.A.a<<101;
—.AUB.=Rea*A"Naac.ANB <.11Za<101.
A" NazaeA\B-<>.a=101*

*zrc.ANB*<*xcA.r.zeB"
ze€. AU B <>"z€d.v.2ze B’
ze.A\B-<>"z€A.rn.x¢ B’
AeAgg.An.BeAgg-—>: AN B.eAgg-
A*AU B.eAgg-n-A\B.cAgg *

* NaiacAd.<+a=10.v.a=10l.v.a=—1"
<1 A=-10Ul0l1U.—-1"
A=.1U10U101*A*B=.1U0U1ll:
—+1AUB.=.00U1U10U101U111"

AANB.=1"
A*A\B.=.10U101 *
*A\A=T14
The void set.

NerxeAd.<x2=a.ve=b.v.z=c"
Aazb.Aatc.AbFC
—~>*Card.=11°%
MNeexed.<.x=a"—-Card.=1°
a#b.—>. \xixed.<x=a.v.x=b"—"Car4.=10°
Car Tx7.=1*
Car"7.=0%

The word written Car means ‘“‘cardinal number of . . .”.

*Vm-melnt.n.m=20.A.Card=m:n.x¢ A"

—>1Car. Au T2 =-Card.+1:

Vm meInt.A.m=0.Ar.Car A=m:
AtV nelnt.A.n=0.A.Car B=n:
AANB.=T1"
—:Car. AU B-=+CarA.+.Car Bi

VmemeInt.A.m=0.A.Card=m:A. BCA~
—:CarBeInt.A*0=.Car B.<.Car A4

Vm melnt.A.m=0.A.Car A=m:
ArVecnelnt.a.n=0.A.Car B=n"
—~"Car.AUB-+Car.ANB:=-CarA.+.Car B*
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1273 *n+1.eNum-Ar"Az:zecd. o zeNum.A. 1<x<n.
—.CarAd=ni
n+l.eNum-aA" Az:zed. o zeNum.A. 111 <2x<n+110:
—.CarA=ni
n+1.cNum-
AAx'zed.<o:Vy-yeNum.A 1 Sy< n. A x=y108
—>.CarAd=n*

127 4. * Car Pri=Car Num = Car Int = Car Rat
=No# Car Rea=Car Com *

1275. *Car¢Agg *
1281. *CarA=11.A.CarB=10-—.Car[4.B1=110*

1282 #4=.Ta 'UMbIUTcl-A.Card=11.
AB=."470U M1 -A.Car B=10:
—>:TA.Bl=.Ta. 4"V Ta. v’V b. 47U Tb.v U Tc. 4 U T¢c.v7*
A.Car[A.B1=11x10=110 #
Pairs of sets, especially of one-element-sets.
1 and [ 1 must not be confused.

1283 *Vm:m+1.cNum-a.Card=m"
A Vain+1l.eNum-aA.Car B=n:
—>+Car[A.B1=.CarAxCarB *

1284. * AcAgg.A.BeAgg:—>.[A.BleAgginiAvizel4.B1.
<"Va:VbracA.A.beB.A.xz="a.b7 *

1285 *acAgg.n.beAgg-—>.Ta.blecAgg:
zefa.bl..x="a.b7:
Ta.b1="Tec.dV.<>a=b.r.c=d*

1286. *TA.B1CIC.D1.<>*ACC.A.BCD:
[A.B1=7C.D1l.<>*A=C.A.B=D*

1287. *acAgg.A.beAgg.A.ceAgg —."a.b.c7eAggl
zefa.b.cl. . 2="a.b.c"|

fa.b.c'="y.v.w.<>a=u.A.b=v.Ar.c=wl
AecAgg.A.BeAgg.An.CecAgg—.TA.B.CleAgg:
A AzizelA.B.C1.

<>.Va'Vb:VeacAd.A.beB.A.ceC.A.z=Ta.b.c]
1+Car4.cNum-A-1+Car B.eNum-A-1+4+CarC.cNum:
—>.CarlTA.B.C1=Car 4 xCar Bx Car(C *

Triples of sets, especially of one-element-sets.
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129 0. Notations may be simplified:

1291. *zeRat.<:VTa.b7"Ta.b7elInt.Int1.A.0#0.A.x=0a/b}
zeRat.<:Vy yelInt.NumT.A.y="Ta.bl.A.x=a/b}
zeCom.<>:V'a.b7*Ta.beTRea.Real.A.x=a+bii
Etc:Va- Vb.VcEte" <>.Ete. V' a.b.cV Etci
xelA.B.Cl.<>:V'a.b.c'*acA.A.beB.A.ceC.

Az=Ta.b.cli
TAT=A4.<:CarA=1.A"AN"z.y'*Tx.ylelAd.A. »>.x=y!
Etc: Az Ay. A2Ete” < Ete. ATz.y.2 Ete *

1292, *x=a.v.x=b.v.x=C.v.x=d <> x=.a~b>c~d:
aeX.AnbeXrn.ceXndeX ora~b~c~d.eX:
aeX.v.beX.v.ceX.videXroa~vbvyevd.ceX*

This is to legalize a familiar use of “and” and “or’’ in common
mathematical and natural language.

1293 ¥ Azx'zecd.<w.aszx<bi<i1A=""r.asr=<b'

NraeB.<iaePri.r*a+10.€Pri.
<.B=""y:yePri.ny+10.ePri?

10VU111V1000.=*"a.a=10~ 111~ 1000:
AVUB.=:"x*2cA.v.xeB"
ANB.=:"x 2cA.A.2eB”
A\B.=:"z"z€Ad.r.2¢ B’
Fleetp, zAzt
4. B'=""z2:VTa.b'x=Ta.b”.A.acAd.r.be B}
TAV =z x=A:
A="Tx.xecA*

A set-forming connective, written * has been introduced. In an
earlier version I put a circumflex (a small quantifier of generaliza-
tion) over the letter representing the variable to be bound by set-
forming. Typographical considerations led me to put the circum-
flex over a vertical stroke before the letter.

1294, *ae:™z+Etc.z.Etc” <+ Etc.a.Etc?
AeAgg.—~>"x:xc A. A Etc.xz.Ete e Agg *

1295 #1in.eNum.—:.Car:™z-zecNum.A. l=szsn"=n’
*z+zeRat.A.x<)10:="z-zcRat.r.2<)10¢
*z+rxecRea.A.z<10l:N: "z zcRea. A.x>11"

=:Tr'xcRea.An.1l <z <101 *
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13801, #4A=.1U10U11*A.BCA:—»:B="T1~+1~+~10~11~.1U10.
~.1Ull,~.10Ull.~ 4¢
CarA=11.—"Car"B. BCA:=1000°¢
AecAgg.A"1+CarA.eNum:
—>."B.BCA-cAgg:n"Car-"B. BC 4:=.10Car4;
*B.BCr1axr1s
*B.BCT1*=TF11#+

1302 #7z.10Divz*N+*z.11Divz-
N=*2.100Divz-N-"2.101 Divz-N-Btec: =7 1:
TzrxeRat.A.2<0,1:N:TzzeRat. A. 250,01
N:Tz-zeRat.A.2<0,00l:N:Etc"=""z"xzcRat.An.2<0:
ANXXeM.<.X=A~ B~ (C~ Ete:
N M.=.An BNCnNEtci
MeAgg. > (\M.cAgg:
AAz ze.YM-<:NA*AecM.—>.2cd *

1308 *NA*AeM.<.Vrn'neNum.Ar:4=""z.nDivai
—*NM.=""z: \n-neNum.—»>.nDive =T"11
Ni*ty* Ve 'neNum.arty="2.aDives="1]
ceRea.—~> 1:(M1"yiVa*acRea.r.a<c.
Ay ="z zeRea.r.2>a1.=:"z zcRea.n.x=cl
ACB.—-"(N*""C.ACCCB:=A4*

1304, "™z+zeRea.n.z=1:U:™z'zecRea.r.xz<10:
U:itzrzeRea.A. 2 <11:U:Etc"=Rea!
AXXeM.<.X=A~ B~ (C~ Rte:
- UM.=.Au BUCUEtc!
MeAgg. >\ JM.cAgg:
ANAz ze \JM<:VA-AeM.r.xeA*

1305 *Ur."y1VmimeNum.
A=y=:¢n'0ar'*x.xDivn:=m |'=Num|
U'"B.BCA:=A%*

1311, *Y2.112=10"=10/11%
Y 210=1001.A.2>0:=11¢
YzrzeNum.A.0<y10—z<1:=1%
Yz .2 Div1100.A.2Div 10010.

A" Ay:yDiv1100.A.yDiv10010° —.yDivae =110}

Y 210=1001.A.0=<2:Div1001}
aeNum.Ar.a>1.A.a¢Pri.n"A=:"y yDiva.r.l<y:
Yz zeAd. A NyyeAd. > .x<y.<)ai
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acA.An.Card=1"—>:"x.2€ A" =ai

Y. x€Ad=a:<>.A="Tal}
Ye.EtczEte*=a:<.BtcaEte. A" Car-Tx. Etcx Etc: =11}
Ete*Yz.xc A "Ete:<"Card=1.A:Na*acA.—.EtcaBEtec *

The Lincos connective written as a ‘“‘bird” on a vertical stroke,
¥, has been used as definite article. (Originally the bird was put
over the letter representing the variable to be bound. See 1 29 3.)

These examples are insufficient. The factual use of the article
can be learnt only from non-mathematical contexts. Our general
ideas about description and the use of the article have been set
forth in 0 25. When regularly used, Yz . x € 4 cannot occur unless
Car A =1. But this does not mean that Yz .x € 4 occurs only if
Car A=1. Irregular between occurences of Yz .x e 4 are needed
if only as examples of irregular occurence.

An indefinite article will be introduced later.

As a consequence of our use of the definite article, we cannot
decide in a mechanical way or on purely syntactic grounds whether
certain expressions are meaningful or not. But this is no dis-
advantage. Lincos has been designed for the purpose of being
used by people who know what they say, and who endeavour to
utter meaningful speech.

1321. * Ax~zeRea.—>.fr=210+4112+1:

—:1f0=1.A.f1=101.Af.—1=—1"A.f0,1=10,11.
A fe—01=—0,01-A.f0,00=1,1101.A*f—0,01=0.0101.
A.feRear~Rea.a:f=+"z.210:- 112+ 1 Rea:
Ne*zeRea.n.a<x<b*
—:Vyresysd.ay=(1012—1)/(x0 +- 112+ 1)
-z, (101z—1)/(z10+11z+ 1) "z.a<z<b-
e:™z.asx<b-~Rea’
AiN2"a<z=<b.rn.zeRea-
—:Yx.(101z—1)/(zl0+ 11+ 1) "r.a=x<b-2
=(101z—1)/(210+11z+ 1)
N*rxeRea.n.asae<b-
—Car:Myrcsysd. A yl0=2104 1141711
—iVfife:rTw.asa<b-~Ty.csx=d’
At ANEra<x<h.
S fe=yr0r1Te+ 1> — 20+ 1lx+1:
Af=""z:Tyrcs=y<d.n.y0=z0+ 11+ 1 Tx.a<x=bs
jeA~B.<ifClA.B7.
AN AxixeAd.— CarTy.Tx.ylefi=11
feA~B.>"xcA.—>ifer=-"y.Tx.y e
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MNeized.—.Car:*y-y=EtczEtc.A.ye B =1}
—."z.EtcxEtc: A-cA~B:
A Yz.EtczEtc: A-a:=EtcaEte *

With the set-theory means now available we are allowed to con-
sider functions as special sets, especially a function from 4 to B
as a certain subset of T4 . B (a graphic). Yet this would not be
the point to start from. When in an earlier period of our mathema-
tical life we learned the notion of function and became familiar
with it, a function was, as it were, a kinematical law, by which
to every value of a variable, say z, corresponds one value of
another variable, say y. Whenever we use functions, this idea
predominates, even if we know some more formal definition.
Psychologically and didactically the definition of a function as a
special set would be inadequate. Nobody would grasp the sense
and the importance of the concept of function. It is even unlikely
that users of this concept will recognize any well-known idea in
the formalized definition of function, if there is nobody to tell
them what is really meant.

Perhaps it would have been better to delay the introduetion of
the concept of function, and to deal with it in the Chapter ‘‘Behavi-
our” (say after the notion “law’); for our purpose didactic argu-
ments should be more decisive than systematic ones. Nevertheless
I have tried to introduce the notion of function at this point. The
exact definition has been prepared by a number of examples that
might be multiplied ad lib. The examples are rather clumsy. but
this can hardly be avoided. For instance a text such as

NeizeRea.— Car-ty.y=2104+11z+1:=1"
Afr=2104 112+ 11—.feRea~Rea

would be of no use. Indeed, it has been our principle to avoid
implications with an always true antecedent.

The class of functions from 4 to B is written 4 ™~ B instead
of B4, in order to avoid punctuations in exponents, and ambiguities
if A and B are numbers. The “cup’’ upon the stroke is essentially
Church’s “A”. (Its typographical history is analogous to those
related in 1293 and 131 1.) It transforms an expression into a
function of the “‘cupped” variable. The ‘:’ is not a punctuation. It
is a reminder of the vertical stroke as used in some versions of
common mathematical language; after this sign the domain of the
intended function is mentioned.
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*fe. A~k <:VB-fe.A~B’
fe.x~Br<:1VA-fe.A~B"
fe.k~xr<>:1VI4.B ' -fe.A~B*

*fe.A~B—.f"=4}
fe.A~B— " f=""y:Vaxxcd.A.Tx. .y ef ¥

* i Yy'y=0~1.A:Vzrzelnt. A.n=2x+y Inti=f}
—"fe.Int~vInt asferInt~,0ULia"f=.0U1:
Ye:Yy yelnt.A.y<az<y-+1 Rea'e.Rea~Int:
Yrz.yl.x+yi[Rea.Real =f:—"fe. Rea.Real~Rea*
AATz.yTrx~yeRea.—>.fTx.yT=2+y:
Yz, 210, 1127 {Rea*c. Rea~[Rea.Real*

*o, .y =xrwy .y =y:
W, "x-y-z“=x-wz "x.y.z"=y-ws rx.y,z'|=z;
Ete #

For the convenience of the terrestrial reader we use decadic
numbers as indices. The words written w;, wy, w,, and so on mean
certain ‘“‘universal’”’ constants.

*f=-"r.x+1 Rea:nig=""2.21° Rea"
—"fg=""2.21+1:Rea:rigf=""2.(x-+ 1)10; Rea?
fe.A~B'Arge. BnCs
—>igfe. AC-ri e xed. > igf.xr="g.fx}

f=+"z.1/(x+1) Rea\Rat:r:g=+"2.(1/x)—1:Rea\Rat"
—+fg=""x.xz:Rea\Rat:rgf="z.2:Rea\Rat *

*neNum.—>:Vp-pePri.r.p2nl
N'feF.<«>:fe.Num~Pri-a.f1=10.
Af10=11,A.f11=101,A.f100=111,A.f101=1011.A.Etc}
—1Car F=1.AiVgige.Prir~Num*ariAf'feF.
—>:igf="z.2:Num-*r+fg="z.2Pril
ANifeF.< fe.Num~Pri*A.f1=10A:
ATn.2V ' neNum.,—>:fa<f(n+1).
Afn<z<f(n+1).—>.x¢Pris
—iCar F=1.A*Vg.ge.Prir~Num~*
ANfeF.—>:igf="z.2. Num*A-fg="2.2:Pril
Car A=Car B.<.V ' f.g"" fe.A~B*ar*ge. B~A-
Aigf=-Yx.x A:rifg="2. 2 Bl
No=Car Pri = Car Num = Car Int = Car Rat
# Car Rea = Car Com |
ACNum.A: An"neNum.—>:VaracAd.n.azn?
—.Card=R, *
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*14+Car4d.cNum-*a+*1+Car B.c¢Num:
—:Car. A~ B+=Car BCar4 #

*f=-Yz.20:Com:rsg="+"z.210Rea"—.g=f Rea®
fe.A~C-n.BCA:
—ig=fiB.<>"ge.B~C-r:1g=""z.fziB*
BCA.,—»>:"z.EtczEtciA: B-=+"z.EtczEtc: B *

*A=""g.0>—~11:—.infA=—11.
A=""g.0=2~11:—>.infA=—11.
A=:"a'aeRat.A.al%<10" —.infA = —)10.
ACRea.A.BCRea.A.A#-TT. A B#"1"

—1ASB.<"ANz.ylized.AnyeBr—.zsy
ACRea .A:t™b.Azb-# T7°
—"infAeRea. At A=infAZ-"b. A=b*
In an analogous way sup 4 will be defined.

r4.Be¢Agg40rd.«iAdeAgg.n.BCTA.47.
ANz.y.2liTe.y.27efTA.A.AT. - " "2.y'e B.—~>:Ty.2¢ B*
A Ty.27eB.—."x.27€ B
TA.BeAggOrd.<:"4.BeAgg}0rd.
ANy Tz.yleTA A0,
—z=y.v."x.yeB.v.Ty.27€ B
B'=:1"2z=Tz.y . Arx~y.ecRea*r.x<y:
— "Rea.B7e€AggOrd *
The word written Agg Ord (fL aggregatum ordinatum) means
“ordered sets”. The word written Agg 3 Ord means “partially
ordered sets’’.

*T4.B7¢AggOrdDed.<«>1"4. B"e AggOrd.
AMANCICCANCHFANC#TT,
ANATzyliyelCon Ty 'eBr—.xeC.
—=>:Ve:O\e.="2z."x.c e BI

B=:"2z=Tz.yl.A.x~yeRea.r.x <y’
—."Rea.B7e AggOrdDed *
The definition of Dedekind-ordered sets.

*TA.f7eGru.<>1"AeAgg.r*fe.TA.AT~NA-
AMATz Yy Tz.yleTA AT > x@y=fTz.y:
- 1Az, y.2"iTe.y.27elTA. A. AT,
> (@ y)Bz=2 (yD2).
ANCar-".x@u=y:=1"A"Car*"w.u®z=y:i=11

ANz.yl:Tz.yTelRea.Real. > frx.y .=ax+y"

—."Rea.f1eGru+

The word written Gru means “‘groups’.
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1344, % FTA.f'eGruAbe.<«-ITA.f1eCGru. A" ATz.y s Tx.yelA.47.
= flz.yl.=.fTy. 2" *

Abelian groups.

1345 *TA4.f.g7eCam.<>1TA.f1eGrulbe.
AN2izeA . A fT2.27.=2"—1TA\z.g €GruAbe.
AN NgizeAd. > gTx.2".=.9 z.2 =21
AATz.y.2 i Tz.y.2el4.4. 47,
—>rgTflz.yl.zlu=.fTglx.20.gTy.20 1
ATz.y'" Tz.y e "Rea.Rea’.
—iffe.yl.=.z+y AgTz.y'.=2zy.—. Rea.f.g7eCam|
Afz.y1" "z.y7e "Com.Com?.
—>:iffz.yl.=.2+y A-gz.y.=2xy.
—.Com. f.g7e€Cam *

The word written Cam (fL “campus’’) means ‘‘fields”.

1346. * "A.B.f.g7€CamOrd.
«ilfA.f.g7eCam.A."TA.B e AggOrd.
ANz y.zaua Tz .y eB.A. Tz u eTA AN A
ffa.a’.=a*r.Ta.u"eB:
= Tfle, 2. fTy.21 e B.A.Tg Tz.u.g "y. w1 Ye B
r4.B.f.g7eCam Ord Ded.
«'TA.B.f.g"eCamOrd.A."4.B € AggOrdDed
B=:"2z=Tx.y'.An.x~yeRea.r.x<y’
A ATz .y " Tz .y e "Rea.Rea’.
—>:fTfx.yl.=ax+y-agz.y.=ay*
—."Rea.B.f.¢g7eCamOrd Ded *

1351. #Carex™%.
SUpE*x k.
inf ex ™%,
W ExMN¥%.
Etc *

1352, *neNum.A"A=:"z-zeNum.r.z<n
—"Z.zed.z-=n(n+1)/10
iniZ.ze A .20 =n11/114-019/104-n/1103
CarA=11.A.A=Ta U B U Te1.A-fe.A~Com:
—:2.xzed.fr-=fa+fb+fci
fe.x~Comr.A="1:—:X.2€d.fr-=0i
1+Car B.eNum*A-fe. B~Com:
—>"Y.xeA.fx-=:2xe. AN B-fx:
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1+CarC.eNum-a-fe.C~Com-
AMACBCC.A*Ta7=.B\A4:
—>:2.zeB.fx ="fa+ 2. xcA.fx*

The use of the sum symbol (for finite sums only).

Finite and infinite sequences will be considered and written as
functions. For the convenience of the reader we shall often use
the customary index notation.

The definitive program will contain an exposition of Calculus.
Though we shall use Calculus in the next chapters, we have
omitted this exposition, because it cannot be our task to publish
a text-book of Calculus in Lincos. But this argument cannot
completely justify our silence in this matter. We should at least have
dealt with notations. It is a fact that the usual system of notations
of Calculus is inconsistent to a degree, especially in the field of
functions of two and more variables. It is easy to remove these
defects, but a notational system which preserves the obvious
advantages of Leibniz’s notation is still lacking. I have tried
several methods but have been so far unable to decide for any
one. I have therefore preferred to postpone the decision.

We now introduce a few words that will enable the user of Lincos
to make statements in Lincos about some kinds of Lincos expres-
sions. They are the words written

Ver (fL verum = ‘‘true’’) meaning “true’’,

Fal (fL falsum = “‘false”) meaning “false”,

Prp (fL propositio = “‘proposition’) meaning ‘‘propositions’.

Qus (fL quaestio = ‘“‘question’’) meaning ‘‘questions”,

Tud (fL iudicium = “‘judgement’’) meaning “‘truth value’’.

We shall also meet with the Lincos connective of negation,
written —.

#14+1=10.eVer:
1+1=11.eFal:
a+b=b+a.eVer:
Afa.bl.a+b=b+a+*eVer:
a+b#b+a.cFal:
leInt.e Ver:
1¢Int.eFal:
y/I0eRea.eVer:
yT0eRat.eFal:
Rat CRea.cVer:
ReaCRat.cFal:
Etc *
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*aecA.eVer-<+a¢d.eFal:
acA.eFal-<«>+a¢ A.eVer*
M neNum.—>:Vp-pePri.Ar.p=nieVer*
Vo 'neNum.A: Ap*pePri.—>.p=n ecFal*
Etc #

Some people might feel shocked by the use of the ‘e’ in such
sentences, though I think it to be relatively harmless. Propositions
have not so far occurred as elements of sets. We are therefore
free to use the ‘e’ after a proposition as here. It would be more
risky to admit ‘Ver’ and ‘Fal’ as elements of sets (especially ‘Ver
€ Agg’ and ‘Fal € Agg’).

We need not be afraid of the paradox of the liar and of other
paradoxes. We have not yet dealt with human behaviour. We have
not spoken about acts, nor even about the acts of pronouncing,
proving and refuting propositions. In due course we shall learn
that by behaviour rules some kinds of human acts are forbidden.
One of these forbidden acts might be the famous act of the liar.

Note that our lexicological and syntactical apparatus does not
suffice for a treatment of Lincos syntaxis. If we wish to pronounce
both “z is an integer’’, and ““z is a variable” in a common context,
we are obliged to invent some means of distinguishing either
between the two “z’-s or between the two copula.s (The first
way out has become classical.)

*peVer.—>.pePrp-
peFal.—>.pePrp-
10 - 1001.¢ Prp-

acDiv.¢Prp-

r¢=.¢Prp-

+AeE—>.¢Prpe

VNumze1l0.¢Prp:
Card#1.>""z.xeA € B:¢Prp.
CarAd#1.—»>""z.2€A*Divb:¢Prp.
Card+#1.—>""z.xeA-=11:¢Prp.
feA~B.rn.a¢ A —>:Ete.fa.Ete-¢Prp”
Ete*

VereInt.¢Prp-

Ver ¢ Fal. ¢ Prp*

Ete *

#%7.2cRea.A.219=10:¢Prp°
2«xzcRea.A.210=10:€Qus:
2 zeRea.A.210=10:eQus "€ Ver.
Ete *
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1365 *peVer.<«.Iudp=Ver-
peFal. <« .Tud p="Fal #

1366. p<>.peVer-
p<>.p¢Fal-
—p.<.peFal:
—p.<.p¢Ver:
—.14+1=11-
—.Rea CRat:
acd.o"—.a¢gd:
a¢d.<—.acd*

1367. *pag.eVer-<«+peVer.n.peVer:
pArg.eFal-<-peFal.v.geFal:
pvg.eVer*<peVer.v.qeVer:
pvqg.eFal+<-peFal.rn.geFal:
p—>q.eVer-<+peFal.v.qgeVer:
p—>g.€Fal- < peVer.n.geFal *

1368 * .pAg <" —p.v.—q:
APV ST PLAL g
P—>qr<>"—pP.vq:
p<>.—m—p*

1369. * —wVe'neNum.A: Az zePri.>.2<n*
M neNum.—»"—: Az z2zePri. >.2<nt
—*Ax.EtexEte: <>: Vz* — . Etcx Ete :
—*Vz.Etex Etc: <: Az* — . Etez Ete *

[cH. 1
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CHAPTER II
TIME

Again we start with ostensive, ideophonetic signs, the so-called
time-signals. They are even more ideophonetic than the peeps
(written as dots) we used in Chapter I to introduce the natural
numbers. While the peeps showed and meant arithmetical units,
the new signs will not mean anything but themselves. So they can
hardly be called words.

The new signs are radio-signals — time-signals — of various dura-
tion and wave-length. They are written as horizontal lines.

# Dur =Seca ¥
and so on.

The ‘a’ as it stands does not belong to our program text in the
proper sense. It is a meta-text variable, used as a substitute for a
Lincos constant. Generally Gothic letters will represent such sub-
stitutes.

Eventually this ‘a’ should be replaced by a Lincos word meaning
a positive real number a such that the sentence

“The duration of the factual time-signal indicated by the
horizontal line is of @ seconds”

is true.

The Lincos word written Dur (fL duratio=duration) means
“duration”. Syntactically it is to be handled as a function to the
set of durations. The domain of this function is not exactly the
set of time-signals. It is much broader, but at this stage it would
be unwise and even impossible to circumseribe it in a too definite
way. This is symptomatic of many functions we shall deal with.

The Lincos word written Sec means the time unit second.
Syntactically it behaves as a function from ‘Pos’ to the set of
durations. So it is a paradigm of Lincos syntaxis for physical
units. ‘Cmt’ and ‘Gra’ (centimeter and gramme) will occur as
symbols for functions from ‘Pos’ to the set of lengths and the set
of masses respectively.

79
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The program text of 2 01 1 will be repeated on different wave-
lengths and with different durations of their time-signals until
the receiver may be expected to remark that the numbers indicated
by a in the different texts are proportional to the durations he
observes, independently of their wave-length. So he will guess that
the numbers indicated by a are to mean the durations of those
time-signals, and that the Lincos word ‘Dur’ is to mean “dura-
tion”. He will learn our time-unit as well.

Note that his knowledge of our time-unit may be corrupted by

a factor 1— 5 (unrelativistically) as long as he does not know the

relative velocity v of sender and receiver.

If, e.g., he is moving away from us, the waves of the end of a
signal will travel a longer way to the sender than those of the
beginning, and so the signal will be stretched. If he is moving
towards us, it will be shortened (the “Olav Roémer” effect). The
receiver may know v from direct observation of our planet or of
our solar system, but we cannot rely on this possibility. In due
course we shall learn how to free time-reckoning from that un-
known factor.

We could have used time-signals in order to introduce ‘Rea’.
But then we would have deprived ourselves of a means of showing
duration.

It is important to send time-signals on different wave-lengths.
Otherwise the number indicated by a could be understood as
something relating to the number of waves or oscillations con-
tained in the time-signal.

* Nos =q%*
and so on.

Now the a is a substitute for the positive number that counts
the set of ether oscillations contained in the time-signal of the left-
hand member of the text-equation.

The Lincos word written ‘Nos’ means ‘“number of oscillations”.
It behaves as a function (from the set of time-signals or a larger
set) to ‘Pos’.

As the number indicated by a is different for time-signals of
equal duration, but different wave-length, ‘Nos’ cannot be inter-
preted as ‘“‘duration”.

Intelligent beings who can receive electro-magnetic waves while
ignorant of any theory of electromagnetic vibrations (e.g. beings
who receive radio-signals by their senses as we do with light and
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sound) will not immediately understand the program texts of
201 3. But if they are not colour-blind (i.e. if they can distinguish
wave-lenghts), they will perhaps learn from our information, and
they will build some theory of radio-signals.

Note that, independently of the state of motion the number of
oscillations in a signal given in our text will be equal to that
observed by the receiver himself. within the limits of observation
errors. All oscillations, from the beginning to the end of the
signal, must reach the receiver, however distorted the signal may
be.

*Fre ~ =Seclg#*
and so on.

The word written Fre (fL frequentia) means ‘“frequency’ (of
an oscillation). ‘Fre’ and ‘Sec-!’ (“Hertz”’) are treated as ‘Dur’
and ‘Sec’. Again q is a substitute for some real number that gives
the frequeney in Hertz of the time-signal in question.

* Durz=Seca.—>.a>0"
Frex=Sec1b.—>.6>0"
Nosz=c.—>.c>0:
Durz=Seca.r.Frex=8ec-1b.A.Nosz=c.—>.ab=c:
Seca x Sec-l1b=ab.
¢/Seca=Sec1c/a.
¢/Sec~1b==Secc/b *

In a quite natural way we have switched over to variables as
arguments of the new functions.
An example of arithmetics of concrete numbers has been given.

# Fin =Ini~~  *

and so on.

When the first time-signal finishes the second begins. The same
fact is stated by the text within the ‘“picture”. The words written
Fin (fL finis=end) and Ini (fL initium = beginning) mean “end”
and ‘“‘beginning”’ respectively. The two-time signals are sent on
different wave-lengths. The receiver can therefore separate them
and observe that the end of the one coincides with the beginning
of the other. The text words are sent on still other wave-lengths.
So the word group ‘=1Ini’ and the first signal will not disturb
each other.

The difference of wave-length has been depicted by a difference
in height.
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+ Ece T
VTz.yl-Frez=a.A.Frey=b.A.Iniy=Finz *
and so on.

The audio-pictorial part of 2 01 5 has been repeated, but now
together with a verbal description of the picture outside the
picture. Of couse a and b are substitutes for such frequencies that
the text becomes true when related to the picture.

The word written Ecc (fL ecce=see) will always announce an
audio-picture the legend of which is to be found outside the picture.

Former texts may be repeated in order to explain this pattern:

*Eee s
Vz:Durz=a.A.Nosz=0b.A.Frex=c*

and so on.

#* Eee __
Vig.y'*Frez=a.r.Frey=0b.A.x Anty *

and so on.

The word written Ant (fL ante=before) means ‘“before”’. The
time-signals are separated by a pause. In the text they are named
by their frequencies.

*xAnty.<>.yPstx #
The word written Pst (fL post=after) means “after’.

*zPrey.<>*Frex.=w*A-Frey.=tw Ar.zAnty.
Ae—"VziFrez.=tw A.zAntz.A.zAnty *

The word written Pre (fL precedit = precedes) means the relation
of immediate succession, restricted to the case of time-signals of
frequency tv, where v is a meta-textual constant (the same in all
Lincos texts).

On this frequency a clock will be installed. It will tick, one
peep a second, through all Lincos programs from now on. The
receiver will be instructed on how to read the clock:

*Iniz.=Momn:A.2Prey: —:Iniy*=Mom(n-+1)°
Ini-=Mom 0 *
The word written Mom means moment.
The moment Mom 0 is shown.
The rule will also be interpolated and extrapolated.
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We may not use Sec n as a denotation of the moment Mom =,
because Secn means a duration.

Time references will be used in order to mention past (or even
future) events.

The Lincos program clock will also possess hands for longer
intervals (e.g. for 2% sec. and 21 sec.).

By means of clock-reading, events like Ini # and Fin # may be
considered as elements of the set of all moments Mom a (a real,
even negative).

#InizeTem.FinzeTem*
acRea.—.MomaecTem"
a~beRea.—~:Moma.Ant.Momb*<.a<b"
Moma.Ant . Momb* <>.Moma <Momb:
Moma=Momb.<>.a=b"
Moma<Momb.—:Momb—Moma.=-Sec.b—a”
acTem.r.beTem.r.a<b*—*b—a.c"Dur’
Finz—Iniz=Duraz:
Finz=Iniy.—>*Finy—Iniz.=.Durz+ Dury:
Sec.a-+b="*Seca+Sech:
Sec.a—b=-Seca—Sech:
a<b.—.Seca<Sech:
a=b.—~.Seca=Sech *

The word written Tem (fL tempus = time) means “time’’ (the
time-axis). For elements of Tem a subtraction has been defined,
but the differences are elements of “Dur, not of Tem.

#* Sece Pos ™~ "Dur.
Durex~"Dur.
Nosex v Pos.
Freex~"Fre.
Sec-1ePos~"Fre.
Finex~Tem.
Iniex~Tem.
Mom e % ~~Tem *

Beside the verbal text the program may contain events. In broad-
casting, the weather-forecast, the newsreel, reports and lectures
are verbal program texts. A musical performance is an event, a
radio play is a sequence of events most of which (but not all)
consist of pronouncing a verbal text.

We will be able to mention past (and even future) events. Such
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a mention is a proposition (but mentioning is again an event). We
now exercise mentioning past events.

*tpth t Usqt,Fitp *

p is a metatextual substitute for an event, e.g. for a noise — i.e.
a wild complex of radio signals that cannot be interpreted as a
verbal text. The t, and t, are metatextual substitutes for Lincos
words that designate some moments. The t, and t, above the line,
surrounding the first p, do not relate to any part of the eventual
program text, but to the activity of the clock. They should tell
the terrestrial reader at which moments the event written p has
begun and has ended.

The word written Usq (fL usque ad = till) means “till”’. The word
written Fit (fL fit=happens) means ‘happens”.!) After the ‘Fit’
a copy of the first p occurs.

The first part of the text is an event that happened from t;
to t,, namely the noise written p. The second part is a report that
should be translated: From t, to t, p happened. We shall see that
reports need not be literal.

#hph:ve.t, Usqt,Fite: V2.1, Usqt, Fitz-=p *
#tptgh't Usqt,Fitp.A.t, Usqts Fitq.
At Usqty Fit p.q*
*t, Usqt, Fitp.A.t, Usqtz Fit g« —:, Usqtz Fit*p.q *
Note that the last £,, t,, t; are textual (written images of Lincos
variables).

* Eccfi—--4"Dur- Yz.t, Usqt, Fitw:=t,—t,"

Fre-Yx.t,Usqt,Fite:=a*

The horizontal line is again the picture of a time-signal. a is a
substitute for its frequency.

#thptit Usqt,Fitp.ePrp:
t, Usqt, Fitp.eVer:
Yz.t,Usqt, Fitz-¢Prp *

As a rule propositions about events will mention the date of
the event. An event does not contain its date; the date of an event
can be read on the clock. For the terrestrial reader it is men-
tioned above the line.

For the sake of brevity only we shall often omit the ‘Usq’ in
the date of an event which is mentioned in a proposition about
that event.

1). Verbs are always considered to be used in the 3rd person singular. (Note that

“verb” or ‘“noun’ are not Lincos syntactical or semantical categories. They refer
to usual translations of Lincos words into English.)
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The rule that propositions about events should specify their date
was not observed when we introduced the funetions Dur and so
on, and even later on, when we used the words written ‘Ant’ and
‘Post’. We now give an explicit definition of ‘Ant’ that conforms
to that rule:
*rAnty. <oVt <t <t <t

At Ritz. a8 Fity *

¥ hAnt.y < VIt <t <t <t
At =t +h.A.tt' Fitz. A 8"t Rity *

“x antedates y by A”.

We shall also say
*zxAnty.<-Anty.Fitz®
z.hAnt.y<:hAnt.y Fitzx *
so using ‘Ant y’ and ‘A Ant.y’, as it were, as a date dating x.

*yPstx. < Pstz.Fity®
Z.hAnt.y<:y-hPst.x’
y.hPst.x-<>:h.Pstx-Fity *

In order to speak about an event % p *, we have used a copy of
the event, whereas in formalist semantics it is agreed that things
should not be used as words until they have been earmarked in
a suitable way, e.g. by putting them between quotation marks.
I concede our procedure is risky, but I do not believe that it is
more so than any other method.

Let us first analyze what quotation marks can do.
In due course we shall meet with formulas such as

tt,Fitp.—-Vz.t,t, Fitz. (%)
Now, there may be events that look like . Then it could happen

~that
high
8o that
t, ty Fit «
would be true. as well as
Ve .t t, Fitx,

though we should wish that no more than one of these formulas
were propositions.
This can be avoided by using an earmarked p as a name of p.
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Instead of quotation marks we may use a dot in the “lefthand
ear” of p. When -
1 p 3 s

we will speak about the p while using ® p. So
t, t, Fit ® p.

The dot would be considered as belonging to the ‘Fit’ and it
could even be incorporated into the ‘Fit’, if there were no formulas
without a dot after the ‘Fit’. Yet our formula (%) will now read

t,t, Fit®p. <+ Va.t t, Fit 2.

As z is an (ambiguous) name for the event in question, we have
observed the rule that demands the use of names after ‘Fit’. If
now by chance bt
we have the opportunity to state

t,t, Fit ® 2,
which is not inconsistent with

Va .t t, Fite.

It is a pity that in almost all cases the situation is much more
complicated.

Let us suppose that there is a kind of events that may be char-
acterized by some partial similarity, for instance events in which
one can discover the algorithmic Lincos words for natural numbers
as a part. These events may look like '

hp1010qh

where p and q are substitutes for some constant parts, whereas
instead of 1010 we can meet with 101 or 11011 or some other
numeral. Such events should be named

®*p1010q,

but if we restricted ourselves to this kind of name, speech about
those events would become unusually clumsy. For instance we
should be confined to a purely arbitrary name for the class of all
these events, instead of an algorithmic name which tells us
immediately which are the members of that class.

It is evident what we are to do. We shall name events looking like

hp1010qth
by ambiguous names
*paq
where x is a variable (not only: looks like a variable).
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So, if
hp1010qh,
we are entitled to state
Ve-reNum.a.t t, Fitepaq.
Unfortunately this is not completely correct.

‘hzq
is really the name of some

hprgh
whereas we intended to name events such as
tp1010qgth.
So it will be better not to use quotation, but quasi-quotation (as

does Quine). The earmark ® is to be changed into a quasi-earmark,
let us say °. So

VeexeNum.a.t, t, Fit °pzq.
The quasi-earmark will tell us that some parts of the text
covered by it mean variables (not only look like variables), but
it will not tell us which parts are exempted from its working.

It will be merely a warning signal, which is due at almost all
appearances of ‘Fit’. So it is superfluous and unsatisfactory.

The only thing that matters is how to know which parts of ‘...
in ‘Fit ... are genuine, and which are substitutes. The latter
should be anti-earmarked. As the substitutes both look like
variables and are variables, one is tempted to use an extra-ordinary
kind of variable in places like this. For instance such variables
would be written as Gothic letters, whereas the genuine parts of
the ¢. .. in ‘Fit ...’ should be in italic. But this is a cumbersome
procedure. We cannot prevent Gothic written words from appear-
ing in authentic events such as
b h

So we should be burdened with hypergothics and so on.
Moreover there is a much simpler device which works without
earmarks and anti-earmarks.

Most of our program texts will be well poised speech. Parts of
these texts may look like a hotchpotch if we try to read them
as it were well poised speech. This is not important as long as
we know that this hotchpotch is genuine. Fortunately we can
easily recognize whether this is true or not. As soon as in a hotch-
potch controlled by a “Fit’ substitutions have been made, so that
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the text controlled by ‘Fit’ cannot be considered as the genuine
name of some event, the text controlled by the ‘Fit’ will no longer
look like a hotchpotch, at least not with respect to its relations
with the surrounding context. A single non-genuine piece will
mean a variable that does not truly belong to the text inside the
working sphere of the ‘Fit’, but is imposed from outside. So
quantification over such variables will take place outside. Con-
versely, if a variable suffers quantification outside the working
sphere of the ‘Fit’, it is certain that this variable is not genuine
inside. Moreover people from outside the ‘Fit’ who impose some
substitution inside, will be well advised not to choose a variable z,
if inside there 1s something that looks like z.
So, under our former assumptions
tt,Fitpaqg
reports on an event
hpzgh
because there is no quantification over z, and consequently z is
genuine.
tt, Fit-Vz.pzq
reports an event
hVz.pxqh
because quantification took place inside the Fit’ (it does not
matter whether such an event tells us something or is merely a
hotehpotch). In .
VeczeNum.Ar.t, t,Fitpzq,
the z after the ‘Fit’ is not genuine because quantification has
taken place outside.
The part under the influence of ‘Fit’ may be arbitrary. For
instance
Ve zeNum.azt t,Fit Vz.x

is a meaningful text, though the event mentioned in the text may
be merely a noise.

I do not claim that this solves all problems that arise from men-
tioning an event, nor do I endeavour to solve them in future.
The only thing I have tried is to get a working pattern.

