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ABSTRAKT

Predmétem této bakalarské prace je preklad a analyza védecko-technického textu, ktery byl
poskytnut firmou Festo. Tento text popisuje astrolab neboli orloj, pfistroj ze starych casil,
ktery byl postaven profesorem Hansem Scheurenbrandem, byvalym vedoucim pro vyzkum
a vyvoj ve spoleCnosti Festo AG. Teoretickd ¢ast je zaméfena na poskytnuti vice ¢i méné
obecnych informaci na téma technicky text a pieklad. V praktické casti je pielozen
zdrojovy text, ktery je nasledné analyzovan. Pro lepsi orientaci pfi piipadném dalSim
ptekladani byl vytvoren slovnicek zvlastnich pojmi vybranych z tohoto textu. Pivodni text
vV Anglickém jazyce lze shlédnout v piilohach této prace. Hlavnim cilem této prace je
preklad védecko-technického textu a nasledna analyza faktt, tykajicich se piekladu tohoto

textu 1 textu samotného.

Klicova slova: technicky text, védecko-technicky styl, pieklad, ptekladatel, astrolab,

ekvivalence

ABSTRACT
English abstract

The subject of this bachelor thesis is the translation and analysis of the technical/scientific
text which was provided by Festo company. This text describes the astrolabe and/or
astronomical clock, the device from the ancient times, which was constructed by Profesor
Hans Scheurenbrand, former director of research and development at Festo AG. The aim of
the theoretical part is to provide more or less general information about the subject of
technical text and translation. The source text is translated and subsequently analyzed in
the practical part. The terminological dictionary of specific terms was created for better
orientation in case of another potential translation of this text. The original text in English
can be seen in appendices of this thesis. The primary aim of this thesis is translation of the
technical/scientific text and subsequent analysis of the facts about the translation of this

text and about the text itself.

Keywords: technical text, technical/scientific style, translation, translator, astrolabe,

equivalence
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INTRODUCTION

New technologies and inventions require both the exact description and the accurate
translation, to provide comprehensible information about new scientific subject matter to
people from different countries, who might need or use that information for some kind of
purpose.

In today’s world of science, new inventions and technologies are continuously being created.
Nonprofessionals are not generally familiar with the technical terms, which are used in well-
detailed descriptions of the new inventions and technologies. Therefore, it is essential for
translators to learn the proper terminology in advance or to read the literature on similar topic
to acquire some general knowledge about the target subject. Each scientific field, for example
chemistry, physics, astronomy or earth sciences, uses its own sets of words and phrases
(terminology) which differ from one another. For that reason, translator has to concentrate
properly on the specific terminology, but also the grammatical and stylistic norms and
regulations, which belong to the particular area of the scientific text. Despite the fact that the
technical texts differ in vocabulary and terms according to individual scientific fields, there
are some features which all technical texts have in common. Technical texts have in most
cases the written form, they are comprehensive, compact, lucid and objective and they are
often written in the impersonal style which is achieved by the use of passive voice. Last but
not least, the grammar and lexis of the technical text should be clear; therefore no personal
innovations are expected in the technical style.

To provide an accurate translation of manuals, descriptions and other technical texts into
multiple languages, translator has to be familiar with the subject of the text, which is being
translated. Original texts come from various languages and theirs translations into multiple
languages are not always identical. The dissimilarities in individual translations are caused by
different knowledge, positions and attitudes of individual translators and different scope of
everyone’s vocabulary as well. The principle precondition, to provide any kind of textual
translation between two languages, is the knowledge of both source and target language to the
extent which is needful for translation of such a text. In addition, the translator sometimes
needs to add or omit some information from the text to provide the “good” and accurate
translation.

Fortunately for translators, nowadays exist various tools which aim is to make the translator’s
work easier. These tools, utilized by translators, are variety of general and specialized

technical dictionaries, computer-aided-translation (CAT) and machine translation (MT). In the



case of machine translation the process of translation is fully mechanized, whereas in
computer-aided-translation programs the assistance of a human translator is still required.
The main purpose of this bachelor thesis is to provide the general and more specific
information about the technical style of writing, translation, translation tools, translator’s
attributes and furthermore to provide the accurate translation of the astrolabe description.
Translation engaged in this thesis was created for all people who are interested in science and,

above all, for the marketing purposes of the Festo, Ltd. located in Prague.



THEORY



1 TECHNICAL TEXT AND ITS FEATURES

Technical and scientific texts and literature are indeed broad terms. Therefore, the main aim of
this theoretical part is to characterize technical and scientific texts and their features; and thus
to make this area of scientific writing more lucid to people who might be interested in it.
Since the language and scientific discourse have been developed enough to record accurately
new pieces of knowledge and because science and technology are still developing phenomena,
we are obligated to write down every new piece of information so that everyone who is
interested in that information can find it and use it later. Some characteristics can be applied to
the most of technical and scientific texts, but the main difference remains in specialized
terminology which differs among the individual branches of science. To the category of
technical writings belong specialized manuals, guides, technical essays and treatises. The
nature of these writings is mostly pragmatic, but some of them may sometimes contain

elements which may be considered as entertaining.

1.1  How can we define technical text

“Scientific English” is, more often than not, a well-distinguishable variety of modern English
language. It can be recognized by most experienced speakers of the English language. This is
not caused by the fact that the “scientific English” is all the same, on the contrary, most of
scientific works are unique. But there are specific collections of features which can reveal the
very idea that what we are just hearing or reading is a scientific text. (Halliday 2004, 141-143)
Technical text is undoubtedly a part of scientific writing. The reason why scientific writing is
so important in today’s world is highly intelligible. Every new outcome in a form of
measurement, invention or discovery has to be written down or otherwise recorded, so that it
could be open to public later on. Another statement about scientific writing is much too clear,
but still probably the most important statement of all, that without the perpetual swap of
information there could be no science. The exchange of scientific information is exceptionally
important, since many discoveries in science are based on information or discovery which was
already uncovered before. It means that previous discoveries can serve as building blocks for
other researchers in their ways to find something new, something astonishing. (Ebel, Bliefert
and Russey 2004, 3)

Technical texts may sometimes seem unnecessarily complicated to non-professional readers.

This is because the technical texts are written in “scientific” language, a “jargon” which is



usually unfamiliar to common readers. The scientific “jargon” is a set of specialized terms

used by professionals in the particular fields of science. (Halliday 2004, 159)

1.2  Features of technical and scientific style and writings

Technical and scientific writings such as manuals and guides are nowadays very common in
our everyday life. Some people use these writings just occasionally, if they need them for
some specific purpose. However, there are the people who are in touch with technical and
scientific writings almost regularly. As time passed, technical writing gradually evolved and
nowadays we can point out some of the features which are typical or common for the most of

technical writings.

1.2.1 Nature of technical English

The main purpose of technical and scientific text is to provide factual information to the
addressee. Technical style belongs to the nonfiction literature, because it’s role is to provide
factual information, and not to tell some kind of imaginative narration. Czech linguists
divided technical style into more specific educational and scientific styles. Mistrik, for
example, divided technical style into “educational” and “administrative” style. He further
divided “Educational” style into scientific and popular branch. Especially in the last few
decades technical language was divided even more due to extensive specialization of

technological and scientific areas. (Knittlova et al. 2010, 148)

1.2.2 Matter-of-factness in scientific style

One of the characteristics of the technical and scientific style is the matter-of-factness. The
aim of matter-of-factness is to achieve the objectivity in the content of text. The matter-of-
factness is occurring in both types of the scientific style. In the style of exact sciences, which
are based on rigorous scientific research and verification, and in the popular scientific style
which provides scientific information to people who are not experts in the field of science.
The extent of the difference between the styles of exact sciences and the popular scientific
style depends on the subject of research, theme of work or on the topic dealing with social or
natural science. The degree of objectivity is much higher in exact sciences, because the results
can be measured or counted, whereas to measure outcomes in social sciences may be
sometimes difficult thanks to often different methods of research. (Urbanova and Oakland
2002, 48)



1.2.3 Logical function in a scientific style

The logical function is another feature of the scientific and technical style. The purpose of the
logical function is to create logical and consistent relations in a discourse. The logical function
of a text is typical especially for the matter-of-factness styles like the style of science,
technical style, juridical style, etc. The function of a logical style can be perceived via specific
organization in a discourse by using examples, graphical images or statistics. (Urbanova and
Oakland 2002, 48)

1.2.4 Written and spoken form of a scientific style

Scientific style is primarily realized in the form of written text. The spoken form of scientific
style is not as frequent as the written one. The spoken form of the scientific style is mostly
realized via lectures and presentations. However, the spoken form is still subordinate to the
written form. Scientific language is principally in the form of monologue. Therefore,
situational context is suppressed because the author cannot see and immediately react to the
signs of nonverbal communication such as gestures, eye-contact or facial expressions.
(Knittlova et al. 2010, 149)

The content of technical texts is usually full of specialized expressions and complicated
words. Hence, the text has to be clear, regarding linguistic and stylistic aspects, so that a
recipient can understand it without any difficulties. A typical part of speech in the scientific
text is noun or adjective. Expressions, which are subjective or expressive, are not desired. The
more technical the text is, the more the vocabulary is likely to be stereotypical. Regarding the
syntax of the scientific style, it is rather poor and often also stereotypical. But this stereotype
of vocabulary and syntax is welcomed in a scientific style, because it suits to the function of
this style and the scientific style is thanks to these stereotypes even more understandable.
(Knittlova et al. 2010, 149-150)

Scientific and technical findings are usually recorded in a written form so that they can be
preserved for a long period of time and be there at anybody’s disposal, no matter when those
findings will be needed. Therefore the written form of language is optimal for scientific and
technical purposes. One of the main functions of the written language is its referential
function where an author is usually making some statement about new findings or discoveries.
Of course, a new scientific discovery may also be presented to others in a spoken form by
having presentation or lecture. The written language is also important for its educational and

social function. It has high social prestige and it is significant for its descriptive function as



well. When writing, a writer is usually being more objective, factual and sometimes even
more abstract than when just speaking. From the point of view of stylistics, the written form is
more condensed than the spoken form. That means that there is more information contained
and the written text is ordinarily not as free as the spoken one. (Urbanova and Oakland 2002,
31)

1.2.5 Terminology of a scientific discourse

Whether it is language of computer technology, quantum physics, astronomy or language used
in a juridical area, each of these subjects nowadays has and uses their own specialized
terminology. The fact that each technical field has its own terminology is totally
understandable, but there are differences in the syntax in each particular area of science as
well. Due to the consistent use of technical terminologies and sophisticated sentence
structures, there is a tendency towards constant improvement of the technical language, which
is getting more and more accurate. This direction is especially useful in technical and
scientific style, because to express new findings accurately and comprehensively is the main

function of the technical language. (Knittlova et al. 2010, 148-149)

1.2.6 Formal vocabulary in technical texts

The vocabulary of technical English is usually formal. Technical writings can be characterized
by a great concentration of formal vocabulary. Formal vocabulary is often used in scientific
and technical documents, administrative documents, official papers, deeds and speeches,
literary works and academic lectures. Even though, formal vocabulary is used in both written
and spoken forms of language, written language prevails in the concentration of formal
vocabulary over the spoken form. Formal words have often three or more syllables. This can
be explained by the fact that many formal words come from Greek and Latin origin. See
examples of some of their English derivations: asteroid, bilingual, chronology, circular,

consistent, dichotomy, miscellaneous, bilingual, pulmonary, etc. (Kvetko 2005, 77)

1.3 Technical text from the historical point of view

In order to show how features of technical writing developed, we have to search in history a
little bit and look at technical writings which are from different periods of time and are written
by various authors. At the end of the 14th century, Geoffrey Chaucer wrote the essay Treatise
on the Astrolabe in which we can see the first signs of technical writing in the English

language. These signs are mostly directed towards nominalized discourse. One of these sings



are technical nouns which appeared in the Chaucer’s treatise. Technical nouns used there are
both the parts of the astrolabe and terms from mathematical and geometrical fields. Other
entities which could be claimed as typical sings of technical writing are extended nominal
groups and clauses expressing the process of using a technical device and the events which are
under the study. It can be said that this Chaucer’s work is a kind of predecessor of technical
English discourse. (Halliday 2004, 143-144)

Another typical feature which is nowadays common in technical English discourse is
passivization. Passive voice used in technical texts was not characteristic till the late of 19th
century. Among the first, who used the passive voice in technical English, was Isaac Newton
in his Treatise on Opticks. In this treatise Newton established the discourse of
experimentation, using descriptions of doing things, which often come in the form of passive
voice. Passive sentences in the text are frequently describing results of an action or
experiment, stressing the affected object rather than the doer of the action. Except the use of
passive voice, Newton applied in his work another lexicogrammatical phenomena typical for
today’s technical texts such as: “intricate and less intricate clause complexes; abstract nouns
as technical terms of physics; abstract nouns as mathematical technical terms; some
nominalizations with grammatical metaphor”, etc. (Halliday 2004, 145-46, 150)

The fact, needed to be pointed out, is that these grammatical instruments were not invented by
scientific writers themselves. The writers of scientific texts just brought the already existing
features and used them to set up a consistent discourse of science. (Halliday 2004, 152-53)

In about the last hundred years, the scientific discourse underwent a significant change in the
form of depersonalized image of technical texts. So instead of: Leary proposed that... we
would now use: Leary’s proposal was that...; whilst the very personal form: | proposed that...
is nearly no longer in use in a scientific discourse. The key role, in such a depersonalized
sentence, plays ordinarily the verb which represents some kind of process. (Halliday 2004,
155)

1.4 Sorting of technical writings

To define the term “technical writing”, meaning the very nature of this term, can be quite
intricate. If we have a look at for example “legal writing”, it is obvious that a legal writer
writes about laws, restrictions and other legal matter connected with this field. But how can be

accurately stated what is the primary concern of the “technical writing”? To answer this



question by saying that the technical writing deals with technical information would be at least
insufficient. It is simply a term too broad to be defined. (Byrne 2006, quotes White 1996, 47)
According to National Writers” Union (NWU), which seats in the United States, minimally
three areas of technical writing should be taken into consideration:

e Technology education — this type of technical writing is determined for the
audience whose knowledge of technology is low. Writings in this field are guides,
manuals and reports for non-professional audience. The NWU holds the opinion
that writers in this area of technical writing do not need to have more specific
knowledge than an ordinary reader.

e Traditional technical writing — the main difference between technology education
and traditional technical writing is in its complexity. Guides and manuals are
again typical writings, only in this case a reader as well as a writer need to have an
extensive knowledge about the particular scientific sphere.

e Technology marketing — deals with technical writings which are used mostly for
advertising purposes of technological companies. Regarding the difficulty of these
writings, it could be placed somewhere between the technology education and

traditional technical writing. (Byrne 2006, 48)

1.5 Grammatical features of a scientific style

Technical style can be characterized by its nature of impersonal objectiveness. The aim of
technical style is to describe facts and phenomena in an objective way. The degree of
impersonality in technical texts is very high. From the grammatical point of view, the
impersonal statement is realized by the use of passive voice. When using passive voice, the
author of the information is suppressed and the main attention is focused on the facts
described. For example: “It has been discovered that...”; “This definition can be considered
well suited for...”; “This fact should be pointed out, because...” etc. Especially suitable for
the technical style is the fact that there is no necessity to mention who is “an author” or “a
doer” of the action, e.g.: “The broken particles were removed...”; “The level of the radiation

’

was controlled...”; “The amount of noxious substances in the air was eliminated...” etc.
(Knittlova et al. 2010, 150-151)

Another frequently used way of expressing statements, which is commonly used in scientific
style, is the use of “general” pronominal subject “we”. For example: “we assumed...”, “we

have found out...” or “we can express...” (Knittlova et al. 2010, 151)



Except for the impersonal nature of the technical texts, there is another noticeable syntactical
feature worth to be mentioned in consideration with the technical style; and that is the proper
formulation of individual clauses and their logical sequence. Very frequent and important are
words which function is to connect individual clauses and thus make the text more
comprehensible, such as: thus, however, therefore, moreover, nevertheless, again, also, yet,
still, etc. The same effect is fulfilled also by some collocations, like for example: in fact, in
general, in this way, in other words, as we have just seen and so on. (Knittlova et al. 2010,
155)

Regarding the organization of individual parts of speech within a clause or an organization of
individual clauses within a complex-compound sentence; technical style always moves
forward from the “old”, already known information, to the “new” information. We call the old
information “theme” and the new information “rheme”. “Theme” is the information which
usually appears at the beginning of a sentence. It continues on the situation already mentioned
in the text. Whereas “rheme” is the new information, not previously mentioned, which is

usually at the end of a sentence or clause. (Knittlova et al. 2010, 156)



2 TRANSLATION

Translation plays a key role in our lives. Without it, it would not be possible for many people
to read some of the world’s most significant literary works written in foreign languages. The
subject of translation can be basically every text in the written or spoken form. The cases in
which the translation is especially valuable are translations of various kinds of texts such as
books, manuscripts, manuals, guides or brochures. Translation in the form of interpretation
(which means translation in a particular moment and in a particular place), for example at
court, political debates, in international organizations, etc., is very common too.

