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1. Nature of the Styles in English Language
1.1. Introduction 

This bachelor's thesis surveys the basics of translating technical and scientific texts. The thesis consists of two parts: theory and analysis. The theoretical part summarizes the current scholarship on the topic, thereby setting the foundation for the analytical section. The analytical section applies the previously discussed translation theories. 
This thesis attempts to discern the nature of scientific and technical texts, the stylistic genres on which they are based, and the relationship between the nature and genre of the texts and their translations. It then explores the possibility of a common set of rules for translating scientific and technical texts. Such texts comprise wide range of literature related to science and technology. This range itself shapes the character of translations. 
A translator must be fully aware of the stylistics, lexicology and syntax that differ considerably in belles-lettres, newspaper, or legal styles. However, arguments have been made concerning the classification of the legal style. Therefore, this thesis will examine the legal style as well in order to prove or disprove a resemblance with scientific and technical texts. All of these aspects are crucial in searching for similarities and differences among particular types of scientific and technical texts. 
It is important to challenge generally accepted principles of translation because language is a fluid entity influenced by factors such as society, new trends or technological progress. This thesis, through analysis of excerpts, attempts to discern to what extent these factors influence the translations of scientific and technical texts. Source texts and translated texts will be compared and examined according to set parameters. These excerpts represent utterly different types of scientific and technical texts such as medical, chemical, and technical, as well as legal. 
Even though these excerpts represent only a few types within a broad range of different texts, they suffice for the purpose of drawing general conclusions, chief among them being that a set of rules for translators of scientific and technical texts is possible. 
However, the variability and specification of each type must be carefully considered by the translator, and even in scientific and technical text every translation should be treated as a unique text and should not be translated mechanically.
1.2. Nature of the styles in English language 
Translation and language are two entities unable to exist separately. Translation belongs with no doubt among the most challenging tasks a human can undergo. To fulfill this task, it is crucial for translator to grasp the knowledge of stylistics. Stylistics is the fundamental discipline building the base of information about particular styles, which are vital for a translator's work. That is why the introductory chapter of the thesis deals with stylistics. Stylistics is a linguistic discipline concerned with the study of style in language. Style in language refers to a distinctive manner of expression, through whatever medium this expression is given physical shape. Therefore, stylistics can be defined as the analysis of distinctive expression in language and the description of its purpose and effect. (Verdonk 2002, 4) 

The thesis aims to introduce the nature of the styles with subsequent application of this knowledge in the analytical part. The main purpose of the thesis is to describe the nature of scientific and technical texts, their features and the way they should be translated. 

One important approach to the study of style is based on an analysis of meaning into its “denotative” and “connotative” elements. This is to analyze meaning into a stylistically neutral “cognitive meaning” and an “expressive” or “affective” element which is the concern of stylistics. (Turner 1973, 27) 

The next chapter deals with defining functional styles according to contemporary linguist's classification. 
1.3. Classification of functional styles 

There exists a variety of styles as there are numerous human activities in the world. They all need to use language to convey the results of their efforts. This variety of styles is summarized in the following classification. 

A style of language can be defined as “a system of coordinated, interrelated and interconditioned language means intended to fulfill a specific function of communication and aiming at a definite effect”. (Miššíková 2003, 114) These language means are the main elements that create distinctions among the styles. Styles are in constant development as a result of the progress and changes in human activities. 

The development of each style is predetermined by the changes in the norms of Standard English. (Miššíková 2003, 114)
This generally agreed classification is also presented by Miššíková (2003, 115-122). 

• The belles-letters style – is the style of the language of poetry, fiction and drama. 

• Publicistic style – the most obvious subdivisions are distinguished: oratory, i.e. speeches and orations, essays and articles. The aim is to persuade a reader or listener that the given information is correct and to have an impact on public opinion. 

• Newspaper style – contains such diverse categories as news reports, editorial comments, imaginative articles, reviews, letters, headlines, sub-headings, announcements, list of sport results, cartoon dialogues, competitions and many kinds of advertising. (Crystal 1997, 392) 

• Scientific and technical style – is applied when certain scientific knowledge or information obtained from scientific research has to be conveyed. 

• Administrative style or the style of official documents - the language of business documents, the language of legal documents, the language of diplomacy, and the language of military documents. 

Introduction of main styles mentioned above has divided styles into five main categories. They differ in their nature. The aim of next chapters is to define the essence of scientific, technical and legal texts and to discuss their features thoroughly.
2. Nature of Scientific and Technical texts 

Scientific and technical texts will be discussed in this chapter from the aspect of general features characteristic for particular styles and from the aspect of terminology. 

The style of science creates the fundamental part of the non-fiction style. It has informative function not only in particular field of science, but also in broader sense, because administrative style can be considered as scientific style as well. (Knittlová 2005, 136) 

I agree with Knittlová as far as the administrative style is concerned. However, the question whether this style has or has not that many common features will be also the aim of the analysis. Miššíková (2003, 121) introduces her own perception of scientific and technical style in a slightly different way: “The language of science is governed by the aim of the functional style of scientific prose, which is to prove the hypothesis, to create new concepts, to disclose the internal laws of existence, development, relations between different phenomena, etc. The language meansused, therefore, tend to be objective, precise, and unemotional, devoid of any individuality; there is a striving for the most generalized form of expression”. 

In last decades, the scientific and technical style has been split into many new and more specialized styles as a result of progress of technology and higher specialization. Nowadays, every branch of science has its own terminology, but there can also be found differences in syntax. (Knittlová 2005, 136) 

Huge progress in numerous fields of science made recently and emerging of new ones motivates linguists to study language and its styles constantly. 

2.1. General Features of Scientific and Technical Style

Scientific and technical style will be viewed from the aspect of different features. 

Scientific and technical style has some distinctive characteristics from which the most important are the use of terms, objectivity, accuracy and expertise (Mistrík, 1970). In terms of language means, the constructions of the gerund and participle are used to make the text more condense and precise. Parentheses also frequently occur. (Miššíková 2003, 120)
The first and most noticeable feature of this style is the logical sequence of utterances with a clear indication of the interrelations and interdependencies. (Miššíková 2003, 121) Logical sequence of utterance is definitely important to comply with the following general features.

Second distinctive feature is as well the use of terms specific to each given branch of science. Each scientific field of human activity generates the greatest amount of new words. As a result of constant efforts to discover essence of things and phenomena, there is a need to name new concepts subsequently by means of coining new words. (Miššíková 2003, 121)

Third characteristic feature of scientific style is what we may call sentence-patterns. They are of three types: (Miššíková 2003, 121)

• postulatory, 

• argumentative, 

• formulative.

There are some other features of scientific prose such as the use of quotation and references, the frequent use of foot-notes, digressive in character, and the impersonality of scientific writings. (Miššíková 2003, 122) Impersonality is required to preserve the character of the style which should be “invariant to all observers”. Impersonality can be achieved by means of (Turner 1973, 181): 

• using passive constructions, 

• using general pronoun we, 

• using mostly a third-person style (to be discussed later), 

• using abstract nouns formed from verbs and adjectives 

Now let us have a look at the usage of passive voice. 

The usage of passive suppresses the author’s role and exclusively aims to describe the facts and phenomena. It appears also in cases where not only the agent (konatel) but also agency (působení) is irrelevant and the only thing that matters is the affected subject. Knittlová (2005, 137) uses the following examples: “This concentration is assumed to lie…”, “The method can be considered well suited for…” “…nuclei are irradiated…” (Knittlová 2005, 140)

In the example mentioned above, avoiding to express the agent of a text can be seen, because from the pragmatic aspect 

It is also possible to use active forms in combination with general pronoun we as a subject “we”, which refers more obviously to the author. It is common mostly in the texts of exact sciences. However, general we occurs more often in Czech technical texts than in English ones. “We deduced, we observe, we define, we obtain, we can express, we see, we note, we consider, we assume, we have experimentally verified, we placed…” (Knittlová 2005, 139) 

The first way how to use quotations or references is done, second is very frequently used – third-person expressing, which is discussed into detail in the following paragraphs.

In his practical manual “The Structure of Technical English” A. J. Herbert considers the following formula as the basic feature of scientific and technical style in contemporary texts (Knittlová 2005, 140):

IT IS + ADJ + TO + INF

He introduces necessary expression to be used and uses them as convenient prefabricates (Knittlová 2005, 140):

Table 1. Frequent expressions in scientific and technical style I 
(Knittlová 2005, 140)
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Table 2. Frequent expressions in scientific and technical style II 
(Knittlová 2005, 140)
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There can also be found synonymic phrases as the following example shows. E.g.: It is of practical importance to establish. (Knittlová 2005, 142) 
New paragraph often begins with It is true that …, but… - It is obvious that…. Impersonal sentences of this type bring minimum semantic information and serve only as introduction of the sentence presenting the basic thought. (Knittlová 2005, 142)  

E.g.: It is evident that investigations should be made for other exposure times. – It can be seen that the series limits…are in very close agreement.
It is one of the features of scientific and technical style, because the presumptions and statements are usually not presented directly. (Knittlová 2005, 142) It is mostly caused by the fact, that newly revealed facts often need a great amount of time to be proved and that is why using general pronoun we ,in my opinion, is recommended only if the scientific phenomenon is confirmed and proved as a truth. The example demonstrates the situation where there is no certainty yet. 

E.g.: …the difference does not appear to greatly affect the calculated value…
The above-mentioned impersonal sentences have great occurrence of modal verbs (must, should, ought to, can, may, might). They have usually weaker lexical meaning when used in this style. According to J. A. Zverevy they lose their lexical meaning mostly with verbs to note, to notice, to remark, to observe, to mention, partially also with the verb to say. It is necessary to realize that this modality is not subjective author’s attitude to conveyed facts, but this modality is objectified, which is in compliance with objectifying of scientific style. (Knittlová 2005, 142) E.g.: It may be noted… - It should be noted… - It might be remarked… -It ought further to be remarked.
Russian linguists analyze English scientific style in many of their dissertation theses. They have noticed that would is used in every person of singular and plural to express repetitive action in the present, in the past and in the future: The instrument would give readings every ten minutes. Other works deal with the usage of the verb to seem that weakens the meaning of the following verb. This leads to understatement. In impersonal instructions should is usually used, which is less authoritative than a strict verb must, and that conforms the overall atmosphere of scientific and technical texts (Knittlová 2005, 142): 

E.g.: Safety precautions should be observed at all times – The process of cooling should continue for several hours 

Therefore, the use of modal verbs is convenient when giving indirect instructions.
Direct form of instruction is expressed in imperative, that is used also in hypotheses or mechanical formulas, e.g.: Assume a Cartesian coordinate system…-Let us examine a couple of cases – Let V be the vector analytic signal…(Knittlová 2005, 143) Another basic and no less important feature of scientific language is objectiveness.
Objectiveness of scientific language means is connected also with specific usage of language means named intellectualization or rationalization. It means direction to a concrete and precise expressing, which are helpful in suppressing emotionality or expressivity. (Knittlová 2005, 151)
To conclude the chapter dealing with general features of scientific and technical style, it is better to present them again in a brief and concise form. The summary of main features of scientific and technical style is listed according to Knittlová (2005, 157):

• Strictly logical syntax and sentence ordering • Explicitness 

• Objectiveness • Impersonality 

• Lack of emotional load 

• Condensation 

After introducing main features in this chapter, a precise image of the features frequently used in this style has been developed. I suppose, that the extent to which particular features are represented in the given text can vary, which depends mainly on the purpose of scientific and technical text and on its recipient. There are even features listed in the summary, which could be discussed to a greater extent. Lack of emotional load appears to be with no doubt the general condition for scientific and technical texts. However, attempts to denote new concepts arising in the field of young and competitive scientific branches, equally reflect their dynamics and that is often transferred into their names

2.2. Scientific and Technical Terminology 

To understand thoroughly the nature of scientific and technical terminology, it is vital to spread a few words on behalf of terminology as well.

The system of terminology in scientific style is not closed and constant as one might think. It is in constant development as the new scientific disciplines emerge and develop (Knittlová 2005, 152), as it has been already mentioned in the previous chapter. 

Words used in scientific prose will always have tendency to be used in their primary logical meaning. No words should be used in more than one meaning. Furthermore, terms are coined so as to be self-explanatory to the greatest possible degree. But in spite of this a new term in scientific prose is generally followed (or preceded) by an explanation. (Miššíková 2003, 121)

Terminology is neither emotional nor ambiguous; the terms have narrow meaning and limited field of usability. However, according to recent English studies on lexical structures, there can be found a range of terms with a certain degree of expressivity, for example conductor alive (vodič pod proudem) in radio engineering, or the majority of terms used in cosmonautics such as crashlanding, splash-down. (Knittlová 2005, 152)
In my opinion, this fact might be caused my more reasons. It is either to enable to enter a world of exact sciences to masses of people, or it is caused by new scientific branches (see 1.2.1) 
In modern scientific prose, there is an exchange of words between particular fields of science. It is a result of collaboration among specialists in related sciences and it has proved successful in many fields (Miššíková 2003, 121). Even common words in unusual collocation may define a technical style. (Turner 1973, 173) With regards to Mr. Turner, who expressed this thought in 1973, the tendency nowadays may even lead to more frequent occurrence of common words in scientific and technical English. 
Technical terms may pass into the general language. When this happens, a word used by a restricted group of people in a restricted situation becomes used more widely by more people and the reference will tend to be less concentrated or precise. (Turner 1973, 179)

To conclude important facts about scientific and technical terminology and general features, there is a fitting explanation according to Knittlová. Selection of lexical units also complies with the requirement of precise transmitting of thoughts and ideas. Scientific style is conceptual, typical word classes are nouns, possibly adjectives, and mainly technical expressions (terminology). Terminology is carefully chosen in order to be unequivocal. Subjective and expressive expressions generally do not occur in the style. The more scientific the style is, the more specific the terms are. In the particular scientific branches and their language we can get by with low lexical variety, therefore the index of repetition is quite high. According to the research, when comparing this style to other styles, it has the highest index. (Knittlová 2005, 137) 

Vocabulary is also stereotyped as well as syntax is. However, this feature is not negative, just quite the opposite; it supports the function of this style and it is convenient for precise and clear understanding of foreign language scientific text. (Knittlová 2005, 138)
Stereotype of scientific and technical texts definitely is not the issue to argue about. Routine in using the same terminology in some fields can be easier but also misleading. Besides the terminology specific for a particular scientific disciplines, there are also used so called semiterms used in this style. Semiterms are words that, unlike the specific terms, occur in a broad range of meanings, they are common for number of scientific disciplines (process, effect, feature, to function, to operate, to effectuate, to modify, etc.). (Knittlová 2005, 155-156)
Literary expressions aren’t a rare phenomenon in this style. Expressions such as negligible, obviate, propagate create a stiff impression, though. Typical expressions are even those of everyday usage such as use, show, call, write, consider, treat, maintain, etc. (Knittlová 2005, 157) Preferring more typical 
Preferring more typical expressions is in compliance with the efforts to achieve plain English. This characteristic feature is used in case when long and stiff expressions are grossly unfactual, deceptive, evasive, or highly confusing. (Crystal 1997, 383) 

To conclude this chapter, it is understood that terminology varies significantly with particular field of science, e.g. aerospace, business/finance, automotive industry, chemistry, civil engineering, computers, electrical/electronic engineering, environment, law, medicine, military and nautical subjects, patents, social sciences, and many others. (Sofer 2006, 99-111) 

All the branches mentioned above have their own vocabulary and the terminology. This chapter aimed to describe the meaning of words and their proper usage. We have so far discussed the nature of scientific and technical texts
2.3. Nature of the Language of Official Documents 

The following chapter deals particularly with the attributes of the language of official documents. It is also known and referred to as administrative style. It has been the issue for several years. 