The exposition has been somewhat abstract. Perhaps the reader
will understand it better, if he re-reads it in connection with our
analysis of oblique speech. Oblique speech in natural languages
is a striking example of the occurrence of binding variables outside
the speech. (See 3 01 5.)
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Nothing would need to be added to the preceding exposition, if
we had not developed the bad habit of dropping the ‘A’ quantifica-
tion word in a large numbers of its occurrences. Speech would
become more clumsy, if we were to abandon this habit, but
fortunately we need not. The mere appearance of the variable z
outside the working sphere of a ‘Fit’ betrays the non-genuine
character of every piece inside that looks like z. (To add a remark
that may seem unintelligible at the moment: that appearance
need not be explicit.)

Autonymity is the basis of our system of description. As a name
of an event p we use a copy of p. But the name p will not unambigu-
ously name the event p, unless p has happened (and will happen)
only once. This ambiguity cannot always be removed by mention-
ing the event p that has happened from t, to t, by means of

t, t, Fit p
(for instance if the date of the event p is to be concealed or asked
for). Nevertheless p can be used as an unambiguous name of some

event p as soon as it is clear from the context which event p is
meant. This conforms to our general principles. In the sentence

At “off” the racers start

we meet with the name “off” of an event of pronouncing “off”
which in a certain context can be denoted unambiguously by this
name. Under analogous conditions we shall use p as name of an
event p in Lincos.

We can also mention an event through description, e.g. the
event p that has happened from t, to t, by means of

Yx.t, ty Fit 2.
From a formalist point of view such a description would be
ambiguous, or rather, we should not be allowed to use the article
because in every interval more than one event will happen. This
formalist objection would even hold true if we restricted the use
of ‘Fit’ to program events. For program events will be perceived,
and perceiving a program event can also be a program event.
This will yield at least two contemporary events. According to
what is said in 025 we can use the expression
Yx.t t, Fitx

as an unambiguous description of that event, which is singled
out by the date t, t, together with the nearer and farther context
of the above expression. As long as we do not pursue formalization
but communication, we can rest satisfied with this procedure.
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CHAPTER III
BEHAVIOUR

For the time being it would be premature to try to describe
human behaviour by a system of general rules like the mathemat-
ical and chronometric rules of the preceding chapters and some
of the mechanical laws of the next chapter. Instead we shall show
behaviour by quasi-general examples, from which the receiver may
derive as many general behaviour rules as he pleases.
The things to be shown are events. The program of showing
events could be transformed into a program of reporting on events.
Of course the receiver will understand that the events we are
showing cannot have happened literally in the way we use to show
them. He will understand that normal terrestrial events are not
likely to be groups of radio-signals of such an intensity as to reach
far-remote worlds, Nevertheless we shall behave as though this
part of the program consists of events that are not only shown,
but also happen, and we expect the receiver to do likewise.
Such fictions are not unusual. Spectators are expected to take
it for granted that the events shown on the stage really happen.
For this purpose it is essential that the events shown are not
literally the same as those supposed to happen; for instance
whispering is played in such a way that the discourse is heard in
the house, though some people on the stage do not perceive it.
The aforesaid fiction is an essential tool in our program. The
things shown are events that really happen though they do not
happen literally in this way. This is not too unrealistic a view.
Even in daily life the literal happening of an event is a fiction.
All we know about an event is that we remember its happening,
and though we do not remember it twice in precisely the same
way, we state that it is the same event whenever we remember it.

As the program events are to display behaviour, it is necessary
for at least a part of them to be acts, i.e. caused by persons. Our
Lincos vocabulary is still far from sufficient for introducing the
bodies of the acting persons. So the only kind of act that can be
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displayed immediately is the act of speaking. The Lincos word
that designates this activity, is written Inq (fL inquit=says).

The terrestrial reader should guard against a too narrow inter-
pretation of this Inq’. In the present chapter the physical back-
ground of the Inq-events, whether it be accoustical or optical or
tactile or anything else, will remain undiscernible. ‘Ing’ will aim
at communication acts in the broadest sense. After all we have
said about literal happenings, it is clear that the same event can
be played in different ways, but at the moment there is no sense
in asking the question in which way it “really” happens.

The names of the dramatis personae will be written Ha, Hb, He,
and so on. In due course we will state that these persons are
members of the set called Hom (fL homo =man) in written Lincos.

Our theatre is still incomplete. Besides persons and acts a third
thing is needed. We have been able to build a vocabulary of
mathematics without valuating our propositions. We had only to
confine ourselves to true propositions. The falsehood of 1 =2 could
be formulated as 1+#2. Yet we cannot show behaviour by good
actions only. We must stage bad ones too, if we wish to condemn
them. We have to create a vocabulary that contains words meaning
“good” and “‘bad” and intermediate valuations.

To begin with, we shall stick to two values. Of course they
cannot be ‘Ver’ and ‘Fal’, which are values of propositions. What
we wish to valuate are acts, not propositions. (We are not here
considering value-judgements of esthetics.)

Our valuating words will be written Ben (fL bene=well) and
Mal (fL male=badly). They mean ‘‘good” and ‘‘bad” respectively.
These words can be introduced in a surprisingly simple manner.
(This may be a striking refutation of a prejudice which is very
common among representatives of Geisteswissenschaften: Wert-
urteile other than “true” and “false” are said to be beyond the
reach of mathematical methods.)

As we are neither inclined nor able to settle behaviour rules,
we shall not pronounce valuating judgements otherwise than by
the mouth of an acting person. ‘Ben’ and ‘Mal’ will be no more
than expressions used by some people in order to approve or
disapprove of some events. Occasionally pronouncing a true pro-
position may be judged to be a bad action, and pronouncing a
false proposition a good one.
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. The elementary events are written

HalnqHbyp.

This reads ““Ha tells (says) Hb the p”’. Here p is again a metatextual
substitute for something that can be said. This may also be a
question, an incomplete answer, an order, a nonsensical group of
words, a noise, and so on; it might even be an air sung by Ha.

The last point to be discussed is to know which kind of saying
is the best to start with. As far as I have tried it, mathematics
seems to provide the most appropriate texts. So we shall construct
dialogues about mathematical topics, as it were classes in math-
ematics.

We have not endeavoured to give every acting person a constant
character. The persons named Ha act independently in the different
talks. This is a serious disadvantage. In a final redaction of our
project the person named Hea (and likewise the others) should
really be one and the same person during the whole program.

* Ha¢ Num.Ha¢Com.HacHa.
Hb¢Num . Hb¢ Com . Hbe Hb .
Ete *

Inq¢Agg *

*+ HalnqHb-?x.10x=101:
YHbInqHa.101/10%:
HalInqg Hb Ben *

and so on.

The incompleteness of answers is intentional. By means of this
device the connexion with the preceding part of the text is stressed.
The receiver will more easily understand that it is a dialogue.
Yet one will also send:

*4HaInqHb-%z.10x=101%:
HbInqHa-10x=101.—.2=101/10%:
HaInq Hb Ben* #

* HalnqHb-?x.10x=101:
4HbInq Ha.x=101/10%-
Halnq Hb: z .t t2 Fitx.c Ben® *

Ha’s last answer seems to be still incomplete. When "z . f1 t2 Fit 2’
is replaced by ‘HbInq Ha.z —=101/10° the answer will run
‘HbInq Ha.z = 101/10 - € Ben’, and this is in fact incomplete, for it
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mentions an event without the date that links the event to its
context. This remark, however, is not correct. The aforesaid
substitution is illegal. It is a fact that Ha said what he said,
and not what we have got from it by some substitution. Quoting
freely is permitted as long as it does not affect the meaning.

We have treated this question because it is the forerunner of
more serious ones, not because the text could be a source of mis-
interpretations. Nevertheless we may add some comment to the
talks under this number in order to ascertain which kind of sub-
stitutions are legal. We shall revert to this point in 3 01 8.

It is in our intention that the receiver should understand these
sequences of questions and answers as dialogues. Yet we must
also enable him to separate and to recognize the three components
of ‘Ha Inq Hb’. Therefore all talks will be repeated with other
actors, so that ‘Ha Inq Hb’ cannot be read as a constant complex.

3013, *HalnqHb-?2.1002=1010:
Hb Inq Ha . 1010/100:
Ha Inq Hb Mal:
HbIng Ha.1/10:
Ha Inq Hb Mal :
HbInq Ha.101/10:
Ha Inq Hb Ben #

* HoInq Hb-?2.2=10410:
HbInqHa.10+10:
Halng HbMal:
HbInqHal00:

HalIng HbBen *

* Halnq Hb*?z.29=11001.
HbInqHa.101 x 101=11001.
Halnqg HbMal ©
HbInqHa-101 x 101=11001.cVer:
HalIng Hb" Ver Tan Mal: — +210=11001.—.2=101:
HbIng Ha.101 ~ —101:
HaIng Hb Ben #
* HaIng Hb*? Y2 .210=11001:
HbInq Hal01:
Halng Hb Ben *
* Halnq Hb-?Yz.210=11001"
HbInqHa:"z.29=11001€* 2. 21=11001"
HaIng HbMal *
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? ¥z asks for an z (not for all x) satisfying the context. This
notation is rooted in an older version of Lincos (compare 025).
Though it does not fit in our present notational system, we do
not feel an overwhelming need to change it.

Note the appearance of a word written Tan (fL tamen=
nevertheless) meaning ‘“but’. Logical analysis seems to prove it
to be superfluous. In the talk, as it runs, it could be replaced by
‘A’. Yet as an expression of behaviour it can hardly be dispensed
with. What “but” means in behaviour might be illustrated by the
two sentences

“He is a mathematician, but he is dull”
and
“He is a mathematician, but he is clever’.

Both sentences contain a thought that is not explicitly stated,
“mathematicians are usually clever” in the first case, ‘“mathemati-
cians are usually dull” in the second.

It will be advantageous to translate the adversative ‘‘but” in
a somewhat more circumstantial way. We shall also say instead of

* Ver Tan Mal #

* Qqm Ver Tan Mal # |

with a redundant ‘Qqm’ (fL quamquam =though). Then the last
sentence reads “Ver, it it true, but Mal”, or though Ver still Mal.

Compare German ‘‘zwar” (zwar Ver, aber Mal). In the last pattern
we may interchange the two components:

* Tan Mal Qqm Ver *,
which reads “still Mal though Ver”’; or more shortly
* Mal Qqm Ver * .

All these patterns will be introduced in the same context,
suitably repeated, as the original ‘Tan’.

Here I must warn the reader against confusing ‘“Tan’ with ‘Sed’,
which will be introduced in 3 04 6. Compare the “but” of

He is not a clever man, but (Tan) he is very kind,
and

He is not clever, but (Sed) dull,
or of

He did not work hard, but (Tan) he passed the examination

very well,
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and

He did not work hard, but (Sed) wasted his time,
or of

He is 16 years old, but (Tan) he looks like 18,
and

He is not 16 years old, but (Sed) 18.

Though in many natural languages these two buts are usually
identical, there is no reason whatsoever to stick to this idiomatic
oddity in an artificial language. The true adversative ‘Sed’ and the
pseudo-adversative ‘Tan’ are so well distinguished that one cannot
expect these two notions to be identified in the thought of a being
not influenced by our natural languages.

In German the difference between ‘Tan’ and ‘Sed’ is well-known.
In many cases (not in all) it can be expressed by “aber (Tan)”,
and ‘“‘sondern” (Sed). In written Dutch a similar distinction
existed, but it fell into disuse.

3014. *ttoHalnqHbp. < 1tz Fit.HalnqHbp *
An abbreviation has been introduced. Do not confuse
Y HalnqHbph with tite HalnqHbp.

In the first case an event has been sent, in the second a report
on this event.

3015 *HcInqHciATtateata?® VigititaHalnqHb"?2.1002=1010:
—"tats Hb Inq Ha .1010/100 * —. 343 Ha Inq Hb Mal:
Attats HbInq Ha.101/10* — .¢3ts Ha Inq Hb Ben *

The person named Hc states a behaviour rule — perhaps he
witnessed the dialogue of 3 01 3. It does not matter whether this
rule is true or not. In any case Hc could be advised to suppose
something about the lengths of the time-intervals within which
the questions and answers should be comprised.

#* HcInqHc*tits HaInq Hb*t2.1002=1010:
Atats HbInqHaufv' —1V Ttaw’ "tsts Halnq Hb w. Az
#=1010.A.v=100"—.,w=Mal:
%=101.A.v=10"—>.w=DBen *

This is only a paraphrase of the preceding program text.
Nevertheless it has an importance of its own, because it shows
how to use variables in a context like this. We may not use one
variable s instead of # and v, and we are not allowed to write
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tots Hb Inq Ha s instead of tet3 Hb Inq Haufv,
and §=1010/100 instead of #=1010.A.v=100,
and s= 101/10 instead of u= 10l.A.v= 10,
for e.g. s=101/10 would be true if ¢=1010/100,
and tt3 Hb Inq Ha 101/10 if =1010/100. In our actual formulation
te t3 Hb Inq Ha 101/10 is only true if »=101 and »=10.
In this way more general behaviour rules may be stated:
#* HeInqHcititoHalng Hb tx.ax=b:
AraubucudUeU f.CNum-a.bja=d/c.A.
—"Vpip—1l.eNum*a.pDivc.A.pDivd:a-tat3 HbIng. fle*
—>V g0 tgta HaInqg Hbv.
Aif=d.Ae=c*—>.v=Ben:inif#d.v.e#c*—>.v=Mal ¥
We face the problem of oblique speech here. Direct and oblique
speech differ syntactically, not semantically, even in natural
languages. In any case the semantic difference between

John said to me: “I am ill”
and
John told me that he was ill

is insignificant if compared with the syntactical transformation
of “I” into “he” and “am” into “was”. It is only exceptionally
that a judge insists on a direct version of some witnessed statement
talk, but even then he will not urge that the version be literal. It
would be difficult to maintain that direct speech claims to be more
literal than oblique speech.

In the oblique version of our example a variable (I) that belongs
to John’s discourse has been replaced by a variable (he) belonging
to the discourse of the person who reports on John’s speech.

In the examples

John said to me: “Mary is ill”
and
John told me that you were ill

(if said to Mary), it is a constant (Mary) that is replaced by a
variable (you).

The ‘“was” or “were’” instead of “am’ or “is” reflects the
change from a (non-explicit) time variable ‘“now” to another
(non-explicit) time variable ‘‘recently’.

It is an interlinguistic feature of oblique speech that inside the
speech we find variables that are not genuine, but that belong to
the discourse of the reporter. By synonymy this phenomenon may
be obscured. Nevertheless it is clear that in
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I bought a car, but John said that it was too expensive

the “it”” belongs to my discourse and not to John’s.

The pattern of oblique speech is a special case of that of mention-
ing events (in an oblique way), namely the case where the event
itself is speech. The last two program texts are good examples
for the working pattern I have proposed in 2 04 0-2 04 6. In the
last but one talk of Hc the variables » and v occurring in
‘t2t3 Hb Inq Ha w’ and ‘t3ts Hb Inq Ha v’ cannot be variables used
by Hb and Ha respectively, because they have been used by He
previously (“previously” is not to be taken in the sense of temporal
succession, but in that of logical structure ; the ‘>’ has coordinating
power). We could add Au to the discourse of Hc, but even if we
abstain from doing so, it is evident that binding » must take
place in Hc’s discourse, at least if Hc is considered to be making
a meaningful statement.

In the last talk there are still more variables in the oblique
speeches of Ha and Hb that belong to the discourse of He, namely
a, b, e, f and v. The subject of Hc’s talk is not one question
txz.ax=> (for all numerals ¢ and b) imputed to Ha, but any
question of the kind ? z.ax =05 (where ¢ and b are numerals),
eg. '2.1002x=1000, ?x.102=11010, and so on. The
tx.ax=> is only a common name for all these questions, but
it is not the question that is aimed at by Hc. And it is the same
with Hb’s answer. All these variables can be bound in Hc’s dis-
course only.

There are more criteria that permit a distinction between ‘Ben’
and ‘Mal’:
* HaInq Hb*?2.1002=1010:

HcIng Ha.101/10:

HalIng HcMal:

HbIng Ha101/10:

HaIng HbBen *

Some comment of a fourth person on Ha’s behaviour might
be added.

The talk of 301 6 is perhaps the first from which the receiver
may conclude that ‘Ha Inq Hb ... means “Ha says to Hb ...”
and not “Hb says to Ha ...”. But discourses like

* HoInq Hb. 4112 Fitp: HbInq He.t1t2 Fit p: HcIng Hd . t1t2 Fitp *

or
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+4HaInq Hb. 1yt Fit p*: Hb Inq He-t3ta Ha Ing Hb .ty t2 Fit ph 2
HcInqHd t4ts HbInq He:tsts HaIng Hb . t1 1 Fitp +

are better suited for this purpose. We shall send a great many
texts from which this will become still more evident.

Comments on some texts may be very useful. E.g. on the first
talk of 301 2:

*+ HeInq Hd:tyt: HbIng Ha*102=101.—.2=101/10"
HdIng HeBen *

A comment on the second talk of 301 2:

* HcInq Hd*
thteHaInq Hb*?12.102=101:A:tets HbInq Ha.101/10:
HdInqg HcBen *

Another comment on the second talk of 3 01 2:

* HcInq Hd " t3ts HaInq Hb: Yz .t2ts Fit - € Ben:
HdInq HcBen *

A comment on the third talk of 3 01 2:

* HcInq Hd " tat3 HaInq Hb: Hb Inq Ha 101/10 .€ Ben s
HdInqHciFal*tyts HaInq Hb: Yz .t ta Fitz <€ Ben*
—:tets HaInq Hb: HbInq Ha 101/10.€ Ben "

<« ‘tots Halnq Hb: Yz .1, 2 Fitz-cBen *

From these comments the receiver will learn what liberties a
person may take when quoting other people. One could add a
hypercomment put into the mouth of still other persons and
containing behaviour rules on honest quoting.

In a former version of Lincos we distinguished between literal
and free quotations by means of a special notation which was
dropped later on. Literal quotation is a rather unimportant limit
position. We shall develop a means of comparing the exactness
of quotations (‘Err’, 3091, 3 191). This will prove to be more
useful. If needed, literal quotations may be characterized by
‘Err . ..=0.

We shall here treat interrogative sentences:

Many interrogative pronouns and adverbs can be treated in the
following manner:
*tHaInq Hb*?2.1002=1010%:

HbInqHc''y:titeyIng Hb+22.1002=1010:

HcInqg HbHa *
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*tHalInqHb* 12 .1002=1010%!
HbInqHc ty:tite Halnqy-?2.1002=1010.
HcIng Hb Hb *

+tHaInq Hb*?2.1002=1010%:
HbInqHc:ty titaHalnq Hby:
HeIngHb-?2.1002=1010 *

+ 4 HaIng Hb*?2.1002=1010%:
HbInqHc " ty:yHalnq Hb"?2.1002=1010.
HcIngHb.tita *

These are the questions ‘“who?”, “to whom?”, ‘“what?”,
“when?”. In the same way one can express the factual question:

*4HalInq Hb.?2.100z=1010"}
HbInqHc:?ty ' y=Iud:t1to HaInq Hb-?t2.1002=1010*
HcIng HbVer *

+tHgInq Hb*?2.1002=1010"}
HbInqHc:ty y=Iud:t1ts Halnq Hb*?2.102=101°
Hc¢Ing HbFal *

The question ‘‘whether?”’ has been formulated. For the sake of
brevity we introduce a single word Utr (fL utrum —whether)
meaning ‘“whether”’, by a behaviour rule:

* HdInq Hd:tt' HbInq He:ty-y= .Iud Ete"
<+tt' HbInq He. Utr Ete *
Likewise we can introduce another abbreviation:
+?=Etc ¥ instead of *2y.y=Ete *
and so on.

With the means now available we can stress once more that in
“Halnq Hb...” Ha is the person who is speaking:

* HaInq Hb-?z.t1ta Fitz:
HbInqHc-tz.t1t2Fitz:
HcInqHd-tz.ht:Fitz:
HdInqHc.ht: Fitp:
HeInqHb .11t Fitp:
HbInqHa.t1t:Fitp:
HalInq Hb.Ben *

* HaInq Hb-Utr.10001111ePri”
HbInqHb: —.10DivEtc* — 11 Div Ete* —.101 Div Ete*
— 111 DivEtc+ 1011 DivEte”
HbInqHa.¢Pri”
HaIng HbBen *
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It is somewhat more difficult to treat the identity question, e.g.
questions such as

“who is Caesar?”, “what is an integer?”.
It would be of no use replacing them by

“what does the name Caesar mean?”
“what does the word integer mean?”

At this stage we are not able to introduce a word that means
“means’’, and moreover, it has been our policy not to define,
but to describe.

Yet the difficulty is not as great as one might believe. A text
such as

+ HalnqHb*'x.x=Hc:
YHbInq HcHeh:
HbIngqHa*Yx.tita HbInqx He:
HalIng HbBen *

is clear enough. Caesar (Hc) has been introduced to Ha in accord-
ance with etiquette. If Caesar is absent, the dialogue runs as
follows:

* Halnq Hb%x.x=Hc*
HbInqHa'He=: 2t t2xInqe. Aleaestiacta*
HalIng HbBen *

Here f; t2 is a substitute for some time-interval just before the
crossing of the Rubicon. As we cannot name any other action but
speaking, we have had to identify Caesar by one of his sayings —
at the moment all his sayings are meaningless, so it does not
matter which we choose.

The same pattern may be used for the question “what is an
integer?”

* Halng Hb*tx.w=1Inti

HbInqHa'Exg-0elnt.leIlnt.1011eInt.— 101 eInt. Eto.

11/101 ¢ Int.)/10 ¢ Int.Etc:
zelnt. <. 2=0~1~—1~10~+—10 Ete.
0ed.AN2"2z€Ad.—>:2+1.U.z—1"CAI—-.IntCA}

Halnq HbBen *

Exg (fL exempli gratia) means ‘‘for instance”.

Our solution cannot be invalidated by the remark that the person
named Hb could have answered ‘Int=1Int’. For then Ha should
have replied ‘Mal’ as he would have done if ?=10+ 10 had been
answered 10+10=10+10.
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Another remark is more serious: How to formulate the identity
question with respect to a thing Z for which the equation z=2
is void of sense? We may not argue that such events are impossible.
It is true that if Lincos is endowed with a rational phonetic
system, there will be a clear distinction between words Z for
which the equation z=Z has some meaning, and words Z for
which it is meaningless. So one should argue that the person
named Ha would never ask e.g.

“Yx.x=¢€, but rather ‘?Ta.47.acA’.

Yet this is not correct. We cannot forbid anyone asking meaning-
less questions. Moreover, the question ‘?z.x=¢€" is not at all
meaningless, though it contains a syntactically bad part. Questions
like this can be the adequate expression of some behaviour, e.g.
they can have some didactical importance. By means of a syn-
tactically wrong question Ha will be able to examine whether
Hb has understood Lincos syntaxis.

+ Hang Hb.? = €3
HbInqHa* —:Vzx-zx=€c.€ePrp"V'a.A .acA”
Exg-1eNum.)10cRea.Durex ~.Etci
Halnq HbBen *

If Hb had restricted himself to the negative part of his answer,
Ha would have shown his dissatisfaction by saying ‘Mal’. For
clearly Ha had asked for definite information about the use of
‘e’, and such information is not given in the first part of the answer.

Other interrogative sentential forms are treated later on.

We send four separate time-signals of length ) on the frequency
a within the period from {p to f;. The frequency a is different
from any frequency used for verbal texts (and from iv). As usual
the written image of a time-signal is a horizontal line.

*+%HaInq Ha1"®. HaInq Ha10vm, HaInq Ha11um,

HalInqHa100umt:

HbInqHa:t="Car™u:
Freu=a.A*Iniu.Pstto-A-Finu.Antt; !

Halnq Hb100%

HbInq Hb*toty HaEnu:
?2="Car™:Freu=qa.Ar*Iniu.Psttp A*Finu.Antt;:

HbInq Ha Ben *

The word written Enu (fL enumerat = counts) means “counts”.
We shall introduce many words that mean special kinds of speak-
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ing. In some respects they will behave syntactically like ‘Ing’,
though some of them will not have a personal object. The direct
object of ‘Enu’ (the thing counted) will have to have the form of
an interrogative sentence. Later on we shall adduce the reasons
of this rule.

Ha uses ordinal numbers when counting, This seems to be the
simplest way of introducing ordinal numbers. The termination of
the ordinals is written u®, in analogy with the Latin ordinals.

* HaInqHb:?="Car:"z z€Pri.A.2<100000:
“HbInq Hb"10.1um:11,10um;101,11um; 111, 100um
1011,101um:1101.110um:10001.111um:10011.1000um;
10111.1001vm:11101,1010um;11111.1011umih
HbInq Ha 1011}
HalInqHa'toti HaEnu.?= "Car: "z zePri.A.2<100000:
HaInq HbBen *

* HalnqHb:?="Car: ™z xePri.A.2=<100000:
4“Hb Enu.?=Etc"}
HbInq Hb1011:
HalInqHa-t1t HbEnu.?=Etci
HalIng HbBen *

The last program text is not simply a paraphrase of the last
but one. It would be, if the whole program is considered as a report
spoken by an anonymous person (‘‘the sender”). If it is felt as a
play (and the receiver should do this), the second text is rather a
“parapraxis’ of the first. In the first play the actor plays counting
by pronouncing a sequence of numerals following the rules of
counting. In the second play he shows another (not specified)
behaviour that is characteristic of counting. For instance he
whispers, he moves his fingers or a pencil, and so on. In the first
paragraphs of the present chapter we announced that sometimes
one and the same play will be performed in different versions.

The last text serves to free ‘t1t Hb Enu.?= ... from the
‘41 t2’ that makes it a proposition. We now dispose of ‘Hb Enu.?= ...’
which is an event like ‘Ha Inq Hb . ..". This transformation can
be stressed by saying
*tts HhEnu.?=Etc. < :h i Fit- Hb Enu.?=Etec *

Numerous verbs will be treated in the same way.

By means of ‘Etc’ parts of the program text have been ab-
breviated. Gradually we shall form habits of omitting parts that
are more or less evident:
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* HaInq Hb.?="Car:*™z:2ePri.A.2<100000%
4Hp Enuhi
HbInqHa 10114
HalInqHa.t1t HbEnui
HaIng HbBen *

303 4. We send time-signals as in 3 03 1, but of different lengths, b,
b, bs, Ba.

#b o __hi
HalInqHb:?=+Yu.Duru:
™uFreu=a.A.uPsttg. A.uAntt; i
HbInqHa*A=:"u-Freu=qa.A.uPsttg. A.uAntt*
—:Dur1umYy ., yecd =0 "A"Dur-10mm Yy, ucd:=Nh"
A'Dur-11vmYy ycAi1=h3" A" Dur-Ultum Yy ., uc 4 : =i
HaInqHb.?=qum}
HbInqHa*
MYy, ue A Ant-(t+ L)um Ty uedia" iy, ucd:
= Ultum¥y.uc 4~ :Ant-Ultum Yy . uc A #

The syntaxis of ‘num’ has been stated in a more definite way?).
Ultum (fL ultimum =last) meaning “last”, is a fairly important
word. Its importance does not yet appear from this text.

The text may be repeated in abbreviated form:
% to 12 )

HalnqHb:?="u.Duru:"u.Freu=a.r.uPsttg. A.uwAntt;:
HbInqHa Dur.1vm Yy =f:A:Dur. 10um Yy =f:
AtDur, 11um Yy« =H3z: At Dur, 100um Yo - <= *

and so on.
L f ts

HaInqHb %y vFit: Ultsm Yy -Freu=qa.A.u Ant ts*:
HbIng Hartyta Fit . Ultum Yy *

3041. * HaInqHb.?=101101+11101:
YHbInq Hb*1+1=10.1--0+0=1.1+1=10.
1+1+41=11.1+0+1=10.1+1+0=10%:
HbInq Ha1001010:
HaInqHa 1t HbCpu.?=101101+11101:
HaIng HbBen *

1) Later on we mostly write “'m %’ instead of ‘“sum Yu', The second notation
reflects an earlior version of Lincos. On a fow places the notation has not been
changed.
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The word written Cpu (fL computat=computes) means ‘“‘com-
putes”. Like ‘Enu’ it is constructed with an interrogative sub-
sentence.

* HaInqHb.?=11010 x 1011+
4HbInq Hb.11010+ 1101004 11010000 =100011110"*
HbInq Ha 100011110
HalInq Ha.t1t, Hb Cpu-
HaInq HbBen *

* HaInq Hb*%2.210—10112+11110=0.
“HbInq Hb"
(210—10 x 101,12+ 101,110) 4 (11110 —11110,01) =0:
Erg.(z—101,110=0,01: Erg-2—101,1=.,0,1~ —0,1%:
HbInqHa.z=101~ 110
HalInq Ha.t t: HbCpu:
HaInq Hb Ben *

* HaInq Hb*?z.210— 10112+ 11110=0:
4HbCpu-?z.210— 10112+ 11110 =0%:
HbInqHa.101~110:
HalInqHa.t1t2 Hb Cpu:
HaInq Hb Ben *

The ‘t1ts HbCpu...’ has been freed from the ‘t;ty’.

In 3 04 3 a word written Erg (fL ergo=thus) and meaning “thus”
has been used. It is an important word that assimilates Lincos to
common mathematical language. A person named Hc might give
comment on the behaviour of Hb with respect to ‘Erg’.

+* HcInqHe:t3ts HhInqu.Ergq —"V M. ta. p  tta<tg. A.p—¢q.
Atite HbInqu.p *

During, say, 8 seconds, from t; to ts, four short time signals a
second will be given on the frequency a; to=t:+ Sec 1000.

* HaInqHb*?="Car:*™u-Freu=a.A.t1 Antu Antt,:
Ece

1y ta

...............

HbInqHbiCar:™u-Freu=aq.
At1<tAntuAnt (t+Sec1)<t:" =100
Avtz—t1==Sec 1000. A. 100 x 1000 = 100000 Erg. 100000" 1
HbIng Ha 100000,
HalInqHa" —-*t;t3 Hb Enu.?= .Car Etec:
Sedt;t3 HbCpu-?= .Car Etc
Ha Inq Hb Ben #



CH. III]

3051.

3052.

BEHAVIOUR 105

‘Sed’ (fL sed=but) means “but’’, but in another sense than
‘Tan’ (see 3 01 3).

‘Sed’ is used when one proposition is contrasted with another
that is contradictory to the first one. In a more specific way it
can serve to single out that part of the two propositions that
embodies the opposition between them:

* HaInqHa" —.t1ts HbEnu-Sed.# t3 HbCpu: ?= . Car Etc *
or even
* HaInq Ha"t1t3s Hb* — Enu.Sed Cpu:?=.Car Etc *

The original sentence has been transformed as though we had
applied a law of distributivity. Of course word groups such as
— Enu may only be used in contexts like the preceding program
text. It makes no sense at all to interpret ‘— Enu’ as the negation
of an event. Negation can only be applied to propositions.

The aforesaid transformations can be exhibited by repeated
talks and confirmed by behaviour rules.

#* HaInqHb:Utr An"neNum.—>:VppePri.A.p>n1

“HbInqHa:
neNum.—:Va.Putm.a=10x11x10x 101 x Ete x n+1"
Va*PutpraePri.a.aDivm’
Aeiz<n.—>*—.2Divm’
Sed.pDivm Erg: Az 2<n.—>.p#x’
Erg.p>n"
Erg'pePri.a.p>nl

HalInqHai
t1ts HbCpu®? f:fe. Num ~Pri-a* An.fn>nt
tite HbDem: An"neNum.—: Vp pePri.A.p>n*

The word written Dem (/L demonstrat = proves) means “proves’’.
It behaves like ‘Inq’, though the indirect object is lacking. The
direct object is a proposition.

The word written Put (fL puta =namely) means ‘“namely”. The
use of ‘Put’ like that of ‘Erg’ tends to assimilate Lincos to collo-
quial mathematics. In mathematical texts it is even not unusual
to designate the instance for an existential assertion with the same
letter as that designating the existentially bound variable, without
any comment. So a proof of the inverse of Cauchy’s convergence
criterion may run as follows:

“lim ap=a. Thus given an >0, there is such an no that
|a—an|<%e for all n>ng.
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Hence for all m>mnp, and n>np
lam—an|[< [a—am|+ |a—an| <}et+ie=e".
In the second sentence of this proof no was a bound variable, in
the third sentence it is something like a constant.

By means of ‘Put’ we try to legalize this habit.

The syntactic features of ‘Put’ will become clear, when new
variables occur inside the working sphere of the ‘V’ to which
‘Put’ belongs. In

Vz.Puta.Ete
or
Vz.Putz.Ete

the variable z is bound to a constant value. So it will not depend
on not-explicitly-bound variables that might occur inside the
working sphere of ‘Va’. This means that these variables must be
supposed to be bound by generalizing inside, not outside. Of
course x may depend on data which have occurred before.

3 05 3. The same goal can be reached by the use of a word written ‘Pon’
(fL pone =put), meaning ‘““‘put”. One can introduce it by repeating
the last program text with

*+ Ponm=Etec * instead of * Va.Putm.a=Etc *

Later on ‘Pon’ will be used in a generalized sense.

3061. * HalnqHb?z.titexInqHap:
HbInqHa*—.thts HbInqHap:
“HbIng He-Utr.t1ts HcInq Hap:
HcIng Hb Fal.
HbInqHd-Utr.t1ts HdInq Hap!
HdInq HbFal:
HbInqHe*Utr.tits HeInq Hap.
Helnq Hb Fal:

HbInq Hf-Utr.t1ta Hf Inq Ha p .

4“HfInq Hb Ver®:

HbInqHa.t1t: Hf InqHayp:

HalnqHa"t3ts Hb Pet-?x.t1toxInq Hap:
nitats HbRep-tz.titexInq Hap.

HaInq HbBen *

The words written Pet and Rep (fL petit =seeks and reperit =
finds) mean ‘‘seeks’ and ‘“finds” respectively. Syntactically they
behave as ‘Enu’ and ‘Cpu’.
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3062. * HaInqHb:?.1m g zePri.A.2>101001"
4HbIng Hb+ 11 Div (102001 1 1), 10 Div (101001 4 10).
101 Div (1010014 11).10 Div (101001 + 100).
1011 Div (101001 4 101). 10 Div (1010014 110).
11 Div (101001 4-111). 10 Div (101001 4. 1000)*.
(102001 4+ 1001) € Prit**
HbIng Ha.1000001001 € Pri”
HalInqHa:tytaHb Pet ~tsts HbRep-?.1um Yz Ete”
HaIng HbBen *

3063. * HalnqHb:?.1vm Yz 2ePri. A 2z> 1010017
4Hb Pet . Hb Rep."*HbInq Ha 10101 1 1001 "
HaIngHat1t2 HbPet. A tets HbRep”
HaInqHbBen *

This is now a well-known pattern of transformation (see 3 03 2-
3083, and 3 04 3-3 04 4).

Examples of ‘Pet -~ . — Rep’ can easily be added.

3071. p, g, ¢ will be metatextual substitutes for three different noises.
*hp,q.pith
HaInqHb ?u.tita Fitu}
HbIng Ha™
pParu.A.qParu.A.xParu.A:uUni-p.q.1i
HaInqHa:tats Hb Anl-Yu.t1t2 Fitui
HaInqHb:?z-z.1vmPar,ut
“HbInqHaip Antq Antt” Erg:p.1umPar.usa-q. lO“mPalu-
A*t. Ultum Par .,y
HaInqHa:tats ~tstg. HbAnl-"u .t to Fitui
HaIng HbBen *

The word written Anl (fL analyzat) has a somewhat complex
meaning. It is used for the act of structurally describing a structure
of events (later on also with respect to spatial structures). Other
translations might be ‘“‘analyzes”, ‘describes”, “‘sketches”.

The word written Par (fL pars=part) means “part’’. It should
not be confused with the set-theory ‘“‘inclusion”, ‘C’.

The word written Uni (fL unio=union) means ‘“union”. It
should not be confused with the set-theory “union”, ‘U’

We use these words if structural parts and their structural
union are considered.

More contexts are needed for a better understanding of these
new words.

Later on we shall also use a slightly different syntax of Uni.
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We shall say

#Uni 4
instead of

#Uniz z2Etcz,,
if

A=T270T VEtcU T2,1.
This can be stated by a behaviour rule.

*hp.p.phl
HaInqHb tu.t1te Fitu:
“HbInq Ha-tits11es Fit p '
HalInqHa tsta Hb Anl-"u.tita Fit u:
p.llesPar.uia uUni.llesp.
HalInqHbBen *

Multiplicative numerals (‘“» times’’) are formed with a termina-
tion ¢ (from the Latin termination of almost all multiplicative
numerals).

#hp g.p.t.p.p.t.g.rit
HaInq Hb*?tu.tit2 Fitu.
4HbInq Ha*t1t2. 1002 Fit p ~ 10es Fit g ~ 11es Fit ¢ 2%
HalInqHa:tsta Hb Anl-Yu. it Fitw:
HaInq Hb " Utr:fyto Fit-p.p.p.p.q.q.c.7.7.
HbInqHa'Fal:Sed-p.q.p.t.p.p.x.p.x:
HalInqHbBen *

tHaInq Ha 1vm. Ha Inq Ha 10vm,
HalInqHall'm, Ha Inq Ha 100um 3t

HbInqHa:?z t1tz. 2 Fit™ *

HaIng Hb 100es*

HeIng Hb*?y.tts Halng Hay*

“HbInq He tite HaEnu:?z-titp. a2 Fit~ %

HcInqHeststa Hb Anl-Y2.41t2 Halnq Ha z*

HcInqHb:?Yu"thte HaEnu: 2z -t tp. 22 Fit™ :Modu®

HbInqHe it ts HaEnu' Ete®
Mod:HalInq Ha* 1um, 10um, ] Jum, 100um*

HcIng Hb Ben #

According to this dialogue designating an act by ‘Enu’ may
be a structural description of this act.

Furthermore we have learned the word written Mod (fL modo =
in the manner). It is to conjoin a verb with a sentence that states
in what manner the action described by the verb takes place (a
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“modal subsentence’’). We have also learned how to translate the
modal interrogative adverb “how’’? by ‘? % .Etc .Mod u’.

* 4HaIng Ha 100um, HaIng Ha 1000um,
Halng Ha 1100um "
HbIngHa:tz tita.zesFit™ °
HaInq Hb1100es"
Y"HbInqHc:tite HaEnu-lz.titpzes Fit~ 4°
HcInqHb:?Yut1t: Ha Enu.Ete. Mod »”
4“HbInq He:Mod - Inq 100um, 1000um, 1100um t*
HcInqHe:tsta HbAnlYv.t; {3 HaInq Hav*
A*tstg Hb Anl Yv.t1t2 Ha Inq Hav *

* HaIng Hb.?=11010x 1011"
4“HbInq Ha.11010+ 110100+ 11010000 = 100011110%"
HaInqHa t1t, HbCpu.?=11010 x 1011%"
HcIngHa:tets Ha AnlYu .t t Hb Inqg Hau *

* HaIngHb.1=11111110"
“HbCpu.?=11111110"%
HbIng Ha 111110000001 °
HalInqHb*?"u.HbCpuModu"®
“"HbIng Ha:
Mod * (z+y)0=210+ 102y + 0. A 2 =10110, A, y=—1"4
HcInqHa:tets Ha Anl-Yu,t; o Hb Inq Hau *

* HaInqHb: Utr: An"neNum.— :Vp-pePri.A.p>n?
“HbDem: A neNum.—>:Vp pePri.a. p>nhi
HeIngHa:?Yu-""*"HbDem.Etc.Mod u i
“HalIngqHe:

Mod " HbPet:? Yp* pePri,a.pDiv (10 x 11 x 100 x Ete x 7+ 1)k}
HcInqHc:tsta Ha Anl*Yv.ty ts Hb Inq Hbv *
Likewise one should exhibit the use of ‘Anl’ with respect to

‘Pet’ and ‘Rep’.

*hp,q.rh.
HaIngHb*?u.t1taFitu.
“"HbIng Ha®
pParu.a.qParw.a.tParu.azuUni*p.q.rih
HalInqHc:tsta Hb Anl-"u.f1ta Fitu
HcInqHa' ? v:t3ts Hb Anl - Yu. ty ta Fit w-Mod v
“HalIng Hc"Mod HbPet: 2= -z, zParu 't
HcInqHe:tstg Ha Anl- Yw.t3ts Hb Inq Haw *
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We now build nouns (nomina actionis) from verbal stems by
means of a termination i (a Latin termination for building
nomina actionis).

Remark: No importance should be attached to the words verb
and noun in this connection. They do not describe Lincos cat-
egories whether syntactical or semantical. They refer rather to
conventional translations of Lincos texts into common English.
It would be possible to translate Inq, Enu, Cpu, Dem, Pet, Rep.
Anl not by verbal forms, but by nomina agentis, e.g. 4 2 Ha Cpu 2’
by “Ha is the computer of 2 during t f”.