The second part of the theoretical part of this bachelor thesis is going to focus mostly on
general information about translation, translation theory and “tools” which purpose is to make
the translation easier. The part dealing with translation “tools” is going to be aimed mainly at
dictionaries, mechanical translation and computer-aided-translation. As probably in almost
every kind of study, it is good to have at least some minimal background knowledge about the
translation subject. Therefore, the information about translation and the study of translation,
contained in this theoretical part, should serve as the indispensable background knowledge for

everyone who is more or less interested in translation studies.

2.1 Translator

The key role of a translator is to translate a text from one language into another one. The
process of translation is in many respects a very creative activity. Each individual person
(translator) has different knowledge of the languages, which are involved in the process of
translation, different experience and practice of translation and different life knowledge. For
that reason, if you give the task to translate the same text to several translators, each translator
would probably translate that text slightly differently than his/her colleague. There would be
some deviations in those translations because each individual translator has his/her own

knowledge of the language and has his/her own creative approach to the translation.

2.1.1 Who is a translator?

Under the word “translator” we usually imagine a professional translator who is translating
books or texts for living. These translators are people educated and trained for the purpose of
translation. However, besides professional translators, there are people whose profession is
not “translator” fundamentally, but they translate some kind of text, from time to time, for

various purposes. Those are mostly people who are specialists in various scientific fields, but



also, for example, students studying foreign languages. Therefore, if we speak about the word
“translator” here, we mean, above all, a person who is dealing with the process of translation
from the source language into the target language, no matter if he/she is professional
translator, layman or a student. (Fiser 2009, 28-29)

We can say that the personality and knowledge of each individual translator is unique. To
specify the attributes of a “creative translator”, we have to consider the purpose for which is a
translation being created. We also need to be familiar with the translator’s personality and
have to know his/her competences and factors which influence him/her in the process of
translation. (Fiser 2009, 28)

2.1.2 What are the requirements to be a translator?

The fact that each individual translator has his/her own specific characteristics and knowledge
was already mentioned. Nevertheless, there are characteristics (requirements) which all
translators should have in common. Not surprisingly, one of these requirements, and maybe
even the most important of all, is the knowledge of both — source language and target
language. Other requirements are in particular the ability to interpret and analyze the text in
the source and target languages, and last but not least, it is the competence to create the text
itself. Besides these basic requirements, there are specialized skills and abilities which one can
master only throughout a “longer” period of time thanks to practicing. (Fiser 2009, 30)

If someone is reading a text about which he/she knows that it is a translation of some original
text which was originally written in a foreign language, he/she will probably have certain
expectations about the credibility of that translated text. The aspect of credibility is maybe
even more important for translators themselves. For translators, the credibility of their
translations is crucial because for them it is a matter of the “professional pride.” Another
aspect, which is of the great importance for translators, is, of course, their paycheck for
finished translations. (This aspect of income applies only to the professional translators who
are receiving payment for their work). And finally, the enjoyment from translating should be a
very relevant aspect for translators as well. From the above mentioned facts, we might assume
that for the reader (“user”) of a translation the credibility of the translation is relevant above
all, in other words the translation should be “good”. Whereas, for a translator is the payment

and the pleasure of translating of a great significance as well. (Robinson 2003, 24)



2.2

Types of translation

A good translation should be perceived as an original text by its recipients, not as a

translation. For that reason, translation should meet many demands and expectations in order

to be perceived as a good-quality translation. It should satisfy at least these criterions:

a)

b)

Translation should make a very natural impression, it should sound like that the
interpretation is carried out by a person for whom the target language of the translation
is the mother language.

The meaning of individual words, expressions, collocations and sentences should be
identical or nearly the same in both - source language and target language. In other
words, there is a tendency to suppress the degree of vagueness in translations.

The dynamics of the translated text should be the same as in the original. This means
that the reaction of a recipient, reading translation, should be the same or at least

similar like if he/she was reading the original work. (Knittlova et al. 2010, 14-15)

These criterions are concerned mainly with the successful transposition in a target

language. The specific grammatical features of a target language should not coincide with

the specifics of a source language. Important is also to maintain the pragmatic aspects,

stylistic aspects and norms of usage of a given language. (Knittlova et al. 2010, 15)

221

Three major types of translation

Roman Jakobson (1971) distinguishes between three kinds of translation:

a)

b)

Intralingual translation is a translation which is being carried out within one language.
This type of translation encompasses repetition, rewording and paraphrases of a certain
text within the same language. It is, basically, a sort of synonymous substitution with
the regard to lexical and syntactical forms.

Inter-semiotic translation is the transformation and ensuing interpretation of
information into one system of signs, which is originally represented by means of
another system of signs. We do not usually even notice this kind of transformation in
our everyday life and we simply do it unconsciously. It is a reading of signs from
various instruments, tables, charts, graphs, formulas, etc.

Interlingual translation is the interpretation of the information, which is expressed in
one language, by its counterpart in another language. It is a shift from source language
into target language with the preservation of a content of the text and, if possible, the

preservation of formal and stylistic aspects of a text. (Knittlova et al. 2010, 15)



2.2.2

Types of interlingual translation

In the interlingual translation, which is the translation from one (source) language into another

(target) language, we may distinguish between four types of translation. The first two types

concentrate mainly on the formal side of a text, whereas the other two types are oriented

towards the meaning of a text. Each of these types of interlingual translation has in most cases

some practical utilization; nonetheless, sometimes the translations may be awkward and not

very easy for people to understand:

a)

b)

d)

Interlineal translation is absolutely inapplicable for the common translations of books,
articles, or interpretations of some talks. It is a type of an excessive literal translation
which might be used, at most, for the metalingual purposes. Interlineal translation is
concerned only with the definite linguistic information; it does not respect the
grammar system of a particular language (for example: | want to marry you — Ja chtél
vzit si ty/tebe). If the general grammatical structures of two languages are similar or
partly coincident, the interlineal translation is usually well-understandable.

Literal translation respects the grammar system of a target language, but it renders
individual lexical units from one language into another one with no respect to
idiomatic expressions, collocations and other commonly used set phrases, which are
important for the inherent casual impression. For example: | am going to take a
shower — Jdu si vzit sprchu.

Free translation is the real opposite of the interlineal translation. It is often perceived
as incorrect because it does not respect a source language very much. Because of this,
the translations are deprived, especially, of their aesthetic qualities. Free translations
are mostly produced by the unprofessional translators and interpreters.
Communicative translation (idiomatic translation) is used especially in situations
where there are no adequate counterparts in a target language to those in a source
language. We use communicative translation usually for translation of various sayings,
proverbs, idioms, greetings, etc. It is important to consider the pragmatic aspect of a
translation and the context of a text while communicative translating. (Knittlova et al.
2010, 16-17)



2.3 Tools utilized at translation

2.3.1 Dictionaries

A dictionary, also known as a lexicon, is probably one kind of a book which in most cases
comes in handy while translating some text from one language into another one. Nowadays,
we can choose from a wide range of specialized monolingual, bilingual and multilingual
dictionaries.

Monolingual dictionaries are for example encyclopedic dictionaries, which are giving
information about historical events, things, people, places, etc., or linguistic dictionaries
which fulfil their function by providing the information about the meaning of a lexical entry,
its pronunciation or grammatical status. The bilingual and multilingual dictionaries serve for
the purpose of translation. (Kvetko 2005, 112)

The discipline dealing with the study and compiling of dictionaries is called lexicography. To
define accurately what the dictionary is, we have to consider the fact that there is a variety of
dictionaries. However, most of the dictionaries have the following features in common:
dictionaries are specialized books which assemble and explain the words of one language or
they provide equivalents in multiple languages, they usually contain an introduction and/or
preface, a guide of how to use the dictionary, a key to pronunciation, the main part i.e. the list
of words, and sometimes also supplements, for example, the list of symbols, abbreviations,
etc. Individual words/entries are in most cases arranged into alphabetical order and they are
highlighted by the bold type of font. Individual entries are often added with the information
about pronunciation (e.g. IPA), meaning of the words, their usage in exemplary sentences,
their synonyms, etc. (Kvetko 2005, 110)

Pavol Kvetko in his book English Lexicology in Theory and Practice distinguishes between
individual dictionaries according to their sizes. There are: “large dictionaries (e.g.: The New
Oxford Dictionary of English 350,000 words and phrases; The Random House Dictionary of
the English Language, 260,000 headwords), medium-sized dictionaries (Oxford Advanced
Learner’s Dictionary, 6™ ed., 80,000 ref.; Longman Dictionary of Language and Culture, 2"
ed. 80,000 ref.) and small dictionaries (Longman Active Study Dictionary of English, 45,000
ref.; Oxford Wordpower Dictionary, 30,000 ref.).” (Kvetko 2005, 111-112)



2.3.2 Machine translation (MT)

Nowadays, we live in the era of information technology (IT). Information technology has
developed substantially, especially in the last few decades. The development of IT has brought
immense improvements and simplifications in people’s everyday life as well as their work.
That applies to the work of translators as well. Thanks to the “Machine Translation” (MT) and
the “Computer-Assisted Translation” (CAT) the process of translation is much faster and
easier.

Machine Translation or in other words, fully automatic translation, has started developing just
after the invention of the first computers during the Second World War. The first MT systems
were implemented by the US government and they initially served for the military purposes.
MT programs were able to translate a text only on the word-for-word basis, thus, the
translations were not very convenient, since the MT programs were not able to capture the
grammatical aspects of a particular language properly. For many imperfections the Machine
Translation was not very popular and people were looking at it in a rather sceptical way.
(Hatim and Munday 2004, 115-117)

Since the first development of MT more than half century already passed. Even though, the
technology of the Machine Translation has improved significantly since then, MT is still not
faultless, therefore, it cannot substitute a human translator so far. But still, great improvements
have been accomplished in the development of MT. That was possible due to the progress in
technology, larger databases of words, grammar rules and other essential knowledge. Also,
additionally, the great improvements were brought by new approaches to the Machine
Translation and people’s more down-to-earth stance towards the expectations of MT. (Bowker
2002, 3-4)

2.3.3 Computer-Assisted Translation (CAT)

Computer-Assisted Translation, shortly CAT, is a technology which uses computer tools and
programs of which the primary aim is to facilitate the work of translators. Unlike MT, CAT
requires still the human assistance in the process of translation. CAT technology expanded
considerably in recent years due to the development of modern computer technologies. The
majority of contemporary translators use CAT tools still more and more to make their work
easier. The knowledge of CAT technologies, and the ability to use them efficiently in
practice, is nowadays the indispensable requirement for anyone applying for the job of
translator. (Bowker 2002, 6)



Hatim and Munday describe how such CAT tool works. More specifically, it is a translation
memory tool which is just one of the several existing CAT technologies. Computers work
with the translation databases which show to the translator the identical or similar phrases to
those of being translated. The translation database then offers some viable translation
equivalents to choose from. It may happen that the offered equivalents are sometimes
inaccurate. In that case translators simply reject them and search for others, more suitable
equivalents. The most widely used translation memory tools are “TRADOS’s Translator’s
Workbench (www.trados.com) and ATRIL’s Déja Vu (www.atril.com).” (Hatim and Munday
2004, 114)

2.3.4 Corpora

“A corpus is a collection of texts used for language-related research or lexicographical
purposes. Since the 1960s, it has become increasingly common to both store and explore
corpora electronically using computerised storage and search facilities, parsers and
concordancing programmes.” (Malmkjer 2005, 116)

Susan Hunston in her book Corpora in Applied Linguistics introduces these types of corpora:

e Specialised corpora include texts which engage only one particular kind of materials,
e.g. magazine editorials, student theses, specialized articles on particular topics, etc.

e General corpora consist of texts from various areas. General corpus is a mixture of all
possible texts, thus it is usually very large. It is used for translation purposes or
language learning. The well-known general corpora are, for example, the Bank of
English or the British National Corpus.

e Comparable corpora contain two or more corpora of different varieties of one
language or two or more corpora of different languages. These corpora work with the
similar types of texts of approximately the same extent. The utilization of a
comparable corpus is common for translators and language learners.

e Parallel corpora, as in the case of comparable corpora, consist of two or more corpora
of different languages. Parallel corpora contain the texts which have already been
translated from one language into another one and vice versa. These corpora may serve
as a useful resource for a translator training as well as a translating practice.

e Learner corpus consists of texts which were created, for example, by people who
study a language.

e Pedagogic corpus is a collection of all materials a learner has used.



e Historical corpus contains texts from the different time periods and it is used for the
examination of language from a historical point of view.
e Monitor corpus is used for the observation of changes in a language as they occur.
(Hunston 2002, 14-16)
For the purpose of translation the first four types of corpora listed above are widely used. The
rest of corpora serve mainly for other than translation purposes, therefore their explanations

have been shortened.
2.4  The problem with (non)equivalence

2.4.1 Non-equivalence at word level

When translating a text form one language into another language, it may happen that some
words which are not very easy to translate with the preservation of absolutely the same level
of uniqueness are encountered. This is because the word in a source text has not the exact
counterpart in the target language. This phenomenon is called “non-equivalence at word level”
and it may vary a lot in different types of translations and among different languages. (Baker
1992, 17-18)

Various techniques and strategies can be used to deal with the problem of non-equivalence at
the word level. Sometimes the translation of a word from the source language into target
language can be simple, but it might be also very difficult to render some word from one
language into another one or it may seem almost unfeasible. Mona Baker in her book In other
words: a coursebook on translation describes some commonly used techniques and strategies
how to deal with the problem of non-equivalence at word level:

a) Translation by a more general word (superordinate). Translation of a word which has
not the direct equivalent in target language by using a more general word is
extensively used method. It enables translators to cope with several types of non-
equivalence at word level. Practically each particular word has a different level of
uniqueness in individual languages. Therefore the use of the method of translation,
where the word in a source text is substituted by its more general counterpart in the
target language may cause a loss of the word’s uniqueness. However, the needs of
proper translation will be satisfied since the meaning of a word in source language and
the meaning of its more general counterpart in target language can not be absolutely

worlds apart.



b) Translation by cultural substitution. The purpose of this strategy is to make a
translation more comprehensible by the use of an equivalent which have similar or
nearly the same impact on the recipients in both — the source and target language. The
factual meaning is of secondary importance. For that reason the translator has to be
cautious about the use of this strategy and use it only in appropriate situations.

c) Translation using a loan word or loan word plus explanation. This method is used,
particularly, for the translation of fashion words, modern concepts and words which
are specific to certain culture. By providing the additional information about the
meaning of a word, it is possible to perceive the meaning of a loan word correctly later
in the reading without the possibility of misunderstanding.

d) Translation by omission. If the meaning of a word or an expression is not utterly
important for the context of the text, that word or expression may be omitted in the
target language translation and this act may not even have a negative effect on the
translated text. However, we should use this method only in suitable situations to
adjust the translation for the target recipients and to make the translation more
felicitous without endue loss of meaning.

e) Translation by paraphrase using unrelated words. Refers to the paraphrase of some
content which aim is to modify the meaning of a translated expression or sentence and
make the meaning more precise and specific. The disadvantage of this paraphrase
method is that it tends to elongate the text, because more information is being added in
the process of specification and explanation.

f) Translation by illustration. Instead of translating an item, which is too complicated to
be explained, a picture of that item may be used as the evident translation equivalent.
Because of the demand for the sufficient amount of space in the text of translation, this
method is not suitable for every occasion. (Baker 1992, 26-42)

The techniques, illustrated above, are not the only techniques which can be used in dealing
with the problem of non-equivalence at word level. Other techniques are for example:
“Translation by a more neutral/less expressive word” or “Translation by paraphrase using a
related word”. Individual strategies may be used differently in diverse contexts by different
translators; this only supports the fact of how creative the job of translators really is. (Baker
1992, 26-42)



2.4.2 Grammatical equivalence

Lexical resources and their differences among individual languages are not the only ones

which may cause problems in the process of translation. Another system, which varies a lot

among languages, is the grammatical system. If some grammatical category is more or less

developed in one language than it is developed in another language, it will cause the problem

of non-equivalence at grammar level in the process of translation. The lack of some

grammatical category in one language may be in many cases compensated by the lexical

resources of the other language. (Knittlova et al. 2010, 121)

Differences can be found in:

a)

b)

d)

Number. The category of number and countability does not have to be always the same in
the grammatical systems of individual languages. The plural form of English nouns is in
most cases realized by the addition of a suffix to a noun or by the transformation of the
word’s form. However, this rule may cause confusion while translating some words or
expressions from English into Czech language (watch — hodinky, currents — rybiz, talk
nonsense — mluvit nesmysly, etc.)