Language of official documents, possibly known as administrative style is according to J. Mistrík used for denoting the youngest and the least problematic functional style. (Knittlová 2005, 127) Of all uses of language, the language of the law is perhaps the least communicative. In fact, the legal writers use specific jargon which does not reflect the needs of general public. (Miššíková 2003, 122)

 In contrast, it is important to realize that the administrative style is not homogenous, and those texts which require the complete and correct understanding of a reader (or applicant) should be written in plain English, avoid ambiguous terms and difficult legal jargon. (Crystal 2001, 383)
2.4. Style of Official Documents and its Features 

This chapter introduces the style of official documents. After brief definition of a style, the main features of this style will be defined, described and discussed. 

From a linguistic aspect, this style is basically quite stereotyped, lexically and syntactically indigent and fairly primitive as far as the composition of the text is concerned. (Knittlová 2005, 127) 

It is to be discussed where this style should belong and how it is classified. However, some stylists, for example J. Mistrík, include administrative style among the scientific and technical style. (Knittlová 2005, 127)

Impersonality is the first one from the range of other significant features of scientific and technical style. Another feature, from a viewpoint of syntax, is precise verbalization and logical sentence order. There is a mutual relationship and dependency between the two mentioned features. (Knittlová 2005, 145)
Another feature is connected to precise sentence order – the ordering of the sentence constituents, or of the clauses within a sentence. Scientific style starts from the known theme, the conveyor of logical subject as the element bringing no new information but relating to the information mentioned before or known from the context, and proceeds to the rheme, the conveyor of logical predicate. However, if the subject is at the head of the sentence, its role is very strong so that the position adverbial becomes often a subject in English scientific style (Knittlová 2005, 145):
E.g.: The chapter 8 discusses… - Fig 4 shows diagrammatically – Table VII gives the calculated energies. Possible translations into Czech are: V kapitole 8 se hovoří o… - Na obr. 4 je schematicky znázorněn… -V tabulce VII jsou uvedeny vypočítané energie (Knittlová 2005, 145). Rhematization will be discussed into more detail in chapter 2.3. Legal texts are primarily written and designed to some purpose, the aspect of functionality is, in my opinion, predominant.
Functionality of legal subsystem leads to basic requirements for legal language such as semantic exactness, non-ambiguity, brevity, comprehensibility, determinateness, and nonexpressiveness. (Tomášek 2003, 28): 

Besides the special nomenclature characteristic of each variety of the style, there are certain features common to all varieties (Miššíková 2003, 122): 

• the use of abbreviations, symbols, contractions, 

• the use of words in their logical dictionary meaning,

• no words with emotive meaning except those which are used in business letters as conventional phrases of greeting or close, as Dear Sir, Yours faithfully.  

The distinctive properties appear as a system. The style is not recognizable only through vocabulary. The syntactic pattern of the style is as significant as the vocabulary though not perhaps so immediately apparent. (Miššíková 2003, 123)

It is necessary to realize that today the administrative style is much more varied than it was before, because the communication of private companies differs significantly from the official authorities. (Knittlová 2005, 128) When discussing the legal text from the viewpoint of complexity of sentences, it is possible to declare that in the English legal style the use of complex sentences prevails, as well as the use of declarative sentences. Usage of interrogative and exclamatory sentences is very rare. Most of the legal sentences are designed according to the formula: “If x is valid, then z will be valid as well”, i.e. before something could possibly happen, it must comply legally with certain conditions, for example: “Thereafter if no renewal fee is received and no extension of life is requested, the patent will cease.” (Knittlová 2005, 130)
Besides the fact that English legal style shows frequent use of complex sentence, certain formula, it can be considered from the viewpoint of using nouns in language.
According to Knittlová, legal English is highly nominal. Semi-clauses are often used. Postmodification is much preferred in nominal phrases, because it expresses the relationship explicitly by using many prepositions, therefore it guarantees correct understanding and prevents imprecise or mistaken interpretation. (e.g.: “...for grounds for protesting the allowance of any claim contained in the application…with an explanation of the relevance of such prior art to the allowed claims…”). (Knittlová 2005, 130)

Usage of determiner “such” without indefinite article (“such title of interest”) is also very typical. Intensification adverbs “very” and “rather”, common in other styles, do not appear in legal language because of their vagueness. (Knittlová 2005, 130) As mentioned above, legal English style is highly nominal. Here can be listed some of them.

Abstract nouns are frequent element in administrative style (“request, proposal, conditions, authority, provisions, advantage, and benefit”…). Verbs are usually chosen from a restricted group of verbs (“accept, require, agree, state, issue, register, specify, constitute, command, perform, prevent, observe, cause, exercise, warn, remind”). Modal verbs are used, usually “shall or “may” + passive infinitive (for example “shall be constructed”, “may be revoked”), where “shall” always expresses the obligatory TBU in Zlín, Faculty of Humanities 23 consequence of the legal statement (“the patentee shall have and enjoy the whole profit”). Traditional feature of this style is reflected in usage of archaisms (“hereinbefore, heretofore, hereunder, aforesaid”) and formal words and phrases such as “duly, during the term of years herein mentioned, graciously pleased” (Knittlová 2005, 131).On the other hand, Old and Middle English words (aforesaid, forthwith, hereafter, heretofore said, thenceforth, thereby, theretofore, whereby, witnesseth) are no longer in general usage (Crystal 2001, 391).

Another interesting feature is the occurrence of pair-synonyms (“Terms and conditions, conditions and provisions, use and exercise, described in and by the following statement, obtained if and when”). Roman influence cannot be avoided as well. It has a very strong position in administrative style. A lot of French terminology has been borrowed (“assurance, sign, extension, condition, patent, date, revocable, contract, cause, application, benefit, accept, condescend to the request”). (Knittlová 2005, 131)
Different branch of legal style is represented by the style of diplomacy (documents used in diplomacy), which tends to have sometimes pathetic feeling and proclamative nature and it is very similar to publicistic style. Other genres are announcement genres – instructions, notices, ordinances, and the style of business. (Knittlová 2005, 135) Business style stands as a clearly recognized genre of administrative style with a whole range of specific features that we can encounter mainly in business correspondence (obchodní korespondence). It consists of:

• inquiries (dotazy), 

• offers (nabídky), 

• orders (objednávky), • invoices (faktury), 

• claims and complaints (reklamace a stížnosti), 

• dunning letters (upomínky) and plenty of various regulations, forms etc.
When translating official documents, it is necessary to get informed about appropriate terminology, established phrases and formulas specific for the given style in the target language. As far as the fundamental function of official style is to convey information – relevant and contents related – as precisely and clearly as possible, then formulas often play the role of terms. A translator needs to take this into consideration and to avoid any attempt to achieve linguistic and lexical variety, to modernize the style or to make it more accessible. Quite the opposite, a translator should hold on to such expressive means that are used in similar target language documents even if they differ slightly or considerably from the source language expressive means. (Knittlová 2005, 136)
The features of some texts in legal style such as wordiness, lack of clarity, pomposity, and dullness can be considered negative. (Crystal 2001, 391)
To avoid the above mentioned negative features, legal translators are now encouraged to strive for linguistic purity and their primary task is to produce text that promotes uniform interpretation and application of the single instrument. (Sarcevic 2000, 120) 

The chapter introduced main features of legal styles such as impersonality, lack of emotional load, logical sentence order, ordering of constituents within a sentence, and particular language means used in this style. Legal style is, as well as English language highly nominal. Business style has been mentioned as well. It can be easily recognized by the business correspondence where it is yours. Among them are inquiries, offers, orders, invoices, claims and complaints, and dunning letters. The next chapter will discuss the legal text from the viewpoint of terminology.
3. Legal Terminology 

To complete the discussion about the style of legal documents, this chapter focuses on the legal terminology. It will try to answer a few questions. First of them is what is the most distinctive and recognizable about the legal terminology and the second is what the most frequent lexical units are in legal style.
Miššíková (2003, 122) mentions some other peculiarities of the style of official documents here. At the level of lexis the most striking feature is a special system of clichés, terms and set expressions by which each substyle can easily be recognized (e.g. I beg to inform you, I beg to move, provisional agenda, the above-mentioned, hereinafter named, on behalf of, private advisory, Dear Sir, We remain, your obedient servants, etc.) In fact, each of the subdivisions of this style has its own peculiar terms, phrases and expressions which differ from the corresponding terms, phrases and expressions of other variants of this style. Thus in finance we find terms like extra revenue, taxable capabilities, liability to profit tax. In legal language to deal with a case, summary procedure, a body of judges, as laid down in can be found. Likewise other varieties of official language have their special nomenclature, which is conspicuous in the text, and therefore easily discernible. (Miššíková 2003, 122)
Among the most frequent lexical units used in legal style are (Crystal 2001, 391: 

• Common words with uncommon meanings: action – law suit, avoid – cancel, hand – signature, presents – this legal document, said – mentioned before. 

• Latin words and phrases: affidavit, alias, alibi, corpus delicti, per stirpes, ejusdem generis, ex post facto, in personam, lex loci actus, nolle prosequi, quasi, res gestae, retraxit, sui juris, vis major. 

• Words derived from French: many now in general use, e.g. appeal, assault, counsel, plaintiff, verdict, and others such as demurrer, easement, estoppels, fee simple, lien, tort. 

• Technical terms with precise and well-understood meanings: appeal, bail, contributory, negligence, defendant, felony, injunction, libel. 

• Less precise terms and idioms, in standard use in daily legal discussion (legal argot): alleged, issue of law, objection, order to show cause, strike from the record, superior court, without prejudice.

• Formal or ceremonial words and constructions in written documents and in spoken courtroom language: signed, sealed, and delivered; Whereas…(in contracts), You may approach the bench; Comes now the plaintiff; Your Honour; May it please the court; I do solemnly swear…;The truth, the whole truth, and nothing but the truth. 

• The conscious use of vague words and phrases to permit a degree of flexibility in interpretation: adequate cause, as soon as possible, fair division, improper, malice, nominal sum, reasonable care, undue interference. 

• The use, conversely, of words and phrases to express precise meaning: irrevocable, in perpetuity, nothing contained herein. 

Legal terminology was summarized in this chapter by means of broad classification of the most frequent legal terms in English language. Therefore, it can be concluded that legal terminology consists mainly from common words with uncommon meanings, Latin and French words, technical terms, formal, ceremonial, etc. 

Basically, the terminology of legal style consists of clichés, terms and set expressions. They are mostly constant. It may be caused by the rigid nature of legal style that does not undergo radical changes most of the time.
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Lecture 2
Lecture topic: Lexical and grammatical peculiarities of scientific-technical texts. Analysis of terminology in scientific-technical style
The plan

1. Lexical and grammatical peculiarities of scientific-technical texts

1.1 The characteristic of the scientific and technical language
2. Linguistic and pragmatic aspects of scientific and technical texts

3. Analysis of terminology in scientific-technical style

3.1. Conclusion

1. Lexical and grammatical peculiarities of scientific-technical texts

In any scientific and technical text, irrespective of its contents and character, can be completely precisely translated from one language to other, even if in an artwork such branch of knowledge is required, for which in language of translation there is no appropriate nomenclature. In such cases the interpreter more often resorts to interpretation, but becoming of a necessary nomenclature of a realization in a sphere of production or those scientific circles, which are engaged in data by problems.

To ensure valuable translation, it is necessary to an interpreter to present the following requests:

1. The substantial acquaintance to a subject, which is treated in the original text.

2. Good enough knowledge of language of an artwork and its lexical and grammatical features in comparison to the native language.

3. Knowledge of the bases' theory of translation, and also receptions of technical translation and skill to use them.

4. Legible introducing about the character of scientific and technical functional style both in language of the original, and in the native language.

5. Acquaintance to accepted conventional signs, abbreviations (cuttings), systems of measures and weights, both in language of the original and in the native language.

Good possession of the native language and the right use of a nomenclature.

1.1. The characteristic of the scientific and technical language

Having studied the material of scientific-technical texts some of the characteriscts can be determined:

1. The absence of emotional colouring.

This feature basically also causes absolute convertibility of the scientific and technical texts, as the reader should not have stranger associations, he should not read between lines, be admired by the game of words and calamburs. The writer's purpose of the text is to describe either or other phenomenon or operation, this or that subject or process.

It is necessary to mark, that the English language differs by figurativeness, which cannot be transferred to Russian translation.

E. g. “The mother company bore a daughter in the Far East, granted her a dowry of 2.000.000 pounds and christened her…”

If to translate literally, it will sound so:

"Компания мать родила на Дальнем Востоке дочь, дала ей приданное в 2 млн. фунтов стерлингов и окрестила ее…"

Afterprocessingisobtained:

"Эта компания организовала на Дальнем Востоке дочернюю компанию и выделила ей капитал в 2 млн. фунтов стерлингов; новая компания стала именоваться…"

2. rushing to clearness and shortness.

The rushing to clearness discovers expression in application of legible grammar constructions and lexical units, and also in the wide use of a nomenclature. As a rule, the placed terms will be utilized conventional,, though meet and terminoids (terms, having circulation in a narrow orb), which considerably hamper translation. The rushing to a multiplicity expresses in wide application of infinitive, gerundial and subordinate clauses, abbreviations (cuttings) and conventional signs.

3. The special semantic load of some words of ordinary colloquial speech.

The rethinking of words of ordinary speech is one of productive methods of the new terms' construction.

E. g. to put out - in ordinary speech "гасить огонь", but for sailors - "выходить в море"

Stroke - in ordinary speech "удар", but for mechanic - "ход поршня"

Hoe - "мотыга", but for builders - "обратная лопата"

This property of words is an especially dangerous source of difficulties and errors for an initial translator.