+4Hg Inq Ha 1vm, Ha Inq Ha 10v®, Ha Inq Ha 11um,
Ha Inq Ha 100um t §
HblInqgHec.
Yy.tits HalnqgHay €  HaEnulo: 22+t 5. 2e¢ Fit~ i
HcInqHe'#t' HaEnu ? Ete.
—1Yu.tt' Fitu e+ Ha Enuic.? Etc - C+ Enuic. ? Etc *

* HaInq Hb.?=Cpuic}
HbInqHa:Exg'tt' HcInqHd.?Etc-a-t't” Hd Cpu.?Ete:
—:Yu.t't’ HdInq Hd u*e* Cpuio.? Etc *

Likewise one should introduce Demic, Petio, Repio, Anlio,

* iy, q.ghi
HaInq Hb-tx.tito Fitx:
%“HbInq Ha?Car My:y-Par. z Etcl=11%:
HalInq Hb* z.13t4 Hb Inq Ha - € Anlio, "x Etc :
Tan:?Yu " ue AnlicYa Bte. At Erru < - Err. Yz Ete
“HbInqHa pPar z.r.qPar Yz.a.tPar z.
A:YzEte.Uni-p.q.rit
Halnq Hb: Yu.t5t¢ Hb Inq Ha - € Anlic Y Etc:
A1 Err. "y Ete-< - Err. "z Ete:
Tan:? v ve-Anlio, "z Ete: Az Errv.< * Err. Yu Ete?
HbInqHa pPar z.An.qParYz.a.vPar z.
A"z Ete.Unitp.q.t:n.pAntqAntr
HalIng HbBen *
The word written Err (fL error = error) is used when the exact-

ness of analyses (Anlio) or other statements are to be compared.
The three analyses to be found in the program text go in the
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direction of increasing exactness and decreasing inexactness (Err).
Later on we shall meet with ‘Err’ in more numerical contexts.
Of course the use of Err does not at all imply the existence of
a simple ordering of statements with respect to exactness.
One should repeat former analyses in order to compare their
exactness by means of ‘Err’.

3101, *4"HaInqHb-?2.10102=101%}
HbInqHa.1/10%:
HcIng Hd.t2ts Hb Rsp Ha i
HdInqHc.?=Rspi
HeInq Hd*Exg:tt’ Halnq Hb-z.Etcz Etc:
A~t't" HbInq Ha.Etc 1/10 Ete” —.¢'t"”” Hb Rsp Ha *

The word written Rsp (/L respondit =answers) means (the verb)
“answers”.

3102. *"HaInqHb-?2.1010x=101%:
HbInqHa101/1010%:
HcInq Hd.tat3 Hh Rsp Ha *

3103. *4“HaInqHb*?2.1010x=101%:
HbInq Hal0%:
HeIng Hd - tots Hb Rsp Ha . Tan Fal *

3104. *"HaInq Hb.1011111€Pri-
“HbIngq HaFal -
HcIngHd.tzt3 Hb Rsp Ha *

3111, *hp.q.rh:
HalnqHb-'z.hitp Fitx.
YHbIng Ha: 1t Fit-p’.q.th:
HalIng Hb Fal:tsta HbMut-"z.ty tz Fitx-Mod . p’ Tlop *

b

The word written Mut (fL mutat=changes) means “changes’.
The word written Ilo (fL in loco = instead of ) means “instead of .

3112 *4p.q.rh:
HalnqHb-?z.t1t: Fitx:
“HbInq Ha-q.t":
HaIngHb Fal:tsty HbMut- Y.ty t2 Fitz - Mod . Sinp *

The word written Sin (fL sine=without) means ‘“‘omits”.
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3113 *hp.q.ch:
HalInqHbtx.t1t2 Fita:
“HbInqHa p.3.q.th
HalInq Hb" Fal:tgts HbMut+ "z .t1t2 Fitz* Mod . Add 8 *

The word written Add (fL addit=adds) means “adds”.

3114, * HaInqHb.?=11111110]
HbCpu.?=11111110;
HbInq Ha 111110000001 .
HaInqHb?wu.HbCpuModu.
HbInq Ha Mod: HaMut* (z +y)l0 =210+ 102y + yi0-
Mod.1000000Ilox ~ (—1)Iloy.
HaIng HbBen *

312 0. After the interrogative “how?” we now treat “why?”. Its Lincos
equivalent will be written Cur (fL cur = why). Answers to questions
‘Cur Etc’ may begin with a word written Qia (fL quia=because).
The latter word will also be used independently, as an inverse
‘Erg’ as it were. In this case it introduces an answer to a non-
explicit question.

The polysignificance of “why” and its equivalents in other
languages is a commonplace. One should at least distinguish
“whys” asking for the reason, for the cause, and for the aim.
If one tries to examine these notions more closely one runs the
risk of getting entangled in a muddle of relations. From experi-
ences of this kind one ultimately learns that in some cases it may
be better to avoid such analyses or at least to delay them, if
progress is to be made. An interlinguistic homonymy can have
deep roots in human behaviour. Perhaps the questioner uses a
polysemantic “why’’ because he often does not know which kind
of “because” he is asking for. I think it is a useful rule to dis-
criminate homonyms where this is easy, and to justify them when
not. In the latter case one should invent syntactic rules that cover
the polysemantic use of the word.

The question ‘Cur’ as we shall put it, will ask for a justification
of the fact that some event or some series of events has happened
within a larger series of events. These events may also be of a
linguistic kind, i.e. occurrences of certain words or groups of words
in a certain context. In any case the things to be justified will be
mentioned by means of the word Cur.
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3121. * HaInqHb.y10¢Rat!

HbInqHaCurl

Halnq Hb:1.Qia1Qqm.)10¢ Rat-Pon.)T0cRat
Erg:V ™p.q¢""Put "p.¢""pUg.CNum-~
At—*10Divp.A.10Divg:A.p/g=}10¢
Erg.p10/g1=10: Erg. p0=10¢10}
Erg.10Div piErg. 100 Div p10}
Erg.100Div (10¢%0): Erg.10Div ¢l%i Erg 10 Divg:
Erg 10Divp.A.10Divg.A: —*10Divp.a.10Divgi
Erg:Vs-sePrp.A.sa.—8isAa. —s e Fali
Erg-y10€Rat.cFall

HbInqHa Ben *

The ‘Cur’ of this text asks for the reason.

The question, could also have been asked in the form ‘Cur ¢’
or ‘Cur . ¢ Rat’ or ‘Cur. )10 ¢ Rat’ or ‘Cur Ver’, and so on. The
talk should be repeated with these variations.

3122, *%HaInq Hb i pePrit.aaUb.CNum*a.pDiv (ab):

—+*pDiva.v.pDivbhl
HbInq Ha:Cur-tito Halnq Hb.pePril
HalInq Hb* Qia”

110 Div (11 x 100) . A: —+110Div 11, v. 110 Div 100.

tt' HoMut: Yz .tots Ha Inq Hbz: Mod * Sin. pe Pri”

—:Yy.tt' Halnq Hby-eFaliNes ty ts HaInq Hb . pePril
HbInqHaCuritit Halnq Hb.pe Pri®

Sed: —"Ete:Vig.nl-gePri.A.neNum. . p=gr|
HalnqHb*Qia"

100 Div (10 x 110). A: —+100Div 10. v. 100 Div 110

t' HaMut: "z .tots Ho Inq Hbx:

Mod-V rg.n " Ete.llo.pePri”

—:1"y.it' HoInq Hby-cFaliNes t1ts HeInq Hb . pePril
HbInqHa.Cur’' —:tite HalnqHb pePri.v.p=11
“HaInq Hb* —: Vs-tats Halnq Hb.Qias.

tt’ Ha Mut” Yz Etc*Mod: pePri.v.p=1-Ilo.pe Pri.

—:1"y.tt' HoInq HbyeVer. — Nes.Ete.pePri *

The ‘Cur’ of this talk asks what is aimed at by some act?
Ha is giving a justification for having made some supposition.

We have incidentally learned the word written Nes (L necesse =
necessary) that means ““it is necessary that’’. The vocabulary of
modality will be dealt with in detail later on.
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3123 #hphs
HaInqHb 'z .11t Fita?
4HbInq Ha ph?
HcIng Hb-Cur.t3ts HbInq Hap*
HbIng He:Qia"t2ts Halng Hb -tz .hita Fitx: .ty 12 Fitp?
HcIng HbBen *

This is a ‘Cur’ asking for something like the cause of an event.

3130. We now turn to the word written Sci (fL scit =knows). In many
languages the semantical domain of “to know’ is claimed by two
words (or clans of words) though the division between them is
made rather on syntactical than on semantic grounds. In English
this distinction may be circumscribed as that between ‘“to know
a fact’”” and ‘““to know a thing”, Latin ‘“‘scire” and ‘“‘noscere”’,
French “savoir” and “‘connaitre’’, German ‘‘wissen’’ and ‘“‘kennen’’.

On the same grounds as given in the case of “why”” we will stick
to one word ‘Sci’. This use will be legalized by the rule: A sentence
beginning with ‘Sci’ is to be considered as an answer to a (not
necessarily explicit) question. Or more syntactically: the sentence
that depends on ‘Sei’ (the thing known) is to be interrogative
(perhaps elliptical).

We now give a few examples of intermediate translations of
sentences to be translated into Lincos:

“Ich weiss, wo mich der Schuh driickt’”” becomes ‘‘Ich weiss:
“wo driickt mich der Schuh?””

“TIch weiss nicht, was soll es bedeuten’ becomes ‘“Ich weiss
nicht: “was soll es bedeuten?”’”

“Kennst du das Land, wo die Zitronen blithn?’ becomes
“Weisst du: “in welchem Lande bliihen die Zitronen?”’ ”

“TI know Caesar” becomes “there is an z with the properties
that x is Caesar and that I know: “is this z Caesar?” ”

“Eritis sicut Deus scientes bonum et malum” becomes ‘“Like
God for all z you will know: ‘““which is the value of x?’”

“Scio nil scire” becomes ‘“There is no p such that I know:
“is p true?” and I know: ‘““is there any p such that I know:
“is p true?”?””’

“Ivowte oe avtor” becomes “You shall know: “who are you?””

“I know a Roman citizen’’ may not be translated by “I know:
“who is a Roman citizen?”’ ”’, but ‘“There is an x such that z is
a Roman citizen, and such that I know: “‘is z a Roman citizen?’’ .

The following is to justify the syntactical rule we have imposed
on ‘Sci’.
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Let us suppose we wish to say that Ha knows the solution
x of 100 x=1010. As ‘Hb*Sci 100 x=1010" clearly does not fit,
we could try Hb Sci* Yz . 100 2 = 1010. But then it would not be
clear what Hb is said to know. It may be the ‘“bad’ solution
1010/100, i.e. the fact that 100z =1010.— .z =1010/100,
whereas we wish to assert that he knows the good one, i.e.
100 2 = 1010 . — . z = 11/10. Hb’s ignorance may be still worse;
perhaps he does not know any more than that Yz . 100 z = 1010
is a solution of 100 # = 1010, i.e. he can apply a syntactical
pattern, but he has no notion of algebra.

Fortunately, we have created the means and established the
habit of distinguishing between good and bad solutions. The
approved method of asking for good solutions is to use the word
written ‘“’. So ‘HbSci*?x.100z = 1010’ expresses fairly well
what we wish to say. More fully ‘Sci’ then reads: ‘“knows the
good answer to ...”.

As soon as a syntactical rule for ‘Sci’ is agreed on in one case,
the best we can do is to stick to this rule generally. Thus we were
obliged to transform “Ha knows that p” into the interrogative
mode. The inverse way is not practicable. Indeed, we are not
allowed to translate

Ha knows the solution of ?x.100x=1010
by

HaSci*1002=1010.—.2=101/10,
because this translation would convey not only the fact that Ha
knows the solution, but also the solution itself. We must be able
to say that Ha knows something without betraying the precise
structure of the thing known.

It might have been useful to introduce a word that announces

the  that is considered to be a good answer to a question. If this
word is written as a note of exclamation, we should get, e.g.

l2.1002=1010:=101/10.

Under this condition ‘Sci’ should be subjected to the syntactical
rule that the thing known has to have the form of an answer to
a (not necessarily explicit) question. We shall not treat the
problems that would arise from this alternative convention, but
we may mention that they are closely akin to some problems to
be dealt with in 3 17 o.

As ‘Sci’ is always followed by an interrogative sentence one
might enquire whether we cannot get rid of the question mark
after ‘Sci’ by means of a fusion with the preceding ‘Sci’. But this
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is not possible, for we met with interrogative sentences without
an introductory question mark, viz. those that start with ‘Utr’
or ‘Cur’. Apart from this fortuitous circumstance, I would not
favour dropping the question mark linking ‘Sci’ to the activity
of solving problems.

As a final remark it is perhaps not superfluous to mention that
our ‘Sci’ does not aim at a (more or less mysterious) mental state
of the person knowing, but simply at a certain behaviour that will
be exhibited by means of a number of examples.

As to the syntactic rules for ‘Enu’, ‘Cpu’ and others, the reader
will understand why it has been useful to pattern them on that
of ‘Sei’.

It also goes without saying that ‘Ha Scip’ is the written
picture of an event, whereas ‘t ¢s Ha Sci p’ is a report about an
event. This report can also be written % ¢z Fit . Ha Sci p’.

*%HaInqHb*%2.1002=1010}
4“"HbIng Ha 101/10%}
HalngHe:t1t, HbSci*?2.1002=1010¢
HcIng Ha.Cur Veri
HalIng He:Qia"toti Halnq Hb*?2.1002=1010:
A*t1te HbIng Ha.101/10¢
HcIng Ha Ben *
*tHalng Hb*?2.1002=1010"
*HbInqg Ha 1010/100 %
HalnqHc" —st1ta HbSei*t2.1002=1010.
HcInqHa.Cur —:
HalnqHc' Qia: —.t1ts HbInq Ha 101/10-Sed 1010/100 *#

From the last talks the receiver will not yet guess the true meaning
of ‘Sci’. ‘Hb Sci p’ could mean “Hb communicates the solution
of p”. Knowing has been recognized on the strength of symptoms
that might appear to be too direct.

*4HalnqHb*?2.100x=1010}

4“"HbIng Ha 1010/100%:

HalnqgHec:t1ta HbSci-tu . toty HaInq Hb u

Hc¢Ing Ha Curt

“HaInq He:Qia toty Halng Hb*?2.1002=1010:
At Y2.1002=1010"= *Yu.t; ts Hb Inq Ha '

HdIngHe-%v.tsty Halnq Hev'

Helnq Hd*tsts Halnq Heit1to Hb Rsp Ha'*
Erg:tita HbSci-? u.toti HaInq Hbu'?
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HaInqHc:tits HbSci" ty:stotiyIng Hb*22.1002=1010
HcInqHaCuri
HalInq Hc!Qia.t ts Hb Rsp Ha .

tita HbSci" ?y:toty Halnqy-? Etec.

tite HbSei"?2:2 Halnq Hb-? Etc.

t1te HbSci™ ?w.toty Fit w #

3133, *tpt”
HalnqHbtz.tot) Fitx”
“"HbIng Hap®"
HaInqHc:t2t3 HbSci-ty.yFitp *

3134 *%HalngqHb*?x.1002=1010" |
HeIng Hb 2. toty Fitu® |
HbInqHa 101/101
HbIngHe: —* Vu.tot Fitu®|
HeIng Hatats Hb Sci.
Py VIt itt yIngq Hb -t 2. 1002 =1010
—itats HbSci-tu.tot1 HeInq Hbw.
Qia” —:tats HbSci* 2.2 HaInq Hb Ete}
—itets HbSci"tv:ititov Inq Hb T u. toty Fitu
totz HbSci:Utr" V Tw.¢.t' st wIng Hb - tu . tot1 Fitu #
After these talks it is unlikely that the receiver could understand
‘Sei’ in the sense of “‘communicates the solution of . ..”. Yet the
evidence for ‘Sei’ may be still more indirect.

3135, *hp.g.1h-
HbInqHb:p.q.t*p.q.t-p.q.t’™
HaInqHc:tito HbScitx . toty Fitx *

*4HgInqHa+1.100.1001.10000% !
HbIng Hb11001%:
HalInqHc ' tita HbScitt - Vy . tot1y Inqy 2 *

#4HgInqHc.?=10% 10"

HeInqHa101®
4“HbInq He Fal®"
HalnqHce:tits HbSci-tx .oty Fitx *

+ 4 g Inq Ha-10.11.101.111.1011%:

HbInq Hb-toty HaSci.?=Pri *

313 6. Knowledge may begin, last and end:
(h<ta<tz<tsa<ts)
#* HalnqHb:?1vmg-xePri.a. x> 1010017
4 HbInq Ha 1000001001%
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HalnqHa.t4ts HbSciEte.
Halnq Hb " Utr:tats Hb Pet - ? 1um . Ete:
HbInq Ha Fal:
HalnqHb*Cur.tsts HbSci Ete.:
HbInqHa"t1ts Hb Pet .? lumg Ete:
tots Hb Rep: Erg.tats Hb Sci: Erg. t4ts Hb Sci:
t<t' <t <t .an.tt' HbSciEtc— .t"t""" HbSciEtc *

(h<te<tz<ta<ts<te)
*4HaInq Hb ?z.tta Fit ki
HbIng Ha*Cur.Halngi
HaInqHb:.Qia" —:tstg HaSci-tz.t1t2 Fit '}
HbInq Ha Tan-tgtg Halng Hb.tht2 Fita:
Erg.t3ty HaSci Ete#
HalInq Hb" Qqm.tsts HaSci:Tan- —.t5t Ha Sci *
* Halnq Hb-tz.htaFitai
b HbInq Ha'Qqm "t3ts HbSci: Utr- Vp.tits HaInq Hb p:
Tan: — t3ts Hb Sci. ? == p Bteh
HalInqg Hb.tyts Halnq Hbat
“HbInqHa' A"t.t' 1 its<t<t'.—>-it' HbSci.?z. 1ty Fitx #

* Halng Hb:? Ivm gz 2 Pri.A. 2> 101001
YHbInq Ha" Qqm: — .t te HbSci Etc - Tan .ty tg Hb Sci® .
HbPet:?1umg:zePri.an.z> 101001 5]
HbInq Ha 1000001001 :
HalInq Ha.tsta HbScis
HalInq Hb.CurSci:
HbInqHa:tets Hb Pet ~ Rep- Ergts <t'<t' . —.t't"" HbSci *

(hi<ta<tz<ta<ts<ts)
+%HaInq Hb " Utr:tste HbSci-?x .ty ta Fit a':
HbInqHaVer:
HaInqHb Utr:tite HbSci-tx . t1to Fitxd
HbInqHa:Fal tsts HcInq Hb. 4t Fita”
t<t' <t <t <t®<t® a-tt' Fitz-a-t"t" HcInq Hb . tt' Fitx:
—:1t® ) HhSci»?y.tt' Fity *

* bHaTInq Hb " Utr:tsts Hb Sci-? 2.ty to Fit 2™
HbInq Ha Ver:
HalnqHb:Utr" VI t.t cx.yl:t' <tz.att’yInqg Hb.tita Fit x}
HbInq Ha Fal:
HaInqHb " Utr:t1to HbSci- 2z .t ta Fit
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HbIng Ha Ver:
HalIng HbCuri
HbInqHa:t ts Hb Ani-?x.t;taFita #

Hb knows that something has happened though nobody told
him about it. He knew it as soon as it had happened. The reason
he assigns is that he witnessed that event.

The word written Ani (fL animadvertit = perceives, is aware of)
means ‘‘witnesses’”’. Syntactically it behaves as ‘Sci’. Of course
‘Hb Ani Etc’ is the written picture of an event that is reported
on by % ts Hb Ani Etc’.

(ti<ta<ts<tsa<ts<ts)

HaInqHb-tz.t1te Fit 2t

“HbInqHa.t1t Fit o}

HalIng Hb*Utr.ti1ts Hb AniEtei

HbIng Ha Fal:

HaInqHb:Utr'V Tt.¢' .y ltte<t.a*tt’yIng Hb. 11t Fital
HbInq HaFal:

HaInqHb Cur:tstg HbSci-?x.t1ta Fitai

HbInqHa:itsts HeIng Hd . t1ts Fit a- A-tats Hb Ani. Utr tst4 Etc *

3142, (ti<te<ts)

WHaInq Hb " Utr:tsts HbSci 2z .t to Fit 2|

YHbInqHa.Fal1Qiai —:titp Ani« 2. 11t Fitz"
A=Vt .yt yIng Hb . ti te Fita:

Erg+ — . tats Hb Sci*|

HaIngHb' — VEtc.eFal: Vet tg Halnqg Hb. t1 12 Fitz |

HbInqHat"t"" HbMut . 2.tst¢ Hb Inq Haz.
Mod'Vt.t'.x.y 1 t'<ts.n.Ete:Ilo. V t.¢ ..y Etei
—>172z.t"t"" HbInqHaz e Verl

YHaoInq Hb.ti1te Fitals *

3143, (h<te<tz<ti<ts)
+4HoInq Hb " Utr:tste Hb Sci*? x. t; tp Fit a™:
HbIng HaVer:
HalIng Hb-Utr.t1t; Hb Ani Ete.
HbIng Ha ' Fal:Sed-tsta HcInq Ha.t1te Fita:
HaTnqHb'Cur:tztsHeSci?z.t1to Fitz.
tHbIng Ha: — .t, ts HbSciCur-Tan. tyt,o Hb SciCur®:
HbInqHc Utr:tits HcAni-?z . t1ts Fitz .
HcInqgHbVer.
HbInqHa.t;ts Hc AniEte *
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3144. The talk 3 13 8 will be repeated. Then we continue.

* HaIng He:? 1umg -z e Pri. A 2> 101001 |
tHcIng Ha 1000001001 |
HaIngHe. CurSeil
HcIng Ha:tstaHeAni-?y.t3ts HbIng Hay
HalIng Hei:Mal.tstg HbSci* tu.tzta Fit ua

Tani—*t5t HbSci: Utr”

VIt it<t’ <tg. A+t HaInq Hb.? 1vm gz Ete |
HalIngHa nitite HeAnit?u. tite Fitul
HalngHc*Mal: —"tstg HcSei: Utr "u.tsts Fit u-€Ben|
HeIng Ha' Aitats HcAnit?tu. fotsFitusntYu.tots Fitu € Ben |
HalIng HeBen *

3145 (hi<ta<ts)
* HaInq Hb*?x.tithaIngHbypl
WHbInqHa1.—.t3ta HbScia
Qiaitita HbAni:ty - Ve.titexInq Hby"
Tan:—"Ani:?z*Vy.ttoxIng Hbyh +
* HalnqHb tz. it Fitz|
HbInqHar—SciiQqm tito Hb Ani: Utr Va.t1 t; Fit 2.
Tan"—:Ani-?z.tite Fitz *

3146. “HalnqHalum, Ha InqHa 10um,
Ha InqHallvm, Ha Inq Ha 100um®
HbInqHc titeHaAni:?z-Frez=a.A.t1 Antz Antty:
HcIng Hb.Cur Sci.
HbInqHc:Qia-tito HaEnu.? Ete *

3147, *hp.q.rhi
HaIngHa:p.q.t'p.q.t p.q.thi
HbIngHc:titaHaAni+?z. it Fit i
HcIng Hb Cur Sei
HbInq HciQia:tatz HaSci*
e fiteFitzin'—: VTt oz, y?tt'yInqHa . 11 1 Fitz *

3148. * HalnqHb tz.t1ts HcInq Hdz}
HbIng Ha.ti1ts HcIng Hd Fali
HaInq Hb' Utr:tito Hb Ani - Utr . 1; ts HcInq Hd Fal i
HbIng Ha* —.t1t2 Hb Ani Etci
YHaIng Hb.Utr" Vit .aT sta<t<t’ <t3.

A+tt'zIng Hb.t1to HcIng Hd Fali

HbIngHa*—.V Tt.t' .27 Etei
HaInq Hb.Cur Sei}
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HbIng Ha" Qia-toty HdInq He.10 x 10= 101
Erg.titp HcInq Hd Fal:
Erg.tita HcInq Hd Fal:tt' HdInqHcy. A .y Fal-
—Vt".t't" HcInq Hd Fal *

Knowledge about events by inference.

3149. (to<ti<te<ts<ts)

* HaInq Hb*%x.t1t2 Fit 2

HbInqHa:Vy-tite HdInq Hey.An.ycFala

HaInq Hb*Utr.tits Hb AniEte

HbIngqHaFala

“HaInq HbiUtr:V ' . t" .z u. vl ita<t' <t'’'<t4.
ATt Hb Ani: Utr-uInqo.tite Fit 24

HbInq HaiFal.Sed  tats Hb Ani+Utr.tots HcInqg Hd Fal:
A.tetsHeIng HdFal Erg: Vy-tits HdInq Hey . A.yeFala

HcIng HbiFal?Sed:toti HcIng Hd: Utr-101001 4.1, ePri”
A.t1te HdIng Hc Fal *

3151. We repeat 3 07 6, and then we continue:

* HalnqHd.?=11010 x 1011:
HdIng Ha 100011110
HalnqHd'Utr:V Tt.t'7 -t Hd Ani.?=11010x 1011
HdInqHa'Fal:tt’ HdAni.?=11010 x 1011+¢Prp.
HaIngHd " Utr:V .t +#t' HiCpu.?=Ete.
HdInq Ha Fal.
HaInq Hd.Cur Sci.
HdInqHa'tits Hd Ani:
Utr-HbInqHa.11010 x 1011 =10001110 *

There is no perception of mathematical truth.

3152. * HalnqHb-%z.tit2 Fitx
HbInqHa.tit: Fita
HaInqHbi?Tt.t'tt HbSci=?z. it Fita:
A=t Viu.u T ru<u <t.A.uu HbSciEte
HbInq Ha:tsts HbCog-?z.tite Fitx
HalIngqHb.?=Cog1
HbInq HaiExg" —.tt' HbSci Ete
*A.t't"” HbSci Ete: —.t't"” Hb Cog Ete:
Ini.HbSci Etc* = +Ini Hb Cog Ete *

The word written Cog (fL cognoscit =recognizes) means ‘‘comes
to know”, ‘“finds out”. Syntactically it behaves like ‘Seci’.
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3153 *HalnqHb-'z.hitaFitzi
HbInqHaat
HaInq Hb.Cur Scii
HbInqHa.tsts Hb Cog Etc
HalInq Hb" Utr:tsts Hb Cog* Etc-Mod.t3t4 Ani:
HbInq HaFal:
HalInq Hb" Utr:Etc-Mod - Vz.tstsx Inq Hb Etci
HbIng HaFali
HaInqHb" ?u:tsts Hb Cog* Etc*Mod u §
HbInq Ha:Mod ™ Hb Ani: Utr- HcInq Hd .t ta Fita *

3154. We repeat 3 07 6, and then we continue:
* HaInq Hd.?=11010x 1011:
HdTInq Ha100011110:
HaInq Hd.Cur Sci.
HdInqHa.t ts HdCogEte:
HaIng HiUtr Mod Cpu:
HdIng Ha"Fal:Mod - HbCpu.A.Hd Ani *

3155. The greater part of 3 051 is repeated, till the moment t;. Then
one continues:

* HaInq He*Utr: An"neNum.—:Vp pePri.an.p>nl

HcIng HaVerl

HalInq HcCurScil

HcInq Ha.t1t2 HeCogll

HaInqHc:? "z tite HcCog. Etc . Mod z |

HcInqHatito Hc Ani. Utrtits Hb Dem+ ALt ts Hb Dem”
Erg.Ver ATt .tV itg<t<t’'.—-tt' HeSei. Utr Ver |

HalInqHci?= *Demio; An"neNum.—>: Vp-pePri.a.p>nl

YHeInqHa—: Vo tzteSci: Utr -v €. Demio Ete
Tan: Vo " tste Sci Etei
QiaiVly.v'lveDemiocEte-Arue. Anlioy- A
"tats HeSci: Utr-ue. Anlioph #

3156. HalnqHb-?x.x219—100x—111111001111=01

Y“HbInq Ha 1 Qqm= — .t to Hb Sci: Tan. t3t, Hb Sci
Qia‘tats HbSci:? Yu" Vo:ve-Cpuic.?x Etc. Mod u' |

HalnqHb:Utrs.ATa.b.c’1a~b~~c.eCom+
—itita HbSci*? Yu . Vo ve
:Cpule-tz.ax04br4-c=0-Mod ul

HbInqHaVeriEti*tits HbScii?=""Ta.b.c?
*zeqxl®4-br4+c=0.A.2cCom:[Com.Com.Com1l
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HalnqHb:?1=+"Tg.b.c7."zEtcl

HbInqHa "a+#0.—-y2=0b1—100ac.
—.x=(y—b)/10a~ (—y—b)/10a:
a=0.A.b#0"—>.z=—c[b:
a=b=0.A.c#0"—"—.VzEtc:
a=b=c=0.—>+Az.Etc*

Note that with respect to oblique speech ‘Sci’ (and also ‘Any’
and so on) behaves as ‘Inq’. (See 3 01 5, and 2 04 0-2 04 6.) Ha
asked whether Hb can solve the quadratic equation aa?-+bx+c=0
for every value of a, b, ¢ (quantification outside the working
sphere of ‘Sci’). Hb, however, stresses that he can solve even the
general quadratic equation.

The word written Eti (fL etiam=also) means ‘“‘even”.

Since we interpret
HaSci*?z.t:ts HbInq He

as though Ha is answering the question ? z Etc, it cannot happen
under this formulation that Ha knows what was said, while
ignorant of who said it, or to whom it was said, or when it was
said. If we wish to express such an occurrence, we can avail
ourselves of the pattern of 3 14 4-3 14 5:

* HalnqHb?x.t1t: HbInq Hd x|
“"HbInq Ha t3ta HbSci: 1 Vy . titey Inq Hd x}
Tan:—"Sci:?y" Vx.titeyInq Hda' |
HalnqHa't3ts HbSci 2 t1te: "y -tsta HaSci.?=y:Inq Hcx *

At some stage of a case under trial the evidence may look like
that reported by Ha in his last sentence or something even more
intricate :

A murder has been committed, and the detective has traced
a person, who knows the identity of the victim (though he does
not know that this person has been murdered); the detective will
also have found somebody who knows the author of the crime
(though he does not know that a crime has been committed); he
has discovered the possessor of the weapon (who is as little in the
secret); and so on. The pattern of such evidence looks like:

*Yu titeHaSci.!=u: 2 11t HbSci. ? =x:
Inq: Yy tite HeSei . t=y: "p-t1t2 HdSci.?=p *
At a time u known to Ha a person z known to Hb said to a

person y known to Hc a saying p known to Hd. The use of the
definite article can be avoided by saying:
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*Viy.z.y.pliuxInqyp.a-titeHaSci.? =u-
Atz HbSci.?=z*A-t1tp HeSei.t=y-At1te HdSci. ?=p *

In 301 5 we remarked that in the affirmative mode the direct
and oblique speech are semantically equivalent. In the interrog-
ative mode, however, the difference is enormous.

For instance, in French:

Il me disait: “ou sont les neiges d’antan?”
Il me disait oll sont les neiges d’antan.

In German:

Ich sagte ihm: “wer kommt?”
Ich sagte ihm, wer kommt.

In English this paradox is less striking on account of the use of
the verb “to tell” in the second case:

I said to him: “who is coming?”
I told him who is coming.

It is clear that the second mode is not truly interrogative.
How shall we treat pseudo-interrogative oblique speech in
Lincos? Of course we cannot translate

“Ha tells Hb what has happened from t; to t2”
by

HaIlnqHb-?z.t1t:Fitx.
because the latter sentence means

“Ha says to Hb: “what has happened from t; to t2?”
The translation

HalnqHb-"z.t1t2 Fitx

would be just as impossible (or at least unsatisfactory) because
this means (or could mean)

“Ha says to Hb: Yz.t1t, Fita”.
If we were to translate not the event
“Ha tells Hb what has happened from t; to t2”,
but the report
“From t3 to t4 Ha told Hb what has happened from t; to t2”.

we could use the syntactical device of outside binding. Then we
should translate:

tite Fite. . t3ts HaInq Hbx .

But this way out is blocked in the present situation.
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We need a new device for pseudo-interrogative oblique speech.
This will be the exclamation mark, borrowed from the alternative
method alluded to in 313 0.

“Ha tells Hb what has happened from t; to t»”
could be translated by
HaInqHb-!?z.t1taFitz.

But this is still unsatisfactory. The receiver might be tempted
to believe that

M.t Fite

was something that could be said. Moreover, we could not prevent
the actors from saying it.
I have therefore decided to write

Halnq!'Hb%z .t t2Fitz
with the exclamation mark after the ‘Inq’.

3171. * HalnqHb-tz.t1t2Fitz:
HbInqHa-"z.t1ta Fitzi
HalInq Hb:Qqm Ver.TanMal " t; ta Fit«Yz.t:t; Fit z: e Mal §
HbInqHaai
HaIng Hb Ben *

3172. (ti<ta<ts.)
HaInqHb-tz.t) taFitz"
4“HbInq Haal"
HcInqHe:tstaHbInq ! Ha-?x.tito Fitx #

3173, (hi<te<ts)

* Halnq Hb-?x. 11 {2 Fitzs
“"HbInq Ha" "z .t ta Fit z™,
HaInq HbMal
HceInq Heitstgs HhInq Ha Yz . tite Fit .
Sed” —:t3ta HbInq! Ha*?x.t1ts Fitx *

3174, #hpt”
HalInqHb.t t2 Fitph~
HeInqHe:tets HaInq ! Hb*tx . t1 to Fitx *

3175 #tph]
HalInqHbp:*
HcInqHe' —:tets Halnq ' Hb- 2z .ty to Fitx +
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3176. *hph;
Halnq!Hb-?z.t1t2 Fita®:
HcInqHd*?y.tets Halnq Hby:
HdInqHc-tets Halng Hb .11t Fitp #

3 18 1. The (intentional) misprint in the following text is to reflect a slip
of the speaker’s tongue.

(h<ta<ts)
*4HoInqHb-tz. i ta Fttz It

HbInqHa" —:tats HbItg ty.tsta HaInq Hby 1

HalInq Hb:t3ta Halng Hb-tz.t1 12 Fit 2

HbInq Ha*ti1t2 Fita
= "tstaHaInq Hb:?z- 11t Fit .Sed Ftt .z |

HcIng Ha'
Vu'ueMal.a:tsta HaInq Hb-?z. tita Fit - Mod w .
Vo veBen.Attsta Hb Ani-?y.t3ta Fity - Mod v
tt' HaInq Hb p.Mod Mal -
—"—t't" HbItg-?q.t#t' HoInq Hbq *

The word written Itg (fL intelligit =understands) means “un-
derstands”. ‘Inq Mod Mal (Mod Ben)’ is an abbreviation of
‘Vru...InqMod %.A.ueMal (Ben)’. This may be stated by a
behaviour rule.

3182 *4%HoInqHb'x.tt Fitxih
HbInqg Ha . —Itg}
HaInq Hb:t3ts Halnq Hb-%x . t1to Fitx}
HbInqHa:a t3ta Hb Ani-?y. {314 Fity:
Aitstg HaInq Hb?x .1 t2 Ftt
HcIng Hb:tsta HaInq Hb Etc.Mod Ben -
Tan-t3t4 Hb Ani.? Etc.Mod Mal #

3183. *%HaInqHb-Utr.100001 Pri:®

HbIng HcFal:

“"Helng Hb" —:itsta HeItg 1 x . tats HhInq Hez it

HbInqHc™ —-Vz.tots HbInq Hez:Sed . tat3 Hb Inq Ha Fal :
Qia:tits HaIng Hb-Utr.100001 € Pri:

Halng Hb- — .tat3 Hb Inq Ha Fal.

HdInqg Ha ~~ Hb -~ Hc"t;t3 HbInq He Fal.
A+tat3 Hb Inq Ha Fal . Mod Mal -
Attets Hb Inq Ha Fal-Mod . Hb Inq Hc Fal +
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3184. *4HaIng Hb-Utr 100001 €Pri:t
HbIng HaFal:
YHeIng Hb" —:tsta HeItg =2z . tats Hb Ing Hex it
HbInqHc" — -+ Vx.tats HbIng Hexz: Sed . t3t3 Hb Inq Ha Fal:
HdIng Hb~~ Hc*tats He Ani . Ete . Mod Mal *

3185 (hi<ta<ts)
* 4o Ing Hb ak:
HbIngHa.—Itg:
“HaIng Hb"Yx.t1ta Fitah:
HbIng Ha.— Itg:
HalIng Hb-tstsHalng ! Hb.?z . btz Fita:
HbIngHa-Itg.titzFita:
HcIng Ha ~ Hb*t3t3~~tsts. Ha Inq . Mod Mal #

3186. (h<ta<ts)
+4HgInqHb.Het
HbInqHa.—Itg:
HalIng Hb"tstsHalng !Hb:?z-t1taxIng Ha.10x 10=100.
HbInqHa:Itg tits HcIng Ha .10 x 10=100 *

3187, (h<ta<ts)
+4HaInqHb "%
HbIng Ha.—Itg"
HalIng Hb:tsts Halng ! Hb - Utr. 100001 € Pri®
HbIngHa:Itg- —.100001 cPri *

3188. (thi<ta<ts) _
* 4 HqIng Hb* Qia. 11 Div 100001 " *
HbIngHa.—Itg"
HaIng Hb:tsty HaIng ! Hb - Cur.100001 ¢ Pri*
HbIng Ha:11Div 100001« Erg.100001 ¢ Pri *

3189, * HalnqHb-Utr.HcIng Hb Pri”

HbIngHa" —Itg:Qia*HcIng HbPri.¢ Prp*
HalIng Hb:Utr-V 7tt'7 .t HeIng Hb Pri”
HbInqg Ha-Itg.Tan.—Sei*

* Ha Inq Hb.t1 12 Hc Inq Pri Hb*
HbIngHa.—Itg"
HalInqg Hb.ti1t2 HcIng Hb Pri-
HbIng Ha . Itg *

# HaInq Hb:Utr* Vo, 2z eDiv,
HbInqHati—Itg?Qia: —:Vva-xeDiv.ePrp’

A Vzx.zxeDiv-¢Prp A" —-Va.xeDiv:i¢Prp *
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These are a few examples for the use of ‘— Itg’ as a means of
rejecting meaningless speech. :

3 19 1. The time-signal in the next program texts will have a length of
little more than 111,01 seconds and a frequency of about 1011111
Hertz.

* HaInq Hb . Eccl—— i

HaInqHb t=:Fre-"x.tit Fita:

HbIng Ha > -Sec~1.1010000; ~: < - Sec~1, 1(100000°
Fre-Yz.tits Fita: =Cca« Sec~1. 1011100}

HcIng Ha:Ceoa-Sec™1., 1011111}

HalIng.Hb~ Hc« Err 1011111, <, Err 1011100

HaInqHb !=:Dur-"z.t1 ts Fita:

HbInq Ha.Secllli

HaIng Hb Mali

HbInq Ha+Cca.Sec1ll:

HaIng Hb:? a Dur "z Etc.=Cca.a
*A:Erra.< Err.Sec111:

HbInqHa.Sec111,01:

HaInq Hb  Ben:Dur "z Etc.Pau> .Sec 111,01
A*Dur Yz Ete.Mul < .Sec 111,10:
Err.Sec111,01-Mul< -Err.Sec111 #

The word written Err has been known from 3 09 1. ‘Err’ is a
function from the set of propositions to the (partially ordered)
set of errors. We have used and shall often use this abbreviated
construction. The complete sentences would be
* Err " Fre-Yx.ttzs Fitx:=Ceca *Sec—1, 1011111 ]

<Err*Fre-"x.tta Fit 21 =Ceca - Sec—1. 1011100 #
and so on. These formulations should be linked together by a
behaviour rule.

Cea (fL circa=about, nearly) means ‘“‘about, approximately”.
Later on it will also be used in less numerical contexts, in the
sense of ‘‘nearly”.

The words written Mul (fL multo=much) and Pau (fL paulo =
little) mean “much” and “little” respectively. They behave like
adverbs added to ‘>’ and ‘<.

3192. * HalnqHb ?Yx:xeRat.r*x.=Ceca.)10}
HbInq Ha1010/111¢
HalnqHb ?z:xeRat.a*x.=Ceca.)10"
A*Errz.Mul< . Err 1010/11
HbInq Hall11/101%
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HalInq Hb+Err111/101.Pau< .Err 1010/11¢
HbInq Ha 1100011/1000110:
HalInqg HbBen *

About 250 time-signals of frequency a and length f) are given in
a rclatively short time, from t; to t,.

+ HaInq Hb Eccte-t |
HaInqHbi?=:iCar:™t " thi<t<ts—§.
AzVzett+hFitz.A.Frex=a.A.Durz=H1
HbInq Ha*Mul> .11
HalInqHb:? Yy ErryMul< :Err-Mul> .11
HbIng Ha+Pau< .100000000 *

p will be the metatextual substitute for some noise, p’ that for
a bad copy of p, p”’ that for a better copy.

* HaInq Hb - Ece. tph
HaIng Hb-tz.t1t2Fitas
HbInq Halp'
HaInq HbiMal:? yly.=Cca*"z.t t Fita"

A Erry.< :Err-"z.t3t, Fit 2,

HbInqHap'
HalInq HbBen
HeIngHd.p Ant p’
HalInqHce:%z-p.xAnt.p’
HcIng Ha Pau
HaInqHc*?Yy.Err:p-Ceay.Ant"p' "< "Err:p.PauAnt.p"s
HeIngHd=p.(ts—t2) Ant.p’
HdInq HcBen *

* HaInqHb-?2.20— 11102 —111111001111=0.

HbIng Ha.x=1000111 > —111001 :

HaInq HbCur:

HbInq Ha.QiaSci:

HalInq Hb-?u.CogModu.

HbInqHa  HbCpu-?2.219—1110x—111111001111=0:
Mul Ant.Ha Inq Hb Ete.