Gender. English language distinguishes between male and female gender in the field of
profession by the addition of the suffix —ess to the female individuals
(steward/stewardess). However, in some cases the suffix may cause an undesirable effect
of the overtone. Therefore, in the case of many professions the same word is used for both
sexes (lawyer, cook, manager, etc.) It may cause problems if translating such words into
Czech, if the gender of a person is not specified otherwise. In Czech, two expressions
exist for each of those professions (lawyer — advokat, advokatka,; cook — kuchar,
kucharka; manager — manazer, manazerka).

Person. The category of person in English as well as in Czech is divided into masculine,
feminine, and inanimate third-person singular, i.e. (he/she/it). However, in the third-
person plural English language does not distinguish between masculine or feminine
participants, whereas Czech language does (they — oni/ony).

Tense. Some languages have the category of tense developed more than others. If we
translate a text from English into Czech, we may notice that English has some extra tenses
which do not exist in Czech language. Therefore, the absence of, for example, past perfect
simple tense in Czech language has to be compensated in the translation by the addition of

other lexical and grammatical means.



e) Voice. The passive voice is frequently used in written English. If the text is translated
from English into another language which does not use the passive voice so frequently or,
perhaps, does not use passive voice as such, it is suggested not to translate the text exactly
on the word-for-word basis, but to adjust the passive structures for the recipient in target
culture. (Baker 1992, 87-102)

2.4.3 Pragmatic equivalence

The utterance of the context of a text may be expressed in various ways by the participants of
the act of communication. The essential role in the understanding of the meaning of an
utterance, in various languages, plays the cultural knowledge and conventions. Translators
may customize the utterance in order to make it more understandable for the recipients in
target language who are used to different cultural conventions. Language can be studied from
different angles and at different levels. The study dealing with the “language in use” is called
pragmatics. (Baker 1992, 217)

Dagmar Knittlova in the book Preklad a preklidani shows some strategies of how to deal
with the problem of pragmatic non-equivalence:

a) Addition of information. This strategy is used especially for the specification and
clarification of the proper nouns and other entities which are unknown for the recipient
in the target language (Maine — stat Maine; Ubangi — ieka Ubangi). In Czech
translation of the geographical names were particularized by the addition of the
auxiliary word.

b) Omission of information. The purpose for the omission of the information in
translation is to generalize the meaning. The semantic component is released (Coca-
cola — limondda;, brazil-nut — orech).

c) Substitution by analogy. This strategy is widely-used when translating units of
measurement such as length, height or size which are expressed differently among
languages (about five inches — okolo pétadvaceti centimetrii; one hundred miles an
hour — stosedesat kilometrii za hodinu).

d) Explanatory transcription. This strategy should be used only in some rare occasions
and the explanation should be as short as possible (ten spot — banknote of the ten
dollar value; valley girls — girls who come from California). (Knittlova et al. 2010, 92-
95)



3 MAJOR TRENDS SPOTTED IN THE TECHNICAL TEXT
TRANSLATION

The two theoretical parts above, i.e. Technical text and its features and Translation should
provide at least minimum background knowledge about the subject of this bachelor thesis
which is translation of the “technical” text. Translation in many of its forms is the
phenomenon known for centuries. From the historical records we now know that the first
translations between different languages were carried out hundreds or thousands years ago.
Throughout such a long period of time, translation has changed and developed, even the
languages have changed, some died out and some were just about to be created. Despite the
countless translation strategies, recommendations and grammatical rules, translation is in
many ways considered as a creative activity which requires critical thinking and often also
innovative approach from the translator. That is, perhaps, the reason why mechanical
translation and information technology can not still fully replace the human translator.

Modern technical writing as we know it today has started noticeably developing just about
seven centuries ago and it is still expanding due to creation of new scientific and technical
fields. Together with the new technical branch or study, a new set of specialized terminology
comes usually along. The new specialized terms are at first implemented into the language
system of its origin and later taken over by different languages. But the lexical aspects are not
the only ones which somehow define the scientific and technical writing. The scientific style
of writing is also characterized by the presence of some grammatical and other features, such
as the high level of objectiveness, frequent use of passive voice or the impersonal approach.
The constant exchange of new technical discoveries and information among people speaking
various languages is crucial for the field of science and technology, and as the trends suggest,
new scientific facts are still going to be discovered. As these new findings will be written

down later on, there will be also the need for the new translations.
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4 TRANSLATION OF THE ASTROLABIUM AWARD

Tyto dvoje hodiny (ptiblizné 4°77x 4’7, 1.40 x 1.40m) Festo Harmonices Mundi, neboli
harmonie svéti, stoji v technologickém stiedisku Festo AG & Co. KG v Esslingenu jako

dvojvaje¢na dvojcata.
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4.1 Predmluva doktora Wilfrieda Stolla

Pii astrolabu Astrolabe Award, Festo vytvoiilo mimofadnou cenu pro velmi zvlastni
ptilezitosti a pozoruhodné Uispéchy. Astrolab firmy Festo je mensi kopii astrolabu Harmonices
Mundi, umisténého v technologickém stfedisku firmy Festo v Esslingenu. V jadru astrolabu
jsou astronomické hodiny, které pfesné ukazuji pohyby slunce, mésice a hvézd. Uzitim
zlatého ptevodu a ponechanim stejného stupné funkcénosti jako u originalu, byl vytvoren

mistrovsky kus, ktery je identicky se svou ptedlohou, co se ty¢e vzhledu, estetiky a harmonie.



Harmonices Mundi firmy Festo, které bylo vytvoieno jako trojdilné umélecké dilo za pouziti
nejnovejsi technologie, predstavuje slouceni moderni astronomie, mechaniky, melodie a
elektroniky. Originalni verze v Esslingenu zahrnuje vedle kalendainich hodin astronomické
hodiny ve form¢ astrolabu a atraktivné navrzenou zvonkohru se 76 zvonky, 40 naladénymi
takty a klaviaturou. Je to symbol inovace a byl propocitan, navrzen a zkonstruovan v prubehu
let po pracovni dob¢ profesorem Hansem Scheurenbrandem, byvalym feditelem pro vyzkum a
vyvoj ve firmé Festo AG. V roce 2003 némecka spolecnost pro chronometrii (DGC), ocenila
profesora Scheurenbranda za jeho praci medaili Philippa Mathduse Hahna.

Projekt, ktery zapocal jako soukroma zaliba, nakonec dorostl do celkového systému, ktery
siln€ symbolizuje nejen celosvétovou korporacni sit’ firmy Festo, nybrz také touto siti dané
zakladni principy harmonické mezilidské spoluprace.

Na zakladé pouziti Esslingenského origindlu, profesor Scheurenbrand pozdé&ji vytvotil mensi
verze astrolabu a kalendainich hodin.

Astrolab symbolicky tlumoci védecké a technické tspéchy firmy Festo z vedeni

spolecnosti SirSimu svétu. V jejich novych prostordch bude astrolab slouzit jako velvyslanec
firmy Festo a jako viditelné vyjadreni blizkého spojeni se spolec¢nosti.

Doutam, Ze kouzlo technologie a harmonie, které tento astroldb vyjadiuje, inspiruje ¢tenare
této brozury nadSenim pro Cas a vé¢nost, a Ze jejich setkani s Harmonices Mundi -

kalendarnimi hodinami firmy Festo bude zkuSenost plnd hvézd.

Dr. Wilfried Stoll

4.2 Astrolab

Historie a zékladni principy
- zévlacka
- sit
- vkladaci talife (planisféra — otaciva mapa hvézdné oblohy)
- matka
- rameno
- hledi
- alidada (¢ast méficiho pfistroje se zaméfovacim zafizenim)

- 0Sa



Astrolab je jeden z nejstarSich pienosnych ptistrojii, ur¢eny k pozorovani oblohy. Tim, Ze je to
piistroj urCujici ¢as hlavné v no¢nich hodinach, (pomoci méfeni astronomickych nadmotskych
vysek), se astrolab tesil rozkvétu ve sttedoveéku a pocatku moderniho véku v civilizacich
ovlivnénych isldmem, proto umozioval zkuSenému uzivateli snadno urcit ¢as motliteb a
pozd¢ji také Kiblu (smér k Mecce, ke které se muslimové musi obracet pii motlitb€), coz bylo

velmi dilezité obzvlasté pro cestovatele.

Nebesa jako hodiny

Mg¢fici princip I1ze jednoduse vysvétlit. Protoze se zemé otoci kolem své osy stalou rychlosti
jedenkrat za kazdych 24 hodin, slunce, mésic a vétSina hvézd vystoupi nad obzor na vychodg,
doséhnou svych nejvyssich vysek na jihu a zapadnou na zapad¢. Pomoci méteni vysky hvézd
a azimutu (méfeni sméru), miize ¢lovek urcit kolik Casu uplynulo od stoupani hvézdy nebo jak
dlouho to potrva, nez dosdhne poledniku. Tyto hodnoty nicméné zaviseji na zemépisné Sifce
pozorovatele, jakoz i na aktudlnim datu, takze v kazdém jednotlivém piipad€ museji byt
pouzity obsahlé tabulky nebo ptislusné vypocty k vyhodnoceni méfeni. Takové vypoclty se
staly obecné nadbyte€nymi prostiednictvim specidlniho provedeni astroldbu, protoze tento
poskytnul pfimy pievod méfené mistni vysky a thli azimutu do (geocentrické) souradnicové
sité, jejiz ptisluSné natoceni je ureno pouze aktudlnim ¢asem (pfesnéji: hvézdnym Casem).

Z matematického hlediska neni astrolab nic jiného, neZ pocitaci disk pro pfevadéni

takzvanych sférickych thla.

Konformni zobrazeni oblohy

Spravné fungovani takového pocitaciho disku vyzaduje, aby sférické uhly méfené na obloze
byly promitnuty bezchybné& (to znamena: zachovat uhly) na rovnou plochu. Toto je docela
vyzva uvazime-li, jak snadno se rozerve slupka pomerance, kdyz se ho pokusite rozplacnout
pomoci velké hmotnosti. V tomto ptfipadé matematici a zemeépisci pouZzivaji stejnothlé
pruméty, z nichz jeden je obzvlasté vhodny stereograficky primét, jehoz principy byly znamy
Jiz feckému astronomovi Hipparchosovi pfed vice nez 2200 lety.

Astrolaby proto obsahuji dva disky, které se mizou otacet smérem k sobé€: planisféra (coz
doslova znamena ,,stlacena sféra®“, to je rovné znazornéni klenby oblohy s jeji vyskou a
smerovymi uhly) a obvykle velmi slozita a filigranem zdobena sit’ znazornujici pozice
vybranych hvézd. Kromé toho obsahuji otocnou méfici a smerovaci ty¢inku (alidadu) pro

meéfeni nadmoiskych vySek nebeskych téles. Nezbytnd podpurna konstrukce, takzvana matka,



je jak kryt, tak doplitkovy nosi¢ informaci, protoze jeho zadni ¢ast poskytuje prostor pro
nékolik méfitek a nomogrami. Césti ptistroje drzi pohromadé a jsou zajistény osou a
zévlackou. K urceni denni doby staci zmétit vysku a smér hvézdy a otacet plexem do doby,
nez jeho rucicka zaméii spravnou vysSku a smérové linie planisféry. Poté okraj matky naznaci,
jak dlouho bude trvat, nez tato hvézda doséhne jizni linie (nebo kdy dojde k prichodu jizni
linie). Tento tdaj a znalost data, které miize byt odvozeno ze slunecni pozice ve zvérokruhu,

nakonec poskytne mistni Cas.

4.3 Astronomické pohyby

V ménicim se pohledu na svét

Kdyz byly sestrojeny prvni astroldby, obecné se vétilo, ze Zemé lezi ve stfedu vesmiru a
kazdy den je Zem¢ obklopena pohybujicimi se nebeskymi télesy. Zdalo se, ze se putujici
hvézdy (slunce, mésic a planety) pohybuji odliSnymi rychlostmi pfed pozadim nehybnych
hvézd. Nejrychlejsi, a tudiz nejblize k zemi byl mésic, ktery se pohyboval napti¢ souhvézdimi
zverokruhu jednou za kazdych 27.32 dni. Ve vétsi vzdalenosti obihaly Merkur, VenuSe a
slunce, které dokoncily jednu cestu naptic¢ zvérokruhem piiblizné za 365,25 dni.

K dosazeni stejné pozice ve zveérokruhu, potfeboval Mars 687 dni, Jupiter necelych 12 let a
Saturn témé&f 29,5 let. Skute€nost, Ze planety ménily sméry svych pohybtli v pravidelnych
intervalech a pohybovaly se chvilemi smérem zpét, vedla k jistym nejasnostem a poskytla
puvod terminu planeta (ktery je odvozen od feckého vyznamu slova ,,potulovat se po®), ale
toto bylo nakonec do urcité miry vysvétleno slozitym prekryvanim nékolika kruhovych
pohybti.

Slunce a mésic jako ,,hodiny*

Od té doby co slunce svym svétlem a teplem mé podstatny vliv na kazdodenni Zivoty lidi a
zejména pak ovliviluje zivotni prostfedi zménou ro¢nich obdobi, doba jeho obézné drahy
(slunec¢ni rok) se stala rozhodujicim kalendainim obdobim. Podobny vyznam byl pfisuzovan
meésici, jehoZ pravidelnd zména faze se jevila jako spojnik mezi pomijivou povahou lidského
zivota a navéky neménnym nebeskym svétem bohii. Takova zména fazi od jednoho novu

k dalsimu trva pfiblizn€ 29,53 dni. Prvni objeveni malého srpku mésice na vecerni obloze
ukoncilo nékolikadenni neviditelnost (,,nezivy mésic*) a dokonce jiz tenkrat byl nazyvan

,.nov*. Dokonce jiz ve starovékém Recku se vyskytly uréité pochybnosti o tomto



geocentrickém pohledu na svét, ovSem tyto myslenky nebyly pfijaty. Byl to Klaudios
Ptolemaios (Ptolemy), ktery ustanovil tento svétovy nazor ve svém dile ,,Almagest*
Vv polovin¢ druhého stoleti. Az v 16. stoleti rostouci pochybnosti nakonec zpiisobily pievrat

tohoto pojeti svéta.