4. Rate, distinct from literary language, of the words' use of the basic dictionary fund. The lexicon of the scientific and technical literature is much poorer than lexicon of art products. Therefore rate of separate elements of common lexicon of the scientific and technical literature is higher than rate of elements of lexicon of art products, thus the literary - book words and expressions, foreign drawings, scarcity of portable and contextual meanings treat to characteristic features of scientific and technical style.

5. Distinction from the literary language rate of the use and relative importance of some grammar shapes and constructions.

In the engineering literature Passive Voice is used in 16 times more often, than in art. The definition in the engineering literature is used in 3 times more often, than in art.

6. Scarcity of the idioms' use.

The idiomatic word collocations are original irresolvable expressions having particular sense, frequently independent from elements, included in them. The idioms always have some emotional colouring and consequently are not entered in the scientific and technical texts.

7. Application of abbreviations (cuttings) and conventional signs.

About some features of language of the scientific and technical literature and technique of tutoring translation.

Concept " the scientific and technical literature " combines, as is known different kinds of literature; the monographs, different textbooks, journal papers, descriptions, quick references. These aspects of the scientific and technical literature differ on language. In scientific and technical operations the material is stated briefly, exact and logically and at the same time completely enough and demonstrative. For all aspects of the scientific and technical literature is present much common, as enables to speak about common lexical and grammar features of the scientific and technical literature [17; 49].

The lexicon of the scientific and technical literature consists of common words and great many of the special terms.

One part of common words such as to work, to know, place, new is known for the pupil from school or other original course of the English language.

Other part of common words is unknown by the pupil and represents that basic lexical reserve, which they should acquire in learning process. This part of common words can conditionally be subdivided on some groups:

Words used in the scientific and technical literature in meanings, distinct from what pupils have acquired in original course. For example verb to offer in the scientific text more often is used in value "оказывать", instead of "предлагать".

To same group it is necessary to refer and some auxiliary words such as for, as, since, after . A feature of these words is that they can execute functions of different parts of speech. For example word for can be a preposition and conjunction, and is translated as "для", "в течение", and as a conjunction "так как".

Words, which on the first stage of tutoring usually are not studied.

E. g. toregard - рассматривать, считать.

to design - конструировать.

Here it is necessary to refer a great many of auxiliary words, not studied before, "on account of" - из-за, “due to “ - благодаря.

Words and word-combinations providing logical connections between separate parts of the text and providing the logic of an account.

E. g. to begin with - прежде всего
Furthermore - кроме того
Summing up - говоря вкратце
Word and word combinations serving for relational expression of the writer to the stated facts or for clarification of these facts.

E. g. needlesstosay - не вызывает сомнения

strictly speaking - строго говоря
The meanings of such words should be learnt.

Phraseological word combinations.

The feature of phraseological word combinations used in the scientific and technical literature is that they more or less neutral on colouring.

E. g. to be in a position - быть в состоянии
to be under way - осуществляться
to bring into action - начинать действавать
Phraseological word combinations play the important role in the offer and they are necessary for knowing.

The second stratum of the scientific and technical literature are the terms.

E. g. guidance - наведение
combustion chamber - камера сгорания
force of gravity - сила тяжести
If the expert well knows Russian nomenclature, having met in the text the unfamiliar term, he can guess without the dictionary by what appropriate Russian term is necessary to translate.

The greatest difficulty for understanding and translation is represented by the terms consisting not of one word, but from group of words. Disclosure of their meanings requires (demands) particular sequence of operations and knowledge of a method of translation of separate components. It is possible to recommend to start translation from the last word. Then under the order on the right to the left to translate words, facing to it, taking into account the semantic relations between the components.

E. g. If we translate the term "liquid-propellant power plant" - first of all it should be translated "power plant" - силовая установка, and then “propellant" - топливо, and the last word is “liquid" - жидкий. And we can easily translate the whole word combination:

"Силовая установка на жидком топливе"

It is necessary to take into account that many terms are polysemantic.

E. g. stage - in radiotechnics has several meanings:

Каскад;

2. Фаза, стадия
And in the rocket engineering - ступень ракеты.

Thus summing up, it is necessary to underscore, that the mastering of a strictly select and rather restricted amount of words enables the specialist to read the scientific and technical literature, not reverting to common English-Russian language and using only by special dictionaries. 

2. Linguistic and pragmatic aspects of scientific and technical texts
The paper aims at studying linguistic and pragmatic characteristics of scientific scientific and technical texts published in various English language journals for engineers. The linguistic and pragmatic text characteristics play a crucial role in translation causing a number of challenges for translators. The paper will try to show how to deal with some of those difficulties. Scientific and technical texts are the texts which contain characteristics of both scientific and technical functional styles, among which informative value, logic, consistency, accuracy, objectivity, and clarity. As for lexical and grammatical features, terminology usage and special grammar (attribute groups, nominative and elliptical constructions) should be mentioned. Among the stylistic features of scientific and technical texts one can mention impersonal narration, objectivity, logic, use of clichés.

The aim of scientific and technical texts is to present certain information or data. The presentation of information is focused on logical perception, rather than emotional one.

Scientific and technical translation challenges are caused by differences in language structures, terminological gaps, stylistic peculiarities of source texts and target texts, differences in topic and comment relations in the source language and the target language, etc. Translation transformations help to overcome these difficulties at three different levels – lexical, grammatical, and stylistic.

Scientific and technical translation requires maximum accuracy in rendering the content of the source language, compliance with stylistic norms of the target language, accuracy and consistency of terminology. The translation should be adequate to the source language, convey the meaning of the source text, including the implicit one. Let us now present the analysis of some translated sentences.

Section II discusses the technical aspects of ultrahigh-voltage DC transmission (UHVDC), in particular: converter configurations, insulation coordination in all its aspects (control of normal, abnormal, switching and lightning voltages, margins between stress and withstand), insulation design for internal and external insulation, and proper voltage grading.
В Разделе II рассматриваются технические вопросы передачи УВН постоянным током. Особое внимание уделяется конфигурациям конверторов, различным аспектам координации изоляции (контролю нормального, высокого напряжения и коммутационного и грозового перенапряжения, а также коэффициенту запаса между механическим и выдерживаемым напряжением), проектированию внутренней и внешней изоляции, необходимому уменьшению неравенств градиента потенциалов внутри или на поверхности изолятора или изоляции.
In most cases, the term “voltage” is rendered as “напряжение.” However in this case, “normal” and “abnormal voltage” are to be translated as “нормальное и высокоенапряжение”, and “switching” and “lightning voltage” - as “коммутационное и грозовое перенапряжение”. So, the translator should possess certain knowledge to understand this peculiarity. It is worth paying attention to the phrase “voltage grading”. “Grading” has several Russian equivalents:  упорядочивание, распределение, нивелирование, выравнивание. Therefore, it may be translated as «выравнивание напряжения». However there is one more equivalent «распределение потенциалов» and voltage grading is explained as «уменьшение неравенств градиента потенциалов внутри или на поверхности изолятора или изоляции». As the previous sentence of the text dealt with the insulation, the later equivalent was used. It is also worth mentioning a grammatical transformation: the English subject “section II” was transformed into a modifier of place “В Разделе II” following the Russian language norms.

The core or the “workhorse” of line-commutated HVDC converters (LCCs) are high-power thyristors.

Ядром или рабочим механизмом линейно коммутируемых преобразователей высокого напряжения постоянного тока (LCC) являются тиристоры большой мощности.

The definition of a word “workhorse” is “a horse used chiefly for labor as distinguished from driving, riding, or racing”. Besides this, there is also a figurative meaning: 1) a dependable person who does a lot of work; 2) a dependable machine or vehicle that is used to do a lot of work. The word-by-word translation is “рабочая лошадь”. There are other equivalents such as «средство, выполняющее наибольшую часть работы», «наиболее надёжное в эксплуатации». To avoid use of metaphors which are inadmissible in Russian scientific texts, a neutral phrase “рабочий механизм” was used. The abbreviation LCCs is widely used by Russian engineers so I left it untranslated omitting the plurality index.

The availability of electric power has become the crucial prerequisite for the functioning of a modern society and power grids are virtually its lifelines.
Доступность электроэнергии стала важным условием функционирования современного общества, а ЭЭС являются жизненно важными коммуникациями.

The lexical item “lifeline” is defined as: «a rope used for saving the life of someone»; «something which provides help or support that is needed for success or survival». Using modulation, it was rendered as «жизненно важные коммуникации». 

Thus, it can be concluded that the translator should have not only a very thorough knowledge of English, but of scientific and technical writing as well. Every technical and scientific industry has its own communication standards and audience expectations. The translator should learn them. Second, to translate such texts, the translator has to know how it is constructed in the target language, to familiarize him/herself with the correct terminology as well as with linguistic and cultural nuances. One of the most important requirements is an understanding of the technical background of the subject area. It is a must for achieving quality in translation. If the translator doesn't understand a specific technical concept or is unsure how to correctly translate it, s/he should consult an expert. If it is not possible to exactly translate a scientific and technical text due to the lack of availability of terms, the translator has to use his common sense. It’s also worth pointing out that the problem of scientific and technical translation is really crucial because there is a great demand for this kind of translation. The difficulties a scientific and technical translator faces show the need for a more deep analysis of translation issues which should not be restricted only to dealing with terminological difficulties.

3. Analysis of terminology in scientific-technical style

The purpose of science as a branch of human activity is to disclose by research the inner substance of things and phenomena of objective reality and find out the laws regulating them, thus enabling man to predict, control and direct their future development in order to improve the material and social life of mankind. The style of scientific prose is therefore mainly characterized by an arrangement of language means which will bring proofs to clinch a theory. The main function of scientific prose is proof. The selection of language means must therefore meet this principle requirement.

The genre of scientific works is mostly characteristic of the written form of language (scientific articles, monographs or textbooks), but it may also be found in its oral form (in scientific reports, lectures, discussions at conferences, etc); in the latter case this style has some features of colloquial speech.

The language of science is governed by the aim of the functional style of scientific prose, which is to prove a hypothesis, to create new concepts, to disclose the internal laws of existence, development, relations between different phenomena, etc. The language means used, therefore, tend to be objective, precise, unemotional, and devoid of any individuality; there is a striving for the most generalized form of expression.

The first and most noticeable feature of this style is the logical sequence of utterances with clear indication of their interrelations and interdependence, that is why in no other functional style there is such a developed and varied system of connectives as in scientific prose. The most frequently words used in scientific text are functional words; conjunctions and prepositions.

The first 100 most frequent words of this style comprises the following units:

a) prepositions: of, to, in, for, with, on, at, by, from, out, about, down;

b) prepositional phrases: in terms of; in view of, in spite of, in common with, on behalf of, as a result of; by means of, on the ground of, in case of;

c) conjunctional phrases: in order that, in case that, in spite of the fact that, on the ground that, for fear that;

d) pronouns: one, it, we, they;

e) notional words: people, time, two, like, man, made, years.

As scientific text is restricted to formal situations and, consequently, to formal style, it employs a special vocabulary which consists of two main groups: words associated with professional communication and a less exclusive group of so-called learned words. Here one can find numerous words that are used in scientific text and can be identified by their dry, matter-of-fact flavour, for example, comprise, compile, experimental, heterogeneous, homogeneous, conclusive, divergent, etc. Another group of learned word comprises mostly polysyllabic words drawn from the Romance languages and, though fully adapted to the English phonetic system, some of them continue to sound singularly foreign. Their very sound seems to create complex associations: deleterious, emollient, incommodious, meditation, illusionary.

A particularly important aspect of scientific and technological language is the subject-neutral vocabulary which cuts across different specialized domains. In particular, a great deal of scientific work involves giving instructions to act in a certain way, or reporting on the consequences of having so acted.

Several lexical categories can be identified within the language of scientific instruction and narrative:

Verbs of exposition: ascertain, assume, compare, construct, describe, determine, estimate, examine, explain, label, plot, record, test, verify.

Verbs of warning and advising: avoid, check, ensure, notice, prevent, remember, take care; also several negative items: not drop, not spill.

Verbs of manipulation: adjust, align, assemble, begin, boil, clamp, connect, cover, decrease, dilute, extract, fill, immerse, mix, prepare, release, rotate, switch on, take, weigh.

Adjectival modifiers and their related adverbs: careful (y), clockwise, continuous (ly), final (ly), gradual (ly), moderate (ly), periodic (ally), secure (ly), subsequent (ly), vertical (ly) (see Appendix 1).

The general vocabulary employed in scientific text bears its direct referential meaning, that is, words used in scientific text will always tend to be used in their primary logical meaning. Hardly a single word will be found here which is used in more than one meaning. Nor will there be any words with contextual meaning. Even the possibility of ambiguity is avoided.

Likewise neutral and common literary words used in scientific text will be explained, even if their meaning is slightly modified, either in the context or in a foot-note by a parenthesis, or an attributive phrase.

A second and no less important feature and, probably, the most conspicuous, is the use of terms specific to each given branch of science. Due to the rapid dissemination of scientific and technical ideas, particularly in the exact sciences, some scientific and technical terms begin to circulate outside the narrow field they belong to and eventually begin to develop new meanings. But the overwhelming majority of terms do not undergo this process of de-terminization and remain the property of scientific text. There they are born, develop new terminological meanings and there they die. No other field of human activity is so prolific in coining new words as science is. The necessity to penetrate deeper into the essence of things and phenomena gives rise to new concepts, which require new words to name them. A term will make more direct reference to something than a descriptive explanation, non-term. Furthermore, terms are coined so as to be self-explanatory to the greatest possible degree.

3.1. Conclusion

The translation is the multifaceted phenomenon and some aspects of it can be the subjects of the research of different sciences. In the frames of the science of translation psychological, literature critical, ethnographical and other points of translation as well as the history of translation in one or other country are being studied. According to the subject of research we use the knowledge of the psychology of translation, the theory of art and literary translation, ethnographical science of translation, historical science of translation and so on. The main place in the modern translation belongs to linguistic translation, which studies the translation as linguistic phenomenon. The different kinds of translation complement each other and strive to detailed description of the activity of the translation.

The theory of translation puts forward the following tasks:

1. To open and describe the common linguistic basis of translation, that is to show which peculiarities of linguistic systems and regularities of the language operation are the basis of the translating process, make this process possible and determine its character and borders;

2. To determine the translation as the subject of the linguistic research, to show its difference from the other kinds of linguistic mediation;

3. To work out the basis of classification of kinds of the translating activity;

4. To open the essence of the translating equivalence as the basis of the communicative identity of the original texts and the translation;

5. To work out the common principles and the peculiarities of construction of the peculiar and special translation theories for the different combinations of languages;

6. To work out the common principles of the scientific description of the translation process as actions of a translator of transforming the original text to the translating text;

7. To open the influence on the translating process of pragmatic and social linguistic factors;

8. To determine the idea “the translating norm” and to work out the principles.

In the result of this research it can be concluded that the main stylistic feature of scientific-technical texts is exact and clear interpertation of the material without any expressive elements that make the speech more emotionally saturated. There are almost no metaphors, metonomy transpositions and other stylistic features in sciectific-technical literature while they are widely used in literary works.