HaInqHb:? ¢ Errt.< .Err Mul:

HbInq Ha . Sec 1011001 {

HaIng HbBen *

The first time Ha pronounces the word written Nnc (fL nunc=
now) meaning ‘“now’’, a time-signal of frequency a is given.
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+ HaInq Hb" Ecc:Nnc Fit* Yz .Frez=a:
HbInqHaVer.
HaInq Hb:NncFit-Yz.Frex=a.
HbInqg Ha Fal:
HcIngHc tt' HoIng Hb . NncFity -
—"p.tt' HoInq Hbp* <>"Cea*Yu.uw HaInq Hb Nnc: Fity +

‘Nne Fit p’ is a proposition the truth-value of which depends
on time, whereas the value of ‘t; t2 Fit ’ does not depend on time.
Extensionally they cannot be equivalent. In an intentional con-
text they can.

Words such as “now”, ‘“here”, “I”, ‘“‘this”, ‘“‘that” can be
avoided. But for this economy we should have to pay clearly
in the form of clumsy circumlocutions. We have not introduced
a word meaning “I”. Up to now, when speaking about himself,
everybody used his proper name. Of course there may be situations
where the speaker wants to conceal his name though speaking
about himself. Then he can use bound variables, e.g.

*tite: "2 Vp.NncxInq Hap:Inq Haq *,

but if a word meaning “‘I”’ is available, he can simplify his speech
considerably. As long as we are not interested in situations like
this, we can dispense with “I”. Likewise we have not introduced
words meaning ‘“‘this” and “that” though a more sophisticated
analysis may reveal their occurrence in our texts: often the ‘Etc’
is used as if it were a demonstrative pronoun. It would be worth-
while considering whether this use should not be formalized by
the introduction of formal demonstrative pronouns.

In any case it would not be wise to avoid words like ‘now”
and ‘“here”’. We will now deal with “now’’, and we shall see that
its use is a real advantage.

“Now”, like “I” and the other words mentioned, conceals a
variable. So we must agree upon the place where this variable is
considered to be bound, when Nne occurs in a report such as

* HaInq Hb:t1to HcInq Hb*Nnc Hd Sci. ! Ete *

In all occurrences of hidden variables we shall observe the rule
of binding inside. The ‘Nnc’ of the example is (approximately)
the moment of Hc’s pronouncing Nne (i.e. t1t2) not that of Ha’s
reporting on Hc’s pronouncing Nne. Likewise a word meaning
“I”, if available, would mean the direct user, not the person
reporting about its use. Thus syntactically oblique speech with
respect to hidden variables, which is a well-known feature of
common languages, is unknown in Lincos.
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Parts of our former programm will be repeated, with ‘Nne’
instead of an explicit date.

(hi<ta<ts)
#*8HaInqHb' —:Nnc HaSci* 2.ty tp Fit a*i
HbInqHa.hitpFitai
“HaInq Hb: —:PauAnt.Nnc-HaSci.? Ete”
Tan-Nne Ha Sci.? Ete,: Nnec Ha Cog+?z . t1t2 Fit '}
HcInqHc:t3ta HaInq Hb: —-t3ts HaSci. ? Ete”
tste Ho Inq'Hb: — tata. Tants te* HaSci.? Ete *
Compare 203 9 on this use of ‘4 Ant.y’ for dating.

(hi<ta<ts)
#tHaInq Hb" —:tstaHaSci*2z.t1t2 Fitah |
HbInqHa.t1t:Fital
“HalIng Hb" —t3ts. Tantste* Ha Sci® |
HcIngHeitaty HeIng Hb. — Nnc HaSei
tste HaInq Hb: — - Pau Ant.Nnc:Tan:Nne " Ha Sci |
HdInq Hd1Pau Ant.Nnc* HaInq Hb:
—:PauAnt,Nne* Ha Sei* Tan Nne Sci ¢
Pau Ant . Nnc* Ha Cog *

#* HoInqHb:?.1lvmg-zePri.a.z> 101001}
HbInqHa.—*Nnc HbSci.?Ete’
Tan:PauPst.Nne+ HbSci.? Ete'
HalInq Ha*Nnc HbPet.? Etci
HbInq Ha.101001 4 1001
HbInq Hb:PauAnt.Nnc* HbPet.? Ete *

#* HaInqHb:?.1vmg-zePri. A, x> 101001}
HbInq Ha.101001 41001
HaInq Hb+Cur.Nnc HbSci'}
HbInqg Ha'Qia:Mul Ant.Nnc- Hb Cpu.
h>0.—"hPst+*Mul Ant.Nnc: HbSci *

Clearly this is a syntactically new appearance of ‘Mul Ant . Nnc’
and such expressions. In ‘Mul Ant . Nnc* Fit »’ an existentially-
bound variable is hidden in ‘Mul Ant . Nnc’. In expressions like
hPst - Mul Ant . Nne: Fit ¢ this existentially bound variable is used
as an instance out of the set to which it has been bound. In other
cases we have accounted for this use in common mathematical
and everyday language by the word ‘Put’ (see 3 05 2). We could
justify the new use of ‘Mul Ant.Nn¢’ by a similar artifice, but
we had perhaps better avoid subtleties of this kind. A behaviour
rule stressing the new use could be added.
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#* p:
HaInqHb " ?z:PauAnt.Nnc- Fitz:

HbIng Ha'PauAnt.HalInq HbEtc- Fitp:
PauPst.p.HaInq Hb Ete *

We introduce some abbreviations:

* Pau Ant.Nnc*Etc: <.PAN Ete*
PauPst.Nnc - Etc: <.PPN Etc”
Mul Ant.Nnc* Etc: <. MAN Etc"
Mul Pst . Nnc - Etc: <> MPN Etc *#
*UnqAnt.u-Fitp: <.pAntu’
UnqPst.u-Fit p:<>.pPstu’
Ung Ant.Nnc* Etc: <> UAN Ete"*
UnqPst.Nnc-Etc: < UPN Ete”
UnqFitp.<>*Vu.uFitp *
The word written Unq (fL unquam =ever) means ‘“‘at some time”’,

#* HaInqHb ?z.t1t2 Fitzi
WHbInqHa:tit: Hb Ani.? Etc* Tan:— *t3t4 HbSci.? Etci®
HaInq Ha.—"t3t4 HbSci? Etc:Qqm.UngAnt t3t4: HbSci? Etc”
—t3t4.QUA.HbSci.? Etc *

#%HgInq Hb % x.t3ts Fit 2t
HbInq Hai—t3ta HbSci.? Etc. Qia " to<ti<te<tzs<tss
Artoti HaInq Hb- Yz . {3t Fit z?
—it1t2 HbSci*Tan.t3ta HbSci*?x.tata Fitx*
—tt1t3*Qqm.Unqg Pst - Hb Sci . ¢ Ete ¢
—t1t2.QUP.HbSci.? Ete *
In 3 21 3 Hb has forgotten, in 3 21 4 Hb does not yet know.
So QUA means “longer” as used in ‘“no longer”; QUP means
“yet’’ as used in ‘“‘not yet”.

p is a metatextual substitute for a noise that lasts longer than
ta—t1; q is a metatextual substitute for a noise that lasts less
than ts—t;.
#* HaInq Hb.t1t2 Fitpi

HbInq HaFali

HaInqHb-?z.t1t Fitxi

HbInqHa:—:NncHbSci*tz.tite Fitaz" —Pot. 1t Fitp

HaInq Hb:Cur.— Poti

HbIng Ha:Qia*Durp.>ts—t:1}

HaIng Hb.t1 12 Fit g

HbInqHa:Durg.<ts—t;"Erg*Pot.t:1t2Fitq”

Tan: —+Nes.t1ta Fit " — * Nne Hb Sci . Utr Ver *
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The word written Pot (fL potest=can) means “it is possible
that’’. ‘Nes’ is known from 312 2. Both ‘Pot’ and ‘Nes’ are
followed by propositions.

3222, (h<te<ts) _
tHelIng Hb.t1ts HaIng He phi
HdInqHb.t1ts Halng Hd g%}
HbInqHb*Yz.t3ta HcInq Hbxz: € Fal:
v:Yy.tats HdInq Hby-eFal* Qia: —"Pot: V' z.y.u.v. w1+
wHaInqvz.An.uHalnqwy.A.x£y *

3223, (hi<te<ta<ts)
#* HaInq Hb:tits Ha Ani-?z.t3t4 Fit 2
HbInqHaiFal-Qia.ta<ts?
—Pot ta<tz.Artita Ani*?z.t3ta Fit 2
Pot'ty<tri.Anztito HaAni*?z.t3t4 Fit ¢
Tan:—"Nes:ita<ty.—>hitsHaAni. 2 tgta Fitx #

3224, * HoInqHb:Utr t3ta HeSci*tz.thto Fitx:
—>:tite HcAni*?z.t1 1o Fitx
HbInq Ha*Pot.Tan.— Nesi
HaInqHb Utr:V Tt.t'1+tt' He Ani. ? Ete?
HbIng Ha*Pot.Tan.— Necs.
Qia"Pot: UAN HdInq! He-?tz.t t2 Fita *

3225 * HalnqHb:Utr+10100004 ] cPri,
4HbInq Ha:1010000 4 1, Prit,
HaInq Hb.Cur Ver.
HbInqHa:tito HbPet: ? 2= Div. 10100004 ],
HalInqHbiFal®Qia:

Pot:tt’ HbPet -2z . Ete" <+t'—t.Mul> .ta—t11
HbInq Ha:t ta Hb Sci. Utr Ete Qia* UAN Hb Pet. ? Etc)
HalInq HbiPot.Tan.— Nes*

Pot: Vy*UANyInq! Hb.UtrEtc*®

Eti:Pot:Qqm: — -t t2 HbSci. Utr Etc”

Tan:t;t2 HbInq - 1010000 4 1, & Pri #

3226. * HoInqHb"PAN HalIngHe-?z.t1t2 Fitx:
Tan+*—.PAN Hc Rsp Ha
HbInqHai—-Pot.PAN HbRsp Ha*
Qia:—"PAN Hb Ani: Utr- vV "z.y .y Inq Hex
HaInqHe-tz.th1t2 Ftt
HbInqHa" —+Pot.Nnc Hb Rsp Ha :
Qia-PAN HalInq He. ? Etc . Mod Mal
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HcInqHa.—Itg
HbInqgHa*® —-Pot.Nnc HcRsp Ha:
Qia" —:Nnc Haltg+?y.PAN HaIlnq Hey *

3227 * HalnqHb.Utr  An:Vp-pePri.a.p>n.
HbInqHa" —-Pot.Nnc Hb Rsp Ha" Qia: —*NncSci.? =Pri +

3228, * HaInqHb:?1vmz-zePri.n.z>101001]
HbIngHar—:Pot-Nnc HbInq! Ha.? Etc}
Necs*Nnc HbPet . 2 Etci — - Nnc. QUP. HbSci.? Etc!
—:Pot"Unqg-Ant.f)Pst.Nnc: Hb Rsp Ha *

Compare the remark in 3 20 6.

3231. *4HalnqHb Utr:NncHbSci*?z.tto Fitx}
HbIngHa*—"Pot:Nnc HbInq!Ha-?z.t)t2 Fit .
Qia® —:t1ta Hb Ani-?z.t; ts Fit 2}
HaInqHe Utr:NncHeSci*?z.t to Fitzd
HcInqHa:Pot:NncHeInq!Ha-?z.t ta Fitz"
Qia:tite Hc Ani-?z.t1 to Fit 2}
HaInqHc" Utr:MAN HeSci-?z.t1ta Fit 2}
HcIng Ha PotEtc.a"Pot: - -MAN.QUA. HcSci Ete #

3232. HalnqHb*Utr:An"neNum.—>:Vp pePri.a.p>nl

HbIng HaVerl

HalInqHb:Utr+Pot.Nnc Hb Dem Etc |

HbIng Ha:Qqm"MAN : Hd Dem Etc
-~ Hb Ani - Utr..Nnc Hd Dem Etc:
Tan: —-Pot.Nnc Hd Dem Etc?
Qia:— "MAN HbItg:? u-Nnc Hd Dem.Etc.Mod » |

HalInq Hc:Utr - Pot.Nnc He Dem Ete |

HcIng Ha1Pot: — Nnc.Qqm.PPN - He Dem Etc
Qia*NncHeSci:?"u" ATt .t .27 :Pot -t x Dem . Etc . Mod » #

Reformulation of 3 156 5 with the new means of expression.

3233. HalnqHb-?'z.2%—1002—111111001111=01
HbInqHa:Qqm-* — .t1ta: Tan.t3ts” Hb Scis
HalInq HbCur.
HbInqHa:Qia*ATa.b.c'la~b-~c.eCom-
—"Pot:Nnc HbCpu-?z.axl®+bxr+c=0*

Reformulation of 3 15 6 with the new means of expression.

3234, * HalnqHa tt'zSci.? Ete-<>:Pot-#’ zInq!y.? Etc *
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3241. * HaInqHb.Ecclti————"H]

HaInqHb:?z-PAN .z Fit—1

HbInq Ha1001

HaIng Hb.CurScil

HbInqHa PAN Hb Ani-?y.NncFity:
A*PAN HbEnu.?Etcl

HaInqHb ti1ts Ha Ani: Utr Vz.t1te HbInq Hb 2"
Tan:—-*Vz.t1ta HbInq Hbz |

HbInqHatits Hb Enui? Etet
Mod* ATt.t' .27 2 Hb.—"— Pot:#t'z Ani-
ty.tita HbInq Hby *

Imperceptible speaking (thinking).

3242. * HoInqHb"PAN HaInqHc-?z.t1t: Fit:
Tan*—.PAN HcRsp Ha l
HbInqHa1—-Pot .PAN HbRsp Hai
Qia*PAN HaInq Hc Ete.Mod: — " Pot:
NncHcAni*?y.HaInqHcy *

This may be varied to convey that Hc¢ could not understand
whether Ha said something, or to whom Ha spoke.

3243 *HalnqHb-%z.tt Fitai
HbInqHc Yz . tita Fit i
HcInqHbai
HbInqHaa!l
HaIng Hb.CurSci
HbInq Ha'PAN HbInqHc-?z.tit: Fitz:
A:PAN HeIngq ! Hb*tz.t t2 Fitx ¢
HalInq Hb Cur:Qqm He.Tan* - . HbScit
HbInqHa'Qia:it t2Fita®
Mod " Qqm -+ Pot. Hc Ani-Tan: — - Pot. Hb Ani *

3244 We repeat 3 221 with the following variation.

+* HbInqHa" —.Pot.t1t2 Fit p: Qia* Durp.>Nim |
HaInqHb.?=Niml
HbInq Ha1Exg:PAN Halnq Hb.t1t Fitp*
Sed:Durp> “sup:*.Dur "z Pot.t;ta Fitx *

The word written Nim (/L nimis =too (as used in “too large”))
means ‘“what is admissible”. ‘> Nim’ may be translated “too
large”; ‘<Nim’, “too small”.
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Likewise we may vary 3 22 5.

* HbInq Ha 1 —-Pott, t; Hb Pet.? Ete$
Qia‘ty;—ti< tinf" *Dur Tz :z= - Petlo. ? Etc |
HalInq Hb:Erg-Qia.tz—t; <Nim *

[ is the written picture of a very large series of time-signals sent
within a relatively short time.

+ HaIng Hb Eco 141b|
HaTnq Hb:?z titz. 2o . Fit |
HbInqHar.Yz titz 2% . Fitz:> isup:”.Cari
*2:Pot- HbEnu.?=Carz i z.t1tz 2 Fit z*>Nim *

*+ HaInq Ha:Pot Etc.<>:—Necs.— Ete”
—.PotEte*<>+Nes.— Ete”
— - Pot. —Etc:<>.NesEte”
Pot.— Ete+ <+ —.Nes Ete *

We shall now adopt the habit of dropping punctuation between
— and words like A, V, Nes, Pot, and so on. This may be stated
by some behaviour rule

* Halnq Ha: — . Pot Ete - <+ — Pot. Ete *

* HaInq Hb*?u.uFitp:
HbInq HaMAN:
HaInq HbCuri
HbInq Ha Qia:p Antg.A-q.Mul Ant.Nnci
HaIng Hb.Cur Mul
HbInqHa:—UAN:qa+ Hb Ani. Utrq " Erg.MAN:
HeIng Hd : Erg - Nnc Aet Hb. < . Sec 1011101}
HdInqHcCur:
HcIng Hd* Qia: —UAN-HbAni.Utrq:
A" Cea . Sec 1011101+ Ant Nne: Fit i
HdInq He:Sec 1011101, Ant Nnce* Hd Ani. Utr g
HcIng Hd:Erg-Nnc Aet Hd .> .Sec 10111013
HdInqHc:"t.tFit q- Aet Hd.=Ceca .Sec 1011110}
HcIng Hd: Erg-Nnc Aet Hd .= Cea . Sec (1011101 4 ] 011110) §
HdInq He:Nnc Aet Hh . Mul > .
Nnc Aet Ha —~ Nnc Aet Hb -~ Nnc Aet He
Nnc Aet Hh.=Cea . Sec 1011111 *
In this program text p and q are metatextual substitutes for

some words the meaning of which is still unknown; it might be
“earthquake” and “total eclipse of the sun”.



CH. III] BEHAVIOUR 137

The word written Aet (fL aetas=age) means ‘‘age”. { Aet Ha
means ‘“‘Ha’s age at the moment . The beginning of individual
human life has been identified with beginning of individual faculty
of perception. Of course this is not correct, but it will be relatively
easy to set things right when more refined considerations are
needed.

3262, * HalnqHa1.VTa.bVia~b.€¢Tem AiATA.B}
=M. a<t<b:A: B="".0<t<b—a"
—~>1".tAetz €. A~B:n®
Nited.—~>tAetz.=.t—a’A:
Nrted.—>.txExt:n"
ANit<a@.v.t>br—+—.tx Ext’
Aa= Ini.zExt:A:b=Fin.zExt #
The word written Ext (/L extat =exists) means ‘‘exists”. It should
not be confused with the word V. There is (‘V’) a Roman general
who crossed the Rubicon in 49 B.C., but he does not actually
exist (‘Ext’).
It would be premature to analyze the difference between these
two notions.
3263 * HalnqHa*
Pot: Vy titaz Ani.?y " <> :Ini.zExt-<fi<ta< *Fin.zExt:
Pot: Vy titaxInqy.Nnc~ y~ He~ — ~ Ete”
< "Ini.z Ext-+ -Cca.Sec 1011001 ; < ) <ty < *Fin.z Ext.
Pot:titexz Enu.? Ete.Mod1.10.11.100°"
<>"Ini.z Ext-+ Cca.Sec 100 x 1011001 ; < ¢;
<ty< *Finz Ext.
Pot*t1tozCpu.?=-101x 101"
<« "Ini.zExt-+ *Cca.Sec 111 x 1011001 ; < ¢,
<ts< *Finz Ext.
Pot:titszCpu-t2.29+1112—1000"
<>"Ini.z Ext-+ Cca.Sec 1110 x 1011001 ; <,
<ty< *Finz Ext *
Average development of humans has been sketched.

3264. p is again a metatextual substitute for some noise.
* Halng Ha:

Pot-V Tt 2V . thita Balnqap:

—Pot:V t.tp.xV-t1ts Balnqz.
Nne~xz~ He~ — ~ Etei

Pot:V ' t.ta.y'tite BaAni. 2yt

ﬂPOt:Vrt1.tg.t3.t4.y-l'tltzyIana.lOX 10=100"
Attgta Baltg-tx.titoyIng Bax *
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3265 * HacHom.HbeHom.HceHom.Etc*
BacBes. BbeBes. BceBes.Etc*
Ha¢Bes.Ete. Ba¢ Hom . Etc -
Hom NnBes="1#*
The words written Hom (fL homo=man) and Bes (fL bestia=
animal) mean “human” and “animal” (not human) respectively.
The words written Ba, Bb, Bc and so on are names of animals.

3266. * HoInqHa"
— Vz:zeHom.A.Nncx Ext.A*Nnc Aet x> . Sec 10100000 +

3267 * HoInqHa*

=*Ym.Car""z:zecHom.A.NnczExt.
A*NncAetz.<min:

a=sup” F.=+F.Sec 1010000, 5 g=Cca.ll x 1011110~

A" F .Sec 1011001 «/g : =Cea . 0,00001"

A" F.Sec 101 x 1011011 +/g : =Cca . 0,1"

A" F .Sec 101 x 101110+/g : = Cea . 0,11"

A" F .Sec 101 x 1011101+/g : = Cea . 1 *

Short demographic statistic of actually existing mankind.

3268. * HalnqHa:
Car: "z zeBes.A.Nnecz Ext " Mul > . 10100100

3271. * HalnqHal
MiFn.<"Via.b.cl:aUbUc.CNum-r.a?+br=cn*
AAninePri. > F'n.<"Via.b.cl:aubuc.CNum-

A*—.nDivar-—.nDivbr* —.nDiverr.an+br=cr}

AG <" —Vnrnin—-10.eNum-A. Fn

—~11— Vax:zeHom.A.Nncx Ext.Aa*NnexzSei. UtrG*

Tani. Vz1ze Hom. i Unqg-Sec 101 x 1011111, Ant - Nnc: 2 Ext
~Inqz* Vy.ye .DemioG -
A"NneaSci: Utr-ye. DemioG i+art

VzizeHom.A*Unqg*Sec1ll x 1011101, Ant - Nncz Ext
~lzDem An:in—10eNum.A.n<1100100—>.— Fri-ae-

VzixreHom.Ar.Nncx Ext.A: PANzDem”
Ain—10eNum.A.n< 1001101100 —.— Fri

VzizeHom.A .NnczExt.A: PANzDem”
AMinePrica.n-10.A.n< 101100 5 F'q #

Sketch of the history of Fermat’s theorem.
3281. HalnqHa

titaHaInq Hb ~ Hc -~ Hd -~ He ~ Hf .p*
—>+titHalnq.101 *Hom.p:
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tite. Ha ~ Hb ~ He.Anip*—+#1t3. 11*Hom . Ani p}
titaHaInq.n*Hom.p*<>*VAIACHom.A"Car 4.
=nArtA\zrz€A. > . hitsHalnqzpi
tits.n*Hom.Anip*<*VAIACHom.A"Car 4.
=n At Az 2€A .~ oz Anipi
tits HaIngMul*Hom p* <" Vain.Mul> .1-A"
t1to HaInq.n*Hom . pi
Etc.n®Rea.Ete-
<.VA"ACRea.Ar*CarA.=n-A: Ne*x€ A .- .EtcxEtct
Ete #

By the use of the pattern ‘n€ A’, meaning “n things from A4,
Lincos speech becomes still more akin to common languages which
admit e.g. “‘three people” as a subject or an object of a sentence.

Common languages do not distinguish between the ‘three
apples” of

I bought three apples,
and of
Three apples of this kind go to a pound,
or between the “little money” of
I have little money,
and of
With little money you can succeed at Smith’s,

though the variable that ranges over the triples of apples or over
the small quantities of money has undergone essentially different
binding.

We shall carefully use the pattern ‘n® A4’, always remembering
that it has been defined by existential binding.

1€ can be used as indefinite article.

* HalnqHb-?x.2=110/100
HbInqHa 11/10:
HeIngHd-?y.PANFityi
HdInqHc"PAN:HalnqHb-?x.Etc ~ HbRsp Ha:
HcInq Hd.PAN Ha HbIseIng:
HdInq HcBen *

The word written Ise (fL inter se =among themselves) means
“to each other”. ‘Ha Hb Ise Inq’ is to be translated “Ha and
Hb have a talk’.
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* Halnq Hbp .HbInqHeq.HeInqHazt.
HalnqHb~ He~ Hd 3. HdInq Hat:
HelnqHf+?2z.PANFitz:
HfInqHe.PAN Ha Hb Hc Hd IseInq *

* HaInq Hbyp.HbInqHeg.HcIng Hax.
HalInq Hb 3.HbInq Het.Ete-
HeInq Hf*PAN Ha Hb Hc Alt Inq *

The word written Alt (fL alternando=alternating) means “al-
ternating”.

*4HoInq Hb*%2.101 =111 10—
HaInqHec:—NncHbSci*?z.101z=1111.
He¢Inq HaCur.
HalnqHc.—PAN Hb Rsp.
HcIng Ha”MAN UsqNne. HbSci: Tan* — Pot . Nnc Hb Rsp .
HaInqHcCur.
HeInqHa' —tts Hb Ani: . Nnc HaInq Hbu *

Compare the remark in 3 20 6.
A variation on 3 291 with —Itg instead of — Ani.

* HoInqHb+?2.1012=1111 — ——
HaInq Hb*Utr.Nnc Hb Sci Etci
HbInq Ha.Nnc HbSci Etei
HalInq Hb:Utr- — Pot.Nnc Hb Rsp#
HbInq Ha-Pot.Nnc Hb Rspt
HaInqHb:Cur:—.Nnc HbRspi
HbInq He:Qia" Nnc Hb Vul:

— NncHbInq!Ha"?z.101z=1111*#

The word written Vul (fL vult=wishes) means (the verb)
“wishes”. More texts are needed in order to grasp this meaning,
but even now the receiver can conclude that somebody might
refuse to answer a question though able to do so.

‘Vul’ obeys the following syntactical rules: As in the case of
‘Pot’ and ‘Nes’ the object (the thing wanted) is to be a (possibly
elliptical) proposition, not an event. Yet the use of ‘Vul’ differs
from that of ‘Pot’ and ‘Nes’ insofar as Ha Vul p is to be treated
as an event. Of course ‘4 {s Ha Vul p’ is a report, hence a pro-
position.

By the use of ‘Vul’ neither a (more or less mysterious) state of
mind of the person wishing nor an introspection of the person
saying “I wish” is aimed at. ‘Vul’ describes the behaviour of
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people who use this word explicitly in the first texts that follow.
Later on it will appear that a person may show the behaviour of
wishing though he does not explicitly state “I wish”. In the case
of ‘Vul’ we shall proceed in a way inverse to that we followed
when treating ‘Enu’, ‘Cpu’, and so on. There we started with
instances of the behaviour of counting and computing, and after-
wards introduced words to describe these activities. Now we use
‘Vul’ from the beginning, whereas in a more advanced stage we
shall learn to do without it.

Note that as a symptom the explicit use of ‘Vul’ is not sufficient
to prove the fact of wishing. It may happen that someone claims
to wish something though it is clear by circumstancial evidence
that he does not wish at all or that he wishes something else.
In this respect statements preceded by “I wish” do not differ
from other statements about other people or about the speaker
himself. Statements may always be false, intentionally or un-
intentionally.

* Halnq Hb 'z .1t Fitxi
HbIngHa*—:Vy ' titeyAni-?z. it Fitz:n.y# Hel
HalnqHctz. titp Fitxi
HcInqHa:—"Nnec HcVul:Nnc HaIng ! He* 'z . f1 ts Fitx i
HalIng Hb* —:Nnc HcVul*Nnc Ha Sci. ! Etei
HcIngHa.Eti*Nnc Hc Vul: — *Nnc Ha Sci. ? Etci
HalIng Hb.Erg"' —:Pot*Nnc Ha Sci.? Etc *

3294. * HalnqHc*NncHa Vul.PPN HeIng Hdp
HclIngHdp
HalngHcBen
HbIng Ha"Nnec Ha Vul . PPN Hc Ete * — . PPN Hc Ete :

Nnc Ha Vulq.—.PPN HcVulg:

HaInq Hb"Nnc Ha Vul . PPN HecIng Hbx*

Tan.— PPN HcIng Hbt:

Qia: — Nnc Hb Ani*?z.NncHaInq Hcx
HbIng Ha:Nnc Ha Vulg. A: Nnc Hb Sci -

Utr.Nnc Ha Vulg'—.PPN HcVulg.
HbIngqHc:Cur'tHaVulq.—:PauPst.t-HcVulgq:
HcIng Hb:t HaVul .PPNFits«— "PauPst.t-Fits: >.seBen
HaInq Hc:Nnc Ha Vul- PPN HcIng Hb.10 x 10=1014
HcIngHb.10x 10101
HaIng HcMal
HcIngHa* — Pot"t Ha Vul: PauPst.¢- HcIng Hb.1Fal.

Erg® — Nnc HaVul-PPN HeInq Hb.10x 10=101:
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Sed Vul Etc+#1

Halnq He+Pot.t HaVula

HcIng Hb"PAN Ha Vul-PPN HecInq Hb.10 x 10==101:
Erg*NncHclInq Hb.10 x 10=101:Tan Fal

HalInqHc*Nne HaVul. 10 x 10=101,

HcIng Ha* —Pot.Qqm*PAN Halnq Hc.Nnc Ha Vul:

Tan.— Nnc Ha Vul.:
Qia"Yw-PAN HaInq Hc.Nnc Ha Vulw: e Fal

HalIng HcBen:

HcIng Ha' Utr:Nnc Ha Vul* Vz.Nne HeInq Hba

HalInqHc.—NnoHaVul,

H¢lIng Ha"Utr: Nne Ha Vul* — Vo . Nnc HeIng Hbz

HalInqHc.—NncHaVul,

HbInqHb* — Vz.Nnc HaVulz .,

HalnqHb. PPN HeIng Hd p

HbInqHa ?u:Nnec Ha Ani*Utr . PPN He Inq Hd p - Mod u 1

HalnqHb: — VuEtec Modu®

Qia: — Pot*Nnc Ha Ani. Utr PPN Etc,
HbInqHa"?u:Nne HaSei* Utr.PPN HcInq Hd p*Mod u
HaInq Hb"Mod *Nnc Ha Vul . PPN HcInq Hdp:

Qia*Nnec Ha Vulg.—.PPN HcVul g,

HalInq He*Nne HaVul . PPN HeIng Hdp

HcIng Hdph

Helnq Hb.PPN HcInq Hd ta

HalnqHb., — PPN Hclngq Hdta

Helnq He*Nne He Vul.PPN HeIng Hdt

HalInqHc-Nne HaVul. — PPN HeInq Hd ¢

HeIng Hb" Yz*Nnc He Vul . PPN Fit z:

# 1 Y2 *Nnc Ha Vul. PPN Fitz " Erg* He Vul Etc.e Mal,

HbIng Hc*Nnc HbVul .PPN HcInq Hda

HcIng Ha: Utr*Nne Ha Vul., — PPN HcInq Hd a

Halnq Hec. —Nnc Ha Vula

Hc¢Ing Ha:Utr-Nnc Ha Vul .PPN HcInq Hd a:

HalInqHc.— Nne Ha Vul

HbInqHc NneHaCed:Nne He Vul* Y2. Nno Hb Vulz

HcIng Hb™ ACed : — Nne He Vul - Y. Nne Hb Vulz

Hc¢Ing Hda *

The word written Ced (/L concedit = allows) means ‘“allows”,
“suffers”. Syntactically it behaves as ‘Vul’. The thing allowed is
to be a proposition, though ‘Ha Ced Ete’ is to be treated as an
event. Again ‘t; t; Ha Ced Ete’ is a proposition. The relation
between *Vul’ and ‘Ced’ is akin to that between ‘Nes’ and ‘Pot’.
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w
|33

95 *HbInqHb"
tt'HaCedEtc.e'——.tt'HaVul.—.Etc:
—tt' HoCed Etc. <+ #' Ha'Vul. — Etc:
—#' HaCed. — Etc* <.’ HaVul Etc:

t' HaCed . — Etc* <+ — ' Ha Vul Etc *

32906. HalnqHd-NncHaVul.NncHdInqHcyp*
HdInqHa.—NncHdInqHcp'?
Halnq HdCur*®
HdInq Ha.— Necs*
Halnq Hd*Tan.Nnc Ha Vul*
HdInq HaCur?
Halng Hd:Nnc Ha Vul *Nnc HaSci. Utrp .
Qqm "’ — Pot:Nnc He Ani*?x.Nnc Halnq Hez"
Tan "Pot : Nnc Hc Ani-?2.Nnc HdInq Hex*
HdInqHcp:
HcIngHd:?u*Unq.Ant Nnc. Hd Cog. Utrp .Mod u*
HdInqHc*PAN HaVul .PPN HdInq Hep*
HcInq Hd:Nnc He Vul - PPN HdInq Ha . PAN Hc Cog Utrp ¢
HdInqHa.Nnc HeSciUtrp *

3297. * HalnqHe*Nnc HaVul.Nnc Helnq Hep'i
HeInqHa.— Nne HeVul}
HaInqHe: —Pot:NncHcAni*?z.NncHalnqHcz"
Erg-Nnc HaVul .Nnc HeIlnq Heyp
HelInq Ha"Tan:— Nne HeVul- Y. PPN Ha Vul z }
HalnqHd.Utr"Nne Hd Vul: Nnc Hd Inq He -
Nnec HdVul.Nnc HeInq Hep £
HdInq HaVer:
HdInq He*Utr Nnc He Vul.Nnc HeInq He p'
HelnqHcy *

3298. * HalnqHb.?=1Itg:

HbInqHa*Exg.NncHecIlnq Hdp.

—"Nnc HdItg-?x.Nnc HcInq Hd x:
<:NncHdSci*?z.NncHecIng Hdz

HaInq Hb*PAN HeInq Hd-tx . itz Ftt x:
Ar:PauPst. PAN - Hd Inq He.t; 2 Fita”
Utr: PAN HdTtg-?y . PAN HcInq Hd y»

HbInq Ha*Ver:Nnc HdItg-?x.Nnc HcInq Hd x:
<+"Nne HdSci:?2-Nne He Vul . Nnc He Inq Hd x #

(>
.

3299. Comments on 3 23 1-3 23 4 in order to state that somebody ‘“‘can
if he will”. E.g. on 3 234:
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*+ Halnq Ha:tt'xSci.? Etc-

< "#t'zVul-NnczInq!y.? Etc: —+#t'zInq!y.? Ete *

3301 *4HalInqHb Utr:NncHbSci-?z.t1t2Fitzl

330e.

330s.

HbInqHaiVer:Tan*Nnc Hb Vul:

ATt.¢7" —:tt' HeScitz. hi ta Fitz |

HaTnq HbiNnc Ha Vul: PPN HbInq ! Ha "%z .tat: Fit x:
> ATV it Halnq! He-tx . thita Fitx |
HbInqHa*"v.Nnc Hb VulvMul > - "u.Nnc Ha Vul:

HaVul®—:tt' HaIlnq! He Ete:

Eti: HbVul-— VvV t.t'.y7. Halnq !y Ete:

—Sat*— V.tV HaInq! He Ete:

Qia*Pot:Vaxrx# Ha.A.UPNzInq!HcEtcl
HalnqHb*Nnc HaPol Hb. — V "t .t .y Etc |
HbInqHa.t1t2 Fital
HdIngHa"Utr:Nnc HaSci-? .1t Fit x|
t“Ha Inq Hd*Ver.Tan"PAN HaPol Hb:

—UPNHaInq!Hd*tz.t1t2 Fitx |
HdIngHa*Utr.NncHalnq! He Etcl
Halnq Hd:Eti: PAN Ha Pol Hb*

— VTt .yt Halnq !y Ete”

Erg:NncHaVul:— V t.t .y .1t Halnq !y Ete *

[cH. I

The word written Pol (fL pollicetur =promises) means the verb

‘“‘promises”’. Syntactically it behaves as ‘Inq’.

The word written Sat (fL satis=enough) means ‘“‘enough’.

* Halnq Haitt' HaInq Hb:
Nnc Ha Vul"Ete: A Pst.t'- Ha Inq Ete*
<*tt' HaPol Hb" Ete:hPst .t' - HaInq Ete *

Explicit definition of ‘Pol’.

(tl<tz<t3<t4)
* HaInq Hb: Utr Nnc Hb Sci-?y.t3ta Fit y
HbInq HaVer:
HaIng Hb:Nnc Ha Vul®
NncHbIng! Ha+ty.t3t4 Fity:

~—>:PPN Halnq!Hb-%z. itz Fit xi

HbInq Ha:Nnc Hb Vul-"2.PAN Ha Vulzi

Halng HbBen'i

HbInqHa:t3ts Fitb-?x. tita Fit i

HalInq Hb.t1t2Fita:

HcInqHa Cur: Halnq!Hb*?x. 11t Fitxi

Halng Hc:Qia+-PAN HaPol Hb. Ete *
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3 30 4. We repeat the greater part of 3 30 3, but now Ha refuses to answer.

HaInqHb*— NncHaVul.Nnc HaInq! Hb Etc'

HbInq Ha*PAN HaPol Hb. PPN Ha Inq! Hb Etci

HalnqHb*Fal:PAN HaPol"Nnc HbInq ! Ha+?y.t3ts Fity :
—:PPNHalnq!Hb-?z.t1 {2 Fit

HbInqHa*PAN HbInqHa.t3t4 Fitbi

“HalInq Hb' — PAN Ha Ani-Utr. Hb Inq Ha Etc:*

titoFitai
HbIng HaBen'
HcIngHce tsts HaInq Hbw .~ . ucFal #

3 311. We introduce the abbreviations:
*t.p—>q* instead of *tFitp.—.tFitqg*
*t p.—>hPst.q* instead of *{Fitp.—>:hPst.t+Fitg*
#¢*p.—~>hAnt.q* instead of *{Fitp.—>:hAnt.t+Fitg *

This can be done by means of repetitions of former program
texts and finally by means of a behaviour rule.

As a matter of course the arrow in ‘¢.p — ¢’ does not state
an implication from p to ¢, because p and ¢ do not mean pro-
positions, but events. If any doubt about the character of » and
g is possible, it is better not to use this abbreviation. Likewise
the ‘“retarded and retroactive implications” ‘— h Pst’ and
‘> h Ant’ are not proper implications.

Note that

‘t*p.—>hPst.q

cannot be expressed by
‘q.hPst.p’ or hPst.p Fitq

because in the latter sentences all variables are existentially
bound, whereas the ¢ in the first sentence is bound by generalizing.

3321. A comment on 3303 and 3304:

* HbInqHa.tt' HoPol Hb: h Pst .t HaInq Ete”
—"Deb:2Pst.t' * HaIngEtc!
HalnqHb*t#t' Ho Pol Hb"
t"Fitp.—:hPst.t" - HaInq Ete.
—:Deb"¢t" Fitp.—:hPst.t"' - HaInq Etc *
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The word written Deb (fL debet=is obliged, ought) means
“obliged”. Syntactically it behaves as ‘Necs’ and ‘Pot’. In ‘Deb Etc’,
‘Etc’ is to mean a proposition. ‘Deb Etc’ itself means a proposition.
Semantically ‘Nes’ and ‘Deb’ differ. This difference will be analyzed
later on.

An analogous comment may be added to 3 30 1.

The text 3 30 1 from t3 onwards is changed into

* HaInqHd*Ver:Tan" — Lic: UPN HaInq! Hd*?z.t1 to Fit x i
HdInqHa+Cur.— Lict
HalIng Hd:Qia*PAN Ha Pol Hb. — UPN Etc *

and so on.

The word written Lic (fL licet =it is allowed that) means ‘‘it
is allowed (not forbidden) that”. Syntactically it behaves like
‘Nes’, ‘Pot’, ‘Deb’. Semantically it differs from ‘Pot’. ‘Ced’ (allows)
is both semantically and syntactically different from ‘Lic’ (it is
allowed).

* HalnqHa’
LicEtc.<>*—Deb.— Etc:
— LicEtec.<>*Deb.— Etc:
—Lic. — Etc-<>.Deb Etc:
Lic.— Etc* <. — Deb Etc *

. *HalnqHa:

— LicEtc. — -2 Vul Etc .e Mal #

The receiver will not grasp the meaning of ‘Deb’ as long as prom-
ises (Pol) seem to be the only sources of obligations (Deb). Other
instances are indispensable.

The next talk is related to that of 3 29 4.