Astronomické teorie

Mikulés Kopernik, narozen na dneSnim uzemi Polska, zapoc¢al zménu, kdyz byla vydana jeho
kniha ,,De revolutionibus orbium coelestium® v roce 1543 a zastdvala novy nazor na svét.
Umistil slunce do stfedu planetarniho pohybu, zatimco Zemé nyni obihala kolem slunce
spole¢né s ostatnimi planetami, ale stale jesté v esteticky ptekryvajicich se kruhovych
obéznych drahach dle uceni feckého filozofa Aristotela. Ze v§eho nejvic Kopernik chtél, aby
jeho pohled na svét byl vidén jako vylepSeny model pro snazsi a preciznéjsi vypocty
planetarniho pohybu, avsak jeho model vyhovél tomuto specialnimu pozadavku pouze za
urcitych okolnosti. Tabulky planet se ve skute¢nosti staly pfesnéj§imi, kdyz Jan Kepler z Weil
der Stadt ve Wiirttembergu v Némecku rozpoznal na zacatku 17. stoleti elipticky tvar
planetarnich drah a nasledkem toho tak zasadil osudovou ranu starodavnému pohledu na svét.
Ptiblizné v téZe dobé, praveé vynalezeny dalekohled poskytl prvni ,,blizké zobrazeni* planet,
coz potvrdilo novy Kopernikliv neboli heliocentricky pohled na svét. Toto otevielo cestu pro
novy pohled na pfirodu, ktery pouze o nékolik desitek let pozdé&ji vedl k formulaci

vSeobecného zdkonu gravitace [saacem Newtonem.
Na konci roku 2007 a na zacatku roku 2008, Mars pied zimnim souhvézdim nabude smyc¢kového sméru, kdyZ ho

Zem¢ predbéhne na vnitini draze.

4.4  Ohromujici vlastnosti astronomickych hodin

Slunce, mésic, planety a zatméni

Ozubené mésicni soukoli s naklonénym mésicnim kotoucem.

Brzy po vynélezu hodinovych mechanismi ve 13. stoleti, hodinafi pouzili sled nebeskych
udalosti jako pfedmét svého uméni. Po tisicileti bylo urovani ¢asu charakterizovano
nebeskymi pohyby (zejména témi s jasnou kazdodenni zménou v systému stalé¢ hvézdné
sféry), ale nyni jsou hodinati schopni zvratit situaci a napodobit sled nebeskych udalosti. Od

té doby, kdy soucasné vytvofili také astronomicky ,,plan stvotfeni svéta“, kostely byly Casto



zakazniky, ktefi si takové astronomické hodiny objednavali, ackoli i svEtsti panovnici méli
zajem o takové symboly sily, jak dnes ostatné¢ nazorné ukazuji mnohé radnice a galerie.

V prubéhu ¢asu se vzhled i pfesnost astronomickych hodin neustidle ménily. Nejstarsi
dochovang¢ a stale funk¢ni velké hodiny tohoto typu lze nalézt v kostele svaté Marie

v Rostocku. Byly sestrojeny v letech 1379 az 1380, zrestaurovany piiblizné o 90 let pozdéji a
ukazuji nejen cCas, ale také polohu slunce na slunec¢ni draze (tedy datum), polohu mésice a jeho
fazi, jakoz i den v tydnu a na ptidavném kalendainim kotouci ukazuji datum velikonoc az do

roku 2017.

Hodiny jako astronomicky model

Nov¢jsi hodiny obsahovaly rovnéz zobrazeni planetarnich pohybt, stejn¢ jako takzvany
lunarni uzel, ktery slouzil jako ukazatel bezprosttednich slunecnich a mési¢nich zatméni.

Ve stejnou dobu se stavitelé hodin pokouseli derivovat rozdilné ¢asy ob¢hu jednotlivych
rucicek od jiz existujiciho hodinového pohonu, prostfednictvim nesmirné jednoduse
sestrojenych pievodil. Nicméné protoze jednotlivé doby otacek nemohly byt vyjadieny jako
malé poméry celych Eislic, vice ¢i méné podstatné neptesnosti musely byt akceptovany.
Synodicky mésic napftiklad, tj. ¢as od jednoho novoluni k dalSimu, trva v priméru 29.53059
dni. JestliZze by si nékdo pfal odvodit tuto dobu ob&hu pfimo z denni rotace, rotac¢ni rychlost
meési¢niho ukazatele by musela byt snizena na 1-1/29.53059, anebo zaokrouhlena na pét mist,
0.96614. Konstruktéfi se potom ¢asto spokojili s rota¢ni rychlosti 1-1/29.5 nebo 0.96610 za
den, coZ mohlo byt odvozeno naptiklad z denni rotace pomoci kombinace ozubenych kol
114/118 nebo (57/59). Nicméne¢ tedy ptijali fakt, ze pfiblizné€ po tiech letech byl mésic o jeden
den napted pted svou cilovou polohou pied souhvézdimi.

Hranice presnosti

Naptiklad dvoustupnovy prevod 22/54 - 83/35, ktery by nevedl k odpovidajici odchylce
meésice diive nezli po 130 letech, by mél za nasledek vyrazné lepsi znazornéni mésice, a
doslova astronomicka piesnost by byla dosazena s Ctyistupfiovym pievodem 11/13 - 23/16 -
23/18 - 23/37, ktery by mésic zanechal pouze jeden den pozadu za 95,000 let!

Avsak, takto extrémné pfesné zobrazeni by bylo zbytecné, pokud by ovSem nékdo také
nechtél znazornit zietelné nepravidelnosti v pohybu jako protiopatieni. Takové odchylky,
zpusobené gravitaci jinych vesmirnych téles, se staly znatelnymi obzvlasté pti pohybu zemé a

mésice. Poprvé byly brany v potaz ve tietich astronomickych hodinach Strasburské katedraly,



které postavil Jean Baptiste Schwilgué mezi lety 1838 a 1842, a které jsou povazovany za

neobycejné presné.

4.5 Celkovy pohled na astrolab Festo

Ukazujici jednotlivé komponenty

4.6 Cteni astrolabu
Doby vychodu a zépadu nebeskych téles

Novoluni a jasné slunce jsou na obloze spolecné.

Ukazatel dortistajiciho mésice je nalevo

od jasného slunce.

Uplnék je naproti jasnému slunci

Ukazatel ubyvajiciho mésice je napravo

Symbol jasného slunce je rozhodujici ke
stanoveni vychodu a zapadu slunce. Kdyz
je slunce na obzoru, tak pravé vychazi

(réno) anebo zapada (vecer).

Tti faze stmivani jsou urc¢eny hloubkou

slunce pod obzorem.

Obcansky soumrak

Cteni venku bez jakéhokoli dodate¢ného
svétla je moZné béhem obcanského
soumraku (Linea crepusculi civilis ukazuje

zacatek a konec).

Namorni soumrak

Nejjasné€jsi hvézdy a obzorova ¢ara jsou
viditelné béhem namotniho soumraku.
Navigatofi mohou provést astronomické
urceni svych poloh (Linea crepusculi

nautici ukazuje zacatek a konec).

Astronomicky soumrak



od jasného slunce Skute¢na tma existuje pouze pied nebo po
astronomickém soumraku (Linea crepusculi

astronomici ukazuje zacatek a konec).

Znameni zvérokruhu déli drahu slunce do 12 rovnomérnych casti.

Drahy azimutu ukazuji smér nebeského télesa.

Obzorova ¢ara (Horizon obliquus) ohranic¢uje praveé viditelnou ¢ast oblohy jako ram.
Linie soumraku (Linea crepusculi civilis, nautici a astronomici) oznacuji faze soumraku.
Zenit oznacuje nejvyssi bod oblohy nad pozorovatelem.

Souhvézdi jsou na planisféfe ukazany jako zrcadlovy obraz.
Drahy nadmoiské vysky a azimutu.
Obzorova ¢ara s liniemi soumraku.

Zenit astrolabu Festo.

Drahy slouZi k urceni nadmoiské vySky nebeského télesa nad horizontem.
Obratniky oznacuji nadmotiskou vysku slunce v pravé poledne béhem zmény ro¢nich obdobi.

Linie pozemskych hodin déli no¢ni pasmo do 12 rovnomérnych ¢asti.
Ukazatel sit¢ oznacuje hvézdny cas.

Astrologické ¢asti oblohy.

Drahy obratnikti a pozemskych hodin.

Azimut a nadmorska vyska, hvézdny a pozemsky ¢as a astrologické ¢asti oblohy

Vnitini planety Merkur a Venuse se nikdy nemtzou vzdalit daleko od slunce: Merkur
maximaln¢ o 28 stupni a Venuse nejvice o 47 stupiiti. Jejich pozice na slunecni draze jsou
oznaceny prisecnici mezi ty¢i planety a méfitkem vnéjSiho okraje slunecni drahy.

Slunec¢ni draha: ukazatel novoluni a jasného slunce jsou umistény spole¢n¢ vedle ukazatele
draka.

Vn¢jsi planety Mars, Jupiter a Saturn mohou byt umistény na obloze naproti slunci
(,;opozice®). Jejich pozice na slunecni draze jsou také oznaceny prasecnici mezi ty¢i planety a
meéfitkem vnéjSiho okraje slune¢ni drahy.

Mg¢sicni draha: ukazatel Gpliiku a jasného slunce jsou naproti sobé vedle ukazatele draka.



Poloha jasného slunce ve vztahu k Sedym kruhovym obloukiim na planisféte je velmi dilezita
pro urceni pozemského Casu, ve kterém je kazda noc rozdélena do 12 sekci rovnomérné délky.

Pozemské hodiny jsou delsi v 1ét€ (nahote) nez v zimé (dole).

4.7  Design Astrolabu Festo

Sit, planisféra a ukazatele

Astronomické hodiny

Astrolab Festo Harmonices Mundi (harmonie svéth) voli tradi¢ni formu geocentrického
ztvarnéni a vynasi jej na jedine¢nou roven piesnosti diky novym vypocetnim metodam
ozubenych prevodi. Zacina to planisférou a siti, které jsou pozoruhodné diky neobvyklému
stupni kompletnosti. Napftiklad planisféra ukazuje mistni soufadnicovou sit’ (azimut a
nadmoftskou vysku), rozdilné linie soumraku, déleni takzvanych pozemskych hodin, jakoz i
hranice astrologickych ¢asti oblohy, zatimco sit’ kopiruje (zrcadlovy obraz) obraz hvézdné
oblohy se vSemi jasnéjSimi hvézdami a liniemi souhvézdi, zvérokruh a obratniky jednotlivych
souhvézdi zvérokruhu. Ukazatele pro jasné slunce, mésic, pét planet viditelnych pouhym
okem a mésicni uzel, ktery slouzi jako indikator bezprostfednich zatméni slunce a mésice, se
pohybuji pted touto nebeskou modelovou scénou jakoby kouzlem.

Celek je ohranicen nékolika méfitky casu a zemépisnych délek, pouzitych pro odecitani
riznych ¢asil a soutfadnic jednotlivych vesmirnych téles, jakoZ i duhou povazovanou za most
mezi nebem a zemi. Na rozdil od originalu Festo Harmonices Mundi, pohyby jednotlivych
ukazatelil jsou odvozeny od minutového pohonu radiové fizenych kiemennych hodin pomoci
pocetnych prevodu, z nichz nékteré maji velmi slozity design. V mensim astrolabu Festo jsou
jednotlivé ukazatele ovladany krokovymi motory. Takzvané dlouhodobé orbitalni udaje, které
rovnéz pocitaji se vzajemnymi odchylkami planet jako priimérnymi hodnotami v pribéhu
stoleti, tvofi zéklad pro vypocet ptevodl a/nebo procesorem fizenych pohybli krokovych
motort. Toto zajistuje, Ze pozice jednotlivych ukazatelli, v€etné sité jako zndzornéni nebeské
klenby (a tak nepiimo ukazatele zemské rotace), se odchyluji do prakticky zanedbatelné miry
od pozic ,,ptirodnich modeli* na pozemské obloze dokonce v pribéhu mnoha staleti.

V originale, ktery je umistény v technologickém stedisku Festo AG & Co. KG v Esslingenu,
zhruba 300 ozubenych kol, seskupenych do pocetnych soukoli, zajist'uje nejpresnéj$i mozné

zobrazeni pohybi slunce, mésice a hvézd. V mensi verzi astrolabu zajist'uje spravnou polohu



ukazateli 11 krokovych motort. Ty jsou fizené procesorem, ktery vypocitava prislusnou
aktualni pozici thlu pro sit,, pravé tak jako pro ukazatele slunce, mésice, draka a planet z
casovych signall radiovych hodin v minutovych intervalech, pomoci v paméti ulozeného
programu. V piipadé¢ potteby, mize byt indikace ¢asu také ovlivnéna a konkrétné upravena
tak, aby pohled na oblohu mohl byt pfizptisoben k voln¢ volitelnym dobam v minulosti a

budoucnosti.

4.8 Cteni Casu
Zobrazeni ¢asu
Hodinova rucicka
Ukazatel slunce

Ukazatel sité

Astrolab umoznuje ¢teni riznych ¢asi, s pfesnosti na minutu, z nichz v§echny jsou urceny
denni rotaci zemé¢ pod sluncem. Zahrnuji:

e mistni ¢as

e pravy slunecni ¢as a

e hvézdny Cas

Slunce to vynasi na svétlo

Mistni ¢as se odvozuje od svétového Casu vysilaného prostfednictvim satelitii Global
Positioning System (GPS) a je oznaCen zlatym prstencem na Spicce ,,ukazatele* na vnéjsi
24hodinové stupnici. Hodina miize byt odectena ptimo z pozice prstence; naproti tomu minuty
musi byt odecteny pomoci ty¢inky ukazatele na minutovém prstenci piilehlém na vnitini
strané — kazdé Cerné ¢i bile policko odpovidé jedné minuté a pét minut je v kazdém piipade
slouceno do delsi znacky na stupnici.

Pravy slunecni ¢as je vyjadien zvlastnim zlatym symbolem slunce na prstenci zvérokruhu a
muzZe byt precten na jeho pomyslném prodlouzeni na vnéjsi stupnici. Lisi se vice ¢i méné
vyrazn€ od mistniho ¢asu. Na stran¢ jedné, toto je diky skutecnosti, Ze mistni ¢as je rozdélen
do takzvanych ¢asovych pasem, z nichz kazd¢ je Siroké 15 stupni zemépisné délky, kdezto
pravy slunec¢ni ¢as predstavuje pozici slunce v mistnim horizontalnim systému, tj. horizontalni
systém zalozeny na dané lokalité. Rozdil v zemépisné délce od srovnavaciho stupné délky
mistniho ¢asového pasma je proto zodpovédny za konstantni rozdil mezi mistnim ¢asem a

pravym slune¢nim Casem. Navic pravidelné kolisajici odchylka vyplyva z eliptické drahy



Zemg okolo slunce a sklonem zemské osy. Nasledkem téchto jevi, se pravy slunecni ¢as navic
1181 béhem roku az plus minus 15 minut od mistniho Casu.

Hodiny hvézdného ¢asu pracuji odliSné

Hvézdny ¢as miize byt precten pomoci zlaté Sipky na ramu nejvnitingjsi stupnice. Ukazuje
(méfeno hodinami a minutami hvézdného ¢asu) pied jakou dobou byl posledni priichod bodu
jarni rovnodennosti polednikem (severo-jizni polednik). Proto tedy tato stupnice také za¢ina

v mist¢ poledniku nebo jizni pozici astroldbu, kterd odpovida poloze dvanacté poledni hodiny
na béznych hodinach. Vzhledem k tomu, Ze hvézdny den je ptiblizné o 4 minuty kratsi nez
slune¢ni den, viditelna ¢ast hvézdné oblohy se posunuje kazdy den piiblizné o jeden stupeii na
vychod s ohledem na stale stejny mistni ¢as. Hvézdny ¢as proto ukazuje znalému pozorovateli
oblohy, ktera ¢ast oblohy je pravé v poledniku a ktera ¢ast oblohy je tedy viditelna.

Stari mésice, tj. Cas, ktery ub&hl od polohy posledniho novoluni, je ozna¢eno malou kulickou
mésice na hrotu mési¢niho ukazatele. M4 jednu svétlou a jednu tmavou polokouli, jakoz i
denni stupnici, ktera ma rozsah od 0 do 29.53 dni. V novoluni kulicka mésice ukazuje tmavou
polokouli a ukazuje tak mésic pfi stafi O dni; pti uplitku 1ze vidét pouze svétlou stranu se

stafim mé&sice okolo 14.75 dni — mezi nimi pfipadaji v§echny ostatni hodnoty v tivahu.