Although scientific texts is far from live coloquim language, it contains a number of neuteral phraseological units of technical specific. Main requirements for scientific-technical translation to comply with are precision (all items in ST shall be reflected in translation), conciseness (all items of ST shall be translated laconically), clearness (conciseness and laconism of TL shall not mess the lexics, its understanding), literarity (the text of the translation shall comply with common norms of literary language without use of sintactical structures of source language).

During the research it also can be revealed that common features of scientific-technical texts are:

1) saturation with specific terms and terminology units;

2) presence of grammatical and lexical structures;

3) difference in use of analogue stylistic features in SL and TL;

4) different use frequency of certain speech parts.

All terms are united into terminology systems that express notions of technics and science. The difficulties that appear during the translation of the terms are connected to imperfection of existing terminology systems. The most important among them are the phenomena of terminology sinonyms, omonyms and polisemantic units. All of this leads to the approach of context translation that is:

- identifying of the word meaning due to its context;

- selection of the proper context equivalent term;

- creation of adequate text by means of selected context equivalent term.

The translation of scientific-technical texts shall give an exact meaning of the source text. Some deviations can be made due to the peculiarities of target language or stylistic issue. It is very important to prevent the loss of meaningful information contained in the source text.
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1. How to write mechanics clearly and keep more readers
1.1 Good reasons to write mechanics clearly
If you read or write mechanics, at school, college, as a teacher, as a researcher, as an author - for any reason whatsoever - you may have noticed already that mechanical writing often isn't as clear as it might be.

But however many opportunities you see for improvement the chances are there's much more than you realise today.

The two main benefits of writing mechanics that is clearer and more interesting to read are as follows.:

1. You will make fewer mistakes.

2. You will have more readers and they will appreciate your work more.

How many more readers? I wish I knew, but the extent of improvement that is possible is so great that I would not be surprised by a 100 fold increase in the proportion of readers who get at least 50% of the way through a paper or book chapter they have started, assuming it is not compulsory reading for them.

Not only do people read more of documents that are easier to read, but also they rate the contents and the author more highly. It is possible, sometimes, to get away with the ploy of displaying cleverness by being baffling, but it is better to be the first person to write something on a topic that readers can understand. That makes you the expert they like.
1.2 A message for people who find mechanics confusing
If you find mechanics hard to understand let me reassure you that it is not entirely your fault. Most published mechanics is unclear, confusing, and riddled with errors. This even includes many mechanics textbooks and is normal in technical and scientific papers with some mechanical content.

1.3 Why mechanical writing is often so hard to read

Of course mechanics is often hard to read, in part, because what has to be said is inherently hard to grasp. The density of very specific and often unfamiliar ideas makes it slow and tiring work for most people.

At other times the problem may be that someone with limited mechanical skill is writing mechanics, perhaps thinking it will make a paper more impressive and likely to get published. At other times the writer has English as a second language and would struggle to write anything clearly in English.

However, things are made much, much worse by patterns of writing that have been passed down from one writer to another, usually without conscious thought. I can imagine the pioneers of mechanics, writing in Latin maybe, establishing the basic character of mechanical writing. Mechanics is often written as a sequence of commands to the reader "Let x be..." and "Consider the plane..." with little attempt to give reasons for making that effort. Writers of mechanics often write in the first person plural with "...then we have...". Could it be that these go right back to the days when the great mechanics personally instructed their pupils, constantly asserting their higher social status in a way that today would seem inappropriate in the West?

Writing patterns get passed on in other disciplines too. When I graduated in psychology many years ago my writing was a copy of the writing I had been exposed to by hundreds of papers in psychology journals and books. It was long winded, pointlessly abstract, and boring. Likewise, graduates in mechanics write in the special style of mechanical journals and books. Similarly, graduates in science write mechanical material in the style they have seen in journals.

These writing patterns are pervasive, largely unconscious, and often regarded as traditional. When mechanics make a special effort to write 'properly' or in a 'formal' style they write in a more old fashioned way and text gets harder to read, even though it is more complete and correct, the reverse of what should happen. Even mechanics who make a special effort to be clear and interesting may be surprised to find just how much more they can do.

Happily, shedding those habits and learning to write clearly is possible. We can do it for mechanical writing just as for writing in English. It took me a concentrated effort over several months to rid myself of my bad writing habits and start writing things people actually wanted to read. I believe the same can be done for mechanical writing once we understand exactly what to change and how. I know mechanics can be written more clearly.

1.4 Why things are changing
Mechanical writing has evolved down the centuries. Typically, words have been replaced by an ever increasing range of symbols. There was also the transition away from Latin. The expressions and attitudes of society presumably seep into mechanical writing eventually.

However, in the last two or three decades there is one influence that stands out: computer software. Program code is somewhat similar to mechanical writing in that it involves an artificial language with many special symbols and demands more precision than ordinary conversations. However, program code takes things a long way beyond mechanical writing.

- Program source code is often far longer than mechanical documents, so it is much harder to keep the context in mind, creating a pressure to modularize and structure code to control the complexity.

- Programs often use far more variables (and other objects) than mechanical documents, creating a strong pressure on programmers to choose memorable names for them and control their scope (i.e. where they are available for use).

- Many errors that human mechanics have tended to overlook or ignore (e.g. type errors, vague scope, ambiguous notation) cause computer programs to fail, which provides immediate feedback on those mistakes and a pressing reason to avoid them.

- Programming languages are almost always designed to remove ambiguity, whereas mechanical notation has traditionally tolerated many common examples of ambiguous notation on the grounds that the intelligent reader can usually work out what was intended from the context.

- Programmers are almost entirely focused on creating code that works and very rarely see their coding as an opportunity to show off their cleverness.

- There are now more professional programmers than professional mechanics.

Not surprisingly, programmers who also do mechanics (including those who use mechanical ideas to improve their programming) tend to prefer notation that is less ambiguous and more powerful than the traditional notations of mechanics and mechanical logic, use variable names with more than one character in them, favour systematic layouts and referencing schemes, and prefer to get things formally correct rather than just give a general impression to guide intuition.

- Simply typing mechanics into a computer tends to push people towards using symbols from ordinary fonts rather than choosing unusual letters from the ancient Greek alphabet.

- Developing ways to type mechanics so that it can be processed by a computer has forced people to identify and rectify ambiguities in traditional mechanical notations.

- Attempts to specify computer systems using mechanics have revealed the shortcomings of mechanics as a means of communication and led to clearer styles of mechanical writing. Their pioneers made a huge effort to create a style of writing that would produce documents accessible to a large population of analysts and to the system users who might be helping the analysts understand the problem.

- Computer systems for rigorously checking mechanics have made it possible to check proofs more carefully than human readers, to cross reference mechanics more effectively, and to produce systematic documents very easily (though these are not necessarily easy to read in their current form).

1.5 Guidelines for clarity
This point goes into the details of the skill of writing mechanics that is clear and interesting. It breaks down the skill into a set of specific habits, offering justification for each one, and examples. However, it does not advocate any specific style of notation or layout for workings. You don't have to agree with and adopt all the skills to make huge improvements in your writing or the writing of people you teach. Every habit you decide to adopt is a step in the right direction.

This is where we need to look in detail at what makes so much mechanical writing confusing and what can be done differently. The specific habits are grouped under some general guidelines.

2. Writing scientific papers on mechanics
2.1 The ability to express your thoughts accurately and effective mechsnical writing
Being able to express precisely is a skill which is needed in all aspects of life. Mechanics classes are perfect for practicing and improving this important skill because of the precise notation that is used in mechanics. In mechanics, we say what we mean and we mean what we say. Moreover, knowing how to write mechanics correctly is helpful for a better understanding of mechanics itself. Elementary mechanical problems require just a few steps and we usually do them in one go, without looking back. Some of the steps can be even done mentally and there is very little to write down. However, as we start encountering more and more complicated mechanical problems, the need arises for solution methods which require going back and forth between the steps. If we do not write down the previous steps in a clear way, we won't be able to understand them and use them to continue solving the problem.

Mechanics should be written like English, only, in mechanics we have mechanical sentences and mechanical rules which correspond to spelling and grammatical rules. There are even rules that govern the style and organization of an essay. Of course, one also has to know what to write about. Mechanical writing mistakes can therefore be characterized like those in English. 
Effective mechsnical writing is an important skill, yet is rarely taught. Effective writing is important for three reasons:

1. It helps others (e.g. your peers, your teachers, your markers) to understand and appreciate your ideas.

2. It enables you to understand your ideas, six months later, when you can’t remember what you were thinking when you wrote them.

3. It enhances your ability to communicate in nonmechanical spheres:

• To clearly express scientific ideas.

• To write good computer code and clear documentation or specifications for such code.

• To formulate clear and compelling arguments in any subject.

Effective mechsnical writing is based on several principles.
2.2 Words and symbols

Mechanical prose relies heavily on symbols, but it is important not to use symbols to excess. Effective communication requires complete, grammatically correct sentences. Symbolism should never replace sentences.

Mechanical symbols are used to represent complex formulae or longwinded phrases which appear repeatedly in the text. By introducing a new symbol, the author avoids constantly rewriting these formulae (and the reader avoids constantly rereading them). When used judiciously in this fashion, symbolism can enhance clarity. Mechanical symbols should only be used in this way.

Introducing new symbols can simplify the exposition, but at a cost: it increases the burden on the reader’s memory. Only introduce new symbols if the benefit outweighs the cost.

Any sequence of symbols should read like a fragment of an English sentence (eg. `a 2 B _ C’ means `a is an element of B, which is a subset of C’). Thus, mechanical symbols should be surrounded by enough English words to form a complete sentence. If a mechanical assertion is nothing but symbols, it is entirely unreadable.

Most important are the stock phrases which indicate the logical role which an assertion plays in your argument. For example:

Hypotheticals: `Assume that...’, `Suppose that...’, `Let...’, etc.

Consequences: `It follows that...’, `Thus...’, `Therefore....’, `But then....’, `...so...’, etc.

Logical Connectives: `...and...’, `...but...’, `either....or...’, if....then....otherwise....’, `Since.....it follows....’, etc.

Contradistinctions: `On the other hand...’, `However...’, etc.

Reminders: `Recall...’, `Observe that...’, `Note...’, `Now...’, `Remark’, etc. 
Desiderata: `We want to show that...’, `I claim that...’, etc.

Conclusions: `We conclude that...’,

Appropriate use of these words can greatly clarify an argument. Omitting them can utterly obscure it. A common mistake of novices is to write a `proof’ consisting of a sequence of naked mechanical assertions, with not a single word explaining their logical role. This is impossible to read: it is impossible to know which assertions are hypotheses, which are consequences of these hypotheses, and which are conclusions.
2.3 Equalities
Many novices have a bad habit of `proving’ an equality by writing the equality first, and then `working backwards’. While this is sometimes an effective problem-solving strategy, it is not a correct proof. It gives the reader the impression that you are assuming what you are trying to prove.

2.4 Modules
A mechanical proof should be broken down into distinct modules, each of which solves a particular problem or accomplishes a particular goal. These modules are comparable to subroutines within a computer program.

Each module should begin by clearly stating its goal. Avoid the `abracadabra’ writing style, where you first present a confusing mass of technicalities, and then at the end, explain what it was all about.

A module should have a logical development like a proper English essay: distinct paragraphs, each developing a distinct idea, and each logically flowing into the next.

Often, a proof has a hierarchical structure, with submodules nested within modules. This hierarchical structure should be explicitly visible in the page layout.
2.5 Intuition pumps
At the beginning, sketch out the strategy of your proof in broad, intuitive terms. This sketch need not be rigorous, precise, or even mechanically correct (though you must clearly acknowledge where you bend the truth). The sketch should involve as little notation as possible. It should provide the reader with a rough `mental framework’, upon which to `attach’ the technicalities of of the proof. Generally, there are only two reasons why you would be unwilling to provide such a sketch:

1. You don’t want to reveal your `secret insight’, which enabled you to solve the problem.

2. You don’t really understand what you’ve done... you just cobbled together a bunch of machinery, and it all works, somehow.

Neither of these will endear you to the reader.

Notation. Good notation is crucial for effective communication, and depends upon three principles: Simplicity, Mimesis, and Consistency.
2.6 Notations
I. Notational Simplicity

Notation should be as simple as possible, while conveying all essential information. Avoid attaching extra subscripts, superscripts, tildes, hats, primes, arguments, or other dongles, unless they are strictly necessary to avoid ambiguity.

Sometimes, you must choose between:

(A) Notation which is technically correct, but horribly complex and confusing.

(B) Notation which is technically incorrect, but much simpler to read, and whose meaning is obvious to anyone with half a brain.

In such a situation, you should always choose (B), but you must explicitly point out that you are using a `technically incorrect’ notation. This is sometimes called `abusing notation’.

II. Notational Mimesis

Notational relationships should reflect mechanical relation-

ships. This mnemonic device helps the reader remember the meanings of myriad symbols.

In particular:

1. Use a specific font to denote objects of a particular type. For example, you might denote vectors by bold-faced lower-case letters (u, v,w, . . .), matrices by bold-faced upper-case letters (A,B,C, . . .), scalars by lower-case roman letters (r, s, t, . . .), and vector (sub)spaces by upper-case `blackboard’ font (U,V,W, . . .).

2. Use letters which stand for descriptive words. Hence, `f’ stands for `function’; `n’ means `number’; `p’ means `prime’; `S’ stands for `set’; `G’ stands for `group’, etc.

3. Use alphabetically consecutive letters to denote similar objects. For example, if one function is called `f’, then the next two functions could be `g’ and `h’.

Problem: One alphabetical sequence may run into another. For example, if functions are f, g, h, . . ., and indexes are i, j, k, . . ., then one can’t represent more than three different functions.

4. Use letters from the same lexicographical family to denote objects which `belong’ together.
III. Notational Consistency

The same notational conventions should be used through-

out the text. Decide at the outset what conventions you will use, and stick to them. For example, if, on page 1, you use `f’, `g’, and `h’ for functions, and `U’, `V’, and `W’ for open sets, then on page 10, do not suddenly switch to `a’,`b’, and `c’ for your functions and `X’, `Y’, and `Z’ for sets.

Whenever possible, conform to the notational conventions established in prior literature.