*ufhIng Ha*t:HaVulq.a: HeSci Utr . Nnc Ha Vulg®

—PauPst.HcVulgl

HelngHa-%x . t1t2 Fitx |

HalInq Heitite FitaiTan: Nnec Ha Vul *
ATt vyttt " yIngHe?z. 1t Fitw:

—PauPst.HeIngyhl

HeIngHa:— Pot*"w.PAN Halnq Hewl

HalInqHc-Cur.— Potl

HeIngHaititoFita.n.a#0:Frg-t1t2 Fitb.cFal’
Erg®™ —Lic:V t.t’ .yt HeInqy.t1 12 Fitb*
—Licv.—*—Pot.Unq Ha Vulv*
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Erg: —Pot" PANHa Vul: V t.# .y1 - HeIngy. t1 £ Fit b |
Halnq He* Pot*Qqm. — Lic:
—Lie#.—>"—Lic.Nnc Ha Vul u -
At —Lic*Nne HaInq He.Nnc HaVulu.
Tan:Lic*#t’ HcInq Hy.t1 12 Fit b |
HcIngHa —NncHcltg 11t Fith . Fal : Erg Ete : Erg.—Lic Etc |
HalInqHc 1t Fitb.eVerl
HcInqHa:Qqm+*PAN HaInq He.t1t2Fital
HaInqHc " Deb*PAN Halnq He.t1 12 Fitb:
PAN HaVul.Nnc HaInq Hch:
Tan.PAN HaInqHca:
PAN Halnq Hc.b.Mod Mal |
HdInq Hd:Pot-PAN HaInq Hc.b.Mod Mal:
Tan.— NesEte”
Pot+PAN Ha Vul .Nne Ha Inq Hea: Qqm. — Lic *

3326. * HaIlnqHb:?1wmg-xzePri. . x> 10100107
HbInqHa-Cur.Halnq Hb:
HaInq Hb" Qia: — Nne HaSci.Tan*Nne Ha Vul. Nnc Ha Sci .
HbInqHe:?1umg - zePri. A 2> 101001
HcInq Hb1000001001 .
HbInq Ha 1000001001 .
HdInq Hd- Lic.PAN HbInq Hec Etc *

33217, * HalnqHb:?1umg-xecPri.n.x> 1010013
HbInqHc:?1umg-gxePri.A.x>101001%
HaInqHc"Nne Ha Vul. — Nnc He Rsp Hb
— Lic. PAN HbInq Hc Etct

HcInqHa:Utr-PAN HaSci. ? 1um Ete

HaInq HcVer:

HclInq Ha" Cur.PAN HaIng Hb Etci

HalInqHc* — PAN Ha Vul- Nnc Ha Sci . ? 1um Ete:
Sed "PAN Ha Vul : Nnc Ha Sci* Utr Nne Hb Sci . ? 1vm Ete !
Erg-—Lic. PAN HbInq HcEte *

3328, * HoalnqHb:?1umg-xecPri.a.a> 1010015
HcIng Hb+1000001001-Mod . — Ha Ani
HbInq Ha 1000001001 i
Halnqg Hb Ben'
HdInq Hd"Nnc Hb Vul: Nnc Ha Inq Ha*Nnc Hb Sci . ? 1vm Etc:
Qqm — Sei §
HdIng Hb:Mal' — Lic:Nnc Hb Vul*Nnc Ha Inq Ha . 1¢ Fal *
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3329. (ti<te<ts<ts<ts)

*tHalnqHb?z.tsts Fitz
HbInq Ha" —Nnc HbVul:Nnc HbInq! Ha+-? x.t3ts Fitz
HalIng HbiNnc Ha Vul,Nnc Ha Sci Etc?
PANHbInq!Ha-?y.t1t: Fity.
Qqm "Pau Ant.PAN-HbPol He:
— UPNHbIng!Ha*%y.t:1t2Fity?
— Nnc Hb Vul:Nnc HbInq ! Ha?z.t3t4 Fitx”
—*PPNHalnq!He *Utr:UANHbIng! Ha*?y.t1ts Fity.
A:PauPst . PPN« HcIng HbMal
HdIngHa" —Lic:Nnc HaInq Hb* Yw.Nnc Ha Inq Hbw *

Many examples like this may be constructed in order to explain
the use of ‘Deb’ and ‘Lic’.

3331. *%HaInqHb,?=10x 10%,
HbIng Ha 1001
HcInqHb-?z.t1ta Fitz
HbInqgHc:t ts HaVul-Nnc HaSci.?=10 x 10
HcIng Hb*Fal.Qia-t1ts HaSci.?=10x 10:
—tit2Ha' Vul.Nnc Ha Sci Etc”
Sed :t; t2 Ha Vul - Nne Ha Sci . Utr Nnc Hb Sci Etc
HbIng HciEtc:Pot.tita Ha VulSci®
Utr:tits HbAni+ty.t1ta Halnq Hby
HcIng HbBen *

From this text and the next ones the receiver may learn how
to prove ‘Ha Vul Etc’ by circumstantial evidence though Ha
did not use the word Vul.

3332 (h<ta<ts)

*WHolnqHb 1z . t1t Fita™|

HbInqHaal
HcIngHb-ty.t3t4Fityl
HbInqHc tsts HaVul:Nnc HaSci*?z.t1 ta Fitx |
HcIng Hbi?u*PAN HbCog:Utr " tsts Ha Vul:

NncHaSci*?z.t1to Fitz: Mod u |
HbInqHc:tsts HalnqHb Y z. tit2 Fitz |
HcIng Hb1—Nes.tsts Ha Vul Etci

Sed *Pot . t3ts Ha SciEtc . A “t3ts Ha Vul:

Nnc Ha Sci- Utr . Nnc Hb Sci Ete *

3333. *“HalnqHbHb":
HbInqHa:Nnc HbAni-?z.t1ta Fitxd
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HcInqHb*?z.t1 t, Fitz:
HbInqHc*titz Ha Vul :Nne Ha Sei
Utr:Nnc Hb Ani-?2z .t ta Fit
HcInqHb 't u:PAN HbCog-?p.t1ts Ha Vul p: Mod .}
HbInqHe.t1ts HaIng Hb Hb}
HcIng Hb Ben *

3334. *“HaInqHb:Utr-Nnc Hb Vul.Nnc Hb Inq Hd pt: 1
HbInqHaVerl
HbInqHdypl
HcInqHb-?z. .1t Fitxl
HbInqHctits HaVul . PPN HbInq Hd p |
HcIng Hb.CurSecil
HblInq He:tits HaIng Hb: Utr - Nne Hb Vul . Nne Hb Inq Hd p
"Erg-tits HaVul. PPN HbInq Hd p |
HcIng Hb*Cur: —titz HaInq Hb.Nne Ha Vul Etc”
Sed:t1ts Ha Inq Hb-Utr. Hb Vul Ete |
HcInqHcr.Pot1PauAnt.t;* Helnq Ha '
Pot*t: HaIng Hb.Nnc Ha Vulr-
—Pau Pst- HbInq Ha . — Nne Ha Vulr*
~~"HaInq Hb-Utr.Nnc Hb Vulr:
— Pau Pst* HbInq Ha.Nnc Ha Vul r #

334 1. Continuation of the last talk:
* HbInq Heir.QiaiQqm’ Lic:
tt' HaInq Hb- Nnc Ha Vul . Nnc Hb Etc*®
Tan.Dec" #t' Halnq Hb: Utr - Hb Vul . Nnc Hb Etc 1
1" Ha Vul . Nnc Hb Etc -
—:Dec” HeInq Hb: Utr+ Hb Vul.Nnc Hb Etc
— Deb.Sed Dec |
HcIng Hb 1 UtriDec* Eti. Ha Inq Hb®
Utr:Nnc HbCed - Nnc Ha Vul . Nnc Hb Etc |
HbInq HciSat: Ha Inq Hb Utr - Nnc Hb Vul . Nnc Hb Ete *
Tan*Plt: HaInq Hb"
Utr: Nnc Hb Ced - Nnc Ha Vul . Nnc Hb Etc *

The words written Dec (fL decet) and Plt (fL placet) mean
modalities of decency. I have not succeeded in finding unambiguous
translations of these words. Perhaps “it is courteous” (French
“courtois”, German ‘‘hoflich”) for ‘Plt’, and “it is convenient”
(French “il convient”’, German ‘‘es schickt sich’’) for ‘Dec’ will do.
The relationship between the two levels of decency ‘Pit’ and ‘Dec’
is akin to that between the two levels of duty, ‘Deb’, and ‘Lic’,
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and to that between the two levels of necessity, ‘Nes’ and ‘Pot’.

The receiver will learn from the last talk that there may be
some reason of uttering one’s wishes in a more circumstantial
way, not for instance saying “I wish that you...” but rather
“‘do you wish to . . .” or even “do you allow me to ask you whether
you...”. As early as in 3 29 7 one of the partners has displayed
this more polite behaviour. A comment analogous to that on
3 33 4 could be added to 329 7.

Though we have still little use for refined behaviour modalities
like ‘Plt’ and ‘Dec’, a few more texts might be welcome.

3342 #%HalnqHb Utr:NncHbSci*?x.tite Fita™|
HbIng Ha.tit: Fita® |
HcIngHb Cur: —tats HbIng Ha-a.Sed . t1t2 Fital
HbIng Hc.QiaPlt |
HcIngHbiCur® —t3ts HaInq Hb.
2x.t1ta Fitx "Sed " Utr: Nnc HbSci-?x. 1t Fitx |
HbIngHcr:QiaDec - Eti. Pl
t: HaVul:Nnc Ha Sci-?x.t1 ta Fit 2~
—*HalIngq Hb:Utr* Nnc Hb Ced :
HalngHb"tx.t1 to Fita *

3 34 3. Likewise one can treat talks such as:

* Halnq Hb  Utr:Nnc HbSci*?z.tito Fita}
HbIng Ha*Utr:Nnc Ha Ced”
Nnc HbInqHa: — Nnc HbSci-tx . tita Fita *

and

* Halnq Hb " Utr:Nnc HbSci- 7z . tits Fita}
HbIngHa*Ver.Tan:Utr Nnc HaCed:
— NnecHbInq!Ha-tz.tito Fite *

3344, * HalnqHb-tx.t1ta Fit”
HbInqHaa®
Halng Hbz"
HcIngHb:— Dec: HbInq Haa.Ant. HaInq Hbx *

3345 *HalnqHb-?x.t1t:Fitxt?
Hc¢Ing Haa'
HdIngHc:Dec t: Halng Hb.? Ete-
—PauPst+ HcCed . Nnc Hb Rsp Ha #
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* Halnq Hbpa
HcIngHd'Utr:Nnc HdSci*?2.PAN HaInq Hbx
HdIngHc.—Sci
HcInqHd*Utr. — PAN Hd Ani Etc
HdInqHcVer:
HcInq Hd:Utr- — Pot.PAN Hd Inq Etc
HdInqHciPot.Tan.— PAN Vul?
— PAN Hd Vul.Nnc Hd Ani Ete
‘Qia. V2 'PAN HalInq Hb:2x:Mod - Ha Vul. — Nnc Hd Ani*
Erg"Plt - PAN Hd Vul. — Nnc Hd Ani Ete:
A1Dec* — PAN Hd Vul.Nnc Hd Ani Ete *

* HaInqHbpl
HcIngHd " Utr:NncHdSci*?z.PAN Halng Hbz |
HdInqHcrQqm-*Nne Hd Seci:
Tan:Nnc Hd Vul- —.UnqPst PAN. Hd Sci*
Qia:Vz"PAN HalInq Hb:z:Mod - Ha Vul. — Nnc Hd Ani:
—Dec:Nnc HdInq! He-tx.Halnq Hbz *

* HalInq Ha®
DecEtc. <> — Plt.— Ete:
— Dec Ete. < Plt. — Etc:
— Dec.— Ete: <. Plt Ete:
Dec.— Ete* <. — Plt Ete #

* HaInqHa -
Nes Ete.—.Deb Ete. — . Plt Etc. —.
Dec Etc.—.Lic Etc.— . Pot Etc #

Perhaps we had better give incidental comments on former
texts instead of this general behaviour rule which may become
discredited when ‘Etc’ is a proposition such that e.g. Nes Ete is
true whereas Deb Etc is void of sense, and so on.

. I have tried to design a vocabulary of modalities. It is still far

from satisfactory. I found little help in the literature on this
topic. I believe that modalities cannot be treated successfully,
if not linked to human behaviour.

Modalities allude to some constraint. This constraint may be
logical or physical (Nes), legal or moral (Deb), it may be for
decency’s sake (Plt), and finally the constraint may be exercised
by some person saying “I wish” (Vul). Even in the first three
cases the author may be personified: Logic and nature (Nes),
Law (Deb), Decency (Plt).
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In the simplest way such a modality is used when somebody
justifies an action of his or other people by saying: I did it because
I had to. As early as 3 12 2 Ha acted in this way. Compare also
3 29 4 and following texts, 3 34 1 and following texts. The motiva-
tion may be necessity, duty, decency or the will of another person.

Note that in our terminology Nes need not be prohibitive.

Likewise somebody may justify the fact that he or other people
abstain from some action by saying that there was a constraint
to abstain. See 3226, 3227,3231,3233,3325,3327, 3328,
3294, 3302 and so on.

Finally some action or the lack of some action may be justified
by saying that there was no constraint to commit it or to abstain
from it. See 3 223, 3224, 3229 and many others.

In a more complicated context modalities are used if somebody
is accused of having acted against a constraint or of not having
acted in spite of a constraint.

As this cannot be done with impunity, punishments should be
shown. If in 3122 Ha omits ‘p € Pri’ the punishment will be:
falsehood of his assertion. Physical constraints cannot be dealt
with, because we do not know anything about the bodies of the
acting persons; they are sheer spirits that cannot be punished
by physical means.

A man who kills another man in self-defence, acts under the
constraint of self-preservation. This constraint is not prohibitive.
He could have done otherwise, but then he would have been
punished with the loss of his own life. In our system there is no
logical implication ‘Nesp.—>p’.

Punishments against moral transgressors will be treated in 3 36 1.

Justifications and accusations may be combined in the same
text.

In all these cases the actual event p (or its non-actualization)
has been the starting point. It has either been justified or con-
demned. Yet the inverse process is also possible. The event p
(or its non-actualization) is proved or forecast by the argument
that there is some constraint to provoke or to prevent it. See
3221, 3294 and many others.

‘Pot’ is also used to designate some disposition. From potentiality
as absence of certain constraints the stress is shifted to potentiality
as the presence of certain faculties. If there are no constraints to
prevent somebody from committing a certain action, nothing but
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his own will is needed for this action to take place. His own will
is counter-balanced by his own potentiality. As will is an activity,
ability becomes an activity too.

In Lincos syntax we have not accounted for this semantic
change from an impersonal “it is possible’’ to a personal ‘he can”
by any corresponding syntactical device. See 3231, 3, 3 298.

3 357. Naive physics uses human behaviour-patterns for the under-
standing of nature. (The sun will not transgress its measures;
otherwise the Erinys, Justice’s bailiffs, will hunt it down —
Herakleitos.) For centuries Aristotle was the philosopher of
anthropomorphic physics. Potentiality, will, activity, and passivity
are key notions in his natural philosophy. In spite of the law of
action and reaction, Newtonian forces (when really applied) still
have many features in common with constraints and manifesta-
tions of will in human behaviour. Anthropomorphic physics as a
first phase of men’s intellectual development cannot be discarded.
Even in the laboratory, and wherever human actions influence
extrahuman nature or are influenced by it, we cannot dispense
with an anthropomorphic terminology. When we say that the
wind moves the branches of a tree, or can move them, we divide
nature into a passive background of potentiality and a causa
efficiens that actualizes some potentiality as individual will
actualizes the potentialities of the individual. By overstressing
this feature we can construct and understand machines. Here
the points where the causae efficientes apply are sharply marked
by taps, switches, handles and so on.

Physics has not yet been a subject of our texts, but when we
turn to it, we shall apply human behaviour terminology in essen-
tially the same way as we do in daily life.

3361. * HoInqHb.thtz2Fital

HcIng Ha:Cur-PAN HalInq Hb.t1t: Fital

HalInqg Hc' Qia " Pau Ant . PAN - Ha Pol Hb:
PPN HaInq!Hb-tz.h 2 Fitz 1t Fital
Erg:Deb:PAN Halnq Hb .t t; Fita:
Debp.—>+HaVulp.cBen:
Deb.—p*—+HaVul p.eMall

HcInqHaitq*t:HaVul:1¢-*p.Debp* — PauPst.Fit ¢}
trit.HaVul:1¢-*p+Deb — p"—PauPst.Fitr|

HaInqHciq="ATz.yl:x~y.cHom*—.zyIseInqBen:
r="AN"z.y ix~y.cHom" —.zyIse InqMal.
t#' HaVul® Ap:Nnc+ HaVul p. — Pau Pst .2y Ise Inq Ben |
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HcIng Ha 1 UtriEte*¢: HaVul:1¢.Debp”

— PauPst - Hi Hj.IseInq Ben |

HalInq Hci*Pot - Hi Hj . Ise Inq Mal 1.

VeizeHom.A ATt .pl:tt’ 2 Vulp*—+Deb. —p*af

VezizeHom.A" V.t .p:tt'cVulp.A-Deb. — piat

Vez:zeHom.A" V' t.t'.p1:tt’c Vulp.A-Debpia

VeizeHom.A" ATt .pTitt’ «Vulp. —+Debpi.

A= "z.zeHom.A"ATt.t'.p :tt' 2 Vulp.—>-Debpi
—>1t" iuVul:1¢.%¢ . Deb ¢ " —> Pau Pst - Mul °4 . Ise Inq Ben
Ait uVul'1:*g-Deb. —q:. —> PauPst-Mul®4.

IseInqMal *

Clearly this is childish reasoning. But it is no more childish
than any conversation with children about fundamentals of ethics
or than the categorical imperative when translated into a language
lacking the equivalents of ‘“‘categoric’, “imperative”, ‘“maxim”,
“principle”. It is also no more childish than the introduction of
natural numbers in the first chapter and of time in the second.
We may subsequently reformulate the definition of natural
number by means of Peano’s axioms, though it is not yet certain
that Peano’s numbers are superior to simple counters. People have
sound ideas about practical ethics because they once knew its
principles in childish terms. On a higher linguistic level more
sophisticated conversations about ethics will be possible, and if
there be any rational system for ethics like Peano’s axioms for
arithmetics, we may try to translate it. At the present stage of
our project this would be premature.

After all, the last talk is not as childish as it looks. Ha defines
the set of good people. It is those who wish only good things to
happen. Then Ha asserts that good people call good actions good
and bad actions bad. If we apply to this their own actions, we
may conclude that good peoples are committed to those actions
they call good themselves. There is some sense in this assertion,
though Ha may be wrong in saying that the set of people like
this is not void. It is a criterion of goodness though it is not Kant’s
categorical imperative. It looks more like Shakespeare’s

This above all: to thine own self be true.
And it must follow, as the night the day,
Thou canst not then be false to any man,

but this is a mere accident. I have made no attempt to inquire
into the fundamentals of ethies.
Of course the ethical principle stated by Ha is liable to many
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variations, e.g. by using Lic instead of Deb or by inverting implica-
tion arrows. We do not enter into details.

A conversation about decency could be carried on in a similar
way.

When reading the printer’s proof, I remark that the analysis in
3 35e has been too limited. The levels of modality cannot be
localized by punishments only. We have had to use rewards too.
‘Deb’ and ‘Plt’ have been distinguished from ‘Lic’ and ‘Dec’ by
means of their relation to the judgements ‘“praiseworthy’ (Ben)
and ‘“‘blameless’” (—Mal).

* HoInq Hb.?=10x 101
HbIngHa 1001
HaIng Hb.?=1010111 % 100101 |
HbIngHa.— Scil
Ha Ing Hb :Cur " Nne Hb Sci:
Qqm.?=10x10-Tan —.?=1010111 x 100101 |
HbIng Ha:Qia " DifNnc Hb Pet.?=1010111 x 100101 :
> :Dif*Nnc Hb Pet.2=10x 101
HcIng Ha:PotNnexRep.?=1010111 x 100101
Qqm —.Tan.— <>:Pot*NncazRep.?=10x 101
HdInqHa.?=Difl
HalnqHd.Exg " Dif+?z.219—-1012+110—=0:
> :Dif.?-=1010111 x 100101 |
HeIngHd1FaliNncySeci.? Yu" Voive+Cpuio,? 2 Ete. Mod u*
—:Dif.?xEte* < «Dif.?=1010111 x 100101 |
HaInq Hc"Tan: — Nney Sci Ete . — -+ Dif Ete.> . Dif Ete |
HcIngHaVer *

The word written Dif (/L difficultas=difficulty) means “dif-
ficulty (of...)”. It might be considered as a modality quite
different from the modalities treated above. The syntax of ‘Dif’
is clear from its occurrence in Hb’s third answer. Later on we
use an abbreviated notation that can be explained by some
behaviour rule.

* HaInq Hb:Utr: An"neNum.
—:Vip.mi-pePri.a.meNum.A.p=100m—1.a.p>nl
HbInqHa:PPN.Qqm.— Nne: HbSci. Utr Ete s
Qia:Pot*Nnc Hb Dem :
A neNum.—:Vp pePri.a.p>na.
Tan i Dif*Utr: An"neNum.—>:V 'p.m? Etei
> iDif: Utr: An"neNum.—>: VpEte *
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More examples may be added, e.g. comparisions of the dif-
ficulty of
* Utr. An"neNum.
—>:Vp.m T pePri.a.meNum.A.p=100m+1.A.p>n*
*UtriATa.b.n?
a~b-~n.eNum*r" Ag:qDiva.r.g¢Divb:—.q=1.
—>:Vip.ml-pePri.n.meNum.A.p=am+b.A.p>n*

A comment on 327 1:
* ATtt’ 27 : Dif . ' x Pet Utr G- > VId *

The word written VId (fL valde=very) is akin to ‘Nim’ (see
3244). ‘>VId’ may be translated “very large”, ‘<VId’ ‘“very
small”.

* Dif - #t'’ * Pet.? Etc: > VId " <> "Cca: — Pot * ' x Rep . ! Etc *

A comment on 3 37 1:
# ATt t' .27 Dif-tt' xPet . 2=10x 10:<<VId *
# Dif tt' 2 Pet.? Etc: < VId" <" Cca: Noes - #t' « Rep . ? Ete *

There is a great variety of contexts in which ‘Dif’ can appear.
Let p, g, t be sequences of 4, 32 and 256 short signals respectively
within a relatively short time.
*"p"q“t“i
HaIng Hb*Dif-tz.titezes Fit ®: < VId !
Dif-?z.titoaxesFit®: < : Dif - 1y totsyes Fit ®:
< :Dif*?z.t3ts25 Fit ® .
Dif-22.t3t42¢Fit®: > VId" Qia: Yz .t3t122¢ Fit ®-Mul> . 1 #
* HaIngHb" —NncHaSci*?z.t1 tp Fit:
Ar—NncHaSci*?y.t3ts Fity:
HbInqgHa Nnc.Pau*Hom.Sci*?z.t1t, Fitz:
Tan:Nnc.Mul*Hom.Sci-ty.t1ts Fity
HalInq HbiErg:Dif: Nnc HaPet-?z.tt; Fitz Etc
"> "Dif: Nnc HaPet - ?y.t: t, Fit y Ete *
* HaInqHb 'x:titox Ani-?y. 1t Fityt
HbInqHa- — Va.titox AniEte!
HaIng Hb Erg Dif-?y.t1to Fity: > VId i
HaInqHb tz:tstax Ani-?y. t3ts Fit yi
HbInq Ha tstaz Ani- 1y . tst4 Fity: <>.x=Hc!
Tan:ATt.t'.27"Nne HcVul: —#t' HcIng!z-?x. tsty Fitxi
HaIng Hb*Dif:Nnc HaCog-?z.t1 to Fit 2"
> “Dif: Nnc HaCog+?z.t3t4 Fit .
Tan : Dif: Nnc Ha Cog*?z.t3t, Fitz*> VId *
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3376. *"HalnqHbp"I
Ha Ani-Utr.Pot Hc Ani |
HaInqHc' Utr: PAN Hc Ani+?x.Nnc HaInq Hbx |
HcIngHaVerl
HaInqHeUtriNne HeCed * Nne Ha Vul i Nne He Vul*
—:UnqPst PPN.HcSci*?z. .t taFitz |
HcIng Ha1* Qgqm . Nne Hb Vuli Tan i — Nne Hb Sci*
Utr:Pot" —:UnqPst PPN.Hc¢Sci*?z.thte Fitz
Qia" Ayi:yeHom . —"
Qqm1Car® ™z Vi tyCogx.A:
—Unq.PauPst.t-yScizi>Vida.
TaniVrz.t7*tyCogx.A-
N t<t'<-Fin.yExt:#'ySciz..
Exg:t HbCogz.A.t' HbCoga'-
Azv=+—UnqPst PPN.HaSciz:
A:v'=+-—UnqPst PPN.HaSciz':
A:PauPst.i- HbVulo:
At —PauPst.t'- HbVuly'”
—+Difv.Mul > . Dif v’ *

3380. Our treatment of the word written Vul is still unsatisfactory.
The wishes uttered by the acting persons are rather whims, and
even if a motivation is given, it is no less “whimsical”. Punish-
ments have been displayed, but I am not sure whether they are
persuasive. So I do not believe that the receiver will really grasp
the meaning of “Vul’.

Stories usually start with a wish of one of the acting persons.
As long as we do not know his past, we can hardly appreciate
his wish. One could remove this difficulty by telling longer stories
or rather by giving a text that is one connected story. However,
in this tentative stage of Lincos construction I do not feel prepared
for such a task. I have therefore renounced any attempt to show
diversity of human individuals, though not for reasons of principle.

We can compensate this want of personality by a more solid
general background of human wishes. This will be done in the
remaining paragraphs of this chapter.

3381. HalnqHb:NncHa Vul:PPN HalnqHb.1¢Qus-
A" Pau Pst . PPN : Hb Rsp Mod Ben.
— Pau Pst - Ha Dat Hb . Den 10000
*A"PauPst . PPN : Hb Rsp Mod Mal.
— Pau Pst - Hb Dat Ha . Den 10000 |
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HbIng Ha*Nnc Hb Vul Yw.PAN Ha Vul wl
HaInq Hb*?z.21 —112—1000,001 =01
HbIng Hb 1+ Dif > Vid 1. Qia 1 — Nnc Hb Sci i
tYyiyeiAnlio:1¢Cpule.? Etcl
HbIngHc:Nnc HbVul: PPN HbSci-
1z.2*—112-—1000,001=0"
Nnc: HecIng! Hb.? Ete - — Pau Pst - Hb Dat He . Den 1000 |
HcHd HelseIngl
HcIngHb: — Vy*yeHom.A.NneySci Etel
HbInqg Ha.— Nnc HbSci |
HalnqHb10,11
HbIng HaMall
HalnqHb.10,111—11 x 10,1 —1000,001 =01
HbInqHa:Ver.Tan.—Sat"
Deb: Vu-ue.CpuiocEtc.A.NncHalnq Hbu |
HaInqHb*NncHaSci:?=u-ue.CpulocEtc.
Tan"— Nnc Ha Vul: Nnc HaInq! Hb+? Yu.ueCpule Etc |
HbIng Ha 1 — Deb - Nnc Hb Dat Ha . Den 10000
t*Halnq!Hb"*Yu:Pot*Nnc Hb Cpu.Etc.Mod u: <> Pau Pst :
HbDat Ha . Den 10000 1
HaInqHbDebl
HbInq HaiATt.t'.p7-tt' HgSci. Utr Debp*
ErgNnc Hb Vul i Nnc Ha ~ Hb .Inq Hg " Utr: Deb*
Nnc HbDat Ha . Den 10000 |
HaIng HbBen |
Ha ~Hb.Inq'Hg*?*w.PAN Ha HbIse Inqw|
HgIng.Ha~~ Hb" — Deb*Nnc Hb Dat Ha . Den 10000:
Deb+Nnc HaCpu.?Ete |
HalIng Hb " Pon.z=u+v:
Erg.utl 4+ o114+ (11 ww—11) (u +v)=1000,001:
Pon - uv=1 -~ 41l 4+ 11 =1000,001 ~
wll=p:Erg.p+1/p=1000,0011
HbInqHa:Ben:ATa.b"a~b.cRea*
~>:NncHbSci-?z.a+axr+b=0"}
Pot-Nnc Hb Cpu.? Etc |
gt
HelIng He-t1t: Hb Dat Ha . Den 10000% |
HdInqHd:tets Hc Anl-"z. 1 t2 Fitz +

The word written Dat (fL dat=gives) means “gives’’. The word
written Den (fL denarius=penny) means some unit of value.
f is a metatextual substitute for a sequence of 16 striking sounds.
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It means the payment of the 16 units. As this is the first action
that cannot be derived from the fundamental action Inq, we did
not stage it in the form ‘Hb Dat Ha . Den 10000°, but rather by
means of a sequence of characteristic sounds. One could repeat
the text with ‘Hb Dat Ha . Den 10000’ instead of ‘F.

Of course it is not certain that the receiver will guess more
details of the event of paying.

3382, * HalnqHa*tt'xDaty.Denz-
—.t'"Pecy—tPecy=tPecz—t' Pecx=Denz.
teTem.A.zeHom*—"VutuecRea.Ar*tPecz.= .Denu *
The word written Pec (fL pecunia=fortune) means ‘‘fortune”,
‘t Pec 2’ means the fortune of z at the moment 2.

338 3. The next talk continues those of 3294 and 3297.

HdInqHe Cur:t* HaVulq.—PauPst. Hc Vulgl
HelInqHd:Qia . MAN Ha Pol He
At"tPst Nnc.—:t* HaVulg.— PauPst. Hc Vulg.
—>iAt* Ve neNum.A:{—Nne.= Sec.n x 1010100
—+tHaDat Hc.Den 101100 ]
HdInqHe:.Cur” — PAN:
HaInq He*Nnc Ha Vulg. —PauPst . He Vulg|
HelInq HdiQia:Vz Deb* HaDat He.Denz: '
Tan: — Nnc Ha Vul *Nne Ha Dat He . Den z |
HdInqHe.CurDebl
HelnqHd:Qia* Ve :MAN Ha Pol He- PPN Ha Dat He . Den z :
A"MAN HaVul: - Unq Pst MAN . Ha Dat He. Den z *

3391. “HaHbAltIng-1.1.11.1001.110.100100.10.100.
110.100100.1101.10101001%:
HcInqHd'*t1<t<ts.—:t*Halnq Hbz.
—PauPst. Hb Inq Haz0.
tHalnq Hbz.—"Deb:PauPst.t- HbInq Ha x10:
Lic"t HaTng Hb:Yy~Nnc Ha Vul . Nnc Ha Inq Hby':
HdInqHe" Yv.tets HeInqHdv-e:Lex "z .t {2 Fitz *
The word written Lex (fL lex=Ilaw) means “law”. The law
of a discourse has been stated.

3392 *4HaHbAltInq-1.1.11,1001.101.11001.111,
110001.1001.1010001%*
- HelnqHdMy <t<tp.—>"t*HaInqHb.x.—PauPst.HbInqHax0:
A:t*HbIng Hay.— PauPst. HaInq Hb. yy + 10%*
HdInqHc' v.tats HcInqHd v+ e:Lex "z . 11t Fitz #
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3393 *“HqHbAltIng-1.1.10.11.101.1000.1101 Etc*
HecInqHd'zVy.= . HaUHb A" t1SE<t 1 "
t:zInqyu.yInqzv:->PauPst-xInqy.u+-vhi
HdInqHc " Yv.tets HcInq Hdv-e: Lex* 2.t t2 Fitz *

3401. “HaHbAltInq+110.1101.10010.10100.10111,
11000.100000* |
HbDat Ha . Den 1000 |
HcIng Hd.CurDat |
HdInqHc*Qia.PAN Ha Vin |
HcInq Hd.?=Vinl
HdInqHc:tita Ha Hb Lud;
Deb-tzt3 Hb Dat Ha . Den 1000 Qia : Pau Ant.t3* Ha Vin®
Pau Ant.t3* Ha Vin: Qia: Pau Ant. t3* Ha Inq H5 100000 |
HcInq Hd*Cur'z.lumPar-"v.t,ts HaInq Hbv:
—.2=110:Sed * —.—.2=100000.
ACur'z.1umPar-Yy.t;to Hb Inq Ha v:
—.z=1101:Sed* —.—.2=100000:Etcl
HdInqHci: —Lic:z. 1umPar, v Ete* —.2=1000001.
Sedi.Lic z.1umPar« Y.t ¢ HoInq Hbv:
—+zeNum.A.z<1000.
mLiciy,1mPar-Yw.tt; HhInq Ha w:
—iyeNum.A.y< "Yerz. 1umPar., "o Etc: + 1000
atLiciz.10umPar-"v.# ts HaInq Hbv:
—izeNum.Ariz< "y y.1umPar, "wEtc: + 1000 1 Etc
AT U Tyl.=HaUHb*~>."2z: PauPst.f*2Inqy 100000 " Vin |
HcInq HdiPot.tt' xInqy " 1¢:"r+ — Lic.#t' 2 Inqy |
HdInq HeiQqm Pot.Tan — Lic*
Qia‘#t' xInqy1¢:"r+ — Lic.#' xInqyr"
—*PauPstt .2Prd ~yVinl
HcInq HdiUtriLic: — Vw®
PauPst.1um Yy {1ty HoInq Hbv: Hb Inq Haw |
HdInqHci:Fali-Qia*Deb.PauPst.zInqypyIngz’
1¢:"g-geNum.Ar.p<g=p+1000.:"
“Ceat.Ha Hb.Lud;+—1.Deb1 VEiV Tpy.pe2. Ete.pi?
ANteNum. A 1<i1<k—1*—> " p<pu1<ps+1000.A.
peNum:A.p1<1000. A. pr=100000.
A:Ceat.Ha ~ Hb Alt Inq - p1.p2. Ete. pg:
AvT2z7U Tyl.=,Ha UHb*—"Ceat: "z Ceat.zInqy
100000: Vin* |
HcInqHd:"r.tats HiInq Her e+ Lex . Ha Hb Lud; 1
we*Ceat;.ayLudio: —1.Deb: VEIV Tpr.ps. Ete. pp ¢



CH. III] BEHAVIOUR 161

p1~~ p2~~ Ete ~ pg.eNum -

*p1=1000. A.p1<p2a=p1+1000.A.Etc. A pr=100000 -
*1umJetw.=.xInqypr"

10umTetw.= .y Inqxpe-

-Etc:

UltumIct w.= :2Inqy px. 2 Vin.y Prd -y Data. Den1000 "
~ = :yInqzpg.yVin.zPrd -z Daty.Den 1000 |
HdInqHc.?=1Ict|

HeInqHd ' w= .2yLud:—:z=.iumIctw*<>+z.¢umPar,w *

> > > > >

The word written Lud (fL ludit=plays) means “to play a
game”’. We shall become acquainted with a variety of games,
which will be distinguished by indices. -

The words written Vin (fL vincit =wins) and Prd (fL perdit=
loses) mean “wins” and “loses” respectively.

The word written Ict (7L ictus=Dblow) means (the substantive)
“move’’.

3402. * HoIlnqHbi1.NncHaVul:V'Ta.b7ia~bePos.
A*PPN Fitp.—:PauPst- Ha Dat Hb.Dena-:
A+PPN Fit q.—:PauPst- HbDat Ha.Denb |
HbIngHaBenl
HcInqHc Nnc Ha ~ HbVul.Nnc Ha Hb Lud :
PPN-Fitq.—.HaVin:
PPN:Fitp.—.HbVin:
tHaVin.<.tHbPrd:
tHbVin. <.t HaPrd *

3403. A continuation of 3 40 1.

HcIngqHd:Nnc HecVul.Nnc He Hd Lud;
Tan:Yz.PPNaPrd-Dat*Yy.PPNy Vin* Den 10000
HalIngq HcBent
Hc Hd AltInq+1000.1110.1111.10111%
HcIng Hd.Nnc HePrd#
HcDat Hd . Den 10000
HcIng Hd:Nnc He Vul. Nnc He Hd Lud;
PPN: 2.2 Prd-Dat* y.y Vin* Den 10000 §
HdInq HcBent
HcHd AltInq-101.1101.1110,1111,10111¢
HdIngHc.Nnc HdPrdi
HdDat He.Den 10000
HdInqHc*PAN Hc Lud; Mod Mal . Nnc He Lud; Mod Ben
HcIngHd:NncHcSci:?p-HcIng Hdp.e€Ben®
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Nes:1umIet,=101+A=11umJet, =1110+A=101um et ,=10111"
NncHcVul.Nnc He Vin+* —:Nes* 1um Jet, =101 : Ete”
Ceat.ayLudi*A*2Inqyp.eBen:—-Ceat.2Vin®

Erg: — Pot+Ceat.y Vin"Nes*Ceat.y Prd”
t:zVul.NneczVin+ — PauPst-2Vin"*

Lex.xyLud; * ¢ Ius *

The word written Ius (/L iustum =righteous) means “fair”.

3404. * HalnqHb.10.Mod — Pot Hb Ani |
HbIngHa.11.Mod — Pot Ha Ani |
HcInqHa ~ Hb*PAN HaInq Hc10 ~ HbInq He 11,
Erg HaVin|
HalnqHc.11.Mod Etc|
HbInqHec.1.ModEtc |
HcIngHa~~Hb:11.1+Erg.HaVin|
HaIngqHec.100.Mod Ete |
HbInqHe.100.Mod Ete |
HcInqHa ~ Hb:100.100+ Erg. Hb Vin |
HdInqHe1.PAN Ha Hb Ludg
Ceat.zyLuds-—iDeb®V ' z.p.q7:
Ceat.2zInqz.p.Mod —yAni-A-Ceat.yIngz.q
.Mod — 2 Ani-
ATPTUTE.C.1U 10U 11U 100
A p#g.—:1Ceat2Inqz~y.NnecxVin’
A p=qg.—:Cecat'zInqz ~y.Nncy Vini
Yv.PAN HdInq Hev-€:Lex-ay Luds |
HcInqHd-LexEtc.¢Iusl
HdIngHciLex Etc.eIust
Qia*Deb.Nnc:z Vin.— PauPst-yDatz.Den 1
A"Nne:yVin, - PauPst-zDaty.Den 100%
Ccat.zyLuds*
—.Prb*Ccat.zVin:=0,11"A"Prb+Cecat.y Vin:=0,011
HcInqHd:Cur’ —:Ceat. HbInqHc*"u.PAN Halnq Heul
HdIngHc:Ceat.HbVin-
<:Ceat.HbInq!Hc*?tu.PAN HaInq Hcu'
Tan.— HbSci Etc. Qia — Ani " — Lic.Hb Ani’
—Lic:PauAnt.HbInqHcqg Helnq!Hb*?p.PAN Halnq Hep’
Pau Ant.HbIng Hcq+ HbSci Ete:
—~1:Ccat.Ha HbLuds*¢Ius”
Erg+Deb.—Sci *
The word written Prb (fL probabilitas = probability) means
‘“probability”’. Though mechanical stochastic devices are not



CH. I11] BEHAVIOUR 163

available, this simple game (akin to ‘“matching pennies™) gives
us the opportunity to introduce numerical probability. Of course
it should be repeated with other numerical constants.

From the next text the syntax of Prb will become clearer.

3405. * HoHbLud,!l
HelIng Hd»Nne He Vul* Nne He Hd Lud; |
HdInqHc:?="Prb:Fin.zy Lud;*2Vinl
HeIng Hd 1. Prb:Fin.zy Ludg -2 Vin=101/111.
Erg'Prb:Fin.zy Lud;y*Vin=10/111}
Qia‘Prb:Fin.zyLud-2Vin"+ "Prb: Vin.zyLud -y Vini=11
HdInqHc1?™p.Yq 'iDebit:2Vin.— - yDatz.Denp”
A'tiyVin,—+zDaty.Dengl
HeInqHd p=11.A.q=1001
HdInqHdixUti.zyLud;*= *Denp x " Prb: Fin . zy Lud;* « Vin:
— Dengx "Prb:Fin.axyLuds*y Vin*=Den 1|
HdInqHciNncHdVul®
t: Hc HdLud;. <> Pau Ant - He Dat Hd.Den 1.
Qia*HcUti.=.Denl*A*HdUti.=.Den—1#
The word written Uti (fL utilitas =utility) means “utility”,
“expectation”.

3 406. * HdInqHd
Prb:Fin.zyLud zVin"=a.
A:Prb:Fin.zyLud+yVin-=b=1-—a.
Aswe*Lex.zyLud:
Afp=it:zVin.—-yDatz.Denp’
A“t:yVin,—»>+xDaty.DengiA.vParwi
—"2Uti,zyLud+= -Den.ap—byq:
Aty Uti.zyLud-= *Den.bg—ap:
Arwelus. <>z Uti.= .y Uti. = .Den0 *

3407, * HalnqHc:11:Mod - — Pot.Hb Anil
HbIngHce:1:Mod*—Pot.Ha Anil
HcIngHa ~ Hb:11.1-Erg.HaVinl
HalIng He.1.Mod Etel
HbInqHc.10.Mod Ete|l
HcInqHa -~ Hb:1.10-Erg. Ha Vin |
HalnqHc.10.Mod Etel
He¢Ing Ha . 10.Mod Ete |
HcIngHa -~ Hb:10.10-Erg. Hb Vin |
HaDat Hb.Den 101
HdIng He.PAN Ha Hb Luds|
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HelnqHd"?Yw:weLex.zy Ludsl
HdInqHeiDeb:V'Ta.b.z.t7Ta~b.€.1U10U 11U 100" A

*Ceat.Halnqz:a:Mod* — Pot.HbAni" A

*Ceat.HbInqz:b:Mod+ — Pot.Ha Ani’ A

:Ceat.HbVin <.a=>b:A

*Ceat: Hb Vin.—+ Ha Dat Hb.Denal
HeInq Hd+Nne He Vul . Nnc Hd He Luds |
HdInqHe:Nnc HdVul "Nnc: Hd He Luds.

< PauAnt* HeDat Hd.Den 0,101 |
HelIngq Hd.Cur 0,101 1
HdInqHe!Qia:Prb.HdInqHca = +Prb.HeInqHcb:=0,01"

Erg:Prb- HdInq Hct¢ ~ HeIng Hei=0,0001"

Erg+HeUti.= .Den0,101 |
HelInq Hd:Utr"Deb:Prb.HdInq Hei+=0,011
HdInqHei— Deb*Qia:—"Prb=0,01.Par: w-

we.LexLuds*Tan:Prb=:0,01.—"

HeUti.= .Den0,101 1
HelInqHd:?=+Prb.HdInqHesl
HdIngHe: — Deb*Nnc HdInq!He.?=Etcl
HeIngHei1Pon' Prb.HdIng Hei=c¢:

A:Prb.HelnqHej-=d;i
Erg'H6Uti.= C1d1+10cads+ 11 cgdz+100cadyt
Exg.Nnc"HdVul.1lcg=1¢;~=10¢z ~=100¢s* — PauPst:
HeVul.dg=1"HeUti=Denllcs:Etc!