4.9 Cteni souiadnic
Polohy astronomickych téles
Kromé¢ ukazovani ¢asu, poskytuje astrolab také uréovani riiznych poloh astronomickych téles:
o ekliptickou délku
e rektascenzi a deklinaci jakoZz 1
e azimut a nadmoiskou vysku
Poloha na draze slunce
Eklipticka délka astronomického télesa (slunce, mésice a planet) ukazuje jeho vzdalenost od
bodu jarni rovnodennosti pfi méfeni na draze slunce. Protoze tyto objekty cestuji na nebo
Vv blizkosti roviny ekliptiky, prisecik mezi odpovidajicim ukazatelem a prstencem zvérokruhu
oznacuje polohu astronomického télesa na planisféfe. Ekliptickou délku lze ptecist na stupnici
vnéjsiho okraje prstence zveérokruhu. 23. ¢ervna 2004 v 10 hodin svétového ¢asu byly
indikovany nasledujici ekliptické délky (zaokrouhleno na 0,5°):
Ukazatel Stupeii
Jarni bod 0.0°

Lunarni uzel 39.0°



Venuse 71.0°

Slunce 92.5°
Merkur 97.0°
Saturn 102.0°
Mars 115.0°
Mésic 155.5°
Jupiter 159.0°

Misto na vesmirné scéné

Rovnikové soufadnice (rektascenze a deklinace) oznacuji polohy vesmirnych téles na nebeské
sféfe v porovnani s jarnim bodem. Rektascenze na nebeském rovniku je pocitana od zapadu k
vychodu (proti sméru hodinovych rucicek) a je vyjadiena v hodindch, minutach a sekundach
(15° odpovida 1 hodin¢), zatimco severni nebo jizni deklinace popisuje uhlovou vzdalenost
nebeského télesa od nebeského rovniku.

Aktualni hodnoty rektascenze slunce, mésice a planet v podstaté vyplyvaji z thlového rozdilu
mezi udanymi polohami jarniho bodu a objektu (méfeno na stupnici na vnéjSim okraji
planisféry). Konkrétni poloha nulového bodu na stupnici (u vychodniho bodu) nemé zadny
vyznam. Nasledujici Ghly 1ze precist na konkrétnim ¢ase (hodnoty rektascenze z toho

vypocitané jsou uvedeny v zdvorkach):

Ukazatel Stupeii Vypocet rektascenze
Sitovy ukazatel 161.0° 0.0° = 00:00
Lunarni uzel 124.5° 36.5° = 02:26
Venuse 92.0° 69.0° = 04:36
Slunce 69.0° 92.0° = 06:08
Merkur 63.5° 97.5° = 06:30
Saturn 58.0° 103.0° = 06:52
Mars 44.0° 117.0° = 07:48
Mésic 3.5° 157.5° = 10:30
Jupiter 0.5° 160.5° = 10:42

Obloha z pohledu pozorovatele
Mistni soutfadnice azimutu a nadmotské vysky oznacuji polohu nebeského télesa vzhledem

k jiznimu bodu pfislusného pozorovatele. Azimut (linie prochazejici zenitem) a nadmotska



vyska (kruznice soustiedéné na zenit) vSech viditelnych objektli mohou byt uréeny pomoci
soufadnicové sité na planisféfe. Od té doby — jak bylo v minulosti bézné — jsou hodnoty
azimutu indikovany podle kvadrantti (od vychodu ¢i zapadu (0°) k severu ¢i jihu (90°) v tomto
potadi), ptislusny kvadrant (jihovychod, jihozapad, severovychod, severozapad) je rovnéz
soucasti indikace azimutu. V soucasnosti je jizni bod povazovan za nulty bod
(astronomického) vypoctu azimutu. Nadmoiska vyska je méfena od obzoru (Horizont
obliquus) v nadmoiské vysce 0°. Ke konkrétnimu datu byly v Esslingenu indikovany
(zaokrouhleny na 0.5°) nasledujici azimuty (v zavorkach ,,novodobé* hodnoty) a nadmotské

vysky slunce, mésice, planet a nékolika vybranych hvézd.

Ukazatel Azimut  Nadmoiska vyska

Venuse jihozéapad 87.5° (2.5°) 62.5°
Slunce jihovychod 49.5° (-40.5°) 60.0°
Merkur jihovychod 40.0° (-50.0°) 56.0°
Saturn jihovychod 33.5° (-56.5°) 54.0°
Mars jihovychod 19.0° (-71.0°) 42.5°
Mésic severovychod  4.0° (-94.0°) 10.0°
Jupiter severovychod  5.0° (-95.0°) 6.0°

Sirius/C.Major jihovychod 59.5° (-30.5°) 19.5°
Capella/Auriga jihovychod 24.0° (-66.0°) 84.0°
Riegel/Orion  jihovychod 81.5° (-8.5°) 32.5°

4.10 Zobrazeni zatméni slunce a mésice

Zadny strach ze zatméni

Zatméni patii mezi nejvice fascinujici podivané, jaké mtize obloha nabidnout. Nicméné jejich
oc¢ividné nepravidelny vyskyt byl v minulosti opakovanym diivodem nepokoje a strachu mezi
lidmi. Na astrolabu je naproti tomu vidét, kdy 1ze zatméni slunce nebo mésice o¢ekavat.
Zatméni slunce se mize vyskytnout pouze pii novoluni, zatméni mésice pouze pti Upliku.
AvSak ne kazdé novoluni s sebou piinasi zatméni slunce v jakékoliv formé&, stejné jako ne pii
kazdém tupliikku se kona zatméni mésice. Protoze je obéZnd draha mésice naklonéna o néco
vice nez o 5 stupiii smérem ke draze slunce, novoluni se obvykle pohybuje nad nebo pod
sluncem, zatimco Gpln€k se shodn¢ pohybuje nad nebo pod stinem zemé. Aby doslo k zatméni

slunce ¢i mésice, musi byt poloha novoluni nebo uplitku v blizkosti jednoho ze dvou bodl



praseciku mezi obéznou drahou mésice a drahou slunce. Tyto body priseciku jsou
oznacovany jako okruzni uzly nebo drac¢i body.

Draci ukazatel astroldbu ukazuje polohu okruznich uzlti nebo dracich bodii na draze slunce.
Pokud se tedy ukazatele pravého slunce a mésice pohnou blize smérem k pozici novoluni

V bezprostiedni blizkosti k dra¢imu ukazateli, objevi se nékde na zemi zatméni slunce.

Zalezi na Gihlové vzdalenosti k drac¢imu ukazateli, zda je toto zatméni centralni nebo ¢aste¢né.
Pro centralni zatméni tj. prstencové zatméni nebo Gplné slunecni zatméni, nesmi byt novoluni
umisténo o vice nez 11.6° od draciho ukazatele, pro ¢aste¢né zatméni je maximum 18.8° - bez
ohledu na to, zda v porovnani k hlavé ¢i ocasu draka. Protoze pasmo stinu mésice je velmi
malé (maximalné okolo 270km v primeéru), zatméni slunce mize byt vzdy pozorovano pouze
z velmi malé ¢asti zemského povrchu — mize zlstat naprosto bez pov§imnuti z mista, kde se
nachazi astrolab!

Naproti tomu zatméni mésice 1ze pozorovat, kdykoli je mésic v dobé zatméni tésn¢ nad
obzorem. Lze jej ocekévat, kdyzZ se poloha uplitku (pravé slunce a ukazatel mésice jsou
umistény naproti sob¢&) vyskytne v blizkosti drac¢iho ukazatele. Zde jsou opé€t stanoveny mezni
hodnoty. Aby uplnék zcela zmizel ve stinu zemé, vzdalenost k dra¢imu ukazateli nesmi byt
vetsi nez 5.4 stupntl, kdezto u ¢astecného zatméni pln€k nesmi byt vice nez 12 stupni od

drac¢iho ukazatele.

4.11 Ozdobné detaily

Kofteny astroladbu sahaji zpét do staroveéku, takZe jeho celkovy vzhled je také zaloZen na
starobylém geocentrickém pojeti vesmiru, v centru s ,,pozorovatelem®. V davnych dobach
bylo znamo sedm planet, pohybujicich se proti pozadi zdanlivé nehybnych hvézd: byly to
slunce, mésic, Merkur, VenuSe, Mars, Jupiter a Saturn. Tyto vSechny jsou zobrazeny na
astronomickych hodinach Harmonices Mundi Award firmy Festo jako pohybujici se objekty
(indikatory).

Kopernikova revoluce zménila nase chapani vesmiru. Dnes vime, Ze slunce je sttedem
slune¢ni soustavy se Zemi jen jako jednou z jejich planet. Po vynalezeni dalekohledu na
zacatku 17. stoleti byly objeveny dalsi tfi planety, Uran, Neptun a Pluto, které nelze vidét
pouhym okem. Spole¢né se Zemi, povazovanou za jednu z planet uz od doby Kopernika, jsou
tyto tfi pozd&jsi zobrazeny v symbolické podobé na ctyfech rohovych panelech astrolabu.

Pocetné planetky mezi pasmy Marsu a Jupiteru jsou zastoupeny symboly prvnich Ctyt



objevenych asteroidl Ceres, Pallas, Juno a Vesta spole¢n¢ s nékterymi diilezitymi symboly
pouzivanymi v zaznamu astronomického kalendare.
Jsou to

e Vlevém hornim rohu Uran s Junou (vespod) a Vesta (vpravo),

e Vv pravém hornim rohu Neptun s Pallas (vlevo) a Ceres (vespod),

e Vv pravém dolnim rohu Pluto se symbolem pro protichiidnou pozici (nahote) a pro

zpétny pohyb planety (vlevo), stejné jako
e Vlevém dolnim rohu Zemé se symboly pro vzestupny lunarni uzel (vpravo) a mésic

(nahote).

Harmonie tvari a vzorcu
Zadni ¢ast astronomickych hodin Festo Harmonices Mundi Award ukazuje sbirku
starodavnych ,,posvatnych* tvart, které se objevuji téméf ve vSech ranych, vysoce rozvinutych
kulturach spoleéné se vzorci, které zménily svét. Zakladni vzor znézoriuje ,,kvét zivota®,
ktery je vytvoren spojenim dokonalého kruhu a pravidelného Sestitthelniku — vzor ktery miize
pokracovat nekonecné do vSech smért. Urcité body v tomto ,,mofi kvéti* mohou byt spojeny
k vytvoreni ,,stromu zivota“, ktery donedavna utvarel zakladni architektonicky vzor mnoha
sakralnich staveb.
Z ,kvétu zivota* je rovnéZ odvozeno pét platonskych téles (Ctyfstén, Sestistén, osmistén,
dvacetistén a dvandactistén), které jsou zakladem krystalografie, stejn€ jako zobrazeni
¢tvercového kiize prvocisel, piikladu moderni geometrie ¢isel — u jednoduchého kiize
prvocisel, jsou vSechna prvocisla uspotadana tak, aby ptimky je spojujici vytvofily kiiz.
Naproti tomuto slozité tkanému pozadi se objevuje pét diilezitych rovnic, zastupujicich
astronomtiv moderni nahled na vesmir:
e Druhy Keplertv zakon (vlevo nahote), ktery popisuje vztah mezi vzdalenosti od
slunce a rychlosti planety na jeji eliptické obézné draze
e Treti Kepleriv zakon (vpravo nahote), ktery urcuje fad mezi vzdalenosti od slunce a
obéZznou dobou planety
e Newtonilv gravitacni zakon (vpravo dole), ktery popisuje vzajemné ovliviiovani
nebeskych téles z klasického (nerelativistického) hlediska a
e Keplerova rovnice (vlevo dole), kterd v matematické transcendenci neni piesné

fesitelnd, ale miize byt pouze ,,rozlouskla“ pomoci metod piiblizného odhadu,



e Einsteinova rovnice ekvivalence hmotnosti a energie (ve stfedu), ktera odhaluje vztah
mezi energii a hmotou, a je také vychozim bodem pro obecnou teorii relativity, jakozto

moderniho popisu struktury ¢asoprostoru.
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5 ANALYSIS OF THE STRATEGIES AND METHODS USED IN THE
PROCESS OF TRANSLATION

5.1 Analysis of the source text, translator and tools

The analysis of the translated text may be aimed primarily at the lexical, syntactical and
morphological features, which are noticeable at the first sight, but the text may also be
analyzed from the point of view of stylistics, pragmatics and phonetics as well. In order to
provide the appropriate analysis of the source text translated in this thesis, the general
information about the source text will be provided as well as tools utilized in the process of

translation and the analysis of the translator himself.

5.1.1 General information about the source text

The source text was provided by Festo Ltd., industrial control and automation company
established in Germany which has now its branches and production halls all over the world.
The text was published by Festo AG & Co. KG in Esslingen. Concept and editing was
prepared by Hermann-Michael Hahn; design, layout and typesetting by Andreas Hild, Hild
Design. The title of this text is Astrolabium Award. It describes Astrolabium Award — the
astrolabe, which was construed by Professor Dr. Ing. Hans Scheurenbrand, the former
director of research and development at Festo AG. Even though the text does not describe
any of the typical Festo’s products, it denotes the scientific and technical achievements of

the company in a very specific and attractive way.

5.1.2 The style and characteristics of the source text

The source text can be characterized as scientific and/or technical text, because it contains
features which are typical for both scientific and technical style. The features of the
technical text may be spotted in the specialized vocabulary, for example, in the description
of the astrolabe’s parts (cotter pin — zaviacka, rete — sit, insertable plates — vkladaci talire,
mater — matka, limb — rameno, sight — hledi, alidade — alidada, axle — 0sa, pointer —
ukazatel, scale — méritko, calculating disc — pocitaci disk, gear — prevod, rim — rdam,
gearwheel — ozubené kolo). The chapters describing the process of how the times and
coordinates are actually measured by the astrolabe may be considered as technical parts as
well, because they describe how the astrolabe actually works in the way very similar to that
of technical guides and manuals. The main aim of this text is not only to provide the factual

information about the astrolabe, but also to provide the information about the planets, sky
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and the basic background knowledge about the exploration of the outer space during
history. Therefore, another feature of this text is its noticeable scientific and historical
aspect. The source text contains combinations of the astronomical, geographical,
mechanical and historical information which is expressed in the way typical for the
scientific style. The chapters Celestial Motions and The Amazing Features of the
Astronomical Clock are also very educational, because they contain information about the
history of the astronomical theories and about how the planets are actually positioned in
our solar system. From the facts mentioned above we may conclude that the text is
technical, scientific, educational and also popular because it should serve above all to
entertain and to educate people.

The source text is divided into eleven chapters including a preface by Dr. Willfried Stoll.
The text in each chapter is further divided into the paragraphs and it contains many images
of the astrolabe and other astronomical motifs. However, these pictures were not included
in the target text, because for the purpose of this thesis is the most important the text itself.

Moreover, the images can anyone see in the appendices at the end of this thesis.

5.1.3 Translator

The task to analyze the translator in this case should better be left to a third person, since
the translation of this text was carried out by myself. Nevertheless, I am not going to
evaluate myself, instead | am going to state some information and circumstances about me
in the position of the translator. Even though this was neither the first nor the last
translation of a text in my life, it was definitely the most demanding translation which |
have done and written it down. Since | am not a professional translator neither the
specialist in the field of astronomy, it was not a simple task to translate the text which was
full of technical terms and specialized vocabulary. | tried to study as many materials as
possible to get the general background knowledge about the astronomy and the subject of
translation even before | have started with the translation itself. Therefore, | was familiar
with the topic of the source text from the previous parallel readings, | had the needful
knowledge of both source and target language and | had the previous experience with the
translation. One may claim that I had met all the requirements of a “good” translator, but
the question remains if the translation is credible enough to be seen as an original work by

the Czech readers.
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5.1.4 Tools utilized in the process of translation

For the purpose of this translation, the bilingual English — Czech dictionaries were used
above all. Even though I did use two technical dictionaries, I didn’t find in any of them
some of the key words related to astrolabe’s description and, therefore, other tools had to
be used to find those missing words. Electronic dictionaries with their larger capacities
served as a better variant to the printed dictionaries. When even the electronic dictionaries
failed to provide the correct equivalent, the texts from literature on similar topics were used
to deduce the meaning of the translated item. The use of the machine translation in this
particular text would be probably senseless, because MT is still not developed enough to

deal with the translation of such a text.