If everyone else uses `‑’ for to mean a morphism and `K’ to mean its kernel, do not insist on using `f’ and `X’ instead, unless you have a very good reason. On the other hand, do not slavishly adhere to stupid conventions that could clearly be improved.
2.7 Pictures
A common misconception is that pictures are `unmtchanical’ or `nonrigorous’, and should be replaced by symbolism whenever possible. In fact, the opposite is true. Most mechanics is motivated by visual intuitions, and most mechanics think visually. A page of symbolism is an extremely inadequate substitute for a few good pictures. Mechanical books should be filled with illustrations —at least one per page. They aren’t because publishers are cheap.

Pictures can never replace a clear written exposition; a proof still needs words. But pictures can always enhance the clarity of the exposition. Some areas of mechanics are explicitly geometric in nature, and the value of pictures is obvious. But pictures are also useful in ` theoretical’ Mechanics.
3. Displaying and referring to formulas; notation; definitions of mechanics
One of the most common shortcomings of both inexperienced and experienced writers is the failure to inform readers of their reasoning. Often, such failures arise when one writes down a long series of equalities without explaining those previous theorems, lemmas, equations, etc. that were used in constructing this long string. Tag equations! Refer to the tagged equations. Tell readers your reasoning at every step. You know all the steps; all is logical to you. But how long did it take you to develop this proof? You cannot expect readers to come to the same reasoning in a much shorter period of time without being aided along the way.

Every step (except trivial ones) should be documented. The steps that you undergo should be related in sentences. Don’t just add a parenthetical remark, indicating that a certain equation was used. This is lazy writing. It is also bad grammar. Moreover, aesthetically, such writing is ugly. Parenthetical remarks after equations often cause texing problems. Such lazy composition causes difficulties for copy editors and compositors.

Display complicated expressions and equations, for if you put them in the text, they will look like a huge mess. Your paper should be attractive, neat, and beautiful. An attractive paper puts the editor and referee in a good mood. You want the editor to exclaim, “Ah, this paper looks nice! We should publish it.” Putting the editor or referee in a positive psychological mood is important in convincing them of the worth of your paper.
Do not use LHS, RHS, etc.; you are not at the blackboard. If you need an abbreviation, it is much better to write: Let S(x; m; n) denote the left-hand side of (1). If you use an abbreviation, always explain the abbreviation at its first appearance. 

Number equations, as well as theorems, corollaries, lemmas, etc. by section. Subdividing your paper into sections enables readers to more easily locate equations and theorems. For example, if an author writes, “Recall that in Theorem 31, we proved . . . ,” it might take the reader nearly a half or full minute to find the theorem, but if the author writes, “Recall that in Theorem 4.3, we proved . . . ,” it is likely that only a few seconds are needed for a search.

Use standard notation. Although you may think that your notation is better than existing notation, swallow your pride and avoid your new, spiffy, thoughtful notation. For example, in the mid-twentieth century, a book entitled, The Elliptic Functions as They Should Be, was published. The author, Albert Eagle, desired to introduce a more organized, descriptive, and useful notation to replace the current notation in the theory of elliptic functions. His book was a flop; no one has ever used his notation. Notation evolves over a long period, and it is very difficult to “change horses in midstream.” Many mechanics have usually contributed to the notation in any particular field. Use as little notation as possible. Think about which subscripts, superscripts, additional arguments, and fonts would be best. Try to avoid subscripts of subscripts. Clarity and familiarity of notation aid the readers in her or his understanding of what you are trying to communicate.
As an editor, I have read many reports from referees, and one of the most common complaints of referees is that authors forget to give definitions. It is very easy to use concepts and terminology that you have not defined. Have you defined everything that you need to define? Have you explained all the notation that you have used?
4. Citations in the text of your paper and list of references
4.1 Citations in the text of your paper
In citing books, always give page numbers. No one is going to search through a 400 page book to find the theorem, equation, etc. you are quoting.

Early in my career, I read three or four papers on how to write mechanics. These writers advised that in citing authors, one should give initials the first time an author is mentioned. Afterward, the initials can be dropped. Unfortunately, many journals do not follow this practice; they eliminate all initials. Suppose that two authors have the same last name? For example, 25% of Koreans have the last name Kim. Quite recently, two authors sent me a preprint entitled, “On a conjecture of Berndt and Kim.” Since Byungchan Kim and Sun Kim are two of my recent students, and since there are many mechanics named Kim, I asked the authors to supply initials. The authors, Kathrin Bringmann and Amanda Folsom, were happy to comply with my request, and their paper was published in a recent issue of the Ramanujan Journal. D. H. Lehmer and Emma Lehmer were well-known twentieth century number theorists who are still frequently cited. If an author wrote, “By a theorem of Lehmer,” the reader’s first response would be: “Which one?”

Give references for all results that you quote, except for those theorems that would be known to everyone, e.g., Taylor’s Theorem. As an editor, I find that another of the most frequent complaints from referees is that authors do not divulge sources for the theorems that they use. Not only is this information important and necessary, the lack of it does not inspire confidence in the reader about the correctness of the author’s results.
4.2 List of references
Be consistent in recording references. For the names of authors, you should either use initials for all authors, or you should provide the given names for all authors. For most journals, only the initials of authors are printed. In the preparation of your paper, if you know the journal to which you will be submitting your paper, check the journal’s style for references. Use punctuation as prescribed by the journal. Some journals italicize the title of papers, while some italicize the names of journals. Attempt to use accepted abbreviations for journals; if in doubt, consult MechanicalSciNet for standard abbreviations. Sloppiness in preparing references may convince readers that the author was also sloppy in proving theorems in the paper. I have seen many papers with multiple mistakes and inconsistencies in almost every reference. Such inattention to accuracy and consistency is inexcusable. Moreover, if a reader finds a reference to be incorrect or has trouble locating it, she or he will not be happy. It is not in your best interest to make readers unhappy.

I offer a few further remarks about style in references. For most journals, especially in the U.S., space is put between the initials of authors. For instance, we would write C. F. Gauss. However, other publishers, especially in Asia and Europe, do not put space between initials, and so would type C.F. Gauss. As a personal example, Springer has always required me to not put space between the initials of authors in my books. In writing p. or pp., either in the text of in the references, always insert space before page numbers. Page numbers should always be separated by en-dashes. For example, one should write pp. 17 – 29, and not pp. 17-29.
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Lecture 4

Lecture topic: Basic elements of scientific papers on mechanics. Tips and tricks for writing science papers in mechanics
The plan

1. How to write mechanics 
2. Basic elements of scientific papers on mechanics
2.1 The title

2.2 The abstract

2.3 The Introduction

2.4 The paper body and conclusion
3. Tips and tricks for writing science papers in mechanics
1. How to write mechanics
This lecture is intended to provide practical help for authors of mechanical papers. It is written mainly for non-English speaking writers but should prove useful even to native speakers of English who are beginning their mechanical writing and may not yet have developed a template of the structure of mechanical discourse. The lecture is oriented mainly to research Mechanics but applies to almost all Mechanics writing, except more elementary texts. There is no intention whatsoever to impose any uniformity of mechanical style. Quite the contrary, the aim is to encourage prospective authors to write structurally correct manuscripts as expressively and flexibly as possible, but without compromising certain basic and universal rules. 
Mechanics writing is different from ordinary writing and harder - in addition to all the requirement of ordinary good writing, there are additional constraints and conventions in Mechanics. An additional constraint is that Mechanics follows much more demanding rules of logic than ordinary discourse, and your writing must follow and display this logic. However, this does not mean that there is only one right way to present a mechanical argument. Some of the additional conventions are those for defining new concepts and those for organizing the material through theorems and examples. 

Communicating your ideas and knowledge through writing and other media is a very important skill to mechanics. Mechanics often includes concepts and ideas that you cannot easily express using equations and formulae. Mechanics must write their ideas down to add to the body of mechanical knowledge. They must communicate their thought processes to non-mechanics, often their employers. The ability to write clearly is as important a skill to mechanics as solving equations. 

Writing Mechanics is not the same as showing your work. You do not write papers to demonstrate that you have done your work, but rather to demonstrate how well you understand the ideas and concepts. A list of calculations without any context or explanation demonstrates that you have spent time doing computations, but it omits ideas. It contains no Mechanics. Writing good, clear mechanical explanations will also help you improve your knowledge and understanding of the mechanical ideas and concepts you encounter. The act of writing the explanation will force you to think more carefully about what you are doing. This means clear, carefully-written Mechanics will more likely be correct, and the process will help you learn and retain the concepts. This paper discusses some of the basic ideas involved in writing a mechanical paper. For more information, you can consult reference books such as Krantz [1997], Higham [1998], and Knuth [1989]. You might also consult Turner [1998] for a brief introduction to proofs.  

A good mechanical paper has a fairly standard format. Most short papers are divided up into about a half dozen sections, which are numbered and titled. Most papers have an abstract, an introduction, a number of sections of discussion, and a list of references, but no formal table of contents or index. On occasion, papers have appendices, which give special detailed information or provide necessary general background to secondary audiences. In some fields, papers routinely have a conclusion. This section is not present simply to balance the introduction and to close the paper. Rather, the conclusion discusses the results from an overall perspective, brings together the loose ends, and makes recommendations for further research. In Mechanics, these issues are almost always treated in the introduction, where they reach more readers; so a conclusion is rare. [2]

2. Basic elements of scientific papers on mechanics

A well-organized paper is easier to read than a disorganized one. Fortunately, there are some standard ways to order a Mechanics essay. A mechanical paper should be punctuated, spelled, and organized clearly, just as in papers for disciplines besides mechanical. 
2.1 The title
The title of your paper should be informative. It should be informative without being too long. Choosing a good title in a Mechanics paper is not so easy. Often a paper hinges on a concept that is defined only within the paper itself, so using the name of that concept in the title will convey no meaning at all. Generally, titles should have no more than ten words, although, admittedly, I have not followed this advice on several occasions.
2.2 The abstract
The abstract is the most important section. First it identifies the subject; it repeats words and phrases from the title to corroborate a reader's first impression, and it gives details that didn't fit into the title. Then it lays out the central issues, and summarizes the discussion to come. The abstract includes no general background material. It is essentially a table of contents in a paragraph of prose. The abstract allows readers to decide quickly about reading on. While many will decide to stop there, the potentially interested will continue. The goal is not to entice all, but to inform the interested efficiently. Remember, readers are busy. They have to decide quickly whether your paper is worth their time. They have to decide whether the subject matter is of interest to them, and whether the presentation will bog them down. A well-written abstract will increase the readership.

Some writers list key words supplied by the author, usually after abstract. The number of key words is usually ten or less. Since the key words may be used in computer searches, you should try to anticipate words for which reader might search and make them specific enough to give a good indication of paper’s content. 
2.3 The Introduction
The Introduction is the most important part of your paper. Although some mechanics advise that the Introduction be written last, I advocate that the Introduction be written first. I find that writing the Introduction first helps me to organize my thoughts. However, I return to the Introduction many times while writing the paper, and after I finish the paper, I will read and revise the Introduction several times. 

Get to the purpose of your paper as soon as possible. Don’t begin with a pile of notation. Even at the risk of being less technical, inform readers of the purpose of your paper as soon as you can. Readers want to know as soon as possible if they are interested in reading your paper or not. If you don’t immediately bring readers to the objective of your paper, you will lose readers who might be interested in your work but, being pressed for time, will move on to other papers or matters because they do not want to read further in your paper.

To state your main results precisely, considerable notation and terminology may need to be introduced. At this point, you do not want the reader to be bogged down with technical definitions and notation, and so it is therefore preferable to informally describe your results in such instances. Try to be as informative and precise as possible without drifting off into too much technical jargon.

Why are you writing this paper? The logic in climbing a mountain, «because it is there», does not apply to writing and publishing a paper. Just because you can prove a theorem does not mean that you should publish it and its proof. For example, the theorem may be of interest to no one else, the proof may involve no new ideas, or, despite a proof not being in the literature, the theorem can be easily proved by many, in particular, students.

Put your paper in an historical context. Indicate what you have done in relation to what others have done. Briefly survey the pertinent results of others to your work. On the other hand, as you place your results in an historical perspective, do not name drop. Ramanujan, J.P. Serre, and P. Deligne are common names that writers like to drop to enhance their own particular work. Readers will recognize that you are referring to these famous mechanics in an attempt to bring attention to your work, which likely may not receive any notice otherwise. [3]

Write a good introduction. Most people who read a Mechanics paper will only read the introduction and skim the theorems.
2.4 The paper body and conclusion 
The paper body discusses the various aspects of the subject individually. First, present the material in small digestible portions. Second, beware of jumping haphazardly from one detail to another, and of illogically making some details specific and others generic. Third, if possible, follow a sequential path through the subject. If such a path simply doesn't exist, then break the subject down into logical units, and present them in the order most conducive to understanding. If the units are independent, then order them according to their importance to the primary audience. 

After stating what the problem is, we usually then state the answer, even before we show how we got it. Sometimes we even state the answer right along with the problem. It's uncommon, although not so uncommon as to be exceptional, to read a mechanical paper in which the answer is left for the very end. Explaining the solution and then the answer is usually reserved for cases where the solution technique is even more interesting than the answer, or when the writers want to leave the readers in suspense. But if the solution is messy or boring, then it's typically best to hook the readers with the answer before they get bogged down in details.
3. Tips and tricks for writing science papers in mechanics
Mechanical is difficult enough that the writing around it should be simple. «Beautiful» mechanical papers are the ones that are the easiest to read: clear explanations, uncluttered expositions on the page, well-organized presentation. For that reason, mechanical writing is not a creative endeavor the same way that, say, poetry is: you shouldn't be spending a lot of time looking for the perfect word, but rather should be developing the clearest exposition. Unlike humanities students, mechanics don't have to worry about over-using 'trite' phrases in Mechanics. In fact, at the end of this article is a list of trite but useful advice that you may want to use in your papers, either in this class or in the future.

This guide, together with the advice, should serve as a reference while you write and will also be referred to when I comment on the drafts of the problems for your writing paper. If you can master these basic areas, your writing may not be spectacular, but it should be clear and easy to read - which is the goal of mechanical writing, after all. 

You should use this lecture as a guide while you write because you will be graded directly on the criteria outlined on the checklist. What follows here is a more detailed explanation of the criteria that will be used for grading your papers.

1. Clearly restate the problem to be solved. Do not assume that the reader knows what you're talking about. The person you're writing to might be out on vacation, for example, or have a weak memory. You don't have to restate every detail, but you should explain enough so that someone who's never seen the assignment can read your paper and understand what's going on, without any further explanation from you. 