ErgiNnc Hd Vul. HeUti*< .Dene: —

*NesiNnc HdVul® Adii=1~ 10~ 11~ 100. > ici<e.
Erg.ci=efi.Erg.1=c1+ca+c3+c3<11001¢/1100.
Erg.e=1100/11001

— Pot:Nnc Hd Vul- He Uti.<1100/11001 }

Nes:Nne Hd Ced * He Uti.=1100/11001#

Tan " Pot: Nnc Hd Vul- He Uti.=1100/11001 |
HelInq Hd* Nnc HeCed :

Ant.Hd HeLuds* HeDat Hd.Den 1100/11001 1
HdIng He*Ben.QiaIus *

von Neumann’s minimax principle.

3408, * HoHbAltInqHc*1.10.1.1.10.10.10°
Mod. —Pot*HbAni*?"u.HalnqHcu:
~1HaAni-? v, HbInqHcvl
HcInqHa~Hb*1+104+1+1+10+10+10=1010.Ha Vinl
HdIngHe.PAN Ha Hb Ludyl
HeInqHd ?Yw:we*Lex.Ha HbLudsl
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HdInqHesDebiVk:V Tpr.p2. Ete.px .
p1~p2~Ete ~pr.€.1U10: At Ha Hb Alt Inq-
pr-pe.Ete.ppiaskumIct, =, UltumIct » <>.
p1+pe+Ete+pr=1010:

A ze.HaUHb—:UltumIct. 2 Vin- <>+

UltumIet .= ,2Inq He pe”

A't:HaVin.—>PauPst* HbDat Ha .Denl"’

A t:HbVin, — PauPst - Ha Dat Hb.Den 11
HeInq Hd ~ Hec*Nne HeVul. Nnc Hd He Ludy |
Hd ~ HcInqg HeBen |
HdHe.AltInqHc*1.10.1.10.10.1.10-Mod Etc |
HcInqHd ~He*1+104+1+10+10+1+10=1010.Hd Vin |
HelIng Hd ~ Hc*Nnc HeVul. Ete |
Hd -~ HcInqHeBen |
HdHe.AltInqHc+*1.1.1.1.10.10.10-Mod Etc |
HcInqHd ~He*1+1+1+1+10+10+10=1010.Hd Vinl
HeInqHe:Utr" — Pot: Vi-Ceat.HeVinl
Hd HeLuds:Mod:1.1.1.1.10.1.10.1*HeVin"

Mod:10.1.10.1.10.1.10-HdVin"®

Mod:10.1.10.1.10.10*HeVin"

Mod:1.1.1.1.10.10.10-HdVin/
HeInqHe:PAN He.Luds. Mod Mal -

A* PPN He.Luds.Mod Ben

NncHeSci:? "w " Ceat: He Vul . Nnc He Vin+

—*Nes.Nne Helng HeYwl

Hd HeLuds:Mod:10.1.10.1.10.10*HeVin"
Mod:10.10.10.10.10-Hd Vin"
Mod:1.10.1.10.10.10*HeVin"
Mod:10.1.10.1.10.10-HeVin"~
Mod:1.1.1.1.10.10.10-HdVinl

HfInqHfiNnc Hd He Luds. Mod:
Prb:zInqHc-1.1.10.10.10.Ete”

= "Prb:2zInqHc-10.10.10.Etc*

2 Luds.Mod . Nnc Hd HeLudg* —>* xLud4€Ben

Lex Luds.eTus|
HeDat Hd*Den110—Den 101 .= .Den1 *

3409. * HoHbHc.AltIng-1.11.101: HcVin:

Ha HbHc.AltIng+*1.10.11.101: Ha Vin:
Ha HbHc.AltInq+10.11.101:He Vin:
HaHbHc.AltIng*1.10.11.101: Ha Vin/|
HdInqHei.Nnc Ha Hb HcLud;

165
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DebiVTt.n7:V p.pe.Ete.p,7:
pl"\pg"\EtO/“pn.E. 110011V 100V 101 -
Acpr=10. A p2—p1=1~10.A.p3—p2=1~10.A.Etc.
A:Ceat.Ha HbHe.AltInqpy.pa.Ete.pn:
Asnum et .= . UltumIct * <>.p, =101
A T2TU Ty U T2 = . Hae W Hb U He* —:

Pau Pst . Ultum Iet .2 Vin *
<« UltumIet.= .z Inqyzpn A"
Ceat.HaVin*— PauPst: Hb Dat Ha . Den 1000«
HcDat Ha.Den 1000" A"
Ceat.HbVin*—PauPst.Etc A"
Ceat.HcVin+*—PauPst.Etcl
HelInq Hdi¢Ius*Qia: — Pot: Vi+Ceat. Hb Vin*®
t*HalInqHb~ Hc10.—PauPst. HcVin"®
t*HaInq Hb ~ Hc1.—PauPst.Ha~ HcVinl

HdlInq He®
tHalnql.A.z==Ha~ Hc.A:PauPst.t* Hb Vul.NnczVin"
—:1PauPst.t-2Vin.

Ceat.yVul:PauPst.t-2Vin"«-Ceat.y Auxz.
Pot.HbAux Ha:Pot.Hb Aux Hell
Ha HbHc+*Vul*Nnc Ha Hb He . Lud, |
HalInq Hb.Nnc HaPol Hb"
Nnc Hb Vul. PPN Ha Vin * —:Nnc Ha Ced -
PPN HbDat Ha .Den 0 |
HcIng Hb 1 Nne HePol Hb:
Nnc HbAux Hc.—"Nne He Ced
— PPN HbDat Hc.Den 1000:Sed * Hc Dat Hb.Den 10}
HcUti Hb Aux Hc=Den 1100
Ya:Nnc Hb Aux Hc.—>-PPNPec H¢.=a"
—"b:NncHbAux Ha.—*PPNPecHc.=b.:=Den1100*
Erg:HcPol Hb.0,1 x Den 1100+ Ius|
HalInq Hb*Nne HaPol Hb .
PPN Ha Dat Hb" Den: 104- "z PAN Hc Pol Hb . Denx |
HbIng HaBenl ’
HalInq Hb ~Hell
HbInqHc~~ Hal0l
HcIng Ha ~ Hb.Nnc He Prd |
HcDat Ha . Den 1000 |
HaDat Hb.Den 1001
HdInq He*PAN Hb Aux Ha . Ha HbSoc *
The word written Aux (fL auxiliatur=aids) means (the verb)
“aids”. Soc (fL socii=allies) means ‘‘allies”.
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3411. *“HaInqHa+— Va.tits Halnq Haz"}
HbInqHe tp.t1ite HalnqHap!
HcInqHb: — Vz.tits HaInq Haxi
HbInq Hc Mali
HcIngHb " titaHalnqHa: — Va.t1te HaIng Hax}
HbInq HeBeni
HcInq Hb"Tan:"p.t1t2 HaInq Ha- e Fali
HbInq HcBen *

A text that prepares the way for the statement of the liar:

3412 *“HaoInqHa: z.t1t2 HalnqHaz-eFalt|
HbInqHaitit; Ha Vul: Nne HaInq Ha - 1¢Ver'
— "tits Ha Vul: Nnc HaInq Ha - 1*Fal .
Artite HaVuliNne HaIng Ha - 1¢Fal®
— "t1t2 Ha Vul: Nnc Ha Inq Ha » 1* Ver*
Utr“tite Ha Vul: "p.Nnc HaInq Ha e Ver: ~ :e Fal
HaInqHb titeHaVulitits HaInq Hbp.
—"peVer.—.peFal-r-peFal. >.peVerl
HbInqHa t1t:Fitg. —>.geMal *

The talk of the liar.
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4011.

CHAPTER IV
SPACE, MOTION, MASS

So far the members of the class ‘Hom’ might be ghosts. The only
extension we needed, was time. We shall now introduce space,
motion, mass, and other notions of mechanics. We could do so
by axioms, but such a procedure would be unsatisfactory. We
prefer the behaviouristic approach. Afterwards the crude ideas
we have acquired will be refined and settled with more precision
by means of an axiomatic system.

HaInqHb: Vh:hePos.
A:Sech.Pst-HcIng Hdp: HdAni: Utr. PAN HcInq Hd p "
A"Sech.Pst- HdInq Hcq: He Ani: Utr . PAN HdInq He g

HbInq Ha-Cur.h>0.

HalInq Hb- Qia-Loc He.# . Loc Hd .

Loc Hc.=Cea . Loc Hd-—"Pot:tyts Hc Ani*? p.ty ta HdInq He X
Loc He.# .Loc Hd* — . — Pot Ete.

Loc HcCSpa: Loc HdC Spa.:

acSpa.—>.aca:

AX:Xe.HomU Bes-—-Loc X.CSpa.

VZ ZCSpa.r:— VX+-Z=.LocX*

Sech.Pst*XInqY p:Y Ani Ete” A

Sech’.Pst-X'Inq Y’ p’: Y’ AniEtc A Loc X’.# .Loc Y’
—:Dst XY.[.Dst X’ Y’ -=Ceca.h/h'*
Vp:pePos.A*Dst XY . =.Cmtp:

Dst XY .=+Dst.Loc X .Loc Y

acLocX.A.beLocY - —>-Dst XY .=Ceca.Dstab *

The word written Loc (fL locus=place) means ‘“place” (of).
Delay of signals is symptomatic for difference of place.

The word written Spa (fL spatium =space) means ‘‘space’ (or,
more precisely: set of spatial points). All places are in space.

The word written Dst (fL distantia=distance) means ‘‘dis-
tance”. ‘Dst’ is said to be proportional to the time of delay. Of
course this definition is provisional. It can be applied as long as
there is not more than one method of signalizing. In due course
we shall learn that there are several kinds.

168
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The word written ‘Cmt’ means ‘“‘centimeter”. The length unit
is still unknown. ‘Cmt’ behaves syntactically like ‘Sec’.

4012 *a~becRea.
—"Cmt.a+b=.Cmta+Cmtb:
AiCmt.a—b'=.Cmta—-Cmtb:
AiCmta.<.Cmtb —.a<bh:
AiCmta.=Cca.Cmtb<—a.=Cca.b:
Atax.Cmth = +Cmt.axbin.

Etc *

4013 *a~b~c.eSpa.
—>.Vp:peRea.A.p=0.A*Dstab.= .Cmtp"
A-Dstab.= .Dstba-
A:Dstab.=.Cmt 0 .a=b:

A:Dstab.+ .Dstbc = . Dstac *

Axioms of metric space.

4014, *a~beSpa.A.x~ e Dst A, a=2Cmt 0.4.2Cmt 0. A
*a+pB=.Dstab" '
Ay ~8e"Dst.A.y=Cmt 0.A.6=2Cmt 0.A*y— 6= .Dstab:
—iCar""c:iceSpa.A*Dstac.=x*A*Dstbc.=f:=1"
A*Car*tciceSpa-a-Dstac.=y A*Dstbc.=d:=1%

Special properties of the metrics of Euclidian space.

4015 *a~beSpa.—>: .
Cvx.aUb'=""c:Dstac.+ .Dstbc = .Dstabl
ACSpa.—>1CvxA4.
=iN"B*ACBCSpa.r:ATz.y1"x ~yeB.
—>:10vx.2Vy'CB*

The word written Cvx means ‘“convex envelope’.
4016. *r=.Rctab'—ia~beSpa.r.a#b.Air="1"¢c"

ce*Cvx.aUb:viae Cvx.bUc:ivibe'Cvx.aUci
reRet«>:V ' a.bl+r=.Rectab *

The word written Ret (/L recta =straight line) means ‘“‘straight
lines”. ‘Ret ab’ means the straight line through e and b.

4017. *pePla.—*pCSpa.AlVir,s1 r#s.
Ar~seRet At rNs. £ T T atp=-Cyx.rUs ¥

The word written Pla (fL planum = plane) means ‘‘planes’.
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4018. *a~beSpa.r.a#b*—*Car"™rireRet.A*aUb.Cri=1}
acSpa.A.reRet.r.a¢r-—*Car"™pipePla.aaUr.Cpi=1i
r~geRet.ArNsg£T T, A.r#£8:

—*Car"*p:pePla.r-rus.Cpi=1i
reRet.a.pePla.a*pNr.#r~ % M1 —»:Cvx.rUp-=Spai
r~8cRet.An.r#8*—:Car.rNg-<1} '
p~gePla.A.p#q-—>:pNg.="T-v-pNg.c€Reti
pePla.r.reRet*—"pIr.v:Car.pNr-<1#*

4019. r~scRet.—>:r/s.

" Vp pePla.A.rCp.a.sCpiair=s.vrNs.="1i
p~gePla.—»>"plg.>:p=q.v-pNg.=""}
pePla.a.reRet*—>"pr.e:pdr.v-pNr.="11
reRet.A.aeSpa+—.Car:"sseRet. A aes. A.8r' =1+
‘/’ means ‘‘parallel”. '

4021. *aecSpa.r.pecPos-—*Sphag.=""z:zeSpa.Ar-Dstax.=p.
A.Bulag.=""z:zeSpa.Ar-Dstax.<p}
8eSph.«»:V'a.p7-8=.Sphap!
seBul.—:V'a.p1-s=.Bulap*
The words Sph (L sphaera =sphere) and Bul (/L bulla =bubble)
mean ‘“‘spheres” and ‘‘solid spheres” respectively.

4022. *a~beSpa.r.a#b*—""c*Dstac.= .Dstbc:ePlai
a~beSpa.r.pePla-—"p | ab.«>:p="c-Dstac.=Dstbc
p~qePla.—»>p | qg.>"Via.b':a#b.A.a~beqg-Ar.p | ab:
p~gePla.>plqg.—>.q | pi
pePla.ar.reRet*—>Ip | r.e>"Ng:qePla.Ar.gDr-—.p | ¢
r~s8cRet.—>"r | s.o:Vp-pePla.A.pIs.A.p | ri
r~s8cRet.—>*r | s.>.8 | r*

‘1’ means “orthogonal”.

4023 *r~secRet.A.a~b~ceSpa.Arc=.rNs*
AET.A.DES. AT | 8.
A*Dstbe.=Cmta-a-Dstca.=Cmt f-A-Dstab.=Cmt y:

—> .10 10— 510 #

4024. *gpe.Spa~Spa-—igeRfec.
o ATz.y’z~yeSpa.—>:Dstxy.= -Dst.ox.qpy.
ATxrxzeSpa.n.x=gx:ePlal
Rfc 1+
The word written Rfc means ‘“reflections”. Translations and
rotations could be defined as products of reflections.
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4031. *a~beSpa.Ar.x~pcRea.A.x+f=1"
—~ia=b.—>.xa+pb=a.
Aia#b.—> o+ pfb.e.Retab.
Aa#Eb Ax=0.A.20'—>"aa+pb.cCvxaUb:
At xDst.a.ca+pb=-BxDst.b.xa+pb:
Aa#Eb.axx <0 —>"xa+pb.¢CvxaUb:
At|a|xDst.a.ca+pb-=-|f|xDst.b.aa+pbi
a~beSpa.r.a ~BfeRea.A.x+pf=1*—>.xa+pbeSpa * 1)

4032. *a~beSpa.—~>:b—a.eCmtVeo-a-b—a.¢Spai
ueCmt Veo. —.ucu *

‘u € Veo’ means u is a vector. ‘Cmt Veo’ is the set of u € Veo
labelled with the unit Cmt.

4033 *a~b~c~deSpa.—>*a—-b=c—d.
«.0,1xa+0,1xd=0,1xb+0,1xci
a~b~c~deSpa.>'a—-b=c—d.
—"Dstab.= .Dsted*r:a=b.A.c=d-v-Retab./.Reted *

4034. *4uecCmtVeo.Ar.aeSpa+
—.Car:™bbeSpa.Ar.b—a=u"=1%*

4035 *a~beSpa.r.u=b—a-—>.b=a+u=u+a*

4036. *a~b~ceSpa.A.u=b—a.r.v=c—b-
> U+ Vv=C—aQ.A.—V=b—C.A U+ (—V)=u—v:
ueCmt Veo. — . u—u=0cmt veo=Cmt Oyeo *

4037, *a~beSpa.Ar.ycRea.Ar.u=b—a-
—>.yu=((1—y)a+yb)—a*

4041. * Rea3=[Rea.Rea.Rea’l*

4042. *yecRea.An.a ~beRead.A.a="a1.02.087 A bO="P1.02.03""
—>ya="yx1.yxz.p03  A@a+b="To1+ 1.2+ P23+ P37 .
Ae@—b="To1—fr.00—Pa.x3—P31.A.70.0.07=03.
Asalb=ogp1+asfe+asfs.ra | b.>.alb=0-
A.la|=yaTa.r-Dstab.=|a—b]|.

A Np:Yab.=¢p > 0<p<m.Ar.cosp=alb/|a]||b|*
‘alb’ means the scalar product of the numerical vectors a and b;
X is the symbol of the angle-function.

1) We have forgotten to define the absolute value of a number.
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*yeRea.rn.acRead. A, |a|=1"

—.Plajay.="z:xcRead.rcalr=y}
a~beReal.r.|la|=1"

—*Retyab="z"xcRead.r: Vr-reRea. A, 2=1a+bi
pePlay.«»:VTia.y "p=.Playay!
reRety.>:VTa.blr=.Ret, abt
Playay. | .Playa'y *<>-ala’.=0:

Retyab. | .Retya'd' <>+ ala’.=0i
Playay. | .Retya'b' <> a’=a.va'=—a*

*feCoo.»ifex~%k.A."fiSpa=Rea3.
AvATa.bla~beSpa.—>"Dstab=:Cmt-Dst.fa.fbl
Vf.feCoo *

The word written Coo means ‘‘coordinate system’’, or rather
“coordinatization”.

*feCoo,—>*ATa.bria ~beSpa.>a=b.«>.fa=fb"
AAp ' pePla.«>:".fip-ePla,:
AvAr'reRet.«>:".fir-eRot,.:

AANTP. 81 r | suesi . fire | »".fis*

*feCoo.r.a~beSpa.A.x~feRea.r.x-+-f=1"
—>"f.xa+pbe=.xfa+pfbintf.a—b = .fa—fb*

* Cmtx x Cmt f=Cmt2x x § *

*y~peCmtVeo.r.yeRea.a.feCoo:
—>ifoutvi=.fut+foinifiau=.xfu:
Av|u|=Cmt|fu|.A"ulv=:Cmt2-fu.l.fv"

AL ww.=+L.fu.fo*

* Coo= .Coo+tUCoo~*A*T1=,Coo+n Coo-.
A" peRfe.
—>:feCoot.—.fpeCoo~-a-feCoo~.—.fpeCoo*I|
Coo*+# M1, A.Coo~ T 1 #

Coo* and Coo~ mean “positive” and ‘“negative” coordinate
systems (lefthand and righthand). The distinction between Coo+
and Coo- is purely verbal. At present we cannot do more than
we have done, in spite of the efforts of a good many textbook
writers. In 4 24 6 we shall fasten one element of Coo+ to real
space. From that moment onwards Coo+ and Coo~ will be materially
distinguishable.
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4051. *ueVeo.—»>'Cmtu.c.CmtVeo:
ueVeo.—>.ucu:
Cmtu=Cmtv.—>.u=0v*

4052 *u~veVeo.rn.yeRea*—.Cmt.u+v-=.Cmtu+Cmto:
ACmtyu=yCmtu.A:Cmtu.l.Cmtv=Cmt2. ulv:
AN Fuw.=: < Cmtu.Cmto’ A, |Cmtu|=Cmt || *

4053. *ueVeo.—.u—u=0vye *

4061. *Aec.Lapaiasas*
—1ACSpa.A.a; = az~agePos.
A VfifeCootini Nz zeA.
i NitelU2U8. > 0swifesal
AeLlap.«>*V'aj.az.a37 . AcLapayazas *
The word written Lap (fL lapis=stone) means ‘‘rectangular
parallelepiped’; a1, a2, a3 mean the lengths of its edges.

4062. *Vol.Lapajazas*=Cmt3a; x az x ag *
4063 *Cmtdy.+.Cmt3é=Cmtd.y+0:Ete*

4064, * VB BeLap.A.ACB+—>1x=VolAd.—iANTM.p}
M=:"X-Car XeNum.A.XCLap.A.ACJX" A"
p=:"X-Z.zeX.Volzi M.
—>ra=.inf p*
‘Vol’ means volume. We gave the definition of exterior content.

4065 *m=100x(1—1/11+1/101—1/111+Etc)
=11,00100100001111110110101010001000111100111001 Etc:
Ae.Bulag-—.Vol4=100/11 x gl *

4071. *ze.HomUBes*—*Volz.=.VolLocz!
zeHom.A*Aet z.= .Sec 1011001 ;
—*Volz.=Cca.Cmt8 101101}
zeHom.A*Aetz.= .Sec 101 x 1011011
—+*Volz.=Ceca.Cmt8 1010000
Vz:zeBes.An.NnczExt.A*Volz.=Ceca.Cmt3 11 x 1011001
— VxizeBes.A.NncxExt.A*Volz.>Cmt3 11 x 1011001 §
Car*"z:zeBes. . NnczExt. A" Volz.= .Cmt8 1010000
/:Car**z:zxeBes.A.Nncz Ext. A+ Volz.< .Cmt8 1010000
Mul<.1#
Volume of humans and animals. — Perhaps the receiver will

arrive at some crude estimation of our length unit on the strength
of these data and the next.
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4072. *VB-BeLap.A.ACB:

407 3.

—>iLonA.=*sup:*z"V'a.b':a~beAd.r~xz=.Dstab *
The word written Lon (fL longitudo=Ilength) means “length,

diameter”.

rze.HomUBes*—*Lonz.= .LonLocz}
rzeHom.A*Aet 2., = .Sec 1011001 ; — -Lon z.=Cca .Cmt 10110}
rzecHom.a-Aetz.=> .Sec 101 x 1011011 ;
*Lonz.=Cca.Cmt 101 x 10101}
Vz:zeBes.A.NneczExt.A*Lonz.=Cca.Cmt 11 x 101010%
— Vz:zcBes.A.NnczExt.Aa*Lonz.> .Cmt 101100
Car"*z:zcBes.A.NnczExt.An-Lonz.= .Cmt 101 x 10101
./:Car""z:xeBes.A.NnczExt.Ar-Lonz.< .Cmt 101 x 1001 ¢
Mul<.1#

4081. * HoInq Hb"

408 2.

408 3.

408 4.

4 08 5.

t+hUsqt'+h . Hd Ani Utr.tt' HcInq Hdp: A.h+#h'"
—><tLoc Hd#t' Loc Hd.v.tLoc He+#t' Loc He *

#tDst XY .=:Dst*t.Loc X t.LocY *

*t X Mov.>iAxiaxcPos.—" VIt .t'":

t—Secast'<tst’'<t+Secwx.
atLocX#t'LoecX.a.tLoc X+#t"Loc X *

The word written Mov (fL movetur=moves) means the neutre

verb “moves’.

*his X Mov.«r: ANty <t<ls.—>.txMov"

tUsqt’.aUsda’. X Mov-
>-tt' XMov.a.tLocX=a.A.t'Loc X=a'*

The word written Usd (fL usque ad=up to) is the spatial

analogue of the temporal Usq.

*tUsqt' .aUsda’. X Mov*a-t'Usqt’.a’ Usda" . X Mov:

—+tUsqt”.aUsda’ . X Mov *

4091. *“Halnq Hb Nnc HaVul:Sec 10.Pst Nnc: Hb ApuHa

HbInq Ha.?=Apui

HalInq Hb"Nnc Ha Vul:Sec 10. Pst Nne* Loc Hb .=Cca . Loc Hai

t1Loc Hb.Usd.t1 Loc Ha. Hb Mov i

HaInq Ha:NneLoc Hb.=Ceca.Loc Ha+ Hb Apu Ha*
PAN.Hb.Usd.Apu Ha. HbMov *
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The word written Apu (fL apud=at) means (the local) “at,
near”. There is a notable difference between the use of Apu in
the first and in the last sentence. This transition is akin to that
in the use of words like MAN (see 3 20 8).

* HaInq Hb"Nnc Ha Vul:Sec 10. Pst Nnc - Hb Apu Ha :
HbIng Ha . — Pot Etc: Qia* Nne Dst Ha Hb .>Nim *
Pot :Sec 1000. Pst Nnc* Hb Apu Ha *

+tHaInq Hb' Nnc Ha Vul:Sec 10.Pst Nnc - Hb Apu Ha
HbIng Ha*Nnc HbVul "p.PAN Ha Vul p*
Tan : — Nne Hb Vul . Nne Hb Mov *
Sed:Nnc Hb Vul - t; Loc Ha . Usd .t Loc Hb. HaMov *

+ Halnq HbiNnc HaVul *Nne-NneLoc Hb . Usd . Apu He . Hb Mov:
A+PPN HbInq Hc" Nnec Ha Vul:
Nnc+*Nnc Apu He.Usd . Apu Ha . Hb ~ HcMov |
HdInq Hd:PAN Ha Vul PPN . Apu He. HbInq Hc Etel
Usd.ApuHc* HbMov |
ApuHe.Usd.ApuHa:Yw.wUni Hb Hc*Mov |
HalInq Ha:Nnc- Hb ApuHa.A.HcApu Ha *

‘PPN . Apu Hc . Hb Inq Hc Etc’ is a paradigm which shows
how to say that a certain event happens at a certain place. The
general pattern would be

t u Fit p,
where tis a temporal and « a spatial adjunct. More examples could
be given.

p and q in the next program texts will represent definite noises.
+tHaInq Bap:
tUsd . Apu Ha* BaMov'
HbInqHe*?z.tit2 Fitai
HcIng Hb*toty Ha Vul . PPN Ba Apu Ha "
Pau Pst.Ha Vul Etc: Ba Ani* Utr . PAN Ha Vul Ete*
t1Usqte-t1 Loc Ba .Usd .t Loc Ha* Ba Mov *

Whistling for one’s dog.

(hi<te<ts<ts)
*tHgInq Baph|

BaInqHaqghl

HbInqHc-?z.t1tsFit x|

HcIng Hbitita HaVul "t2.Usq* Unqg . Pau Pst.ts:
t1Loc Ba . Usd .t Loc Ha* BaMov:

Sed: — tits Ba Vul* Yg.Nnc Ha Vulg”
Erg.Nnc HaMov |
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HbInqHc " ?u:Nne-t Loc Ha . Usd u - Ha Mov |

HelIng Hb"Nnc Ha Vul - PPN . Ha Apu Ba:
Erg+Nnec.Adv Ba.HaMov |

HbIng He.?=Adv I*

HcIng Hb»Nne Ha Vul - PPN Dst Ha Ba.< . Nnc Dst Ha Ba .
Ergi.Ncsi Ati¢.=Cca.Nnc-—*VA:
AC:Cvx+tLocHa.V.tLoc Ba®
A:Ceat-tLoc Ha.Usd A+ Ha Mov |

HbIngHe*Utr.Nnc Ha Apu Ba |

HeIng Hb1Fal Qia*Ceaty: Ba Ani: Utr*Nnc.Adv Ba.HaMov”
~~"Vul.— PPN Ha Apu Ba
Erg - Pau Pstt4. Usq Nnc. Dev Ha . Ba Mov |

HbInqHc.?=Devl

HcIng Hb1.Nnc Ba Vul. — UPN Ha Apu Ba: Eti:

Nne Ba Vul - PPN Dst Ha Ba .> . Nnc Dst Ha Ba

Ergi1Nesi At¢.=Cea.Nne-—:Via.b.c?"
aeSpa.r.beLocBa.a.ceLocHa. ntbe*Cvx.aUecin:
Ccat-tLoc Ba.Usda.HaMovi

Nnc.Dev Ha. Ba Mov #

The words written Adv (fL adversus=towards) and Dev (fL
deversus =away) mean ‘‘towards” and “away’’ respectively.

4103. * HaInqHaiCar:™z"zcBes.A.NnczExt.A:
Vp-Pot.Nnca Anip:
Az Vp+Pot.Nncz Vulp: A1 Pot . Nncz Mov?
Mul > *Car:*z*ze Hom.A.Nncz Ext *

4104. *“"HalInqHb.Hat

HbInq Ha.Hbh:

HeIngHd-?%z .11t Fitz}

HdInqHc Ceat;"Ha Ani.?=Loc Hb:

-~:HaVul-Nnc Hb Ani.?=Loc Ha:

PauPst.t; - Obv Ha HbMov §

HcIng Hd.?=0bvi

HdInqHe' PauPstt) : Loc Ha. Adv.Loc Hb- HaMov:
~~:Loc Hb.Adv.Loc Ha - Hb Mov *

The word written Obv (fL obviam=going to meet) means
“going to meet”.

4105. *%Loc Ba.Usd.t; Loc Ha* BaMov* |
HbInqHe-tz.t1 12 Fita |
HcIng Hb-PAN Ba Vul . PPN Ba Apu Ha |
HbIng HeCurl
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HaInq Hb:Qia*PAN BaSci.

ty "Nnc:Adv Ha. BaMov*— PauPst. HaInq Hby|
HbInqHc.?yEtel
Helng Hb.Ete HaInq Hb Ben *

4111, #hph]
HbInqHc 'z .t1t2 Fitz|
HeIng Hbi Vy ' Put Ra” PAN Ha Vul:
Nne Usq PPN+ Nnc Locy . Usd . Nne Loc Ha*y Mov :
Mod .Nnc Halnqyp*
Qqm : — Pot: V¢ Ceat Ra Vul . Nnc Ra Mov™
Qia: RacRes.Sed  Ra¢.Hom U Bes*
—ti1tz HaSei* Utr. Ra e Res:
Tan:Ceat; HaInq Ha . Ra € Bes* Qqm Fal *
Qqm - Loc Ra.CSpa:Tan* Ra¢ .Hom U Bes*
—Pot-VTu.pl.uRaVulp*
yeRes.>:—Pot*yIng.v.ySci.v.yAni.v.y Vull
%HbIng He:Nne*PAN Loc Ra . Usd . PAN Loc Ha * Ra Mov |
He¢Ing Hb v~ .HaMoviCeat;. Hd Apu Ra
Pau Pst.ts* Hd Ani " Utr : Nnc Ha Vul -
Nne.Usd.ApuHa.RaMovi
VD* DUni Hd Ra.A:t3Usqts"ts Loc D . Usd. tsLoc Ha* DMov i
t3Usqts* Loc D.=.Loc Hd.U.Loc Rai
tsta DExt i PauPst.ts"t4Loc Hd.Usd.t3Loc Hd* HdMov:
Tan.— Nnc RaMov itsts Hd Cau. Ra Mov }
yeRes.—*—Pot-yVul.yMov.
Sed:Pot"' Ve:xe Hom. A=z Vul.yMovi
zeHom.A.yeRes-
—:Pot"¢:2 Vul.Nney Mov * — PauPst.y Mov *

The word written Res (fL res = thing) means ‘“‘concrete things”.
Ra is the name of a special thing. ‘Cau’ (L causa=cause) means
(the verb) “causes’.

With respect to variables controlled by it Cau behaves as do
words like Inq. (Oblique speech.)

A person can cause a thing to move.

4112. * Ra~ Rb~ Rc~ Rd ~ EtceRes’
zeRes.—:Locx.CSpa+-a-Volz.=.VolLocx *

4113. * HalnqHb NncHaVul:PPN-Yz.Nncx ApuHb-ApuHa'!
Cea . t1 Loc Rb* Usd - Cea . t1 Loc Ha* Yy .y Uni Hb Rb* Mov"}
Helnq Hd %z .11t Fit 2
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HdInqHc" tits HbCau* Rb Mov - Mod . Hb Fer Rb:
tit2*Cea .t Loe Rb-Usd *Cea . t) Loc Ha « Hb Fer Rb *

The word written Fer (fL fert=carries) means (the verb)
“carries”.

HaInq Hb"Nnc HaVul: PPN -"z.Nncz Apu Hb- ApuHa i

tCea . t1 Loc Rc+ Usd * Cea t; . Loc Ha * Re Mov' i

HeInqHd-?z.t1 t2 Fit 2§

HdInqHc"t1ts Hb Cau . Rc Mov * Tan: — Mod . Hb Fer Rc -
Sed -Mod . HbIac Rc-Qia. — t; t2 Hb Mov *

The word written Iac (fL iactat=throws) means ‘‘throws,
pushes”.

* HaInq Hb" Nne Ha Vul: Nnc* Apu Hb . Usd . Apu Ha * Hb Fer Rd
HbInq Ha: —Pot " Qia: Vol Rd.>Vld-Vol Rd.Mul > .Nim*
Pot:¥D-DUni.l1*Hom-Fer Rd *

* % Loc Rf . Usd .t Loc Ha - Rf Mov":
HcInqHd+?z.t1 taFit 2}
HdInqHc*t; HbVul:Nnc* Apu Hb.Usd . Apu He* Rf Mov *
A*ti.Adv He.HbIac Rf.
Tan "ty Ha Cau: — Unq PPN .Qqm Nne - Rf Mov #
The Nnc after Cau is bound to approximately tz, not to the
moment when Hd is speaking. See the remark in 4 11 1.

*tt; Loc Rf . Usd . t1 Loc He* Rf Mov'
HeInqHd*?z.t1t2 Fit 2
HdInqHc:t Hb Vul:Nne+* Apu Hb.Usd . Apu He- Rf Mov *
A*ti.Adv He.Hblac Rf}
HclIng Hd" Cur: — PAN Ha Cau* — Nnc Rf Mov §
HdInq Hc:Qqm-PAN Ha Vul.Nnc Ha Cau Ete:
Tan" Mty <t<ty.—-tDst Ha Rf .>Nim *

+4a Hb Ludgt*s
HeInqHdtz. t1t4Fitz
HdInqHcititsHa Hb Ludg:
Deb:t1.Adv Hb.HalacRg"

te Hb Cau - — Pau Pst t2 . Rg Mov *
ts Adv Ha.HblacRg*
t4 Hb Cau -+ — Pau Pst t4. Rg Mov *
to: — . HbCauEte*— PauPst- HbDat Ha.Den 10"
t4:— .HaCauEtc-— PauPst - HaDat Hb.Den 10 *

Playing ball.
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4121, #Dst.tijLocx.laLocx=Cmtod:An.lo—t1=Sect.A.7>0"
— 14 Usq ¢, Cel Med x Mov . = *Cmt/Sec. §/t
deRea.r.tePos* —:0mt §/Sec .= - Cmt/Sec. d/}
o~ teRea.—Cmt/Secx x Sec 7.=,Cmtuti
&« ~ feRea.— Cmt/Secx.= .Cmt/Sec f1>.x=p1i
Etc *

The word written Cel Med (fL celeritas media =mean velocity)
means ‘“mean velocity’’.

4122, ¥*1~pecPos.—>+*SeclyxSecr.=»1:
Sec-ly=8ec 1y .«>.v=1:
Ete #

4131, *zecRes.—1:t1Usqtz.a.20sCran 1"
acSpa.a.ti ~teeTem.a1. VTt o' v 11t ~a' ~v' ePos.
Avt=8Sect . Avx=Cmta’ . A.v=8ec 1y . A.10 v <1, Al
VitfeCooun.fa=03. AL N 1St ts.
—1"fitLocz.=Cea. xcos 10y (t—17).0.07 *

The word written Osc (fL oscillat = oscillates) means “oscillates”.

4132, *Aml+t;Usqtz.a.20scrapi=x"
Fre-t; Usqtz.a.20scravi=v"
Pha°t1Usqt2.a.zOscmv:=1:‘
Eql+t Usqtz.a.20sceavi=a *

The words written Aml (fL amplitudo), Fre (fL frequentia),
Pha, Eql (fL aequilibrium) mean “amplitude”, “frequency”,
‘“phase”, and “equilibrium” respectively.

4133, *t.20s¢c'"Vig. il T v 1 SE<la.A"
t1 Usqte. @ .2 Oscray *

And, Fre, Pha, Eql are defined as in 413 2.

4134, * ReRes.—1:41Usqla RViby.>1"
VA 1:CarA.Mul> .1*A.RUnid.ar*
Azr.zeA.—1zParB*A*Volz.Mul< .Cmt3 1
AN <t<tp.—:t.208c A" Fre+t.20sc:=v"
A"Aml-¢.20sc:Mul< .Lon R
Exgi: RacRes.A.v>Sec 10.A.fpcTem.
A VirfeCoo.aiAz*2zPar Ra.
—>iVTz.x1 a>0.A. Ntit Ra Ext.—+"f:tLocz.= Cea.
Tx-+ocos 107y (t—10). 0.0
— "Atit Ra Ext.—>.t Ra Viby |
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Exgi.RacRes.A.l~e~y~aePos.Ar.e<VIid.
Adp~theTem.A. 10 (f1 —tp)eNum. Az
Vi feCoo. A" fitgLoc Ra=:*z &= "&.&.&57 . AL
os&hislon & =e.n. |86 Ar.
Az1zPar Ra.—iVy: AtiteTem,—"
to<t—Secyysti.—*"fitLocz.=Ceca.
Ty+oasin 107y (t—tg—Secyy).0.07:
At —.dg<t—Secyy<t-—-"fitLocz.=Cea.y.0.0":"
> At tg<t=<to+Secyl.—: Vw wPar Ra.r.CcatwViby *
The word written Vib (fL vibrat=vibrates) means ‘‘vibrates”.
Examples of stationary and progressive waves have been given.

* HoInqHa*XeHom.A. ReRes. A"
t X Cau:tUsqt'.aUsda’. RMov -Mod X Iac.
—*CelMed R Mov . Mul < . Cmt/Sec 101111 #

+ HaInq Hb:Cur" Xe.HomUBes* —:Pot-tLoc X .+ .t/ Loc X }
HbInqHa" Qia:Pot+ X Vul.tt’ X Movi
HoInqHb.Cur” ReRes.—:Pot-tLoc R.#t' Loc R}
HbInqHa:Qia*Pot.tt' RMov *

The last text is to prepare the way for the next, enabling the
receiver to understand the next ‘Cur’ in the sense of physically

explaining causality.

* HaInq Hbi1.Pon X ~ Y e Hom
CuriPot:t"XInq Y p.—>PauPst:
Y Ani+Utr.PANXInq Y p
‘Qqm-¢Dst XY .Mul> .Cmt Ol
HbInqHa - Qias. Vwr1Putwi AtiteTem.
—>*Pot:Ceat.X Cau"Nnc.Apu X.Usd.Apu Y .wMov-
~~:wFer-Y2.Nnc X Inq Yz:
~~:Y Ani*Utr.NncwApu Y |
HoIngHb.'=wl
HbIng Ha 1+ Pon:Cel Med . wMov - Mul < . Cmt/Sec 101111 *
Erg"weRes.A:Pot-ApuX.Usd.ApuY.wMov..
Poni.CelMed . wMov »=Ceca .Cmt/Sec 101111,
—VA4:4ecRes.A"Pot ApuX.Usd.ApuY.AMov-
Mod : Cel Med . A Mov - =Cca . Cmt/Sec 101111,
Sed 1 VRiPut Aeri ReRes.A*Potit RUul. A"t X Cau:
PauPst.t* RUul" A: PauPst.¢- Y Ani-Utr.Nnc R Uul |
HaInqHb:Utr-w=Aer.v.wPar Aer |
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HbInq HaiFal:Qia: — Pot v ParAer.A-ivFer. Yz Etc-Mod

:tCel Med .» Mov = *Cel Med . wMov |

HalInqHb:Utr*tLocw.C.tLocAerl
HbInqgHair'Veri. VM 1Put M 1Car M >VId. rd

NZ:*Ze.HomUBes*—:Car:™2*zeM.A.zApuZ ">VIidia®

Nzize M .—>-zPar Aer.A.Volz<VId"A:

ANz.2 1 z~2'eM.n.2Apuz’ . A.teTem*
—1t-2Mov.—> PauPst .z’ Mov:

Pon ‘'z ~zg~Ete ~2yeM.r+
21ApuX.a.zzApuz . A.2gApuzz. A.Ete.A. Y Apuzy. A
*Loecz.U.Locz.U.Ete.U.Loczy-C
:Cvx-LocX.uU.LocY:.