5.2  Analysis of the strategies used in the process of translation

To translate a text from one language into another one is always very a challenging task, if
the languages which are involved in the process of translation are not of the similar origin
or the translator has mastered only of one of the languages. The translator has to deal with
the problem of non-equivalence, the grammatical dissimilarities and with the different
cultural conventions of both languages. Linguists and translation theoreticians often
diverge in the opinion of how the proper translation should look like. The translation is still
to the large degree very creative activity even though many restrictions and
recommendations of how to deal with the process of translation nowadays exist. As it is
going to be exemplified, it was not always easy to preserve the identical meaning of some
of the terms. Therefore, also the utterance of the text may sometimes deviate a little bit
from the original text. Nevertheless, the translator tried to maintain the uniformity of the

source text as much as possible and tried not to deviate unnecessarily from the source text.

5.2.1 Techniques used in dealing with equivalence at word level

If an item in the source text has not the exact equivalent in the target language, the
translator has to reach for an alternative solution in order to provide at least the similar
meaning of the translated item. In this process the translator has to choose from the variety
of strategies which one will be the most suitable for purposes of the particular translation.
Examples from the source text:

a) It begins with the planisphere and rete, which are striking due to their unusual

degree of completeness. - Zacina to planisférou a siti, které jsou pozoruhodné diky

neobvyklému stupni kompletnosti.
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b) ..., but still is artistically overlapping circular orbits according to the teachings of
the Greek natural philosopher Aristotle. - ..., ale stdle jeste v esteticky
prekryvajicich se kruhovych obéznych drahach dle uceni reckého filozofa
Aristotela.

c) The Sky as Seen by the Observer. — Obloha z pohledu pozorovatele.

d) The ecliptic longitude of a celestial body (the sun, moon and planets) indicates its
distance from the vernal point when measured on the ecliptic. - Eklipticka délka
astronomického télesa (slunce, mésice a planet) ukazuje jeho vzdadlenost od bodu
jarni rovnodennosti pri méreni na draze slunce.

e) At new moon the moon ball presents its dark side and indicates a moon age of 0
days. - V novoluni kulicka mésice ukazuje tmavou polokouli a ukazuje tak mésic pri
stari 0 dni.

The words and phrases in the bold type, in the sentences above, represent the words which
were translated into the target language by the use of one of the strategy dealing with the
problem of non-equivalence at word level. In sentence a) the word rete in English means
an anatomical mesh such as of nerves or veins. In target language rete was replaced by the
more general word sit’. In Czech language the exact equivalent of the word rete does not
exist. Therefore, if the text would be back-translated into the target language from Czech
translation, the word rete would be probably translated by the less specific equivalents
mesh or net. In sentence b) the word artistically was in the TL replaced by the less
expressive word esteticky which back-translated into TL would be aesthetically. The verb
phrase as seen by in the example c¢) was translated into Czech as z pohledu which back-
translated into TL mean from the point of view. In this case the verb phrase was translated
by paraphrase using unrelated word. The example of the opposite translation strategy can
be seen in the sentence d) where the noun phrase vernal point was translated by paraphrase
using related word into bodu jarni rovnodennosti. This noun phrase back-translated in
English would be then the point of vernal equinox. The form of the adjective vernal
remained unchanged in both examples, but in the case of back-translation the extra
information equinox was added. The last example e) demonstrates the translation strategy
by omission. The possessive pronoun its in Czech jeho, sveji is omitted in the translated
text and, in this case, it does not harm the context of the text.

Another strategy which was used in the process of dealing with non-equivalence at word

level was translation by using loan word or loan word plus explanation.
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Examples of words translated by using loan word or loan word plus explanation:

f) Harmonices Mundi — Harmonices Mundi (astrolab)

g) Linea crepusculi civilis — Linea crepusculi civilis

h) Linea crepusculi nautici — Linea crepusculi nautici

i) Linea crepusculi astronomici — Linea crepusculi astronomici

J) Planisphere — Planisféra (otdaciva mapa hvezdné oblohy)

k) Alidade — Aliddda (¢ast mériciho pristroje se zamérovacim zarizenim)
The examples f) — i) are Latin words which were used in the English source text as well as
in the Czech translation. Except for example f) Harmonices Mundi, no further explanation
to these expressions was provided. However, the meaning of these Latin expressions is
clearly understandable from the context and they make the text sounds more sophisticated.
Examples j) and k), i.e. Planisphere and Alidade were translated into Czech adaptations of

these terms and these highly technical terms were subsequently explained.

5.2.2 Techniques used in dealing with grammatical structures

As it was already mentioned in the theoretical part, the scientific and technical texts are
well-known for their nature of impersonal objectiveness. According to this statement, the
text analyzed here may be considered as the typical technical/scientific writing. The
impersonality is achieved above all, by the use of passive voice in combination with
infinitives, gerunds and participle structures.

Examples from the source text:

a) There had been some doubts about this geocentric world view even in ancient
Greece, but... - Dokonce jiz ve starovékém Recku se vyskytly urcité pochybnosti o
tomto geocentrickém pohledu na svet, ovsem...

b) It can be expected when a full moon position occurs near the dragon pointer. - Lze
jej ocekavat, kdyz se poloha upliku vyskytne v blizkosti draciho ukazatele.

c) Being a device for determing the time mainly during the night hours, the astrolabe
enjoyed a heyday in mediaval times, and... - Tim, Ze je to pristroj urcujici cas
hlavné v nocnich hodinach, (pomoci méreni astronomickych nadmorskych vysek),
se astrolab teésil rozkvétu ve stredovéku a...

d) Nowadays the South point is considered to be the zero point of the (astronomical)
azimuth count. - V soucasnosti je jizni bod povaZovédn za nulty bod

(astronomického) vypoctu azimutu.
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e) The measuring principle can be easily explained. - Mérici princip lze jednoduse
vysvetlit.

In the examples a) and b) above is illustrated how the sentences can be expressed in the
impersonal way by the use of expletive “it” and “there”. Expletive “there” in sentence a)
has no locative meaning as the “adverbial there” and expletive “it” in sentence b) does not
refer to anything as the “referential it” which can not be replaced in the sentence. They are
used to introduce new information in a rather indeterminate and impersonal way.
The verbal structures that occur in the source text are, above all, “bare infinitives”,
“infinitives + to”, “gerunds” and “participle structures”. The example of “gerund” is shown
in the sentence c). In this case, gerund is the structure formed from the bare infinitive “be”
+ the inflectional suffix “ing”, and it serve as a noun in the sentence. Other examples of the
verbal structure forms are not included, because to exemplify them would be redundant.
The examples d) and e) illustrate the sentences written in the form of “passive voice”.
“Passives” are formed by the form of the verb be + ed participle. The “passive voice” is
frequently used in the technical/scientific texts for both reasons, to demote or delete the
agent (doer) from the text or to rhematize the agent. The “semantic valency” of the
sentence is changed due to the use of “passive voice”, since the “agent” of the passive
sentence is different as it would be in the same sentence written in “active voice”.
All of these grammatical methods i.e. the use of expletive it and there, various verbal
structures and the passive voice are used to achieve the impersonal nature of the text which
is, without no doubts, one of the most typical features of the modern technical and

scientific writing.
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6 TERMINOLOGICAL DICTIONARY

alidade

altitude

angle

angular distance
antiquity

arc

archaic

arrow

astrolabe

astrolabe Award

astrological houses
astronomical clock
astronomical twilight
astronomy

axis

axle

azimuth

belt

calculating disc
calendar

celestial

celestial bodies
celestial equator
central eclipse
chronometry

civil time

civil twilight

/" eliderd/

["eeltr tju:d/
["&engol/

/" &ngjols "distons/
[een"tikwitt/

la:k/

/a: kenk/

/" &®rav/

/a'strolab/

/a'strolab o'wo:d/

/ @stra’'lpdzikal havzis/

| astra'nomikal klok/

| aestro' nomikoal ‘twar lart/

/9'stronomi/

/" &ks1s/

/" &ksal/

/" ®@z1mab/

/belt/

/'keelkjo lerty disk/
/"keelindo/
/st'lestial/
/st'lestial "bodi:s/
/st'lestial 1 kwerto/
/'sentral 1'klips/
/kra'nomatri/
/'stval tarm/

/'stval "twar lart/

alhidada (¢ast méticiho pftistroje
s odecitacim a zamérovacim
zafizenim)
nadmoiska vyska
uhel

uhlova vzdalenost
antika, starovek
oblouk

archaicky, prastary
Sipka

astrolab (historicky
astronomicky pfistroj)

mensi verze astrolabu
Harmonices Mundi

astrologické ¢asti oblohy
astronomické hodiny, orloj
astronomicky soumrak
astronomie

0Ssa

0Sa

azimut

pas, pasmo, zona

pocitaci disk

kalendar

nebesky

nebeska télesa

nebesky rovnik

centralni zatméni

chronometrie

mistni ¢as

obcCansky soumrak
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clock-builder

clock hand

clockwork mechanism
constellation
coordinates
coordinate grid

cotter pin

crescent moon
crystallography
current time

dead moon

declination

derive

deviation
diameter
dodecahedron
dragon pointer
earth

eclipse

ecliptic

ecliptic plane
ecliptic longitude
equation
equatorial coordinates
equivalence
firmament
four-stage gear
full moon

full moon pointer

glockenspiel

/klok 'bilda/
/klok haend/

/'klok w3:k ‘'meko nizom/

/ konstr'lerfon/
/kov'o: dr nerts/
/Kov'o: dr nert grid/
/"kota pm/
/'kresont mu:n/
/'kristal graefi/
['karant tarm/

/ded mu:n/

/ declt'nerfan/

/d1'rarv/

/ di:vr'erfon/

/dar’ @mito/

/ dou dek o'hi: dran/
/'dreegon "pomto/
/3:0/

/1'klips/

/1" kliptik/

/1'kliptik plemn/
/1'kliptik ‘longr tju:d/

/1'kwerzon/

hodinar

hodinova rucicka

hodinovy mechanismus, Ustroji
souhvézdi

soutradnice

soufadnicova sit’

zévlacka

pulmésic, srpek mésice
krystalografie

aktualni ¢as

faze mésice, pii které neni mésic
viditelny

deklinace (thlova vzdalenost
hvézdy od rovniku)

derivovat, odvodit, erpat
odchylka

pramér

dvanactistén

ukazatel draka

zeme

zatméni

ekliptika (zdanliva draha slunce)
eklipticka rovina

eklipticka délka

rovnice

/ ekwa'to:rial kou 'o: dr nerts/ rovnikové soutadnice

/1 kwrvalans/

/" f3:mamant/

/'fo: sterdz gro/
/fol mu:n/

/fol mu:n "pomto/

/'glokan fp i:l/

ekvivalence, rovnocennost
nebeska klenba
Ctyfstupniovy prevod
uplnék

ukazatel tpliku

zvonkohra
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gear
gearwheel
geocentric
gravitation

gravity

heavenly bodies

heliocentric

hemisphere
hexagon
hexahedron
horizon
hour-drive
hub
icosahedron
indication
indicator
intersection
Jupiter
limb

line

local time
location
longitude
lunar
lunar eclipse
lunar node
Mars
mass-energy
mater
Mercury

meridian

/gra/

/gro wi:l/

/ dzi: ov 'sen trik/
| graevi'terfon/

/' gravitl/
/"hevanlr bodi:s/
/hi:lis "sen trik/

/"hemu sfio/
/"heksogon/
/heksa "hi: dran/
/ha'rarzen/
/ava’drarv/
/hab/

/1kosa hi: dr o n/
/ mndr'kerfon/
/'mdr kerto/

/, mta sekfon/
/'dzu:prta/
/lim/

/lam/

/'loukal tarm/
/lav ‘kerfon/
/'lond31 tju:d/
/"lu:na/
/"Tuna 1'klips/
/"lu:na novd/
/ma:z/

/ maes’enad31/
/'mer to/
/'m3:kjort/

/ma ' ridron/

ptevod, ptevodové ustroji
ozubené kolo
geocentricky (ndzor)
gravitace

gravitace

nebeska t¢lesa
heliocentricky (teorie, v niz je
slunce stfedem vesmiru)
hemisféra, polokoule
Sestithelnik

Sestistén

horizont, obzor
hodinovy pohon
centrum, stfed
dvacetistén

indikace, tdaj
ukazatel, indikator
prisecik

Jupiter

rameno

draha, linie

mistni ¢as

poloha, misto, lokace
zemeépisna délka
mésicni, lunarni
zatméni mésice
meésicni, (lunarni) uzel
Mars

hmota a energie
matka

Merkur

polednik
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millennium
moon

moon ball
moon phase

moon pointer

nautical twilight
Neptune

new moon

night zone
nomogram

noon

noon line
observer
octahedron
orbit (noun)
orbit (verb)
orbit node

outer edge
perturbation
plan-of-creation
planet
planetary motion
planetary orbit
planetoid

planisphere

Platonic solid
Pluto

pointer
pointer rod

pointing rod

/m1'lentom/
/mu:n/
/'mun bo:l
/'mu:n  ferz/

/ mu:n ‘pomta/

/'no:tikal ‘twar lart/
/'neptju:n/

/nju: mu:n/

/'nart ,zoon/
/'novma  greem/
/nu:n/

/nu:n lam/
/ab'z3:vo/

/ okta'hi: dran/
["a:bit/

["a:bit/

['a:bit noud/
/"auto ed3/

/ p3:ta'betfon/
/pleen pv kri: "erfon/
/"pleenit/
/'pleenttart ,;mavfon/
/"plenitort "o:bit/

/' plaens tord/
I'pleenistio/

/pla’tonik "solid/
/'plu:tov/
/"pomta/

/"pomnta rod/
/"pomtin rod/

tisicileti

mgésic

kulicka znazoriiujici mésic
faze mésice

mésicni  ukazatel,  ukazatel
mésice

namoini soumrak

Neptun

nov, novolunni

no¢ni pasmo

nomogram (specialni graf)
(pravé) poledne

polednik

pozorovatel

osmistén

ob&zna draha

krouzit

okruzni uzel

vnéjsi okraj

odchylka

plan stvofeni svéta

planeta

planetarni pohyb

planetarni draha

planetka

vkladaci talite, planisféra

(otaciva mapa hvézdné oblohy)
platonské téleso

Pluto

ukazatel, rucicka (pfistroje)
ty€inka ukazatele

smérovaci ty¢inka
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prime number

processor-controlled

radio clock

radio-controlled

rete

rete pointer

retrograde motion

right ascension
rim

rotation
Saturn

scale

sidereal day
sidereal time
sight

sky

solar

solar eclipse
space-time
spectacle
spherical angle
star

starry sky

stepper motor

stereographic projection

sun
sun pointer
sunrise
sunset

synodic month

telescope

/praim ‘'nambo/

/"pravsesa kon'trovld/

/'rerdiou  klok/

/'rerdiou kon 'troold/

/ri:t/

/ri:t ‘pomnto/

/'retrou grerd ‘'moufon/

/rart o'senfon/
/rim/
/rau'terfon/
/'se@t3:n/
/sketl/

/ said'r10l dev/
/ sard'r1ol tarm/
/sart/

/skar/

/'savla/
/"soula 1 klips/
/sperts taim/
/"spektokal/

/'sferikal "@ngol/

/sta:/
/'sta:rt skar/

/stepa ‘moauta/

/ stertou’ greefik pra’dzekfon/

/san/

/san ‘pomta/
/'san raiz/
/"san set/

/ smadic ‘'maAn6/

/"telr, skovp/

prvocislo
procesorem fizené
radiové hodiny
radiove fizeny
(anatomicka) sit’
ukazatel sité
zpétny pohyb
rektascenze

ram

rotace

Saturn

m¢éftitko

hvézdny den
hvézdny cas

hledi

obloha, nebe
solarni, slune¢ni
zatméni slunce
Casoprostor
podivana, vyjev
sféricky thel
hvézda

hvézdné obloha
krokovy motor
stereograficky primét
slunce

ukazatel slunce
vychod slunce
zapad slunce
synodicky mésic (¢as od jednoho
novolunni k dal$imu)

dalekohled, teleskop
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temporal hours
temporal time
tetrahedron
theory of relativity
transcendence
tropic

true solar time
true sun
tunned bars
twilight
twilight lines
twilight phases
two-stage gear
universal time
universe
Uranus