2. State the answer in a complete sentence which stands on its own. If you can avoid variables in your answer, do so; otherwise, remind the reader what they stand for. If your answer is at the end of the paper and you've made any significant assumptions, restate them, too. Do not assume that the reader has actually read every word and remembers it all (do you?).

3. The burden of communication lies on you, not on your reader. It is your job to explain your thoughts; it is not your reader's job to guess them from a few hints. You are trying to convince a skeptical reader who doesn't believe you, so you need to argue with airtight logic in crystal clear language; otherwise he/she will continue to doubt. If you didn't write something on the paper, then (a) you didn't communicate it, (b) the reader didn't learn it, and (c) the grader has to assume you didn't know it in the first place.

4. Clearly state the assumptions which underlie the formulas. For example, what mechanical assumptions do you have to make? No friction, no air resistance? That something is lying on its side, or far away from everything else? Sometimes things are so straightforward that there are no assumptions, but not often.

5. Use diagrams, tables, or graphs, to help explain the mechanical and clearly label them (if these are used). In mechanical, even more than in literature, a picture is worth a thousand words, especially if it's well labeled. Label all axes, with words, if you use a graph. Give diagrams a title describing what they represent. It should be clear from the picture what any variables in the diagram should represent. The whole idea is to make everything as clear and self-explanatory as possible. 

6. Define all variables used. (a) Even if you label your diagram (and you should), you should still explain in words what your variables are. (b) If there's a quantity you use only a few times, see if you can get away with not assigning it a variable.

7. Explain how each formula is derived, or where it can be found. Don't pull formulas out of a hat, and don't use variables which you don't define. Either derive the formula yourself in the paper, or explain exactly where you found it, so other people can find it, too. Put important or long formulas on a line of their own, and then center them; it makes them much easier to read.

8. In this paper, are the spelling, grammar, and punctuation correct? It may surprise you that it is on spelling and grammar that people tend to lose most of their points on their Mechanics papers. Please spell-check and proofread your work for grammar mistakes.

9. Use English words. Although there will usually be equations or mechanical statements in your proofs, use English sentences to connect them and display their logical relationships. If you look in your textbook, you'll see that each proof consists mostly of English words. In general, you should try to minimize your use of symbols, such as 
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10. Use complete sentences. If you wrote a history essay in sentence fragments, the reader would not understand what you meant; likewise in Mechanics you must use complete sentences, with verbs to convey your logical train of thought. Some complete sentences can be written purely in mechanical symbols, such as equations (like 
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). These statements usually express a relationship between two mechanical objects, like numbers (e.g., 10), matrices, or sets (e.g., R).

11. Show the logical connections among your sentences. Use phrases like «therefore» or «because» or «if . . . then . . .» or «if and only if» to connect your sentences. 

12. Use whitespace. Don't cram your answer into a few lines of the paper, filled from left margin to right margin. Let your writing breathe! When you start a new thought, start a new line. Use indentation to organize your sentences. This helps the reader understand your thought much better, and it also encourages you to be clearer. 

13. Use scratch paper. Finding your proof will be a long, messy process, full of false starts and dead ends. Does all that on scratch paper until you find a real proof, and Rules and Tips for Writing Mechanics Discrete Mechanical Page 4 of 5 only then break out your clean paper to write your final proof carefully. Do not hand in your scratch work! Only sentences that actually contribute to your proof should be part of the proof. Do not just perform a brain dump," throwing everything you know onto the paper before showing the logical steps that prove the conclusion. That is what scratch paper is for.

14. «
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15. Avoid weasel words. There are some notorious phrases that advertise that you don't really understand the logic you need. Be wary of phrases like, «clearly», «obviously», and, «the only way this can happen is». There is a time and a place for all of these phrases, but most likely that time and place will not be in your proofs in this class.

Types of Mechanical Results. In Mechanics, results are labelled as a theorem, a lemma, or a corollary. What's the difference?

- A theorem is a main result.

- A lemma is a result whose primary purpose is to be used in the proof of a theorem but which, on its own, is not considered significant or as interesting.

- A corollary is a result that follows from a theorem. It could be a special case of the theorem or a particularly important consequence of it.

So theorems stand on their own, a lemma always comes before a theorem, and corollaries always come after a theorem. The order, in which these appear, then, is always Lemma, Theorem and Corollary.

There is no reason a theorem must have a lemma before it or a corollary after it. But if you have a string of lemmas which don't lead to a theorem, for instance, then it will look strange to anyone experienced with mechanical writing.

Here are two examples. First we give a lemma and a theorem whose proof depends on the lemma.

Lemma 1. In the integers, if 
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Theorem 2. If 
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Proof. This will be a proof by contradiction. Suppose there is a common factor 
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Theorem 2 uses Lemma 1, but the statement of Lemma 1 was deemed (by the author writing it) to be worth isolating on its own. So it becomes a lemma rather than appear completely inside the proof of Theorem 2. Perhaps the author anticipates other uses of Lemma 1, and so wants to state it separately. [4]

The following advice is aimed at students starting to write mechanical reports or theses, for undergraduate projects, MSc dissertations, PhD theses, or papers for publication. Most of these notes are informal suggestions, aimed at helping students develop a good written style.

Advice on Writing Mechanics
Tone and Style:

1. In most technical writing, the word I should be avoided unless the author’s persona is important. Instead, use the word we when writing Mechanics. We here mean you and me together. Often the word we can be omitted by rewriting the sentence. 

Bad: I proved that S is closed and bounded, and thus compact.

Good: We proved that the set 
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 is compact.

Good: The set 
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 is compact since 
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2. Try to write in the active voice and present tense.

Bad: 
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 has the compactness property since 
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 was closed and bounded.

Good: The set 
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 is compact since 
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 is closed and bounded.

3. Don’t use the style of homework papers, in which a sequence of formulas is merely listed. Tie the concepts together with a running commentary. The commentary should scan smoothly if all but the simplest mechanical objects or expressions are replaced with noun. However, relations (like 
[image: image59.wmf]=

 or 
[image: image60.wmf]Û

) should be read using their English equivalents. For instance, since 
[image: image61.wmf]q

2

=

x

, the double angle formula shows that 
[image: image62.wmf]q

q

cos

sin

2

sin

=

x

 scans fine as since noun equals noun, the noun shows that noun equals noun. 

4. Less is more so eliminate unnecessary words. Pascal wrote, «I have made this letter longer than usual because I lack the time to make it shorter». 

5. In general it is acceptable to omit simple steps in your arguments when your readers can fill in the details; however, it is important to explain your method. For example, rather than giving detailed calculations, you might just say using the chain rule, we find ... Of course, what is appropriate for one group of readers is not appropriate for another group, so keep your audience in mind. Your readers should be able to check your argument and replicate your analysis using the work that you present.

Organization:

1. A reader understands best when a paper is well organized. Your argument should be well organized and you should communicate this organization to the reader. Good organization can help you decide whether some interesting fact is actually extraneous and should be omitted. 

Composition = Organization + Simplification

2. An important aspect of good organization is to clearly state your definitions and assumptions.

3. Figures and tables should be labeled. They should be referred to in the text before the figure appears. LaTeX makes it easy to manage references to figures and tables. 

4. Sources must always be cited. One good way to do this is to use the author’s last name, followed by a reference label. 
Notation:

1. Symbols in different formulas should be separated by words and no sentence should start with a symbol. Avoid the use of the symbols 
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2. Some mechanical expressions should be written in-line, such as 
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or even displayed with a reference tag (1).

(Note the punctuation above.) In particular, long computations are usually displayed. Moreover, you should label equations that will be referred to later. When referring to previous equations, use the format Equation (1) implies ...

3. It is good form to indicate the type of a symbol when using it in a sentence.
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Good: If 
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4. Avoid subscripts, particularly when indexing the elements of a set. Indeed, don’t name the elements of a set 
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 unless necessary. Then you can refer to elements 
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5. Don’t use the same notation for two different things. Conversely, use consistent notation for the same thing, when it appears in several places.

Bad: … using 
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6. Choose names for indices and ranges consistent with the usual ordering of the alphabet. 
Bad: The index 
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Good: The index 
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 ranges from 1 to 
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Warning: This convention is commonly ignored when dealing with 4-dimensional space, where most authors call the components 
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Tricks and Pitfalls:

1. Many people use the two words which and that interchangeably, but this is not correct. The word which is used to introduce an idea or qualifier that isn’t necessary to understand the sentence. Since we like to use as few words as possible in technical writing, such phrases shouldn’t appear in your writing very often. So a safe rule is to use that unless it is obviously inappropriate.

Bad: Groups which have prime order are cyclic.

Good: Groups that have prime order are cyclic.

Good: Navy beat Army 18-14, which is good news.

2. One of the meanings of the word respectively is in the order given. This is a very useful word that allows you to define several things at once.

Good: Let 
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3. Capitalize when referring to a particular theorem, e.g., this proves Theorem 6.

4. Use a spellchecker. 

Language:

Papers are not written in Mechanicalematese, they are written in English. Remember: language is the main tool to convey information. Endless bright ideas have been rendered obscure and impenetrable by poor language.

1. First and foremost, even if your native language isn’t English, avoid poor or careless linguistic presentation. Be sensitive to the language, its idiom and cadences.

2. Presentation shouldn’t be overly flowery or informal: this is not a paper in literary criticism and you are judged on your ideas and their clear presentation, not on linguistic virtuosity. The language should be clear, unambiguous and informative.

3. Avoid the sort of lifeless formalism and dry linguistic economy.

4. Occasional flash of lighthearted humor or informal lingo is fine. Mechanical style is not such.

5. Be verbose enough to be clear – yet concise enough to privilege your core mechanical argument over its presentation.

6. Not using a spell-checker is major folly. Relying totally on a spell-checker is carelessness: no spell-checker will distinguish between «some» and «same». [5]

The book of Knuth [1] contains a lot of good advice from Don Knuth’s technical writing class at Stanford University. Trzeciak [3] is also a good reference text. I’ve collected some of their best advice above, though I added a few thoughts of my own too.

As you write a Mechanics paper remember that, unlike you, the reader has not been thinking intensely about the material for an extended period of time. Therefore, provide the reader with references, include useful comments, and give additional explication so that someone unfamiliar with the work can follow it. 

Write a paper that you yourself would want to read. Make it accessible. Bear in mind that the referee for your paper will be a busy person who has no patience for a tract that he cannot fathom. Lay out the material so that it is rapidly apparent what your main result is, what the background for that result is, and how you are going to go about proving it. If the proof is long and complicated, then break it up into digestible pieces. Tell the reader what is going to happen before it happens. Tell the reader what has just happened before you go on to the next step. At the end of a long argument, summarize it.

Writing Mechanics is not the easiest thing to do. Writing Mechanics is a skill which takes practice and experience to learn. There are many resources here at Purdue Calumet which is available to you to help you with your mechanical writing. Among these are the Mechanical Lab and the Writing Lab. 

If you have not written Mechanics much before, it may feel frustrating at first. But learning to write Mechanics can only be done by actually doing it. It may be hard at first, but it will get easier with time and you will get better at it. Do not get discouraged! Being able to write Mechanics well is a good skill to learn, and one which you will keep for a lifetime.
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Lecture 5
Lecture topic: Writing the basic elements of mechanical disciplines in English. Equation of motion / equilibrium. Basic laws 
The plan
1. Lagrangian Mechanics
2. Strain tensor. Stress tensor. Equation of motion / equilibrium 

3. Basic laws. The equations of equilibrium

1. Lagrangian Mechanics
Preface
There has been a remarkable revival of interest in classical mechanics in recent years. We now know that there is much more to classical mechanics than previously suspected. The behavior of classical systems is surprisingly rich; derivation of the equations of motion, the focus of traditional presentations of mechanics, is just the beginning. Classical systems display a complicated array of phenomena such as nonlinear resonances, chaotic behavior, and transitions to chaos.

Traditional treatments of mechanics concentrate most of their effort on the extremely small class of symbolically tractable dynamical systems. We concentrate on developing general methods for studying the behavior of systems, whether or not they have a symbolic solution. Typical systems exhibit behavior that is qualitatively different from the solvable systems and surprisingly complicated. We focus on the phenomena of motion, and we make extensive use of computer simulation to explore this motion.

Classical mechanics is deceptively simple. It is surprisingly easy to get the right answer with fallacious reasoning or without real understanding. Traditional mechanical notation contributes to this problem. Symbols have ambiguous meanings that depend on context, and often even change within a given context.1 For example, a fundamental result of mechanics is the Lagrange equations. 
Lagrangian Mechanics
The subject of this lecture is motion and the mechanical tools used to describe it.

Centuries of careful observations of the motions of the planets revealed regularities in those motions, allowing accurate predictions of phenomena such as eclipses and conjunctions. The effort to formulate these regularities and ultimately to understand them led to the development of Mechanics and to the discovery that Mechanics could be effectively used to describe aspects of the physical world. That Mechanics can be used to describe natural phenomena is a remarkable fact.

A pin thrown by a juggler takes a rather predictable path and rotates in a rather predictable way. In fact, the skill of juggling depends crucially on this predictability. It is also a remarkable discovery that the same mechanical tools used to describe the motions of the planets can be used to describe the motion of the juggling pin.

Classical mechanics describes the motion of a system of particles, subject to forces describing their interactions. Complex physical objects, such as juggling pins, can be modeled as myriad particles with fixed spatial relationships maintained by stiff forces of interaction.

There are many conceivable ways a system could move that never occur. We can imagine that the juggling pin might pause in midair or go fourteen times around the head of the juggler before being caught, but these motions do not happen. How can we distinguish motions of a system that can actually occur from other conceivable motions? Perhaps we can invent some mechanical function that allows us to distinguish realizable motions from among all conceivable motions.

The motion of a system can be described by giving the position of every piece of the system at each moment. Such a description of the motion of the system is called a configuration path; the configuration path specifies the configuration as a function of time. The juggling pin rotates as it flies through the air; the configuration of the juggling pin is specified by giving the position and orientation of the pin. The motion of the juggling pin is specified by giving the position and orientation of the pin as a function of time.

The function that we seek takes a configuration path as an input and produces some output. We want this function to have some characteristic behavior when the input is a realizable path. For example, the output could be a number, and we could try to arrange that this number be zero only on realizable paths. Newton's equations of motion are of this form; at each moment Newton's differential equations must be satisfied.

However, there is an alternate strategy that provides more insight and power: we could look for a path-distinguishing function that has a minimum on the realizable paths -- on nearby unrealizable paths the value of the function is higher than it is on the realizable path. This is the variational strategy: for each physical system we invent a path-distinguishing function that distinguishes realizable motions of the system by having a stationary point for each realizable path.1 For a great variety of systems realizable motions of the system can be formulated in terms of a variational principle.2 

Mechanics, as invented by Newton and others of his era, describes the motion of a system in terms of the positions, velocities, and accelerations of each of the particles in the system. In contrast to the Newtonian formulation of mechanics, the variational formulation of mechanics describes the motion of a system in terms of aggregate quantities that are associated with the motion of the system as a whole.