Ergi.t2;Mov.— PauPst.zi;y Movin
VhiAtteTem.ait" X Cau.tzy Mov-—hPst:
2xMov.~*Y Ani.UtrEtci:

Erg1:Pot:t Aer Uul. A+t X Cau.NncAer Uul" A=
V1. ATX. Y.t 1 X~YecHom.r.teTem+—:

Vh*h=oxxtDst XY .A:
t X Cau.Nnc Aer Uul* —APst"Pot:Y Ani-
Utr.Nnc Aer Uul |
HaIng Hb.?=wl
YHbIngHaw="*"t."v v Uni:"2-2e M .A.tzMov:Tem

tLocw.=*"tLoc: " vUni:*2 26 M.A.tzMov il

w¢Res.Sed:we.Und Aer.CUnd

ue Und Aer.—:CelMed .« Mov * = Cca . Cmt/Sec 101111 ¢

EtiiVI':*TecRes.A*Pot. T Uul*a: Au" ueUnd T -
—:Cel Med . u Mov - =Cca . Cmt/Sec 1010011 |

HaInqHb:?p"ReRes.a*Pot.RUul*r.2Par R:
—:Pot+2Mov.Mod pl

HbInq Ha.Exg" RaeRes.r-Pot.RaUul-a.zPar R:
—:Pot *20sc . Mod {last part of 4 13 4} |

HaIngHb:?u" Ceaty. RaUul. Mod {last part of 4134} *
—>:ucUnd Ra.A-Ceaty. uMovl

HbInqHai Nitost<ity+Secyl.
—>”]§tLOO%.= =8 L. 837 A.0=Sec-L(t—h)[y
=5H<Sect(t—to)fysl.n.| &S e.n || &f
—.ue.Und Ra-r*Ccaty.uMov: A
*Ceaty.Cel Med * wu Mov:= .Cmt/Secy |

HalIng Hb:Pon:Cel Med.wMov-
Mul > +Cmt/Sec 1010011 * Cur * Pot . w Mov |
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HbInq Ha " Pon:CelMed.wMov+:=c.=Ceca.
Cmt/Sec 11011111010111001111,1 x 1011113 A
*Err-c.=Ceca.Etc:=Cca:Cmt/Sec 101111y

Potit"wMov.~:Fer-"z.t XInq Yz Qiar*
VS8 1.Put Ath+.S¢.Res U Hom U Bes -
A" Pot:Cecat.SUul:a*t X Cau,NncSUul’
AtXCau.tSTUul*—i
Viw.t'7"we.UndS-A:itUsqt’ - ApuX.Usd.Apu Y -
wMov "Mod : Cel Med . w Mov*=c.
A" Pot:t'Y Ani*Utr.NncSUul:
Loc Ath.=Spa *

The word written Uul (fL undulat=undulates) means ‘“undu-
lates’”” in the original sense such as Huygens took it (no under-
lying oscillation being supposed). The word written Und (fL
unda = wave) means ‘“‘wave”’. (This notion cannot be expressed
by Uulfe.) The words written Aer and Ath (fL aer:=air, and aether
=ether) mean “air’”’ and “field” respectively. The precise meaning
of these notions may remain unknown to the reveicer. The only
thing that matters is the existence of some media that admit
progressing waves with certain specified velocities.

‘¢’ is a constant, the velocity of light in vacuo.

‘{. ..} stands for a quotation or repetition of the program text
indicated between the braces.

In the next paragraph we shall account for the purpose of the
last talk.

Introducing length is as difficult as introducing time was easy.
In the beginning of the present chapter a word Cmt appeared.
The receiver could guess that it means some length unit, but no
indication was given of its value. It has been fixed by the text
given in the last paragraph. This goal has been reached after long
detours. Most of the developments of this chapter have merely
been steps on this lengthy way.

Of course there are other possible contexts for presenting our
length unit. Natural yardstick of astronomic size are the curvature
radius of the universe, which is still extremely uncertain, and the
parsec (= 1296000/2 = times the distance between sun and earth),
which is much better known, though not with great precision, but
which can be significant only for a receiver inside our solar system.
There are many microscopic yardsticks, but as long as we have
not composed a vocabulary of chemistry or atomic physics, we
cannot present them. As far as I can see, the only exception is the
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phenomenological Rydberg constant B of hydrogen (or some other
hydrogen-like element). It has the dimension of the inverse of a
length, and it is one of the best-known physical constants (if not
the best of all), with a precision of 10-7. We could introduce it
by its historical pre-Bohrian definition. We could say that there
is a line spectrum with the reciprocal wave-lengths
% = R(—ﬂi—2 - 7—:-5), m<mn, integers.

But this cannot be done until something has been said about light.
At this stage of the program the most striking feature of light,
through which it could be characterized, is its tremendous velocity.
On the other hand, as soon as we can say what light is, we can also
present a reasonably satisfactory yardstick: the light-second, i.e.
the distance light travels in the time-unit (known by mere pre-
sentation).

My original idea was to define velocity of light merely as the
upper bound of the velocities of corpuscular inertial motions. Yet
serious objections may be raised against this procedure. It would
not be wise to start with relativistic mechanics. In the beginning
we shall be committed to classical mechanics. But in classical
inertial systems an upper bound for velocities would be an in-
tolerable stumbling-block.

So I conceived the idea of introducing the velocity of light by a
less physical and more behaviouristic procedure. Light waves, and
more generally, electromagnetic waves are a means of communica-
tion. Fortunately communicating is a well-known phenomenon
in our program. Start and finish are marked by the word Inqg and
Ani respectively. In the last paragraph Ha has asked the question
what the intermediate link is. The answer is that there is something
propagating from the speaker to the person who becomes aware
of the spoken communication. Three cases have been dealt with
by Hb, the first two cases as a background for the third, the only
one that matters. The first case is that of mere convection; this
is a rather slow method. Wavepropagation is much quicker. There
is an undulating medium, characterized by sonic velocities. Finally
there is wave propagation through an non-corporal medium
(¢ Res) which is characterized by a much higher velocity (that of
light). If we should state that there is no quicker means of com-
munication, we should give one more piece of information. This
information would not be fundamental, and it would be harmless,
because at this stage of our program mechanics is still in statu
nascendi, and because that statement would not exclude any
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quicker motion, as long as it cannot serve as a means of communi-
cation.!)

We have quoted the numerical value of the velocity of light
with the greatest precision now available.2) Of course it is not
unlikely that the mere appearance of a number that is to mean the
numerical value of some velocity and that bears a high degree of
precision, would make the receiver assume that this number is
to mean the numerical value of the velocity of light. Then our
behaviouristic introduction would be redundant. But it is better
not to rely on this possibility. Moreover it has been our policy to
give multiple tautologous information.

As soon as the receiver has recognized that the numerical
constant ¢ means the velocity of light, he may use his knowledge
of our time-unit in order to find out our length-unit. The precision
of the result will mainly depend on five components: 1° and 2° the
precision of time-measurements at the transmitter and the re-
ceiver, 3° and 4° the precision of measurements of the velocity
of light at the transmitter and the receiver, 5° the precision of
the receiver’s information about the relative velocity of transmitter
and receiver.

As to the last source of error we know that some knowledge
about this relative velocity is needed for the elimination of the
Ole Romer effect (see 2 01 2). If the program lasts long enough
this elimination can be done on the strength of the knowledge of
the mean relative velocity of transmitter and receiver. Inside
our solar system this mean velocity is zero; if the receiver belongs
to another solar system it is equal to the relative velocity of the
two central bodies. A receiver who understands that the program
is sent from our solar system can eliminate the unknown Ole
Romer effect by means of an observed Doppler effect. The precision
of this determination depends on that of wave-length measure-
ments at the receiver’s end.

The receiver may reduce the error from the first and second
source by observing the program clock over a long period. In any
case a lower bound for the possible relative error in the receiver’s

1) From our text the receiver may get the impression that human hodies can
generate electromagnetic communication waves. This misunderstanding would be
fairly harmless. Later on we can remove it.

?) This is a sore point. The most trustworthy values of fundamental physical
constants quoted by the most trustworthy authors (from unquoted sources) at
about the same time differ significantly from each other; even the values given in
one and the same work at different places can differ.
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knowledge about our length-unit will be given by the relative
error of that value for the velocity of light we have inserted in our
program. In fact the velocity of light seems to be known with a
precision of three in one million, and it is with this precision that
we can present our length-unit.

But afterwards this precision may be increased (and we could
have done so even if it had been much worse) by presenting Ryd-
berg’s constant for hydrogen, which is known with a precision of
one in ten millions. As we cannot yet convey in a more definite
way what hydrogen is, it is possible that the receiver may interpret
“hydrogen” in our context as ‘“‘ionized helium”, or as the name of
some other hydrogen-like element. This can be prevented by a
list of the Rydberg constants of all hydrogen-like elements or
rather by a list of the Rydberg constants for the light elements
and their limit for infinite nuclear mass. In these texts we have
confined ourselves to hydrogen (see 4 14 6).

Continuation of 4 14 3:
* Halnq Hb" Pot:¢Pst*NneZ Cpu.?=Cmt *

Further continuation of 4 14 3:

* HbInq Ha1. VT Put Ato HiT CRes. A CarT.>VId -
A NerxzeTl.— Volz.Mul< .Cmt31" A} VR!Put R*
R.=Cca.Cmt-111010110001101101,100100111
*A:Erre R.=Cea.Etc=Cca-Cmt—1 10-110
tamcA"monzv it rm~neNum.A.m<n.an.zeT.

Avv=CcR (m~10—-n-10), A.teTem-
~> 1 Pot 't Cau.Nnc Ath Viby |
HaInq Hbi:Erri1.Cmt.=Cea12iz.=Cca.Cmt * A
*tZSci*Utr. R=Etec:
—>.Pott"ZSci: Utr'Cmt.=Cea.z1*Mul<:*
Err1.Cmt.=Cecair1Yziz.=Ceca.Cmt*Ar?tZ Sci*Utrc=Etc:
—:tPot"ZSci: Utr-Cmt.=Cea .z *

This is a description of the hydrogen spectrum. ‘Ato H’ means
the genus ‘“hydrogen atom”.

The following text is a continuation of that of 4 11 5.

* HaIng Hb" Nnc Ha Vul:
Nnec* Apu Hb.Usd.Apu Ha* Hb Fer Rh |
HbInqHa*—Potl
HaIng Hb:Utr- Vol Rh.>Niml



186 SPACE, MOTION, MASS [cH. TV

HbInq Ha1FaliVol Rh.=Ceca.Cmt3 11 x 101010«
Tan *Mas Rh.=Cca .Gra 11011 x 1010117
Mas Rh.>Nim "
Tan" AD:DUni.10°Hom"* >+ Pot.t D Fer Rh:
Dns Rh.=Ceca - Gra 11011 x 101011, / .Cmt3 11 x 101010+
=Cca.Gra/Cmt?10010,1011 |
HaInq Hb: Utr: Dif"Nne Hb Cau: Nnc- Apu Hb. Usd.
Apu Ha - Ri Mov .= : Dif "Nnc . Ete. Bj Mov |
HbIng Ha*Qgm- Vol R:.= . Vol Bj:
Tan : Dif . Nnc Hb Fer Ri - > - Dif . Nnc Hb Fer Rj:
A:Dif.Nnc Hb Iac Ri+> * Dif . Nnc HbTac Rj "
Qia-Mas Ri.> .Mas Rj"
Dif+-Nnec Hb.Fer ~ lac.Rh:>VId *

The words written Mas, Gra, Dns mean ‘“mass’, “gramme’,
“density” respectively. ‘Mas’ has been introduced by a behaviour-
istic definition. A crude estimation of the mass-unit would be
possible on the strength of the data of the last talk.

‘Gra’ behaves syntactically like ‘Sec’, ‘Cmt’ and so on.

4182. *yc=Grax.>-xcRea.n.2=0:
Grae""z*zecRea.A.x=0:~."Mas:
Gra.a+b-=.Graa-Grabi
Gra.a—b = .Graa—Grab:
x=0.—>.Grana=xGraa}

Craa.= .Grab<«>.a=b}

Graa.= .Grab «>.a=b:
Graa.=Cca.Grab-«>-a.=Cea.b:
Graa/Cmt3b. = -Gra/Cmt3.afbi

Graa x Cmt/Sec.b =+ GraCmt/Sec.ax b}
Ete #

4183. #*Volz+#Cmt30.—*Dnsz.== .Masx/Volx:
ze.Hom U Bes* ~—*Dnsx .= Ceca.Gra/Cmt3 1 *

4184. *zUnizy.A-Masz.= .Grax" =.Graf:—>:
Masz=-Masz.+ .Masy = *Grax.+ .Graf="Gra(x+f)"
zUniay.A*Masz.= .Grax r-Masz.=
Masy=-Masz.— .Masz = -Gray.— .Grax-=.Gra(y —«) *

>

=

&
<

>

4185. *rxe.ResUHomUBes*—* At.teTem. .tz Ext-
—"Vx:x>0.AtMasz.= .Granx *
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4186, *ze.ResUHom UBes*—: At"tcTem. .tz Ext-
—>:Vy-y=.tCorzx?

tCorz.=.tCory «>.x=y'

tLocz.= *Loc.tCorz*

tVolz.=+Vol.tCorz*

tLonz.=Lon.tCorz*

tMasz.= *Mas.tCorz*

tDnsz.= *Dns.tCorz *

The word written Cor (fL corpus=body) means ‘body”.
Though it has been introduced in a mere formal way, the receiver
may guess that the bodies of men, animals and things may depend
on time. In 4 07 1 the volume of humans as a function of time has

been communicated. An air wave may be considered as a thing
(€ Res) with a varying body:

4187, A comment on 4 14 3, especially on the part from t3 to ts:

* HeIng Hd 1+ Qqm : PAN HbInq Ha * Cel Med . w Mov

= *Ceca.Cmt/Sec 101111 ; > w¢Res. A w s Aer.A. — w Par Aer*

Tan*Nnc HeInq Hd.weRes.
A" AtrtwExt. >+t Cortw. Par Aer.

Qqmitats HbInq Ha*w=."tEtc

Tan 1 Nnc HcInq Hdi Corw=*Cor: v v Uni:*z-2e M.
A.tzMovi. :

VAiAeRes. At Pot. V Tt " Put T .ta1"

t1 Usqfz* Apu X .Usd.Apu Y -4 Mov:

A+ Dst XY/(ta—t1) . = Cea . Cmt/Sec 101111+

A ATt Sttt St —>tCord.=.t'Cor 4"

Sed ATt iy sit<t' byo—>tCorA.# .t'Cor 4 *

4188. HalnqHa:
zeHom.—Ini.xExt+— :Ini-Corz.Ext =
Cea .Sec 11 x 1010111 ¢
VezizeBes.A:Ini.z Ext*— :Ini*Corz. Ext’>Sec0}
zeHom.—"VTy.27:y~2eHom.A*y=.Matz*r*z= .Patz
VzizxeBes.A'Viy.27iy ~zeBes.A*y=.Matz*r+2= ,Patzi
zeHom.—*At.Ini*Corz.Ext: Ant:f: Ant:Ini.z Ext"
—>1tCorx.Par-tCor.Matz:
Vz:xzeBes.a* At.Etel
zeHom.a:s=1Ini*Corz.Ext"
—> iV Ty.v78Coru.Par-sCor.Matx:
A'PauAnt.s-Corv:Par:Pau Ant.s*Cor.Patz"
A:8Corz.Uni*sCoru.sCorvi
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Vz:zeBes. . Etci

Hom=Hom Fem .U .Hom Msc}
Hom Fem " Hom Msc="1¢
Car:*2z*NnczExt.Ar.zc Hom Fem "

Pau> "Car:*2z-Nncz Ext.Ar.zecHom Msc?
y=Matz.A.ycHom*—>.ycHomFem:a:
y=Patz.r.yeHom"*—>.yecHom Msc!
zeHom U Bes: —:Fin.Corz*Pst.Finxz *

The words written Mat (fL mater=mother), Pat (fL pater=
father), Fem (fL femininus={female), Msec (fL masculinus = male)
mean ‘“‘mother”, ‘“father”, “female”, “male” respectively. The
last paragraph is somewhat premature. Its notions will not be
used in this volume.

*Va' ATt i <t<t'<tp.—>+tUsqt'Cel Med z.=a.
S>iAR TV h<t<t <ly.—>:1Celz.t~=Celz.t’' ¥

The word written Cel (fL celeritas = velocity) means “velocity”.
Here it has been introduced for uniform motions only.

FARM VI <tZE <ta.
—"Celz.t*=-Celz.t':A:Cely.t="-Cely.¢t'¢
>IN <t<tp.—>.Celz.t = -Cely.t"
o N St<t'<ts.—>tDstay.= .t' Dstay *

*7cRea.A.7£0.A.2eVeo"

—:Cmt/Sec.a/r-= .Cmta[Sec 7.€*Cmt/Sec. Veo
r€Rea.Ar.beVeo—.Sec7xCmt/Sech.=Cmt bt
ucPos.n.beVeor—.Grau x Cmt/Sech.=CGraCmt/Secubi
Ete *

*pe-Cmt/Sec.Veo:e" Vw:weVeo.A*v=.Cmt/Secw.
ve-GraCmt/Sec.Veo: " Vw:weVeo. A v=.GraCmt/Secu:
Ete *

*a-~beVco.Ar.yeRea*—"Cmt/Seca.=.Cmt/Sech
.a=b:Ar:Cmt/Seca+Cmt/Secb.="Cmt/Sec.a--bzA
*yCmt/Seca.=.Cmt/Secya " A
:Cmt/Seca.I.Cmt/Sech*=Cmt2/Sec2.albd:
:Cmt/Seca.=Cca.Cmt/Secb*«>-a.=Cca.b:
.Etec *

*feCoo.—>"aeVeo.—>:f.Cmt/Seca = -f.GraCmt/Seca ==fa:
Etc *
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* AN <t<ty.—>:Celz.t*=v.—>ive-Cmt/Sec.Veo:
AATET I~ eTem A1 St <t <to:
—"vr'=,(t' Locx—tLocx)/(t—1t')
A+tLocz.= .ty Locx+ (t—1)v *

AT St <t' <ta.—>:tUsqt’.CelMedz <= .Cmty.
- " Nitp<t<tg.—>*|Celz.t|=.Cmty *

In the following texts p is a substitute for the noise of a collision.
#tlpt.g
HaInqHb-%z.t1ta Fit 2}
HbIngHa+*V "z.y1*Put "z.y *zeRes. r.yeRes. r. tizy Cout
HaIng Hb.?=Cout '
HbIng Ha?*Ceati:yMov.~+*—zMov A.tiyApuz.
t<ti<t’'.—>:Cely.t'*=+—Cely.t*# Cmt/Sec Oveo: A
"tizCau:Cely.t "+ ~Cely.t"
A tizMut:Cely.Ceati: Mod.~alloa!
HalIng Hb.Cur Pot
HbIngHa:Qia-Masz.Mul> .Masy *

The word written Ceu (fL concutiunt = collide) means “collide”.

#hp'
HaInqHb " Utr: V' z.yt z~yeRes.Ar.t1zy Ceul
HbInqHa"Ver.tizApuyl
HaInqHb " Utr-Masz.Mul> .Masy |
HbInqHa1FaliMasz=MasyiErgit<ti<t'.—
iCelz.t'*=+-Cely.t:A:Cely.t' = Celz.t: A
"tizCau:Cely.t'*# «Cely.t* A
"tiyCau:Celz.t'+5 Celz.t" A:t1 2y Cou.Cau- Ete *

#ﬁp'
HaInqHb " Utr V' z.y ' *Put "z.y 1z ~yeRes.a.t1zy Ceul
HbIng HaVerl
HaInqHb:Utr-Masz.= .Masyl
HbInqHa1—NesiSedhit<ty<t'.—:
Celz.t*=a:n:Celx.t'=a":A:Cely.t=b:n:Cely.t'=b"1A.
Masz=pu.An.Masy=»"—.ua+vb=pa’+vb" . r.
a'#a.A.uala+vbIb=pa’Ia’+ b Ib' -
Erg-pa—pa’ =vb"—vb.A.
puala—ua' Ia' =vb'Ib' —vbIb?
“Pon:Vrx.f.e1 Putera~pfeRea.n.
ecCmt/Sec Veo.n.a=xe. A b=ge"
Erg:Via'.p a0’ =a"e.n.b'=p'¢e"
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Ergt-a-+a'=b+b'.A.
a'={ua+vb+v(b—a)l/(u+v).A.
b = [ua +vb+u(@—>b)]/(u+»)ki
Nnec HbMut ' Yp.tat5s Hb Inq Ha p
"Mod:Sin*Yq.t3ts HbInq Hagq:
—:Yr.Nnc HbInq Har-eVer ~ € Lex Nat }
t""HbSciz?=Celz.t*~-Cely.t"
—.Pot ¢ HbCpu:?=Celx.t'* ~-Cely.?'|
HaInqHb z ~yeRes.—~:NncHaSci*t="p.
Masy=pMasz *

Hb has formulated the law of elastic collision. Ha states that
this law implies an unambiguous definition of mass ratio. The
receiver can conclude that ‘Mas’ means something that is pro-
portional with mass. The mass unit, however, remains unknown.

Lex Nat (fL lex naturalis=law of nature) means “law of
nature”’.

It might be remarked that an ideal elastic collision cannot
produce any noise. This is true. Nevertheless I think if there were
some danger in showing the noise of collision, it is more than
counterbalanced by the obvious gain of demonstrativeness.

* HaoIng Ha:
Ctrz.e-Cvx.Locz!
Masz=u.A.Masy=».A.2Unizy"
—+Masz=u+v.A.(u+?)Ctrz=uCtrz+»Ctry.
A (u+v)Cel Ctr 2= u Cel Ctr z +~» Cel Ctr y i
Ipuz= Masz x Cel Ctr i
Ipuze-GraCmt/Sec.Veo'
t<ti<t'.AdrzyCeu- -tz Apuy.
A:Cel:Ctr+"z.2Unizy:t = "Cel:Ctr-"z.2Unizy:¢#':
A Ipuz.tr+ -Ipuy.ti=:Ipux.t'--+ -Ipuy.t'i
Kinz=0,1 x Mas z|Cel Ctr |10}
2Unizy.—».Kinz=Kinz+Kiny
t<ti<t'.AfrzyCeu—"2zUnizy.
—:Kinz.t*=+Kinz.t' ¥

The word written Ctr (fL centrum=centre) means ‘“‘mass
centre”’. The words written Ipu and Kin mean impulse and
kinetic energy respectively.

It is understood that in 4 201-4203 we dealt with mass
points, whereas in 4 20 4 the objects may be bodies with positive
extensions. This could be stressed by means of a comment.
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4211 #Viaz.t-= .tLocCtrz *

The word written Via (fL via=path) means the path function
of some body.

4212, *Celz.t = :%.Viax't:
=.lim"h—~0"Viaz.t--h-—Viaz.t:/h:
Celz.t-e-Cmt/Sec.Vco *

4213. *¥Acex.t*= :%.Celx-t:

=.lim A —>0"Celx.t+h-—Celx.t:/h:
Accz.t-e-Cmt/Sec?. Vco *
The word written Acc (fL acceleratio=acceleration) means
“acceleration”.
The use of the traditional notation of calculus is rather provi-
sional (see 1 35 4).

4221. *$5ecRes:
Locg.eCea.Bul: _
Locg.=Cca.Bulap-—+a.=Ceca.Ctrg-r.o=Radg.
=Cca.Cmt 101 x 1011011 ;
Dns§.—=Cea.Gra/Cmt3101,1 *
The word written & (the astronomical symbol for ‘‘earth”)
means ‘“‘earth”.

4222 * Locg.=Ceca.Bulag-—>-LocSfig.=Cca.Sphao *
The word written Sfi (fL superficies =surface) means ‘“‘surface’.

4223. *zre.HomUBes—>:Dst.z.Sfig-<Vid ¥

4 224. p is again a substitute for a noise of some collision.
#‘lpl

HalnqHb:?x-Ceat;.Fitzl

HbInqHa' Vy-Puty-yeRes.an.t;y5Cous
t.PauAnt.ti-— -ty Mov.A.tyCadl

Halnq Hb .?=Cadl

HbInq Ha:tyCad.<»>-t.AdvSfis.yMov |

Halnq Hb:?z-Ceat .2Cau.NncyCad |l

HbInq Ha .t Caul

HalInq HbCurl

HbInqHa® —-Dnsy.<Vld:a"¢-Dst.y.Sfig:
Mul< .Rad#:—-Nes.tyCadl

HaInq HbCurl

HbInqHa:"p.PAN Halnq Hb p-eLex Nat |

HaInq Hb.?=Celyl
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HbInqHa i Pon:Dst.y.Sfig Mul< .Rad3:
Afp=t=<t.A.tyCad"
AttgLoeCtrg.— .fgLocy = "tp*Dst.Ctrg.y: xef
ErgiCely.t*— Cely.to=.g(t—to)er A.
Viay.t:="Viay.lp*+ : (£ —tp)*Cely .to: + 0,1 x g (£ —1p)10e.
A*tAccy.=ge! ’
Yp.PAN HbInq Ha+€LexNat |
HaInqHb.t=gl
HbInqHag.=Cca.Cmt/Sec21111010101 |
HalInq Hb:Cur®PAN HbInq Ha:Pon-: Ete.ty Cad.Etcl
HbInq Hav— NesiErg:Nnc HbMut” "p.PAN HbInq Ha p”
Mod : Pot .ty Cad Ilo.#y Cad |
HaInq Hb Utr:tgCau-t Accy.=gel
HbInqHaVerl
HaInq Hb:Utr-Mod . Fer > Iacl
HbIng Ha* — Mod Fer.A. — ModIaci
Pon‘tzExt.A.zeRes*.z2=a > y:r.z#£y.
A"Viaz.t—Viay.t = -tDstay xe*
ErgitzCauzAccy.t*=xAccy.t A"
tyCautAccz.t*="yAccx.t:
A:Vy Puty®
zAccy.t~=yMasz/(Dst zy)0. x ez A2
yAccz.t*=—yMasy/(Dstxy)l®. x e:A:
y = »Cmt3/Sec2Gra . 100011110,01 x 10-100000; 5
: Err.y =Etc+ = Cea . Cmt3/Sec? Gra 10~100010 |
HaInq HbCurl
HbInqHa:Yp.PAN HbInqg Ha*eLexNat |
HalIngq Hb*Nnc HaSci.?=Gra *

The law of free fall and the universal attraction law. Cad
(fL cadit=falls) means ‘“falls”. As stated by Ha, the receiver
can now express our mass unit by his own unit, if he compares
our value of the universal gravitation constant y with his. Un-
fortunately the precision of the value of y we can communicate
is rather poor. His knowledge about our mass-unit will be as poor,
but we can increase the precision by indicating the mass of the
hydrogen atom. This is still far from satisfactory. For the present
we must content ourselves with this result. If we want to give
the receiver the opportunity to acquire more precise knowledge
about our mass-unit, we ought to introduce chemical substances
and a few physical notions such as pressure and temperature.

4225 *xeAtoH.—>"Masz.=Cea.Gra1,000000111010001 x 10—1001111
* Az Err . Mas z = Etc - = Cca . Gra 10-1011110 +
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4 22 6. Continuation of the text of 422 4.
* HaInq Hb*Pot.Car: "z tx Ext.A.z€Res*>101
HbInqHarAccz.t*=:2+zeRes.2#x. A .izExt zAccx.t}
Neiz#2.—>*Dstxz. <VId"—:Accx.t*=Ceca.Cmt/Sec Oyeq -
Neiz# X A2 #Y* —>Dstaz.<VId" —:
Accz.t*=Ceca-yAcczx.t*

4231 *p>0.A.e20.A.p~cecRea*—1

Sscepe.= Tz xzcRead. A" ATE . & b3 ix=T81.6.837.

S By = 0L A YEP T D= p e by
p>0.7r.e20"—>*2ze.8scpe*rrye.Foez:
«>:2CSpa.Aa’Vf:feCoo.a""fiz.= .Sscepern*fy.=70.0.07%

2€8sc.«>:Vip.el-ze.8scpe *

The word written Sse p e (fL sectio semiconi) means ‘“‘ellipses
or parabolae or semi-hyperbolae with parameter p and eccentricity
¢”. (The eccentricity is 1 in the case of the parabola; if Ssc is an
ellipse with the axes a, b, and a>b, then e=)a?—b%/a<1, and
p=>0%/a; in the case of the hyperbola with ‘“real” axis a and
“imaginary” axis b, we have e=)a?+b%a>1, and p=>5b%a.)

The word written Foc means ‘“focus”.

4232, * HalnqHbl

Pon*A=:Mas z.Mul> .Masy* A Celz=Cmt/Sec Oyco -
Ar— Vi.tDstzy=Cmt0:A*Accy.= .2z Accy"
A" —VutueRet.a"Viay.Cur”

Ergi:4—>:"Viay.eSsc*A*Ctrz.e .Foc " Viay -

AN Vip.elte<l.a-"Viay.e.Sscpe.

— 1. VI"WPut Revy 1 T'= inf* *zl7v>SecO.
A" N:Viay.t+ 7 =+Viay.t *

The word written Rev (fL revolutio) means ‘period of re-
volution”.

4233. *txRotad.<>a.=Cca.Ctrx.an.deSec1Vco.
A VfifeCootun.fa=03.A.fd="0.0.8ec|d|".
AATY. 6.8V " yParz.asfotLocCtry= (1. 02. 837
—"f+Cely.t:="—8ec|d|l2.8ec|d|5.07 *
The word written Rot (fL rotat=rotates) means ‘rotates”.
d is the vector of angular velocity.

4234. *t UsqlexRotad.«>: Ni*t1<t<ts.—.txRotad *
4235 *t UsqiexzRotad.a.feCoot.n.fa=0s.
Afd=T0.0.Sec|d|".A.yParz.A"f-Viay.ly:="1.02.0378
—>'f'Viay.t2:="Clcos[d|(tg—t1)—4‘2sin[d|(t2—t1).
Clsinldl(tz—t1)+C2COS Idl(tg—tl).&{' *
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* 11 Usqtz. 2 Rotad.A.to—t1=10n/|d |+ r.yParz:
—"Viay.te*=Viay.fri:A.Rttx=t,—t; *
The word written Rtt means “period of (uniform) rotation”.

*df|d|.= *Axs.txRotad:rta=Ctr.txRotad *
‘Axs’ and ‘Ctr’ mean axis and centre of the rotation. 1)

* OeSte. YeSte.QeSte.5eSte. 3 eSte. Aoi CSte. 9| eSte.
T eSte.3eSte. Y eSte.ReSte:(eSte:
« Centauri e Ste . Munich 15040 e Ste . Wolf 359 € Ste .
Luyten 726-8 € Ste . Lalande 21185 e Ste . Sirius € Ste .
Procyon € Ste . Altair € Ste :
« Centauri - Uni -« Centauri 4 .« Centauri B.x CentauriC :
Munich 15040« Uni - Munich 15040 4 . Munich 15040 B:
Luyten 726-8+ Uni - Luyten 726-8 4 . Luyten 726-8 B:
Lalande 21185+ Uni - Lalande 21185 4 . Lalande 21185 B:
Sirius * Uni « Sirius 4 . Sirius P:
Procyon * Uni * Procyon 4 . Procyon B:
Car Aoi > 101010 #

The word written Ste (fL stella=star) means ‘“‘celestial body”.
A few near celestial bodies have been mentioned. The usual
astronomical names have been used. Aoi means the asteroids.
Components of double and triple star systems are distinguished
by the letters A, B, C.

*xeSte.—.LocxCSpa.r*Locz.Ccac.Bul-

A:Locz.=Cca.Bulap*— 'a.=Cca.Ctrz-
A*p.=Cca.Radx-r-Sfiz.=Cca.Spha o *

#* Mas O .=Cca.Gra 11 x 101101101,

Masg.=Cca.Gra 101 x 101011010,

Mas { .=Ceca . Gra 101010110
xzeAoi.—Masx.< .Gra 101010000,
Mas Sirius 4 . =Cea . 10,1 x Mas (O
Mas Procyon 4 .=Cea . 1,1 x Mas O :
Masx Centauri A .=Cca.Mas O:

Masx Centauri B.=Ceca.0,11 x Mas O:
Masx CentauriC' . Mul < . Mas O

Rad ©.=Ceca.Cmt 10100100,
Radg.=Cca.Cmt 10011 x 1011001 ;
Rad(.=Ceca.Cmt 101,0011 x 1011001 ;
Rtt ©.=Ceca.Sec 1010101 ;
Rttg.=Cca.Sec1010100001001100,00011:

1) The use of the same word Ctr as in 4204 is not correct.
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Dst O %.=Cca.Cmt 1101,10011 x 10101000
Dst (. =Cea.Cmt 1000,11110011 x 10100000
Dst O 2.=Ceca.Cmt 10111000 x g = —>:
z=oCentauri.—.a=111010"A"
2=Munich 15040 . —.a=1001110"- A"
z=Wolf359. >.a=1100100-A"
= Luyten 726-8. —>.a=1100111"- A"
x = Lalande 21185. —.a= 1101011 A"
z=Sirius.—>.a= 1110001+ -
2=Procyon.—>.a=10010011"A-
z=Altair.—» .a=11010111 #

Numerical data on the celestial bodies mentioned. The order
of magnitude of masses, radii, and distances will be an indication
for any receiver that ‘Ste’ means ‘“‘celestial body’’.

We have restricted ourselves to a few instances. More numerical
data of this kind should be given, especially on the planets. A
receiver within our solar system might then possibly identify some
bodies. A receiver outside our solar system will guess that the
smaller bodies are members of our solar system.

4244, ¥*Pon:Cel ©O.t=Cmt/Sec Oveo1*
Ergi =3+ Q~Ete~ Y ~vB.>"
"Viaz.Ceaec.Ssc-A:1°Foc- " Viaz.=Cea.Ctr O:as.

A=*"zaV p.e1:"Viaz.Ccac.Sscperr.p=a(l—e?)!
JUQUEtcU Y UBREAF

E=:"2"Ye:Vp-"Viaz.Ccac.Sscpe!Etcia:
A zEte.—>:1A'2=.Ax[AE AR = .Reva/Revi—:
AF.=1101,10011 x 10101000+ A =
Revy.=Sec1111000011011000100010101,10000001 Ete
A'%.=0,0110001100011 Etc- A- ’
E¥.=0,0011011100110Etc- A"
R'%.=0,00111101100001 Etc* A"
A'9.=0,1011100100101 Etc* A-
EQ.=0,0000000111000 Etc* -
R'Q.=0,10011101011111 Etc- A+
E&.=0,00000100010001 Etc *

and so on.

The Kepler motion of planets, the astronomical unit (4 %), the
sideral year (Rev %), mean distances from sun (4’'z), mean
periods (R’'z), and eccentricities (Fx). Other elements should be
added, yet the data of 4 24 3-4 24 4 will suffice to identify the
various bodies within our solar system.
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4245, *Pon:Cely.t=Cmt/Sec Oveo®
Erg*"Via(.CcaeSsc-Ar:1*Foc* " Via(.=Ceca.Ctr3:
A*Rev (.=8ec 100100,0000010100001111011011001 x 1010000+
The motion of the moon. In the same way satellites of other
planets could be dealt with.

4246. *fetpCooAqo.«>1
f€Coot. A" f-ViaQ.tor==70.0.0"" Al
Az * z =« Centauri ~ Munnich 15040 - Ete ~ Altair ~ Etc.
frCelax.to|:/:|fViaz.to| <VIdiaf
Vik. .y’ Tia~f~yePos.n’
f*Via©.toi="Tx.0.07 A"
f*Cel O.tos="Ta' f.y1 A"
f*Axs.tp)QRot Ete:=r0.0.17*

‘to Coo Aqo’ means the equatorial coordinate system at (the
moment) to. Here, and in 4 24 7-4 24 9 {, is a substitute for some-
thing that means the moment of the vernal equinox of the year
1950.

The equatorial coordinate system has been defined by the
following properties:

The fixed stars are approximately at rest in it.
The centre of the Earth is the origin.
The first axis is directed towards the first point of Aries.)
At tp the Sun moves in the direction of increasing second and
third coordinates.
The third axis is the directed rotation axis of the Earth.
The conditions are redundant. They yield the supplementary
information that the annual (apparent) revolution of the Sun and
the daily revolution of the Earth take place in the same sense.
By the condition f e Coo*, which seems to be redundant, we
have fixed the meaning of Coo+2),
Of course it does not matter which coordinate system we use
in our communications.

* Car.toCooAqo-=1+#

]
—_,

1) The true equinox of March 21, which is slightly different from the mean
equinox of January 1, as used in catalogues.

2) Coo* cannot be defined by means of the right hand rule of electromagnetics
without referring to geographical data (the terrestrial north pole). In our program
text we offered cosmographical data. Any oriented pair of stars with their velocity
vectors are sufficient to settle space orientation. Nowadays thanks to the non-
invariance of parity we could define Coo*+ without any reference to geographical
or cosmographical data.
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4247, “"fetoCooAqo.A.fw= '_51.52.631.A.§12+£22=92.A.Q>0'-—>'
&i=pcosRasz.n.Ea=psinRasz. . &3=ptgDelz.A.
O0<Rasz<2m.A. —3n<Delz< }n*

The words written Ras (fL rectascensio) and Decl (fL declinatio)
mean ‘‘right ascension’ and ‘‘declination’ respectively.

4248. *reSpa.a.fetpCooAqo a.(wrfz)2+ (wefx)2#0:—:
Zager="—sinRasz.cosRasz.07.A.
Zras= " —cos Raszsin Del . —sin Raszsin Delz. cos Delz7. A.
zrad'—"(fw)/]fxi#

Zger and Zrqs mean the tangential directions at x to the declina-
tion parallel and the hour circle respectively, taken in the sense
of increasing right ascension and declination respectively (the
directions called eastwards and northwards in the jargon of the
astronomer who tacitly assumes himself to observe the southern

sky).
The meaning of z,4q is evident.

* Xact | Trase AZact | Xraa - AeZras | Zras-
lxdcl |=|wms|=]xmdl=l *

4249, *Pon.Celd.to"=.Cmt/SecOyco: A sESte. A:
Vias.to*=z:A.Delz=%4nd.A.Rasz=2m1.A"6>0" A"
frCels.tg:= 1010000 x [ (COS 2 7 4 Zras + 81N 27 4 Xg1) + B Zrad) *

Erg”

8=« Centauri.—*21=0,1001101111000.A.
d=—0,1010110001101.A.
«=100011.A.
#=0,110010000. A
f=—100110:n:

8= Munich 15040. —*2=0,1011111100011.A.
6=0,0000110011110.A.
o ==10001001. A,
4=0,111111010. A.
= —10100101:A:

§=Wolf359,—+1=:0,0111010001010. A.
6=0,0001010011111.,A.
«=1010010.A.
#=0,101001110,A.
B=10100:A:
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s =Luyten 726-8.—+1=0,0001000100101 . A.
6= —0,0011001111010.A.
«=101010.A.
#=0,001000010. A.
f=100100:A:

s=Lalande 21185.—1=0,0111010101110.A.
6=0,0110011100000.A.
«=1011001.A.
#=0,100001010.A.
£ =10000011.A:

§=Sirius. —»*1=0,0100011110100. A.
6= —0,0010111111011.A.
x=11000.A.
#=0,100100010.A.
f=—1100.A:

s=Procyon.—-1=0,0101000100110.A.
6=0,0001001000010.A.
o=11111.A.
#=0,100110000. A.
=—101.A:

s=Altair. —+2=0,1101001101000. A.
4=0,0001100001000. A.
x=11000.A.
u=0,001001101. A.

B = —101000 *

27 A and $md are the right ascension and the declination
of the star, « and B are the numerical values (in 21¢ Cmt/Sec) of
its cross and radial velocities, u is the so-called position angle of
its proper motion. 4 and ¢ together with the distances (in 4 24 3)
determine the position, and the last three data determine the
velocity in space. On the strength of this information the receiver
will be able to identify the objects mentioned and the position
of the sender. The information is highly redundant.

4251. * HolnqHb" Utr-Cel O .= .Cmt/Sec Oyco:
Utr Cel .= .Cmt/Sec Oycot
HbInq Ha® Accz.=Cca.Cmt/Sec20veo* A.ye Hom. A.teTem:
—+Nnec HbCed " Ceat.yInq Hb: Pon-Celz.= .Cmt/Sec Oyeo s
HalInq Hb:Nnc HecIng HbCelz=a.A.Cely=b:
A:Nne HdInq Hb - Celz .= .Cmt/Sec Oyeo
—:Nos*Nnc HdInq Hb.Cely=b—a1
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HbInqHa'|a|~|l|~|b—a]|.Mul<.c*
—:Yp.PAN HaInq Hbp-Ccae.Ver:
HalInqHb*xzeRes.A.yeUnd Ath.A:Nnec Hd Vul
"NncHeInqHb:VTe.x7eeVeo.A.Celz=ne.An.Cely=ce"
A:Nne HdIng Hb*Cel z.= .Cmt/Sec Oyco -
—:Nes*Nne Hd Ing Hb.Cel Med y=c—a s
HbInqHaiFal:— Vt.27t Hb Ced "NncxIng Hb:
Pon:yeUnd Ath.A.CelMedy#c¢1
HaInqHbCur.
HbIng Ha"Nnc HbVul:t Pst.Nnc* HaInq! Hb Cur *

Hb will answer this question in the talks 4 28 2-4 28 6.

4261. *Forx=Fory.«> "V f.g7:f~geCoot.
A*"f Locz.=."g:Locy:
Locz.e.Lapabe-a-Loca’.e.Lapa’b’c’.Aasbsc.A.a’' b <¢':
—>:Forz=Fory.<>*a=a".A.b=b".A.c=c"*
The word written For (fL forma) means ‘‘shape’.

4262. *tUsqte X Mut For z.<>+¢, Usqts X Cau.t Forx #¢ For x *

4263. =zeRig.oiANt. X" XeHom.A.tzExt*
—>.Vy y=Corz: A" Dif+Ccat.X Mut Forz:>VId|
zeLlgd.«> 1 ATt. X i XeHom.A.txExt-
—*Vy+-y=Corzx:A:Dif-Ceat.X Mut Forx:<VId-
A*Dif+Ceat. X Mut Volz: > VId |
zeGas.«>1At. X i XeHom.A.tx Ext-
—*Vy+y=Corx: " Dif-Cecat. X Mut Volz:<Vid|I
Exg.AerCGas *
The words written Rig (fL rigidus=rigid), Lqd (/L liquidus=
liquid), and Gas mean “rigid””, “liquid”’ and “gaseous’ respectively.