Venus

vernal point
vertex

waning moon
waxing moon
zenith

zodiac

zodiac ring

/"tempaoral avors/
/"temparal tarm/

/ tetra'hi:dran/
/'O1or1 v relo tvity/
/treen sendons/
/"tropik/
/tru:'soule tarm/
/tru: san/

/tju:nad ba:s/
/"twar lart/

/"twar lart lams/
/"twar lart ferzis/
/tu: sterdz gio/

/ ju:nr'vs:sal tarm/
/'junr, v3:s/
/ju'remas/
/'vinas/

/'v3:mal pomt/
/'v3: teks/

/woni mu:n/
/weeksnin mu:n/
/'zen10/

/'zoudr, &k/
/'zavdr, @k rim/

pozemské hodiny
pozemsky Cas
Ctyfstén

teorie relativity
nadfazenost
obratnik

pravy slunecni cas
jasné slunce

ladéné takty
stmivani, soumrak
linie soumraku

faze soumraku
dvou stupiiovy ptevod
sveétovy Cas

vesmir

Uran

Venuse

bod jarni rovnodennosti
vrchol, nejvyssi bod
ubyvajici mésic
dortiistajici mésic
zenit, vrchol
zvérokruh

prstenec zvérokruhu
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CONCLUSION

In the theoretical part were defined the style of technical and scientific writing and the
subject of translation. The information about these two technical fields was paraphrased
exclusively from the printed literary works which served as valuable sources during the
whole process of writing of this bachelor thesis. Firstly, the theory about technical and
scientific writing was determined. The information about the technical and scientific style
of writing was further analyzed according to various lexical, grammatical and logical
features and according to the form in which the technical texts are ordinarily produced.
Secondly, the subject of translation, translator and tools utilized at the process of
translation were described. Thirdly, the theoretical part was summarized and some definite
conclusions were made.

In the analytical part, the translation was rendered from the original text Astrolabium
Award into Czech language. The translation was subsequently analyzed from the different
perspectives to provide the general information about the translated text and about the
techniques used in the process of translation. Furthermore, the terminological dictionary
was created to facilitate the process of translating.

In the course of work it was found out that the individual theories about the translation are
interconnected and despite the fact that the information technology has begun to substitute
increasingly the human translator, the human assistance is during the translation process
still indispensable.

The main contribution of this thesis is the translation itself. After the translation of the
second original text Horologium Award, which supplements the text contained in this
thesis, will be finished, both Czech translations will be send to the Marketing Department
of Festo, Ltd. in Prague. There the texts will be edited and published. The finished
brochures will be used, above all, for the Festo customers who visit Festo HQ in Germany

during regular VIP tours.
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APPENDICES

Pl Astrolabium Award.



APPENDIX P I: ASTROLABIUM AWARD

FESTO



These two clocks (approx. 4'7” x 47", 1.40 x 1.40 m)
of the Festo Harmonices Mundi stand in the Technology
Center of Festo AG & Co. KG in Esslingen like non-
identical twins.
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Astrolabium Award —
The Festo astrolabe



Preface

In the Astrolabe Award, Festo has created an exceptional prize for very special occasions
and for outstanding achievements. Festo’s Astrolabe Award is a smaller copy of the Festo
Harmonices Mundi astrolabe, which is situated in Festo’s TechnologyCenter in Esslingen.

At the core of the astrolabe is an astronomical clock which precisely shows the movements
of the sun, moon and stars. Using the golden ratio, and retaining the same level of function-
ality as the original, a masterpiece has been produced which is identical to its archetype in

e ics and harmony.

The Festo Harmonices Mundi rep asy is of modern a y, mechanics,
melody and electronics, implemented as a tripartate technical artwork using the latest tech-
nology. The original version in Esslingen includes, alongside the calendar clock, an astro-
nomical clock in the form of an astrolabe, and an attractively designed glockenspiel with

76 bells, 40 tuned bars and a claviature. It is a symbol of innovation, and was calculated,
designed and constructed in years of after-hours work by Professor Dr. Ing. Hans Scheuren-
brand, former director of research and development at Festo AG. in 2003 the German Society
for C! y (DGC) ded P h brand the Philipp Matthéus Hahn Medal
in recognition of his work.

A project that was begun as a private hobby finally grew into an overall system that power-
fully symbolises not only Festo’s global corporate network but also this networks underlying
principle of harmonious interpersonal co-operation.

Using the Esslingen original as a basis, Prof. Scheurenbrand later created smaller versions of
the astrolabe and calendar clock.

The Astrolabe Award symbolically conveys the scientific and technical achievements of Festo
from company HQ to the wider world. In its new locations, the award will serve as an ambas-
sador of Festo, and as a visible expression of the close connection with the company.

| hope that the fascination which the technology and harmony this award exerts will inspire
the readers of this brochure with enthusiasm for time and eternity, and that their encounter
with the Festo Harmonices Mundi calendar clock will be a star-studded experience!

’
§

e

I
Dr. Wilfried Stoll



The Astrolabe
History and Fundamental Principles

« cotter pin

- rete

+ insertable plates
(planisphere)

-~ = alidade

= axle



The astrolabe is one of the oldest portable
instruments for observing the sky. Being

a device for determining the time mainly
during the night hours (by measuring the
celestial altitudes), the astrolabe enjoyed a
heyday in medieval times and at the begin-
ning of the modern age in civilizations
influenced by Islam, for it enabled the ex-
perienced user to easily determine the
prayer times and later also the Qibla (the
direction towards Mecca to which Mus-
lims must turn for prayer), which was very
important especially for travellers.

The Sky as a Clock

The measuring principle can be easily ex-
plained. Since the earth rotates once about
its axis every 24 hours and at constant
speed, the sun, moon and most stars rise
above the horizon in the East, attain their
highest altitudes in the South and set in
the West. By measuring a star’s altitude
and azimuth (a measure of direction), one
can accordingly determine how much time
has passed since the rising of the star or
how long it will take until it reaches the
North-South line (the meridian or noon
line). These values, however, depend on the
observer’s geographical latitude as well as

Such calc were g y
superfluous by the astrolabe’s special
design because it provided a direct con-
version of the measured local altitude and
azimuth angles into the (geocentric) coor-
dinate grid, the respective orientation of
which is only determined by the current time
(more exactly: the sidereal time). From a
mathematical point of view, an astrolabe is
nothing else but a calculating disc for con-
verting the so-called spherical angles.

A Conformal Image of the Sky

The correct functioning of such a calculat-
ing disc requires that the spherical angles
measured in the sky are projected flawlessly
(i.e. preserving the angles) onto a flat sur-
face. This is quite a challenge when consid-
ering how easily an orange peel will tear if
you try to flatten it using a heavy weight. In
this case mathematicians and geographers
use conformal projections, one of which is
the especially appropriate stereographic
projection, the principles of which were
already known to the Greek astronomer
Hipparchos over 2200 years ago.

Astrolabes therefore include two discs
which can be rotated towards each other:

the current date, so that in each individual
case comprehensive tables or appropriate
calculations must be used to evaluate a
measurement.

a literally “fi
sphere”, i.e. a flat representation of the
vault of the sky with its altitude and direc-
tion angles) and a usually very elaborate

and filigreed rete featuring the positions
of selected stars. Moreover, they comprise
a rotatable measuring and pointing rod
(alidade) for measuring the altitudes of the
celestial bodies, The necessary supporting
structure, the so-called mater, is both the
housing and an additional carrier of infor-
mation because its back provides space for
several scales and nomograms. The parts
of the instrument are held together and
secured by an axle and a cotter-pin.

To determine the time of day, it is enough
to measure a star’s altitude and direction
and to turn the rete until its corresponding
star pointer points at the planisphere’s cor-
rect altitude and direction lines. Then the
rim of the mater indicates how long it will
take for this star to reach the South line (or
when the passage through the South line
occurred). This reading and the knowledge
of the date, which can be derived from the
sun’s position in the zodiac, finally provide
the local time.



Celestial Motions
in the Changing World view

When the first astrolabes were designed, it
was generally believed that the Earth rested
in the centre of the universe and that every
day the earth was surrounded by moving
celestial bodies. The wandering stars (the
sun, moon and planets) seemed to move at
different speeds in front of the background
of the fixed stars. The fastest — and there-
fore nearest to the earth - was the moon
that moved through the constellations of
the zodiac once every 27.32 days. Orbiting
further out were Mercury, Venus and the
sun, which completed one passage through
the zodiac in approximately 365.25 days. To
reach the same position of the zodiac again,
Mars needed 687 days, Jupiter just under
twelve years and Saturn nearly 29.5 years.
The fact that the planets changed their
direction of motion at regular intervals and
travelled backwards for a while led to some
confusion and provided the reason for the
term planet (which derives from the Greek

word meaning “to wander about”), but this
was finally explained to some extent by

a complex overlapping of several circular
motions.

The Sun and Moon as “Clocks™

Since the sun with its light and heat had

a substantial effect on people’s everyday
lives and particularly influenced the natural
environment by the changing seasons, its
period of orbit (the solar year) became the
decisive calendar period. Similar impor-
tance was attached to the moon, the regular
phase change of which seemed to be a link
between the transitory nature of human

life and the eternally unvarying, heavenly
world of the gods. Such a change of phases
from one new moon to the next lasts 29.53
days on average. The first appearance of the
slender crescent moon in the evening sky
ended several days of invisibility (the “dead
moon”) and was called “new moon” even in
those times.

There had been some doubts about this
geocentric world view even in ancient
Greece, but these ideas did not gain accept-
ance. It was Klaudios Ptolemaios (Ptolemy)
who established, so to speak, this world
view in his work “Almagest” in the middle of
the 2* century. It was not until the 16" cen-
tury that increasing doubts finally revolu-
tionized this concept of the world.



Celestial Theories

Nicolaus Copernicus, born in what is now
Poland, initiated a change when his book
“De revolutionibus orbium coelestium™
was published in 1543 and advocated a new
world view. He placed the sun at the cen-
tre of planetary motion, whereas the earth
now orbited the sun along with the other
planets, but still in artistically overlapping
circular orbits according to the teachings

of the Greek natural philosopher Aristotle.
Above all, Copernicus wanted his world-
view to be seen as an improved model for
easier and more precise calculations of
planetary motion, but his model met this
special requirement only under certain cir-
cumstances. The tables of the planets actu-
ally became more accurate when johannes
Kepler, of Weil der Stadt in Wiirttemberg,
Germany, recognised the elliptical nature of
the planetary orbits at the beginning of the
17" century and, as a result, delivered the
final deathblow to the ancient world view.

Gemini

M?y'I,ZDOB_.".-"""-'

In late 2007/early 2008 Mars will take a loop-shaped
course in front of the winter constellations when Earth
overtakes it on the inside lane.

At about the same period, the newly in-
vented telescope provided the first “close
images” of the planets, which supported
the novel Copernican or heliocentric world-
view. This opened up the way for a new view
of nature, which, only a few decades later,
led to the formulation of the universal law
of gravitation by Isaac Newton.

Oct.

Nov. 1, 2007
©

Johannes Kepler (1571 -1630)

Jan. 1,2008

%l
Mar. 1,2008
1,2007
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The Amazing Features of the
Astronomical Clock
Sun, Moon, Planets and Eclipses

Moon gear with inclined moon wheel.



Soon after the invention of clockwork
mechanisms in the 13" century clockmakers
made the sequence of celestial events the
subject of their art. For millennia the deter-
mination of time had been characterized by
the celestial movements (particularly those
of the apparent daily change in the fixed
star sphere), but now clockmakers were
able to reverse the situation and imitate
the sequence of celestial events. Since they
thus also modelled the celestial “plan of
creation” at the same time, churches were
frequently the clients who ordered such
astronomical clocks, though worldly rul-
ers were also interested in such symbols of
power, as many a town hall and art gallery
demonstrate today.

Over the course of time the design and
precision of astronomical clocks changed
constantly. The oldest preserved and still
functioning large clock of this kind can be
found in St. Mary’s Church in Rostock. It was
built in 1379-80, restored around 90 years
later and not only shows the time, but also
the position of the sun on the ecliptic (and
thus the date), the position of the moon and
its phase as well as the day of the week and
indicates the dates for Easter until the year
2017 on an additional calendar disc.

The Clock as a Celestial Model

Later clocks also incorporated a representa-
tion of the planetary movements as well as
of the so-called lunar node, which served

as an indicator of imminent solar and lunar
eclipses. At the same time clock-builders
attempted to derive the different times of
revolution of the individual pointers from
the already existing hour-drive of the clock
by means of extremely simply designed
gears. However, because the individual
periods of revolution could not be repre-
sented as small, whole-number ratios, more
or less significant inaccuracies had to be
accepted. A synodic month, for instance,
i.e. the time from one new moon to the
next, lasts 29.53059 days on average. If one
wishes to derive this period of revolution
directly from the daily rotation, the rota-
tional speed of the moon pointer has to be
reduced to 1-1/29.53059 or, rounded off to
five places, 0.96614. Often the designers
then contented themselves with a rota-
tional speed of 1-1/29.5 or 0.96610 per day,
which could be derived, for example, from
the daily rotation through the gear combi
tion 114/118 (or 57/59). However, they thus
accepted that, after approximately 3 years,
the moon was one day ahead of its target
position in front of the constellations.

The Limits of Accuracy

Atwo-stage gear 22/54 - 83/35, for
instance, which would not have led to a cor-
responding deviation of the moon until after
130 years, would have resulted in a signifi-
cantly better representation of the moon,
and a literally astronomical accuracy would
have been achieved with a four-stage gear
11/13 - 23/16 - 23/18 - 23/37, which would
have left the moon one day behind only
after 95,000 years!

However, such extremely precise represen-
tations would be worthless unless one also
wanted to represent obvious irregularities
in motion as a countermeasure. Such per-
turbations caused by the gravity of other
celestial bodies become noticeable in par-
ticular in the motion of the earth and moon.
They were first taken into account in the
third astronomical clock in the Strasbourg
Cathedral built by Jean Baptiste Schwilgué
between 1838 and 1842, is considered to be
exceptionally precise.
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General View of the Festo Astrolabe
Showing the Individual Components
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Reading the Astrolabe

Rising and Setting Times of the Celestial Bodies

4

/‘
&

The new moon and the true sun are in the
sky together.

The pointer of the waxing moon is to the
left of the true sun.

The full moon is opposite the true sun.

e
ﬁ/@

The pointer of the waning moon is to the
right of the true sun.

14
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The symbol of the true sun is decisive for
determining sunrise and sunset. When the
sun is on the horizon, it is just rising (in
the morning) or setting (in the evening).

The three phases of twilight are determined
by the sun’s depth below the horizon.

Civil Twilight

Reading outdoors without any additional
light is possible during civil twilight (the
Linea crepusculi civilis indicates the begin-
ning and end).

Nautical Twilight

The brightest stars and the horizon

line are visible during nautical twilight.
Navigators can perform the astronomical
determination of their locations (the Linea
crepusculi nautici indicates the beginning
and end).

Astronomical Twilight

Real darkness only exists before or after
astronomical twilight (the Linea crepus-
culi ici indicates the begii

and end).

:

®
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The signs of the zodiac divide the
eclipticinto twelve equal parts.

The azimuth lines indicate the
direction of a celestial body.

The altitude and azimuth lines.