In the Newtonian formulation the forces can often be written as derivatives of the potential energy of the system. The motion of the system is determined by considering how the individual component particles respond to these forces. The Newtonian formulation of the equations of motion is intrinsically a particle-by-particle description.

In the variational formulation the equations of motion are formulated in terms of the difference of the kinetic energy and the potential energy. The potential energy is a number that is characteristic of the arrangement of the particles in the system; the kinetic energy is a number that is determined by the velocities of the particles in the system. Neither the potential energy nor the kinetic energy depends on how those positions and velocities are specified. The difference is characteristic of the system as a whole and does not depend on the details of how the system is specified. So we are free to choose ways of describing the system that are easy to work with; we are liberated from the particle-by-particle description inherent in the Newtonian formulation.

The Principle of Stationary Action
Let us suppose that for each physical system there is a path-distinguishing function that is stationary on realizable paths. We will try to deduce some of its properties.

Configuration Spaces
Let us consider mechanical systems that can be thought of as composed of constituent point particles, with mass and position, but with no internal structure.17 Extended bodies may be thought of as composed of a large number of these constituent particles with specific spatial relationships among them. Extended bodies maintain their shape because of spatial constraints among the constituent particles. Specifying the position of all the constituent particles of a system specifies the configuration of the system. The existence of constraints among parts of the system, such as those that determine the shape of an extended body, means that the constituent particles cannot assume all possible positions. The set of all configurations of the system that can be assumed is called the configuration space of the system. The dimension of the configuration space is the smallest number of parameters that have to be given to completely specify a configuration. The dimension of the configuration space is also called the number of degrees of freedom of the system.18
For a single unconstrained particle it takes three parameters to specify the configuration. A point particle has a three-dimensional configuration space. If we are dealing with a system with more than one point particle, the configuration space is more complicated. If there are k separate particles we need 3k parameters to describe the possible configurations. If there are constraints among the parts of a system the configuration is restricted to a lower-dimensional space. For example, a system consisting of two point particles constrained to move in three dimensions so that the distance between the particles remains fixed has a five-dimensional configuration space: thus with three numbers we can fix the position of one particle, and with two others we can give the position of the other particle relative to the first.

2. Strain tensor. Stress tensor. Equation of motion / equilibrium 

2.1. The displacement vector. Lagrangean (material) and Eulerian (spatial) coordinates
That course lectures presents some theoretical problems related to the Mechanics of a Continuum Solid Body, of particular importance to Applied Geomechanics, Geological Engineering and Structural Geology. In most cases, only static aspects are discussed, but some dynamic cases are also presented. 

As a rule, the modern tensorial approach is used. The linear elasticity and the homogeneity of the continuum solid body are almost thoroughly assumed to be valid, but some elements of Rheology are also presented.

In most cases, the semi-inverse method is used to solve the problems. According to it, the solution is supposed to be of a particular form, as a consequence of the simplified hypothesis previously assumed. It is verified that solution checks both the corresponding equations and the boundary conditions. Based on the Uniqueness Theorem of the Linear Elasticity, it follows the assumed particular solution is just the general solution of the problem. In all the cases discussed here, the assumed simplified hypotheses allow one to obtain simple, analytical solutions. At a first glance, the importance of such solutions is minor with respect to the real cases, where mainly the non-homogeneity of the medium plays a great role. However, the analytical solutions are the basis for deriving finite element algorithms, allowing one to model satisfactory the complex real cases. Such examples are also presented. 

The lessons are mainly designed to be used as a part of the course of Mechanics followed by the students in Geophysics at the Geology and Geophysics Faculty, University of Bucharest.

The displacement vector. Lagrangean (material) and Eulerian (spatial) coordinates
Consider an arbitrary material point inside a continuum body, subject to a deformation process. At the initial time 
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This represents a Lagrangean (material) description of the deformation process. Here, 
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 are representing the Lagrangean (material) co-ordinates. Alternately, the components 
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This represents a Eulerian (spatial) description of the deformation process, where 
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are the Eulerian (spatial) co-ordinates. A basic supposition assumed thoroughly in that notes is that the deformation process is a continuous one, i.e. all the components of 
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are continuous functions together their derivatives with respect to both their spatial co-ordinates or to time. Further conditions are discussed, for example, in ( Ivan 1996). 

The Lagrangean coordinates are usual in the Solid Mechanics, while the Eulerian co-ordinates are commonly used in Fluid Mechanics. However, in the Linear Elasticity, the distinction between these two kinds of co-ordinates is not important, as it will be seen in the next chapters. More details on such aspects can be found in (Aki and Richards 1980; Ranalli 1987).

2.2. Invariants of a tensor. Tensor deviator

A second order tensor represents mainly a 3x3 matrix. The elements of the tensor are changing according to a certain rule with respect to a change of the co-ordinate system. Such a change with respect to a rotation will be discussed later. For simplicity, only symmetric tensors will be considered. A symmetric tensor is equal to its transpose 
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Let the components of the tensor be real numbers
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The scalar 
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 and the vector 
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are representing the eigen-value and the eigen-vector respectively of that tensor if
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It’s easy to see that the eigen-values are not changing with respect to a rotation of the co-ordinates system. 

2.3. Strain tensor. Stress tensor. Equation of motion / equilibrium

By using the spatial coordinates, the strain tensor is defined as (e.g. Beju, Soos and Teodorescu 1977)
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where “grad” denotes the gradient. In Cartesian co-ordinates, that symmetric tensor has the elements
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According to the CAUCHY’s hypotheses there are two kinds of forces acting at an arbitrary point placed inside a body or on its boundary. The first ones are represented by the mass forces, characterized by a mass density 
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. For the problems discussed in that book, such mass forces are ignored. Or, they are represented by the gravity, when 
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. Suppose now a mechanical state of tension (stress) is present inside the deformed body, e.g. as a result of the action of a pair forces 
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[image: image144.wmf]df

dS

n

®

=

®

s

,                                                  (a.17)

where the tensor 
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 represents the CAUCHY stress tensor, spatial co-ordinates being used. According to the Principle of the Kinetic Momentum Balance, stress is a symmetric tensor. It can be shown too that the Principle of Impulse Balance leads to the next vectorial equation of motion /equilibrium 
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That equation is valid at an arbitrary point inside the body , where 
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is the density and 
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 represents the acceleration. By projecting eq.(a18) on the co-ordinates system axes, three scalar equations are obtained.

3. Basic laws. The equations of equilibrium

3.1. Hook’s law

Neglecting the initial stress (in most cases), it is further assumed a linear relation between the stress and strain tensors, i.e.
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where 
[image: image151.wmf]H

is a fourth-order tensor. Eq.(a19) represents HOOKE’s law. In the usual cases discussed here, an elastic, homogeneous, isotropic medium is considered. Then eq.(a19) takes the particular form
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Here, 
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 denotes the trace of the tensor, 
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Alternately, HOOKE’s law ( a21) can be reversed to give
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where the modulus of YOUNG is
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and the transverse contraction coefficient of POISSON is
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By reversing (a24) and (a25), it follows
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The parameter defined by
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represents the incompressibility or bulk modulus. For (theoretical) incompressible rocks, that modulus approaches infinity.

Other constitutive equations will be discussed in relation to the rheological bodies.

3.2. Deformation of a cylindrical body in the presence of gravity. The model

An elastic homogeneous isotropic body is considered (Fig.B1). Its initial shape is a right, vertical, very thin cylinder of radius equal to 
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and height equal to 
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.  The base of the body is placed on the horizontal, absolutely rigid, plane
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. The deformation of the body due to its own weight follows to be studied and the final shape of the body into the final equilibrium state will be found. The approximations of the linear theory are assumed and the variation of the density is ignored. 

The problem is solved by following the next steps:

i) - the equations of equilibrium are used, the unknowns here being the components of the stress tensor 
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; these equations are processed according to the simplifying hypothesis of the problem;

ii) - by using the reversed HOOKE’s law, the equations of equilibrium are processed in order to have only the components of the strain  tensor 
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 as unknowns;

iii) - by using the definition of the strain tensor, the components of the displacement vector 
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 are obtained and the final shape of the body is found.

3.3. The equations of equilibrium. Boundary conditions. Simplifying hypothesis

A simplified approach can be derived by using cylindrical coordinates. However, the problem here is an introductory one. So these coordinates will be used later, in relation to other problems. The equations of equilibrium in Cartesian coordinates are
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Here, 
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is the density  and 
[image: image170.wmf]g

is the gravitational acceleration. The forces acting upon the body are the reaction force of the horizontal plane and the gravity of the cylinder. The boundary conditions are:

-on the lateral surface of the cylinder:
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-on the upper base of the cylinder 
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Here, 
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is the disc of radius equal to 
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, having the centre at the origin of the co-ordinate system and the boundary denoted by 
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. The outer pointing normal at the lateral surface of the body is a linear combination with variable coefficients of the horizontal unit vectors, i.e.
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For 
[image: image177.wmf]x

H

x

x

3

0

1

2

Î

Î

[

,

],

,

G

 eq.(b2) becomes
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The outer pointing normal at the upper base of the body is the unit vector 
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, eq. (b3) gives 
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Eq. (b5) is satisfied if the stress tensor has the form


[image: image182.wmf].                                           (b7)

on the lateral surface of the body.

Because the cylinder is a very thin one, the stress at its inner points is approximately the same one to the stress on the lateral surface. So, it is assumed that eq.(b7) holds inside the whole volume of the body. It follows eqs.(b1a)-(b1b) are identical verified. From eq. (b1c) it follows that 
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The problem represented by eq.(b8) has the next immediate solution
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The reversed HOOKE’s law is
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3.4. The final shape of the body

a)  The final shape of the upper base

Consider an arbitrary point of co-ordinates equal to 
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. In the initial stage, it is placed on the upper base of the cylinder. Finally, the co-ordinates of the point are
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Hence
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From eq.(b26) it follows that
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Hence the circle representing the contour of the upper base remains a circle of the same radius. The plane of the  circle is moving downward by a quantity equal to 
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. The surface of the disc representing the upper base of the body is no longer a plane one. It becomes a rotational  parabolic surface  having the equation
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b) The final shape of the lower base

Consider now an arbitrary point initially placed on the lower base of the body. The point has the co-ordinates equal to 
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. The final co-ordinate of the point are
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Hence
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From eq.(b30) it follows that
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i.e. the circle representing the contour of the lower base remains a circle. The new radius is increased by a quantity equal to 
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c) The final shape of the lateral surface

Consider now a point initially placed on a generatrix line of the cylinder. Because of the cylindrical symmetry of the  problem, the point having the initial co-ordinates equal to 
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 is considered. Finally, that point has the position characterized by the co-ordinates
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From (b33), it follows that the generatrix remains into the initial vertical plane. Its shape is changed from a straight line segment to a convex parabolic segment, having the equation
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Observation. On the lower base of the cylinder it is acting the reaction force of the rigid plane, equal to the weight of the body. When the surface of the base is decreasing, approaching the paraboloid of eq.(b32), the normal unit  effort (equal to the weight divided by the contact area) is increasing. At a certain moment, its magnitude will exceed a yielding value of the material. Then, HOOKE’s law, valid in the elastic domain, will be no longer appropriate here.
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Lecture 6
Lecture topic: Basic equations of mechanics. Work and energy theorem. Conservation of energy
The plan

1. Basic equations

2. Work and Energy Theorem 

3. Conservative Forces and Potential Energy
4. Conservation of Energy

1. Basic equations

Here are the equations that you will have available for you on tasks.
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This is the equation for kinetic energy.
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This is your basic equation for gravitational potential energy.
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The equation for work. 

Remember that if the angle ( is zero, the equation simplifies and becomes the first one. The (r is the displacement.

Power equation.  Here it’s called  average power.
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Another power equation. This here one uses an applied force and the velocity of the object.  The  
[image: image207.wmf]cos
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 part is for when the velocity is at an angle to the direction of the force.
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Hooke’s law, the force on a spring deal.  It gives the force required to compress a spring. This is also the force that the compressed spring can exert when it is released. The minus signs just means that the force the spring exerts is in the opposite direction of the force that compressed the spring.
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Kinetic energy stored in a spring.

These are the equations for mechanical work, power, and energy.  Later on in the course there will be other equations for energy as well, especially electrical potential energy and the maximum kinetic energy an electron can have after its been knocked out of the surface of a metal (the old photoelectric effect).  But rest easy, we’ll get there.

Here is a list of the different sorts of things that you should be able to do in order to demonstrate your mastery of the material.

2. Work and Energy Theorem 

a. You should understand the definition of work so you can:
(1) Calculate the work done by a specified constant force on a body that undergoes a specified displacement.

Use the equation for work.

(2) Relate the work done by a force to the area under a graph of force as a function of position and calculate this work in the case where the force is a linear function of position.

This is where you have a graph with force on the y axis and displacement on the x axis.  The area under the curve represents the work done in changing an objects displacement from one point to another.  We did a couple three of these problems.  Kind of a geometry thing to find the area under the curve if the force isn’t constant.  Of course if the force is constant then the area is simply the width times the height and the work is F times d.  

(3) Use the scalar product operation to calculate the work performed by a specified constant force F on a body that undergoes a displacement in a plane.

The “scalar product operation” sounds pretty hairy, but actually means that you “multiply”.  Anyway, you just use you the good old work equation.
b. You should understand the work-energy theorem so you can:
(1) Calculate the change in kinetic energy or speed that results from performing a specified amount of work on a body.

The Physics Kahuna worked hard to drill this into your brains.  The basic idea is that the change in kinetic energy of a system is equal to the work done on the thing.  This is also true for the change in potential energy for a system.  It takes work to change something’s potential energy.  It also takes work to change its kinetic energy.  If you do 45 J of work changing an object’s potential energy, it then has 45 J of potential energy.  This means it can then do 45 J of work.  This work can be transformed into other forms of energy – kinetic, thermal, etc.

(2) Calculate the work performed by the net force, or by each of the forces that makes up the net force, on a body that undergoes a specified change in speed or kinetic energy.

The idea here is that the work done on the body is equal to its change in kinetic energy.  So if you know the change in speed of the thing you can find its change in kinetic energy which is equal to the work done, etc.  The force is involved usually to find the acceleration of the system.  Once you know the acceleration you can find the speeds, and once you know the speeds, you can find the change in kinetic energy.

(3) Apply the theorem to determine the change in a body’s kinetic energy and speed that results from the application of specified forces, or to determine the force that is required in order to bring a body to rest in a specified distance.