4264, *2ze.RiguLqd-—*Dnsz.Mul> .Gra/Cmt3 10-1000;
zeGas.—*Dnsa. Mul < . Gra/Cmt3 10-1000 +

4271, & h
HaInq Hb"?= :Dur-Y2. PANFitz |
HbInqHa.Sec 100 1

HaInqHb'?u.:PAN HbCog ?=:Dur- Yz .NncFitz" Mod » |

HbIng Ha 't ts HhMet™? = : Dur -Yz.Nnc Fit x|

HaIngHb.?=Metl

HbInqHa :PANHbAni:? "232,7 " Frezi=1.A.Freze=10.
AtInizi.=+Ini."zEtc:A:Iniz; .= *Fin. Y2 Etc*®
AtPAN HbCpu-?= .Inizg—Iniz.
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wUni-*2.Frez=w:— *we.ScaSec 1.

Ecg-+eroeeeeee 1. "y. PAN Fity-€.Sca Sec 10-100,,

VAiwUnid.Ar*Car4d.Mul> .1
AtNieNum.As<Card Atz (3 —1)umParw, A.ysum Par:

—tIniz*Sec10-100, Ant-Iniy:

—.weSca Sec 10-100, ,

KeHor.A.t KExt-
—*VTw.e'iwe.ScaSeco-r:Pot»Ceat. K Cauw.

PAN HbMet "? = :Dur - Yz.Nnc Fit 2 " Per. 1¢ Hor *

The word written Met (fL metitur = measures) means the verb
“measures”. The word written Sca (fL scala=scale) means
“scales’; after ‘Sca’ the unit of the scales has been mentioned.
The word written Hor (fL horologium = clock) means instruments
that can produce time-scales. ‘Met . . . Per. 1° Hor’ means ‘“meas-
uring by means of a clock”.

The time-signal in the beginning lasts 4 seconds. The sequence
of time signals after ‘Ecc’ consists of peeps with intervals of a
sixteenth of a second.

The tv refers to the program clock (see 202 4).

4272. *HalnqHb*?=:Dst""a"b:a ~beRa.A.Dstab=Lon Ra |
HbIngHa:Dst*"a"bEte+=Cmt 11001001 |
HaIng Hb:?u-PAN HbCog.?=Dst Etc. Mod » |
HbIng Ha"PAN HbMet:?=Dst Etc: Per. 1*Rgul |
HalInq Hb.?=Rgul
HbInqHai:weRig.A: Vy*Puty yParw.a.
yeScaCmt1l”—.weRgui-
Exgi.Pon" A= :"z zeRead.
Az <1000 A, 0<wex<10.A.0<Swgx=<10}
Pon: An.neNum.a.0=n<101001,
—"Bp=:%z*z€Read. A.n—10"10< gy 2 <n+ 107100,
A anz=<101001 A, 0<Swex<10.A.10<wsz <10 10-100;
Pon"C=:"z-Vn.ze Bp
ErgiVfifeCoo.n*"fiLocw.=.AUC Ar""fiLocy.=C"*
A" Yo *f Locv.=BpinmPary:
ye*ScaCmt 1. wl
HaInq Hb:?u Pot:Nnc Hb Met - Per. 1 Rgu*Mod = |
HbIngHar tv+ X Ani 1 UtriNnca Apn Yviv.num Par®
Yy:ye-Sca.Cmtl.w?
A*Nneb Apu "viv.numPar Yy Etea.
—"XS8eci:Utr-Dstab.=Cea.Cmt [m—n|1:
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Nne X Vul*Nnc X Sci.?=Dstab:
—iNnc X Cau‘Nnc: v+ v.0um Par.y Etc: Apua®
A:Vm Nne: v v.mumPar .y: Apub |
HalInqHb Pon:Dstab"Qqm:> :Tan*—.Mul> "Lonwl
HbInqHar*Vkr.keNum.r1V Tz Etez; i
za=a.A.2p=b.A* MiieNum.A.10=e<k—1"
—"2e'Cvx.zimaU2z1:A:Ceat. X Met 2= .Dst 242441 |
HalInq Hb:Pon*Dstab.Mul> . Lon wl
HbInqHaVdideSpa.aCeat X Met.
?=Dstad. ~"=:*b—a.d—a"~"t=:b—-d.a—-d"}
A:Cecat.XCpu-?=.Dstabl
HaInqHb:?u"Pot:t XMet-?=.< Etc-Modul
HbInq Ha+Per.1¢Tdo *

The word written Rgu (fL regula-==ruler), means ‘ruler,
measuring-staff”’. ‘Sea’ now appears in connection with a length-
unit.

The word written Tdo means “‘theodolite”. We have dropped
its description which would be similar to that of the ruler.
(Roughly speaking it is a thin rigid cylinder with a hole around
its axis and a ring of teeth on its convex surface serving as an
angular scale.)

*Dst.z.Sfig*Mul<.Radd:a:Dst.y.Sfig-Mul< .Rad 3"’
—xIfay.«>*LoczCCvx.Locy.LocCtrg «>.ySnaz *

The words written Ifa (fL infra=below) and Sua (fL supra=
above) mean ‘‘below” and “above” respectively.

*wApu.Sfig r.weRig.Ar.2Parw.a. Volz<Vid.
A N:twExt.—>+—Pot.t2Mov"
AATL.vTivParw. A v#42"—Pot.tvMov.

—+— Vo vParw.A.tvMov:
"t Ctrw.Ifaz:vitCtrw.Suaz *

#* HaInq Hb*?= .Mas Ra |

HbInq Ha.Grall x 10131

HaInqHb"?u:PAN HbCog-?= .Mas Ra-Mod u|

HbInq Ha:PAN HbMet-?= .Mas Ra - Per, 1°Lib |

HalInqHb.?=Lib|

HbInq HaPoniweRig.A:w* Apu-Sfig:
Azg~21~2g~23Parw.A.Volzg =2 ~2p~23<VIid.
AstLoezy.C+Cvx.tLocz.tLocze: A:

tLoc zp.C+*Cvx.tLoczs.tLoc Ctrw:
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ArATr.81"r~geRet. A tLoczo~tLocz ~tLoczz.CeaC.r*
A+tLoczg~tLoczs.CcaC.s:
—.rCeca | s:
A VpipePla.a-Ctrg.ep-a” A:twExt.
—-+Loczg 2 ~23~23.CeaC.p*
A" —Pot:VitwExt.a.tzgMov"®
A AtwExt. > Pot.tz; 29 ~23Mov.
Erg.weLib
PAN HbMet .? =Mas Ra . Perw-

1 VTu.2.289 i uUniwRa Rb.A. RaApuz'y.A. Rb Apuziz. A.

21 Parw.a. 2 Parw.

A NtuExt.—"Loczl.C*Cvx.tLocz .t Loczp:
AitLoczls.C+Cvx.tLoczs.t Loczp: Az

PAN HbCau-Nne.u Ext ~2z3Suazp: A

*PAN HbCog:Utr - Mas Ra x Dst zp2'; .
= .Mas Rb x Dst zgzlp" A:

PAN HbMet .? = "Dst zgzly . Dst zpzla 11 Az

MAN HbCog.?=Mas Rb: A:

PAN HbCpu.? =Mas Ra *

The word written Lib (/L libra=balance) means ‘balance”.

‘Met Per. 1€ Lib’ means ‘‘weighs’’.

4281, * HolnqHb*?= .Dst Hb Ra
t'Hb Inq Ha .Cmt 1101111 x 1010010,
Halnq Hb-?u.PAN HbCog Ete Mod %1
HbInqHa*ty HbMet:?=Dst Hb Ra:Per.1°Und Ath:
Viw.w .t.¢7"w~weUnd Ath.
A1t HbCau+Ceat.Adv Ra.wMov:a.t"wApuRa.
A:t' RaCau+Ccat . Adv Hb.w Mov.
Sec 10-1001 Pst, Hp Cau Etc - Yw’' Etc. Apu Hb:
Erg- ¢, Dst Hb Ra.=Ceca.Sec0,1 x 1071001 x ¢
=Cmt 1101111 x 1Q10010
HaInq Hb«Utr.Nnc Ra Mov 1
HbInq HaNnc.Dev Hb. Ra Mov *
Qia " PAN Loc Ra.C:Cvx -+ Loc Hb .NncLoc Ra" A:
Sec 10110, Ant Nnc * Dst Hb Ra= .Cmt 1101111 x 1010010;
A*NneDst Hb Ra .= .Cmt 1101111 x 10100117
Erg-NncCelMed Ra.=Ceca.Cmt/Sec 1101111 x 101100 #

‘Met . .. Per.1* Und Ath’ means “measuring by means
radar”.

of
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4282 * HbInqHal
Poni1 X ~YeHom.AiVTa.b : Atit.=Cca.t;"
—"CelX.t*=a:r:CelY. .t =b1"
Ergi:Ceat;. X Inq X.t=Nnec.
—"Cel X.t*=.Cmt/SecOveo:A:Cel Y.t =y*—1*
V. |z|=|y|.
AtNesiCeaty. X Ced?Ceat.Y InqY :t'=Nnc.
—"CelY.t'*=.Cmt/SecOyeo:A:Cel X .t'r=x *

As we wish to initiate the receiver into relativity, we are
committed to a careful treatment of the time variables. In
‘Ceat; . X Inq X it =Nnc Ete’ the variable # relates to Hb’s
clock, because Hb is the direct user of #;. The variable ¢, however,
though belonging to Hb’s discourse and bound through quantifi-
cation over by Hb, is to be considered as being used by X and
relating to X’s clock. Finally ‘Nnc’ belongs to X in any respect.
In ‘Cecat;. XCed?Ceat.Y InqY it =NncEtc’ new time va-
riables ‘¢’ and ‘Nnc’ occur; they relate to Y’s clock. Many such
examples can be found in the following paragraphs.

4283. * HbInqHal
Poni1 X ~YeHom.AiVia.b 1  Atit.=Cea.ty"
—"CelX.t*=a:r:CelY .t*=b"
Erg1Ccat;. XInq X *¢=Nnc.
—"Cel X.t*= .Cmt/Sec Oveo: n:Cel Y .t =y.
A*Nnc.Dev X.Y Movi—i
NesiCeaty. X Ced"Nnc HbIng Ha:CelRel X Y .ty = |y | *

The word written ‘Cel Rel’ means relative velocity. If X and
Y approach, it will be considered to be negative. In order to say
this, we should repeat the last program text with ‘Adv’ instead
of ‘Dev’ and —|y| instead of |y]|.

4284, *HbInqHal
Poni1 X ~YeHom.Ard.Mul> .Secl-

AV b1 At —0<St<t + 6.
—"CelX.t*=a:r:CelY .t =b:n:CelRel X Y.t-=viA.
axePos. A* WU W .CUndAth*A.UeScaSecx.

AMATu o VP uParU.an.w' Par U oacw' Par U -
> VTw.w .88 weW. A weW.

A1t Usqt’* ApuX.Usd.Apu Y -wMov:
A:t'Usqt’”’*ApuY .Usd.Apu X - w’ Mov:
Au=.wApuX-auw'= wApuY-aru’=.w ApuX 1:

Erg:i Vo' a7’ ~a"" €Pos.A. U eScaSeca’ . A. U" €

Sca Seca’ v A1,
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VerPutpi ATB.p i ~ypePos.
—*Ceat;. XInq X.UeScaSecB"
—"Nes:Ceati. X Ced*Nne YInq Y. U’ eScaSecfo.

AiCeat;.YInqY .U’ eScaSecy:*
—"Nes:Ceaty. Y Ced-Nne X Inq X . U” € Sea Secyp*
Eti*Ceat;. XInq X.UeScaSecs"
—>"Nes:Ceaty. X Ced*Nne X Inq X . U €Sea Sec o101 A°
Ceat;. XInqX " UeScaSecl.A.w~weW.A.w' ~wi'e W' . Az
w1 Apu X +Secl.Pst-wApuX:a:
wApuY *tPst-wApuY:a:
wr' ApuY -tPst-w’ Apu Y:a:
wy" Apu X +t'Pst*w’ Apu X .
—>1Nes "Ceat1. X Ced:t’ —Sec1=10(t—Sec1).
A.c(t—Sec 1)=wt. A.t=Sec c/(c—v). r.t'=Sec (c+v)/c —v)
*Erg U’ eScaSecc/(c—v).A. U"” eScaSec (c+v)/(c—v).
A-p=}(c+v)[(c—v). A
*Nnc Y Inq Y. U’eScaSec)(c+v)/(c—v)1:
Erg:Ccat1.XInqX.U’'eScaSecl-
— "Nes:Ceat1. X Ced*Nne YInq Y.
U’ eScaSec)(c+ )/(c —v)/(c/(c —v)) =Sca Sec 1 — v10[c10 +
Relativistic time dilatation has been proved in the most

elementary and direct way.
* HbInq Hal
Poni1 X ~YeHom.A"8.Mul> .Secl- Al
Vig . bV N —8<t<ti+ 6.~
"CelX.t*=a:r:CelY.t-=b:n:CelRel X Y .t =viA.
acPos.An. VeScaSeca. At Nt —0<t<t+b.—>.
tVApuY..
Erg:Ceat;. X Vul. VeScaSecl.
—"Nes:Ceat;. X Ced . Nnc ¥ Vul. Ve Sca Sec /1 —v19/c10

ACeat;. Y Vul. VeScaSecl.
—>"Nes:Ceaty. Y Ced » Nnc X Vul. ¥V eScaSec 1/y/T—v19/c10 +

This is only a paraphrase of the result of the preceding dialogue.

4285 * HbInqHal
Pon1 X ~YecHom.Ar.xePos.A. AeScaCmtx.

A l4n.eNum A RSN:—-z,.nvmPar4.
Azy.UltsmPar A - A+6.Mul> .Secl-

AMVTa . bV N I —0<tsti+ 6.
—>"CelX.t"=a:A:CelY .t-=b:Ar:CelRel X Y .t"=vw:

A.tzgApuX.a:tLoe X.C:Cvx-tLoc4.U.tLoc Y.
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Erg:Cecat;. X Vul- AeScaCmt 1.
—"Nes:Ceaty. X Ced *
Nne Y Vul. 4 €Sca Cmt /1 —v10/¢10
Qia 1*Poni1weUnd Ath.
AVt t~t" . =Coa.t " Azt Usqt'*
ApuY.Usd.Apuzy wMov.
AiAnin+l.eNum-A.n<N.—>iw,eUndAth.
AV T 1t~ =Ceaty A1t Usqt' -
Apuz,.Usd.Apu Y w, Movi
As N twAPUZy . bWy APUzy
AiAn"zgParA.— up=.wp Apuzg"A*u'p=.ws Aput.
A:UUni.uy.ue.Etc:A: U’ ' Unituy' . ue’ . Eter.
ErgiNecs-Ceat;. X Ced. UeScaCmt 10c1:
Erg:Nes*Ceaty. Y Ced . U’ eSca Cmt 10 ¢ )/{c+v)/(c—v) "
A*Ceat;. YInqY:8ePos.A. 4 eSca Cmt}j.
AwApuzy .ty Pst.wApuY e a- 1)
wpApu Y.ty Pst.wApu Y
—>.Nes"Ceaty. Y Ced:t'n=10¢,.
ACmt B=(tns1—2ta) (c— ). A Cmt 10 f=(t'ns1 —¢'n)(c—v)"
Erg.Cmt 108=10c-1)(c+v)/(c—v) (c—v)*Erg.p
- l_vIO/W)#
A short proof of Lorentz contraction.

4286. * HbInqHal
Pon1.X~Y~ZeHom.A*4.Mul>.Secl-
AMVTa.b.cViNtih—05t<ti+6.—>:CelX .t =a:
A:CelY .t*=b:A:CelZ.t*=c:n:CelRel X Y.t =2x:
AtCelRelYZ. .t =y:n:Cel XZ .t =2.
A'tLocY.C:Cvx-tLocX.U.tLocZi*
Erg.z=(x+y)/(1+xy/c0) 1:
Qia1*Pont W CUnd Ath.A.cc ~ § ~y ePos.
AsU€eScaSeco.n. U eScaSecf.n. U eScaSec y.
AMATwu uw " ViyParUoan.w' Par U auu' Par Ut
Vw1 "we W a1t Usqt'’ * Apu X . Usd..
ApuZ-wMov:
AMu=.wApuX- ru'=.wApuY-r-u”"=wApuZi.
Erg®Ceat;. X Vul- UeScaSec1:
—:Nes'Ceat;. XCed:Nne Y Vul. U'eScaSec
Y(c+a)/(c— )"
A*NneZ Vul. U eSca Sec /(¢ +2)/(c—z) *
AiCeaty. Y Vul* U’ eScaSecl:

1) Inadvertently I introduced & s, which for n=1 does not mean the explicit #1.
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—"Nes:Ceaty. ¥ Ced"NncZVul.U”eScaSec
I (27 CEE
A:-Ccaty. Y Vul: U’ eScaSec)/(c+2x)/(c—x):
— "Nes:Ceaty Y Ced*NneZ Vul. U € Sca Sec
V(ct+z)/(c—2) x {(e+y)/(c—y)i
Erg:Ccat;. X Vul- UeScaSecl:
—"Nes:Ceata. X Ced - NneZ Vul. U” e Sca Sec
Vie£@)](c—a) x et y)lic—9)
Erg./(c+2)/(c—2)=V(c+)/(c—x)/(c+y)/(c—y)}
Erg.z=(z+y)/(1+azy/c'®) *
An easy proof of the relativistic addition-theorem of velocities.

42817, After this behaviouristic introduction into relativity, Lorentz
transformations should be derived. We omit those purely mathe-
matical developments.

4288. *HbInqHa*
Voi1.Putor.ocer™.—c<v<c:~Pos A
ATX.Y.z.t.a.v.u"iX ~YecHom.A.zeRes.A.2Apu X .
At X Vul®

Celz.Nnc*=Cmt/Sec Oyco: A2
CelY .Nnc*=a:A:
CelRel X Y .Nnc =wv:A.
Masz=p*

->*Nes:£X Ced"Nnc Y Vul:

CelY . Nnc*=Cmt/Sec Oyeo. A.Masz=puo (v) |
HaInqHb.?=0l
HbInqHa.o(v)=1)yT—vi0[c10]

HaIng HbCurl
HbIng Hai:
Pon*z~zeRes.A:Nnc HbVul*
Cel Hb . Nnc * =Cmt/Sec Oyeo: At
Celz.Nnc*= —Celz.Nnc= —azA:
CelRel Hbz.Nnc*=CelRel Hbz.Nnc*=vz A"
Masz=Masz=puo(v).A.
yUnizzt
Erg 1. Nes1Nnc Hb Ced §
Cely . Nnc=Cmt/Sec Oyeo* A.
Masy=10uo(v).A*
Nnc Ha Vul:

Celz.Nnc*=Cmt/Sec Oycoz A:

Celz.Nnc*=10a/(1+v10/c10): Az

Cely .Nnc =a:a.
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Masz=p.A.

Masz=p o (10 /(1 + 210/c10)) . A.

Masy=10u ¢ (v)10. A.

Masy—=Masz - Masz.A.

Masy x Cely=Mas z x Cel 2+ Masz x Cel 2"
Erg "100 (v)10=1+ 0 (10 v/(1 +219/c10)) . A.

100 (v)1%a =0 (10 v/(1 4 219/c10)) x 10 a/(1 + v10/c10):

Erg:0 (v)10(1+910/c10)=100 (v)10—1.
Erg.o (v)=1/y1—v10/cI0 *

Proofs given in textbooks of relativistic mechanics for the mass
increase formula appeared on closer inspection to be sham proofs.
This led me to believe that a mechanical proof (not using electro-
magnetics or quantum theory) was impossible. In rational relativ-
istics the movement after an elastic collision is indeterminate 1) —
I thought this was the reason why the mass increase formula
could not be proved. This is not correct because the scalar features
of a collision are determinate, and mass is a scalar. A proof was
found, and finally it was even possible to eliminate collision. The
proof is extremely simple now. The only essential assumption we
have made is that the classical procedure of calculating the mass
and the velocity of the union of two material points holds true in
every inertial system, in other words that the four-impulses are
additive (we have in practicue sed it only in a very special case.)

We have omitted the proof that the function o defined by
o (v) = 1Jy1—1%/c1® satisfies the requirement that the relational
system —

S 3
Swuio(x)=0, > po(@)a=0
1 1

remains valid if the velocities ; are simultaneously replaced by
(@4 +v)/(1 +2: v/c10). This can easily be proved by using the trans-
formation law of the expression (¢ +2)/(c —«) which gets the factor
(¢+v)/(c—v). From the given relations we can derive

3 i YT a0 (6 4 24) =0
1

which appears to multiply with y(c £ v)/(c F v).

1) In reality classical and relativistic mechanics do not diverge from each other
in this respect. In classical mechanics the result of an elastic collision cannot be
predicted from laws of conversation. But it can be as soon as we add the postulates:
1° the solution is unique, 2° it is Galileo-invariant, 3° by the collision the velocities
are changed (in order to exclude the “‘trivial” solution). The case of relativity is
not different. Galileo-invariance is superseded by Lorentz-invariance.



1011-1015
1021-1022
1031-1032
1041--1044
1050-1052
1061-1069
1071

1072

10811082
1091-1093
1101-1102
1111-1114
1121

1131-1139
1141-1145
1151-1157
1161 -1163
1164

1165-1167
1171-1173
1181-1184
1185-1188
1191-1192
1201

1202

1211-1216
1211-1222
1223-1227
1231-1233
1234-1236
1237-1239
1240-1241
1242-1246
1247

1251-1254

SUMMARY OF CHAP. I-IV

Ostensive numerals. >, <, =, +, —.
Algorithmic numerals.

Numerical relations.

Variables,

Punctuation.

—>.

<>,

Representation of tautologies.

#.

y =

=2y S

Negative numbers.
Multiplication.
Fractions.
Dyadic fractions.
Periodic fractions. Ete.
Etc. Powers. Infinite series.
The first names of sets. Num. Int. €,
A-quantification, as infinite conjunction. ¢.
V-quantification, as infinite disjunction.
Furthe- examples.
Div, divides.
Pri, prime numbers.
C, D by examples,
Examples of real (irrational) and complex numbers.
Rat, rational numbers.
Non-formal introduction of Rea (real numbers).
More formal definition of Rea.
Complex numbers.
The word Agg (set).
Examples.
Tz, the set with one element z only.
GO, =.
209
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1253
1261-1263
1264
1271-1275
1281-1286
1287
1291
1292
1203-1295
1301
1302-1303
1304-1305
1311
1321

1322-1323
1324
1325
1328
1327
1328
1329
1331
1341

1342
1343
1344
1345
1348

1351
1352
1353
1354
1360-1365

1366-1369

2011-2012

SUMMARY

Complete induction.

U, N, \.

77, the void set.

Car, cardinal number, by means of examples.

Pairs of elements, Ta..b7. The pair set 4. B.

Triples.

Simplified notation, Vfa.b.c7.

Colloquial conjunctions and disjunctions ~, ~,

*x ... The set of all  with...

The set of subsets.

N.

U-

Yz..., the @ with ...

Function. 4 ~ B, the set of functions from 4 to B.
Yo Ete | A, Etc as a function of «, defined in 4.

“f, the set of values of the function f, and other notations.
Examples, :
The universal projections wy, we, ws; wi 1.2z, 237 =2
Composition of functions.

Formal definition of Car A =Car B.

Example.

i A, restriction of f to 4.

inf.

Agg 4 Ord, partially ordered set.

Agg Ord, ordered set.

Agg Ord Ded, Dedekind-ordered set.

Gru, group.

Gru Abe, abelian group.

Cam, field.

Cam Ord, ordered field.

Cam Ord Ded, Dedekind ordered field.

The category of some symbols.

The sum symbol.

Sequences.

Calculus.

Ver, true. Fal, false. Prp, proposition. Qus, question. Tud,
truth value. (Introduced by means of examples.)

Some logical relations.

Duaration (Dur) and the time unit Sec are introduced by
means of “time signals” accompanied by data specifying
their length in seconds.



2013-2014

2015

2016
2017-2018
2021-2022
2023
2024
2025

2028
2031-2036
2037-2038
2039
2040-2046

2050

3000-3006

3011-3013
3014
3015
3016-3018
3020-3024

3031

3032
3033
3034
3041-3043
3044
3045
3046

3051
3052

3053

SUMMARY 211

Likewise Nos, number of oscillations, and Fre, frequency,
are introduced.

Relations between these functions. Operating concrete
numbers.

Fin, end, and Ini, beginning, are shown.

Verbal descriptions of time signal events. Ecc, see.

Ant, before, and Pst, after, are shown and described.
Pre, the relation of immediate predecessor.

A clock is installed and described. Mom 7 is the clocktime 7.
Ten, the ‘‘time axis”. Various relations between time
functions.

The category of some functions.

Quoting events. #y Usq #2 Fit p, from # till {2 p happened.
Explicit definition of Ant.

Dating by means of Ant and Pst.

The use of non-genuine variables in quotations (oblique
speech).

Naming and describing events.

How behaviour can be shown. The actors Ha, Hb, He, . . .,
the acts, Inq, says, the value judgements Ben, Mal, good,
bad. HaInq Hb p.

Simple talks. ? z.? Y. Tan, Sed, but. Qqm, though.
Quoting linguistic acts. f1 ta Ha Inq Hb p.

The problem of oblique speech.

Simple talks. Honest quoting.

Interrogative pronouns and adverbs are circumscribed by
means of ‘¥

Enu, counting, is introduced by means of counting time
signals.

Counting prime numbers.

t1t2 Enu freed from the # t5.

Ordinals, 1um, 2um _ _ Ultvw (last).

Cpu, computing, introduced by means of examples.

t182 Cpu freed from ¢ fp.

Erg, thus.

A cardinal has been obtained not by counting, but (Sed) by
computing.

Dem, proving a theorem, has been shown.

Put, namely, used to justify existentially-bound variables
as instances.

Pon, put.



212
3061-3062

3063
3071

3072
3073-3079

3081-3083
3091

3101-3104
3111-3114

3120-3123
3130-3139
3141-3147
3148-3149
3151

3152--3155
3156

3161

3170-3176
3181-3188

3189
3191

3192-3193
3194
3195
3201-3202
3206-3207
3211-3214
3221

3222

3223
3224

3225

SUMMARY

Pet, searching, and Rep, finding, introduced by searching
for a person who said something, for a certain prime number.
t1t2 Pet, i t3 Rep freed from #; ts.

Anl, analyzing a structure of events, by means of Par, part,
Uni, union.

Multiplicative numerals 1¢s, 2es, . ..

Other examples of analyzing. Mod, in the manner. The
interrogative adverb ‘“how”.

Nomina actionis derived by means of the termination 1o.
The degree of exactness of analyses. Err, error.

Rsp, responding, introduced by means of examples.

Mut, changing. Sin, omitting. Add, adding. Ilo, in-
stead of.

Cur, why. Qia, because. Ncs, necessary.

Sei, knowing.

Ani, perceiving.

Knowing by inference.

No perception of mathematical truth.

Cog, recognizing.

Oblique speech after Sci. Eti, even.

Complicated patterns of knowing.

Pseudo-interrogative mode. Inq!

Examples of mispronouncing and misunderstanding. Itg,
understanding.

Rejecting meaningless speech.

Estimation of duration and frequency of time signals. Err
measures the observational error. Cea, about, nearly. Mul,
much. Pau, little.

Estimation of irrational numbers, of cardinal numbers.
Comparison of copies of noises.

Estimation of times.

Nne, now.

Dating by means of Pau Ant Nnc etc.

Abbreviations for datings.

An event of a certain duration cannot have taken place in
too short an interval. Pot, can.

A person cannot pronounce two different things at the
same time.

Future events cannot be perceived.

Knowledge about past events may be acquired in different
ways.

Mathematical knowledge may be acquired in different ways.



3226-

3231~

3234

3241-

3243

3244-

3251
3252
3261

3262
3263

3264
3265

3266

3268
3271
3281

3282-

3284
3201
3203

3294

3205

3296

3297

3298

3299

3301

3228

3233

3242

3246

3267

3283

-3292

SUMMARY 213

There may be different reasons why somebody does not
answer a question.

Reasons why somebody can naswer a question, can prove
a theorem, can compute the solution of an equation.

Sci <> Pot Inq.

Imperceptible speaking.

Events perceived by one person though not by another.
Too short, < Nim. Too long, > Nim.

Relations between Nes and Pot.

A punctuation convention.

The fact that somebody did not witness a certain event
gives an estimation of his age. Aet, age.

Ext, exists. { Aet z defined by ¢t—+Ini.x Ext. There is a
Fin .z Ext.

Average mental development of humans.

Animals cannot speak.

Hom, human. Bes, animals.

Demographic statistics of actual mankind.

Number of animals.

Short history of Fermat’s theorem.

n® Hom. n people. And so on. 1¢ as indefinite article.
Ise, (speaking) to each other.

Alt, alternating.

Reasons why a person does not answer.

A person does not answer a question because he does not
wish to answer. Vul, wishes. The only witness of an event
can prevent other prople from knowing anything about the
event. Vul.

A long talk. One of the actors complies with all wishes of
another actor. Other persons are less obedient. Ced,
allowing.

Relations between Vul and Ced.

One actor asks another to relay a message to a third actor
who cannot be reached by the first directly.

An actor refuses to relay a message, but he agrees when
he is asked more politely through another actor.
Understanding (Itg) defined as recognizing what the other
want to say.

Somebody knows something if he says it whenever he wants
to say it.

An actor agrees to give information about a certain event
on condition that the other will keep the information secret.



3303
3304

3305

3311
3321
3322
3323
3324
3325

3326-3328
3329

3331-3333

3334
3341

3342-3345
3346-3347

3348
3349
3351-3357
3361
3371-3372

SUMMARY

When asked about this event the other refuses to give the
information because he has promised secrecy. Pol, promising.
Sat, enough.

Explicit definition of Pol.

Two actors agree to exchange information. The obligations
are honoured.

One of the actors at first refuses to honour his obligation,
but later does so.

Retroactive and retarded implications.

Deb, ought to, introduced by comments on earlier talks.
Lic, is allowed, similarly introduced.

Relations between Deb and Lic.

Wishing a thing not allowed is bad.

Talk related to 3 29 4. He tells Hec that ¢ has happened
and asks Hec to tell other people that b has happened. He
though always obedient to Ha, refuses, because this is not
allowed. Afterwards it seems that really b had happened.
Hd does not believe this explanation.

Prompting is not allowed.

Hb refuses to give some information. Ha threatens he will
tell Hc that some time ago Hb has betrayed some secret to
Ha though Hb had promised Hc not to tell it. Hd states
that Ha is doing something that is not allowed.

How to prove by circumstantial evidence that Hae wishes
something though he does not use the word “I wish”. It
is possible that somebody asks a question, though he knows
the answer. It may be his intention to check whether the
other knows the answer or even only whether the other is
listening.

Uttering one’s wishes in a more circumstantial manner.
This may be done for reasons of decency. Dec, Plt are two
levels of decency.

Examples of polite speech.

Examples of good breeding: not to listen to confidential
talks of other persons, not to tell about confidential talks
of others which one has happened to witness.

Relations between Dec and Plt.

Relations between Nes, Deb, Plt, Dec, Lic, Pot.

General reflections about modality.

A talk about ethics. What is good and who are good people.
Dif, degree of difficulty, is introduced by means of many
examples of actions whose difficulty is compared.
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3373-3374 >VId, <VId, very large, very small.

3375

3376

3380
3381

3382

3383

3391-3393

3401

3402
3403

3404

3405-3406
3407

3408
3409
3411
3412

It is very difficult to know something about an event, if
the only witness refuses to tell anything about it. It is still
more difficult if nobody witnessed it.

It is very difficult to forget something especially if somebody
asks you expressly to forget it.

A more solid general background of human wishes is needed.
A bet on solving a cubic equation. The winner refuses to
tell the general method of solution. The loser refuses to pay
up. An arbiter is called in. The winner tells his method, the
loser pays. Dat, giving. Den, penny.

Pec, fortune. How one’s fortune changes under the influence
of payments.

This talk is related to 3 325 and 3 29 4. It appears that
the obedient servant is regularly paid by his master.
Another person is disobedient, because the master did not
pay him his due.

Regular dialogues, e.g. one actor pronounces a number,
and the other pronounces its square. A third person states
the law, Lex, of the dialogue.

Two persons play a simple arithmetical game (adding a
number <8; he who reaches 32, wins).

Lud, playing, Vin, winning. Prd. losing. Ict, move (of a
game).

General definition of game.

The same game played by other players. Good and bad
strategies. The game is unfair, because the beginner can
always win. Ius, fair.

Another game. One player chooses one of the numbers 1
2, 3, 4, and the other tries to guess it. His chance of winning
is only 1/4, but the stake of the first player is 3 against 1 of
the second. So the game is fair. Prb, probability.

General notions about probability, expectation (Uti).

One player chooses one of the numbers 1, 2, 3, 4, and the
other tries to guess it. If he hits the chosen number, the
first player pays as many pennies as the chosen number
has units. If he fails, nothing is paid. The players discuss
the stake. Minimax principle.

A still more complicated two-person game.

A three-person game. Aux, aiding. Soc, allies.

A paradox: I do not say anything.

The paradox of the liar.
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SUMMARY

Difference of place is recognized by delay of signals. Loc,
place. Spa, space, the union of all places. Dst, distance,
proportional with the time of delay. Cmt, the length unit.
Cmt as a linear function from reals to concrete reals.
Axioms of metric space.

Special properties of the metrics of Euclidean space.
Convex envelope, Cvx.

Ret, straight lines.

Pla, planes.

/|, parallel.

Sph, spheres. Bul, solid spheres.

Some geometrical properties of Euclidean space. |,
orthogonal.

Reflections, Rfe.

Barycentre aa +pb of two points @ and b with a+8=1.
Vector b—a of two points a, b, element of Cmt Vco, centi-
meter vector space.

a—b=c—d means }(a-d)=}(b+c). Parallelogram. /.
Algebraic operations with points and vectors.
Rea8=Rea.Rea.Real.

Algebraic operations in Rea3. alb, scalar product. <,
angle, |.

Ret,, Pla,, straight lines and planes in Rea3.

f € Coo means a coordinatization of Spa by means of Rea3.
In a coordinatization Pla,, Ret,, | and so on correspond
to Pla, Ret, | .

In a coordinatization aa+ b, and a—b are reflected by
formally the same expressions.

Cmt2.

In a coordinatization operations with vectors are reflected
by formally the same operations.

Positive and negative coordinate systems, Coot, Coo™.
Transition from Cmt Veo to Veo (vector space).

Lap, rectangular parallelepiped.

Its volume.

Cmt3.

General definition of volume.

n. Volumes of solid spheres.

Volumes of humans and animals.

Lon, diameter, of sets.

Diameters of humans and animals.

Mov, moving. ... Usd ..., from ... to....
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One actor calls another. He moves. Apu, at, near.

In too short a time a person cannot go from one place to
another.

Hb refuses to walk to Ha. Hb wants Ha to walk to him.
Ha wants Hb to fetch Hc and to walk with him to Ha.
They obey.

Whistling for one’s dog.

The dog refuses. He persues the fleeing dog. Adv, towards.
Dev, away.

Number of animals which can perceive, wish and move;
much larger than that of humans.

One actor perceives another, he calls him, they go to meet.
A dog joins his master in order to please him.

Ha was mistaken, he called to a thing, thinking that it was
a human or an animal. Things cannot move themselves.
Now this thing is moved by Hd towards Ha. Humans can
cause things to move. Res, things. Cau, causing.

Things are in space.

Fer, carrying.

Tac, throwing.

If an object is too large. it cannot be carried by a single
person, though perhaps by more persons together.

An object thrown and intercepted.

An actor tries to intercept a thrown object. but does 1ot
succeed because the distance is too large.

Playing ball.

Mean velocity.

Sec1.

Harmonic oscillation of a small particle. Osc, oscillating.
Aml, Fre, Pha, Eql, Amplitude, frequency, phase, point of
equilibrium of an oscillation.

Vib, an object vibrates, if its parts oscillate. Examples for
stationary and progressive waves.

Movements of objects caused by humans are rather slow.
Why can a human or an animal change its place? Because
he want to move. Why can a thing change its place?
Because it moves.

Why can a person receive a message sent from another place?
There are three ways. The first, through mere convection of
the message, is rather slow. Wave propagation is much
quicker. There is an undulating medium, Aer, characterized
by sonic velocities. Finally there is wave propagation through
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an uncorporal medium, Ath, characterized by a much
higher velocity, that of light. Uul, undulating, Und, wave.
Exposition of the underlying ideas.

On the strength of 4 14 3 the length unit can be calculated.
Hydrogen spectrum and Rydberg’s constant. One of the
actors states that this yields more precise knowledge about
the length unit than the velocity of light can.
Continuation 4 11 5. An object which cannot be carried
by a single person though its dimensions are not too large.
Its mass is too large. The larger the mass of an object, the
more difficult it is to move. Mas, mass. Gra, gramme.
Dns, density.

Gra as a linear function. Gra/Cmt3. Gra Cmt/Sec. And so on.
Dns z=Mas z/Vol x. Density of humans and animals.
Additivity of mass.

Humans, animals, things have a mass.

Humans, animals, things have a body, Cor, which may
depend on time. Place, volume, diameter, mass, density of
a body.

A wave as a thing with a variable body.

The existence of a human body begins some time earlier
than that of the human itself. The same is true for some
animals. Mat, mother. Pat, father. Before the individual
existence of a human, its body is part of the body of its
mother. It has originated from a part of the body of its
mother and a part of the body of its father. Hom Mse,
males, Hom Fem, females. Number of human males and
females. Females can be mothers, males can be fathers.
Cel, vector velocity for uniform motions.

Equality of velocities.

Cmt/Sec. Gra Cmt/Sec. And so on.

Cmt/Sec Vco, space of velocity vectors.

Cmt/Sec as a linear function.

The image of Cmt/Sec Vco under coordinatization.
Uniform motion with given velocity.

Relation between Cel and Cel Med.

Talk about an elastic collision of a large and a small body,
change of velocity. Ceu, colliding.

Collision of bodies with equal masses.

Elastic collision of arbitrary bodies. The law of elastic
collision. Lex Nat, law of nature. One of the actors states
that by this law the mass ratio is fixed.
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Ctr, mass centre. Ipu, impulse, Kin, kinetic energy.

Via, path.

Cel, velocity of arbitrary motions.

Acc, acceleration.

& earth. Its place is nearly a solid sphere. Rad, its radius.
Its density.

Sfi, its surface.

Humans and animals are at the surface of the earth.

Talk about a falling body. Cad, falling. The law of free fall,
& law of nature. The universal attraction law, a law of
nature. The universal gravitation constant. One of the
actors states that on the strength of these data he can
compute the mass unit.

Mass of the hydrogen atom.

Addivity of gravitational accelerations.

Definition of conics. Ssc (half) conic. Foc, focus.

Conics as paths of Kepler motions. Rev, period of revolution.
Rot, rotating.

Rtt, period of uniform rotation.

Axs, axis of uniform rotation.

Names of sun, moon, planets and some fixed stars. Ste,
celestial body.

Celestial bodies are nearly solid spheres. The centre is the
mass centre. Surface. Radius.

Mass, radius, period of rotation and distances of some
celestial bodies.

Kepler motion and elements of planets, and of the moon.
Equatorial coordinate system (Coo Aqo), right ascension
(Ras), declination (Decl), northwards, eastwards.
(loordinates and proper motion of some fixed stars.

Ha asks whether the sun or the earth are at rest. Hb allows
any non-accelerated body to be said to be at rest. Ha tells
how velocities transform if another body is taken to be at
rest. Ha admits this to be nearly true for low velocities.
Hb applies it to the velocity of light. Ha asserts that the
velocity of light is always the same. Further explanations
are postponed.

For, shape.

“hange of shape.

Rig, solids — their shape cannot easily be changed. Lqd,
liquids — their shape can easily be changed, but not their
volume. Gas, gases — their volume can easily be changed.
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Density of solids, liquids, gases.

One of the actors tells how time is measured. Met, measur-
ing. Sca, scale. Hor, clock. Met . .. Per . . . Hor, measuring
by means of a clock.

One of the actors describes a measuring staff and measuring
distances by means of a measuring staff, and by trigono-
metrical means. Rgu, measuring staff. Tdo, theodolite.
Met ... Per ... Rgu, measuring by means of a measuring staff.
Ifa, below. Sua, above.

Equilibrium of solid bodies.

One of the actors describes a balance and weighing.

One of the actors describes measuring distances and velo-
cities by means of radar. Met . . . Per . . . Und Ath, measur-
ing by means of radar.

Hb says that if X and Y move uniformly and if X asserts
that he is at rest and that Y has the velocity y, X is comitted
to allowing that Y can assert that he is at rest and that X
has a velocity # which is absolutely equal to .

In this way the relative velocity, Cel Rel XY, of X and ¥
is defined; if X and Y approach it will be considered to
be negative. :

Observation of moved clocks leads to a proof of relativistic
time dilatation.

Observation of measuring staffs by means of radar leads
to a proof of Lorentz contraction.

The relativistic addition theorem of velocities.

Lorentz transformations.

Relativistic mass increase formula.
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