The horizon
line (Horizon
obliquus)
surrounds
the currently
visible part
of the sky
like a frame.

The horizon line with twilight lines. The twilight lines
(Linea crepusculi
civilis, nautici and
astronomici) mark
the twilight phases.

The zenith marks the vertex
of the sky above the observer.

The constellations on the
The zenith of the Festo Astrolabe. planisphere are shown as a mirror image.

15



The lines are for determining the
altitude of a celestial body above
the horizon.

The rete pointer indicates sidereal time.

The astrological houses.

The tropics mark the sun’s
altitude at noon during the
change of the seasons.

The lines of the temporal hours
divide the night zone into
twelve equal segments. The lines of the tropics and temporal hours.



Azimuth and Altitude, Sidereal and Temporal Time
and the Astrological Houses

\ The inner planets Mercury and Venus can

( \t never move far away from the sun: Mer-
/' cury by a maximum of 28 degrees and
Cl)

S / Venus by 47 degrees at most. Their posi-
tions on the ecliptic are indicated by the
intersection between the planet rod and
the scale on the outer edge of the ecliptic.

The outer planets Mars, Jupiter and Saturn
\ can be positioned in the sky opposite the
sun (“opposition”). Their positions on the
ecliptic are also indicated by the intersec-
tion between the planet rod and the scale
on the outer edge of the ecliptic.

The position of the true sun relative to the
grey circular arcs on the planisphere is
very important for determining the tem-

@ poral time, in which every night is divided
into twelve sections of equal length.
e

The temporal hours are longer in summer
(above) than in winter (bottom).

Solar eclipse: the new moon pointer and
the true sun are positioned together near
the dragon pointer.

Lunar eclipse: the full moon pointer and
the true sun are opposite each other near
the dragon pointer.

17



The Design of the Festo Astrolabe
Rete, Planisphere and Pointers

18




The Astronomical Clock

The Astrolabe of the Festo Harmonices
Mundi adopts the classical form of geocen-
tric representation and takes it to an un-
paralleled level of precision thanks to new
calculation methods for the gears. It begins
with the planisphere and rete, which are
striking due to their unusual degree of com-
pleteness. The planisphere, for instance,
shows the local coordinate grid (azimuth
and altitude), the different twilight lines,
the division for the so-called temporal hours
as well as the borders of the astrological
houses, while the rete reproduces the (mir-
ror-image) view of the starry sky with all
brighter stars and the constellation lines,
the zodiac and the tropics of the individual
zodiac constellations. The pointers for the
true sun, the moon, the five planets visible
to the naked eye and the lunar node, which
serves as an indicator of imminent solar or
lunar eclipses, move in front of this celestial
model stage as if by magic.

The whole is framed by several time and
longitude scales used to read off the vari-
ous times or the coordinates of the individ-
ual celestial bodies as well as by a rainbow
regarded as a bridge between heaven and
earth. Unlike in the original, the Festo Har-
monices Mundi, the movements of the vari-
ous pointers are derived from the minute
drive of a radio-controlled quartz clock

via numerous gears, some of which have a
very complex design. In the smaller Festo
Award stepper motors provide the control
for the individual pointers. So-called long-
term orbit data, that also take into account
mutual perturbations of the planets as
mean values over a century, form the basis
for calculation of the gears and/or of the
processor-controlled movement of the step-
per motors. This ensures that the positions
of the individual pointers, including the rete
as the rep of the fir (and
thus indirectly the pointer of the earth’s
rotation), deviate to a virtually negligible
degree from the positions of the “natural
models” in the earthly sky even over many
centuries.

In the original, which is located at the
Technology Centre of Festo AG & Co. KG in
Esslingen, about 300 gearwheels, grouped
into numerous gear assemblies, ensure the
most precise possible representation of

the motions of the sun, moon and stars. In
the award version eleven stepper motors
provide for exact positioning of the point-
ers. They are controlled by a processor that
calculates the respective current position
angle for the rete as well as the pointers of
the sun, moon, dragon and planets from the
time signals of a radio clock at minute inter-
vals via a stored program. If required, the
indication of the time can also be influenced
and altered specifically such that the view of
the sky can be adjusted to freely selectable
dates in the past and future.




Reading Times
The Time Displays

Clock hand

Sun pointer

Rete pointer
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The Astrolabe enables reading of different
times, precise to the minute, all of which are
determined by the daily rotation of the earth
under the sun. They comprise

® civil time,
* true solar time and
* sidereal time.

The Sun Brings It to Light

Civil time is derived from the universal time
transmitted via the satellites of the Global
Positioning System (GPS) and is indicated
by the golden ring at the tip of the “pointer”
on the outer, 24-hour scale. The hour can
be read directly from the position of the
ring; the minutes, by contrast, have to be
counted off with the help of the pointer rod
on the minute ring adjoining it on the inside
—each black or white field corresponds to

a minute and five minutes are combined in
each case into a longer mark on the scale.

True solar time is represented by the strik-
ing golden symbol of the sun on the zodiac
ring and can be read in its - imagi-nary -
extension on the outer scale. It differs more
or less distinctly from civil time. On the one
hand, this is due to the fact that civil time is
divided into so-called time zones, each of
which comprises a strip of the earth that is
15 degrees longitude wide, while true solar
time represents the position of the sun in
the local horizon system, i.e. the horizon
system based on the respective location.
The difference in longitude from the refer-
ence degree of longitude of the local time
zone is therefore responsible for a constant
difference between civil time and true solar
time. In addition, a periodically varying
deviation results from the elliptic orbit of
the Earth around the sun and the inclina-
tion of the earth’s axis. Due to these effects,
true solar time additionally deviates by as
much as plus or minus 15 minutes from civil
time in the course of a year.

Sidereal Time Clocks Work Differently
Sidereal time can be read on the rim of the
innermost scale with the help of the golden
arrow. Itindicates (measured in sidereal
time hours and minutes) how long ago

the last transit of the vernal point through
the meridian (the North-South line) was.
Accordingly, this scale also begins in the
meridian or South position of the Astrolabe,
which corresponds to the 12 noon position
of an ordinary clock. Since a sidereal day is
about four minutes shorter than a solar day,
the visible section of the starry sky shifts by
approximately one degree to the East every
day, given the same civil time. The sidereal
time therefore indicates to the knowledge-
able observer what part of the sky is cur-
rently in the meridian and what section of
the sky is thus visible.

The age of the moon, i.e. the time that has
passed since the last new moon position, is
shown by the small moon ball at the tip of
the moon pointer. It has one bright and one
dark hemisphere as well as a day scale that
ranges from O to 29.53 days. At new moon
the moon ball presents its dark side and
indicates a moon age of 0 days; at full moon
one only sees the bright side with a moon
age of about 14.75 days - between them all
other values are possible.

21



Reading the Coordinates
The Positions of Celestial Bodies

Apart from indicating the time, the Astro-
labe also provides the determination of vari-
ous positions of celestial bodies:

* ecliptic longitude,
* right ascension and declination as well as
* azimuth and altitude.

The Position on the Ecliptic

The ecliptic longitude of a celestial body
(the sun, moon and planets) indicates its
distance from the vernal point when meas-
ured on the ecliptic. Since these objects
travel on or near the ecliptic plane, the
intersection between the corresponding
pointer and the zodiac ring marks the celes-
tial body’s location on the planisphere. The
ecliptic longitude can be read on the scale
on the outer edge of the zodiac ring.

22

For 23 June, 2004, 10 a.m. Universal Time,
the following ecliptic longitudes were indi-
cated (rounded off to 0.5°):

Pointer Degr.
Vernal point 0.0°
Lunar node 39.0°
Venus 71.0°
Sun 92.5°
Mercury 97.0°
Saturn 102.0°
Mars 115.0°
Moon 155.5°
Jupiter 159.0°

A Place on the Cosmic Stage

The equatorial coordinates (right ascen-
sion and declination) indicate the positions
of celestial bodies on the celestial sphere
relative to the vernal point. The right ascen-
sion on the celestial equator is counted from
West to East (counterclockwise) and indi-
cated in hours, minutes and seconds (15°
correspond to 1 hour), while the northern
or southern declination describes the angu-
lar distance of the celestial body from the
celestial equator,

The current right ascension values of the
sun, moon and planets basically result from
the angular difference between the pointer
positions of the vernal point and the object
(measured on the scale on the planisphere’s
outer edge). The specific position of the
scale’s zero point (at the East point) is of

no importance. The following angles can be



read on the specified hour (the right ascen-
sion values calculated from that are given in
brackets):

Pointer Degr.  Calc. rightasc.
Rete pointer  161.0 0.0° = 00:00
Lunarnode  124.5° 36.5° = 02:26
Venus 92.0°  69.0° = 04:36
Sun 69.0° 92.0° = 06:08
Mercury 63.5° 97.5° = 06:30
Saturn 58.0° 103.0° = 06:52
Mars 44.0°  117.0° = 07:48
Moon 3.5°  157.5° = 10:30
Jupiter 0.5°  160.5° = 10:42

The Sky as Seen by the Observer

The local coordinates azimuth and altitude
indicate the position of a celestial body rela-
tive to the South point of the respective
observer. The azimuth (lines going through
the zenith) and altitude (circles centred

on the zenith) of all visible objects can be
determined with the help of the coordinate
grid on the planisphere. Since - as was cus-
tomary in the past - the azimuth values are
indicated according to quadrants (from the
East or the West (0°) to the North or South
(90°) respectively), the respective quadrant
(SE, SW, NE, NW) is also part of the indica-
tion of the azimuth. Nowadays the South
point s considered to be the zero point of
the (astronomical) azimuth count. The alti-
tude is measured from the horizon (Horizon
obliquus) at an altitude of 0°. On the speci-
fied date the following azimuths (in brack-
ets the “modern” values) and

altitudes of the sun, moon, planets and sev-
eral selected stars were indicated in Esslin-
gen (rounded off to 0.5° each):

Pointer Azimuth Altit.
Venus SW87.5°(2.5°)  62.5°
Sun SE 49.5° (-40.5°) 60.0°
Mercury SE 40.0° (-50.0°) 56.0°
Saturn SE 33.5° (-56.5°) 54.0°
Mars SE 19.0°(-71.0°) 42.5°
Moon NE 4.0°(-94.0°) 10.0°
Jupiter NE 5.0°(-95.0°) 6.0°
Sirius/C.Major  SE 59.5°(-30.5°) 19.5°
Capella/Auriga  SE 24.0° (-66.0°) 84.0°
Rigel/Orion SE 81.5°(-8.5°)  32.5°

23



Jul. 22, 2009

Jul. 11, 2010

Aug. 1,2008

Mar. 29, 2006

= total solar eclipses

lan. 15, 2010

Jan. 26, 2009

Sep. 22, 2006

= annular solar eclipses

Jul. 22, 2009



The Display of Solar and Lunar Eclipses
No Fear of Eclipses

Eclipses are among the most fascinat-

ing spectacles the sky can offer. However,
their apparently irregular occurrence was
arepeated cause of unrest and fear among
people in the past. On the Astrolabe, by
contrast, one can see when a solar or lunar
eclipse is expected.

Solar eclipses can only occur at new moon,
lunar eclipses only at full moon. However,
not every new moon brings about a solar
eclipse by any means, nor does a lunar
eclipse take place every full moon. Since the
orbit of the moon is inclined by slightly more
than 5 degrees towards the ecliptic, the new
moon usually moves past above or beneath
the sun while the full moon correspond-
ingly moves above or beneath the earth’s
shadow. For a solar or lunar eclipse to occur,
the new moon or full moon position must be
near one of the two points of intersection
between the moon’s orbit and the ecliptic.
These points of intersection are designated
as orbit nodes or dragon points.

The dragon pointer of the Astrolabe indi-
cates the position of the orbit nodes or
dragon points on the ecliptic. If, therefore,
the pointers of the true sun and of the moon
move closer towards the new moon posi-
tion in immediate proximity to the dragon

pointer, a solar eclipse occurs somewhere
on the earth. It depends on the angular
distance to the dragon pointer whether
this eclipse is central or partial. For a cen-
tral eclipse, i.e. an annular or a total solar
eclipse, the new moon must not be posi-
tioned more than 11.6° from the dragon
pointer, for a partial eclipse the maximum
is 18.8° - no matter whether relative to the
dragon head or to the dragon tail. Since the
shadow zone of the moon is very small (a
maximum of around 270 km in diameter),
a solar eclipse can always be followed only
from a very small part of the Earth’s sur-
face — it may remain completely unnoticed
at the location of the Astrolabe!

By contrast, a lunar eclipse can be observed
wherever the moon is just above the horizon
at the time of the eclipse. It can be expected
when a full moon position (true sun and
moon pointer are positioned opposite each
other) occurs near the dragon pointer. Here
again limits are defined. For the full moon
to disappear entirely in the shadow of the
earth the distance to the dragon pointer
must not be greater than 5.4 degrees,
whereas for a partial eclipse the full moon
may not be more than 12 degrees from the
dragon pointer.
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The Decorative Details
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The roots of the astrolabe reach back into
antiquity, so its overall design is also based
on the archaic geocentric conception of the
universe, with the “observer” at the hub. In
former times, seven planets were known,
moving against a backdrop of seemingly
immobile stars: these were the sun, the
moon, Mercury, Venus, Mars, Jupiter and

Saturn. They are all shown on the astronom-

ical clock of the Festo Harmonices Mundi
Award as moving objects (indicators).

The Copernican revolution altered our
understanding of the universe. Today we
know the sun to be the centre of the solar
system, with the earth being only one of its

planets. After the invention of the telescope
in the early 17" century, a further three
planets were discovered, Uranus, Neptune
and Pluto, which cannot be seen by the
naked eye. Together with the earth, counted
as one of the planets ever since Copernicus,
these latter three are shown in symbolic
form on the four corner panels of the astro-
labe. The numerous planetoids between the
belts of Mars and Jupiter are represented by
the symbols for the first four asteroids to be
discovered, Ceres, Pallas, Juno and Vesta,
together with some important symbols used
in astronomical calendar notation,



These are

« in the top left corner, Uranus with Juno
(underneath) and Vesta (to the right),

* in the top right corner Neptune with Pal-
(as (to the left) and Ceres (underneath),

* in the bottom right corner, Pluto with the
symbol for an opposing position (above)
and for the retrograde motion of a planet
(to the left), as well as

* in the bottom left corner, the earth with
the symbols for the rising lunar node (to
the right) and for the moon (above).

DAY

The Harmony of Forms and Formulas

The rear face of the astronomical clock of
the Festo Harmonices Mundi Award shows
a collection of ancient “sacred” shapes that
occurin almost all early, highly developed
cultures, together with formulas which have
changed the world. The underlying pattern
depicts the “Flower of Life”, which is cre-
ated from the merging of a perfect circle
and a regular hexagon - a pattern which
can be continued infinitely in all directions.
Certain points in this “sea of flowers” can
be connected to make a “Tree of Life” which
until quite recently formed the fundamental
architectural pattern of many sacred
buildings.

Also derived from the “Flower of Life”

are the five Platonic solids (tetrahedron,
and dodecahedron), which are the basis of
crystallography, as well as a representa-
tion of the squared prime number cross, an
example of the modern geometry of num-
bers —in the simple prime number cross, all
the prime numbers are arranged so that the
lines connecting them create a cross.
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Against this intricately woven backdrop
appear five important equations, to rep-
resent modern astronomer’s view of the
universe:

* Kepler’s Second Law (top left), which
describes the relationship between dis-
tance from the sun and the speed of a
planet on its elliptical orbit

* Kepler's Third Law (top right), which

determines the harmony between dis-

tance from the sun and the orbital period
ofa planet

Newton's Law of Gravity (bottom right),

which describes the mutual influence of

heavenly bodies from a classical (non-
relativistic) perspective, and

* Kepler’s Equation (bottom left), which

in its mathematical transcendence is

not strictly solvable, but can only be

“cracked” by processes of approximation,

Einstein’s mass-energy equivalence equa-

tion (centre), which reveals the relation-

ship between energy and matter, and is
also the starting point for the General

Theory of Relativity as a modern descrip-

tion of the structure of space-time.
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