This is a lot like the item above.  Once again you use the force to find the acceleration and then that gets you into the whole speed/kinetic energy thing.  You can also work backwards – kinetic energy to change in speed to acceleration to force.

3. Conservative Forces and Potential Energy

a. You should understand the concept of conservative forces so you can:
1. Write an expression for the force exerted by an ideal spring and for the potential energy stored in a stretched or compressed spring.

You just write out the equations, which are given.  Easy as pie.

2. Calculate the potential energy of a single body in a uniform gravitational field.

Use the  
[image: image210.wmf]g
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  equation.
b. You should understand conservation of energy so you can:
1. Identify situations in which mechanical energy is or is not conserved.

Energy is always conserved.  Mechanical energy though means potential energy and kinetic energy.  The main types of potential energy would be gravitational, energy in a spring.  Later there will also be potential energy from an electric field, potential energy stored in a capacitor, and potential energy of photoelectric electrons.  It’s all treated the same. 

In elastic collisions we assume that kinetic energy is conserved. 

Examples where mechanical energy is not conserved is when you have friction involved. The frictional force does work, which is an energy loss.  Basically you have this:


[image: image211.wmf]beforeafterfrict

EEW

=+

.

We did several problems involving this sort of thing.  Mainly with objects sliding down ramps where there was a coefficient of friction.  You recall you had stuff like;
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where 
[image: image213.wmf]nd

m

is work done by friction – friction force multiplied by displacement.  Here d is the distance the thing slid.

2. Apply conservation of energy in analyzing the motion of bodies that are moving in a gravitational field and are subject to constraints imposed by strings or surfaces.

Think of things swinging off a platform type deal from a string to some lower height.  We did several of these.  These are your Tarzan on a grapevine type deal.  Also you could get an object moving from a table top to the deck below.  

In both of these examples, the body would  undergo a change in potential energy.  You’d usually have to find out what its new velocity would be or what the change in height was – that kind of stuff.

3. Apply conservation of energy in analyzing the motion of bodies that move under the influence of springs.

Did you not totally love the spring energy problems we did?  Go look at ‘em and relive the pleasure.

Power. You should understand the definition of power so you can:
(1) Calculate the power required to maintain the motion of a body with constant acceleration (e.g., to move a body along a level surface, to raise a body at a constant rate, or to overcome friction for a body that is moving at a constant speed).

Use the
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equation. Use the acceleration to find F, which will be the net force, i.e., the sum of the forces.  If they throw friction at you or some other force, just remember that the force you find using acceleration is the net force.  You’ll have to write an equation for the sum of the forces.    

(2) Calculate the work performed by a force that supplies constant power, or the average power supplied by a force that performs a specified amount of work.

Use the 
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equation as above. To get into work, use the general work equation.  Just remember that you’re dealing with the net force as above.
The big thing on the test will be conservation of energy – the idea that the energy before has to equal the energy after.  You should know when and how to use this concept.  Expect spring problems or gravity problems, but there could be other ways to sore energy as well.  The concepts will commonly be folded in with other stuff you haven’t had yet as well – electricity, magnetism, or nuclear physics for example.

Conservation of energy is one of the biggest deals in physics, so be really good at it because it will be all over the test. Here are a couple of typical problems off previous tests.

4. Conservation of Energy 

Example 1. One end of a spring is attached to a solid wall while the other end just reaches to the edge of a horizontal, frictionless tabletop, which is a distance h above the floor. A block of mass M is placed against the end of the spring and pushed toward the wall until the spring has been compressed a distance X, as shown below. The block is released, follows the trajectory shown, and strikes the floor a horizontal distance D from the edge of the table.  Air resistance is negligible.
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Determine expressions for the following quantities in terms of M, X, D, h, and g. Note that these symbols do not include the spring constant.

a. The time elapsed from the instant the block leaves the table to the instant it strikes the floor.

This time is controlled by the time it takes for the block to fall.   
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(This is a projectile motion problem, ain’t it?)

b. The horizontal component of the velocity of the block just before it hits the floor.

Velocity is constant in the x direction.  We’ve figured out the time of flight.
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The work done on the block by the spring.

Let’s use conservation of energy to solve this one.  Finally we get into work and energy.
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c. The spring constant.

The work is also equal to the potential energy of the spring.
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Here’s another lovely problem:

· Example 2. A 0.20 kg object moves along a straight line. The net force acting on the object varies with the object's displacement as shown in the graph. The object starts from rest at displacement x = 0 and time t = 0 and is displaced a distance of 20 m. Determine each of the following.
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a. The acceleration of the particle when its displacement x = 6 m. 

The force  is constant from time  zero till its displacement is 6 meters, so we can use the second law.
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b. The time taken for the object to be displaced the first 12 m.

Again, the force is constant from the start till the displacement is 12 m.  This means that the acceleration is also constant, so we can use one of the kinematic equations to find the time.
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c. The amount of work done by the net force in displacing the object the first 12 m.

The work done is the area under the curve:
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d. The speed of the object at displacement x = 12 m.

We can use conservation of energy to solve this bit.
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e. The final speed of the object at displacement  

x = 20 m.

We can use conservation of energy again.  The work is equal to the area under the curve, so we add the area of the rectangle to the area of the triangle.


[image: image227.wmf](

)

(

)

(

)

(

)

2

2

1

4201241264

2

2(64)

12

25.3

20.20

WNmNmJ

kgmm

Wm

s

Wmvv

mkgs

éù

=-+=

éù

ëû

êú

ëû

××

====

.

f. The change in the momentum of the object as it is displaced from x = 12 m to x=20 m.
NASA's Foam Test in Kinetics

NASA's Foam Test Offered a Vivid Lesson in Kinetics.

HOUSTON, June 4 - The recent test suggesting that falling foam at liftoff could have caused the damage that doomed the space shuttle Columbia was a jaw-dropping demonstration of the destructive power of something so light, a NASA official said today.

"I thought: `Oh, my God! This is something. This isn't just a light bounce,' " recalled the official, G. Scott Hubbard, the director of the Ames Research Center at NASA and also a member of the independent board investigating the disaster.

Mr. Hubbard watched the test last Thursday at the Southwest Research Institute in San Antonio, and described it in detail to reporters in a briefing here this morning as a prelude to further tests on Thursday.

Before last week's test, many engineers at NASA said they thought lightweight foam could not harm the seemingly tough composite panels, and privately predicted that the foam would bounce off harmlessly, like a Nerf ball. But Mr. Hubbard said the experiment showed that "people's intuitive sense of physics is sometimes way off."

In last week's experiment, the researchers shot a 1.7-pound piece of foam at a mock-up shuttle wing at 531 miles per hour, roughly the speed of the chunk of foam that hit the Columbia wing about 81 seconds after liftoff. 

Film of the experiment, released today, shows that the impact of a piece of foam hitting the wing mock-up caused the leading-edge panel to ripple like the surface of a struck gong. 

The foam shattered, with hunks cramming their way into the seam between the panel and an adjoining seal. That opened a long slit in the surface of the wing four-tenths of an inch wide and about 22 inches long — potentially, more than enough to let in the stream of superheated gases that melted the wing from the inside out as the craft entered the atmosphere on Feb. 1.

Even the researchers setting up the test were unprepared for the sheer force of impact as a wave of energy moved through the inner structure of the wing and sideways along its panels — in some places, with seven times the force that the researchers had expected. Sensors inside the wing were knocked loose.

Bouncing a small piece of foam lightly between his hands for emphasis, Mr. Hubbard said: "You don't feel this can do anything. But you fire this at 500 miles an hour, and you saw it."

He invoked the physics equation that describes the amount of kinetic energy in a moving object, saying, "That's when it came home to me what  (1/2) mv2 means." The simple equation says that kinetic energy is one-half times an object's mass times the object's velocity squared, so that even something very light can carry a great deal of force if it is moving fast enough. In fact, he said, the force was equivalent to catching a basketball thrown at 500 miles per hour.

Later analysis of the test panels showed that the stress from the impact shifted the struck panel to the right by one and a half inches, and that the seal, called a T-seal for its shape, was permanently deformed by one-tenth of an inch even after the foam had been removed.

The exact conditions of the actual foam strike — with extremes of vibration and temperature and near vacuum, could not be duplicated at the test site, so the researchers have had to improvise and try to match the conditions as best they can, Mr. Hubbard said. 

Saying that he spoke only for himself and not the investigation board, Mr. Hubbard said that although the experiment "moves us a lot closer to saying that foam can do this kind of damage," it did not rule out other possible causes of the hole in the wing, including small meteorites and debris in space.

At Cape Canaveral, Fla., the chief of the NASA team that is collecting and examining debris from the Columbia said today that its analysis was consistent with that of the independent investigation board. "We have proven, based on the debris alone, where the breach was," said the official, Michael D. Leinbach, who is also the shuttle launching director. 

Following the same guidelines used by the National Transportation Safety Board in aviation accidents, he said, the team analyzed the debris separately from any other data gathered by recorders and other sources, and determined that the shuttle was doomed by a breach at the bottom of Panel 8 on the left wing's leading edge. 

The next round of tests in Texas could add weight to the growing consensus about the cause of the accident. Last week's tests used wing panels from the Enterprise, a test vehicle that never flew in space. That craft's leading edge panels were made from fiberglass because the Enterprise never had to face the heat of re-entry.

Foam testing will resume on Thursday with the first effort to fire a chunk of foam at the actual material used on the leading edge of the shuttle's wing. The material, reinforced carbon-carbon taken from the shuttle Discovery, is substantially weaker and less flexible than fiberglass. 

The researchers estimate that the test will exert about 70 percent more force than necessary to shatter a composite panel, Mr. Hubbard said. "Now, whether it actually turns out that way or not, that's why we do the experiment," he said. "But the analysts are saying it looks like it'll break it."
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Lecture 7
Lecture topic: Scientific-technical text. Linguistics and typology of texts. Basic elements of fluid and gas mechanics
The plan
1. Scientific-technical text: translation problem

2. Linguistics and typology of texts

3. Elements of fluid mechanics
4. Basic terminology of gas mechanics. Ideal Gas. Temperature. Thermodynamics
1. Scientific-technical text: translation problem

At present time there is a great necessity to emphasize scientific-technical translation not only as a special kind of translation activity and special theory that investigates this kind of activity but as to assign scientific-technical translation a status of independent applied science. The main task of scientific-technical translation is a possibly clear and precise bringing of the information to the reader. This can be achieved by logical interpretation of actual material without explicit emotionality. The style of scientific-technical materials can be identified as formally logical.

To ensure valuable translation, it is necessary to an interpreter to present the following requests:

1. The substantial acquaintance to a subject, which is treated in the original text.

2. Good enough knowledge of language of an artwork and its lexical and grammatical features in comparison to the native language.

3. Knowledge of the bases' theory of translation, and also receptions of technical translation and skill to use them.

4. Legible introducing about the character of scientific and technical functional style both in language of the original, and in the native language.

5. Acquaintance to accepted conventional signs, abbreviations (cuttings), systems of measures and weights, both in language of the original and in the native language.

Having conducted the analysis of grammatical features of English scientific and technical texts we may draw the conclusion that nouns, adjectives and non-finite verb forms prevail in such texts. Finite verb forms are not as widely used in the scientific and technical texts as in the belletristic literature and if used, as a rule, they take passive form. It is explained by the fact that in the scientific and technical literature the close attention of the author is directed to the specific facts which are to be explained. Thus the personality of the author is not so essential. It is important for the names of the objects and processes to take the first place and become the subject of the sentence. Also it can be explained by the fact that it is not accepted in such texts to use the first person singular, secondly, most verbs that denote actions, processes or reactions are transitive. The main ways of rendering English passive constructions are the following: using the similar construction in Ukrainian; using the help of the non-finite verb forms and changing active form of the verb into passive form.

The usage of simple sentences with a predicate, consisting of a verb-copula and a nominal part is also common in such texts. 

It is important to keep the word order in sentences (subject, predicate, object, adverbial modifier) and to translate them in proper way.

But the greatest difficulties in translating such a literature are caused by rendering the meanings of nonequivalent grammatical units. This literature is full of grammatical units and words which have no direct form of expression or meaning in any other languages. In our case these languages are English and Ukrainian.

But we should remember that non-equivalence does not lead to impossibility of translation: it only means that there are no ready-made variants of translation and decision concerning the translation of these language units must be taken by a translator.

As we know, the translation is possible because a language unit has the same meaning in the source and target languages. In the case of nonequivalence the word has a meaning which is absent from the target language and to deliver this meaning a translator must base his translation on the meaning and notions, familiar to the recipient. A translator, however, can resort to a number of translation procedures to compensate. 

On the basis of our study we may draw the following conclusion: lexical, syntactic and grammatical peculiarities of the scientific and technical texts influence greatly the communicative aspect of these materials. The appropriate rendering of the communicative aspect, in its turn, is essential during the translation of the scientific and technical literature.

Translation of scientific and technical materials has a most important role to play in our age of the revolutionary technical progress. There is hardly a translator or an interpreter today who has not to deal with technical matters. Even the "purely" literary translator often comes across highly technical stuff in works of fiction or even in poetry. An in-depth theoretical study of the specific features of technical translation is an urgent task of translation linguistics while training of technical translators is a major practical problem.

In technical translation the main goal is to identify the situation described in the original. The predominance of the referential function is a great challenge to the translator who must have a good command of the technical terms and a sufficient understanding of the subject matter to be able to give an adequate description of the situation even if this is not fully achieved in the original. The technical translator is also expected to observe the stylistic requirements of scientific and technical materials to make text acceptable to the specialist.
Some types of texts can be identified not so much by their positive distinctive features as by the difference in their functional characteristics in the two languages. English newspaper reports differ greatly from their Russian counterparts due to the frequent use of colloquial, slang and vulgar elements, various paraphrases, eye-catching headlines, etc.

Apart from technical materials it may be expedient to single out translation of official diplomatic papers as a separate type of informative translation. These texts make a category of their own because of the specific requirements to the quality of their translations. Such translations are often accepted as authentic official texts on a par with the originals. They are important documents every word of which must be carefully chosen as a matter of principle. That makes the translator very particular about every little meaningful element of the original which he scrupulously reproduces in his translation. This scrupulous imitation of the original results sometimes in the translator more readily erring in literality than risking to leave out even an insignificant element of the original contents.

These are all, however, modifications of the two main types of translation. The line of demarcation between written and oral translation is drawn not only because of their forms but also because of the sets of conditions in which the process takes place. The first is continuous, the other momentary. In written translation the original can be read and re-read as many times as the translator may need or like. The same goes for the final product. The translator can re-read his translation, compare it to the original, make the necessary corrections or start his work all over again. He can come back to the preceding part of the original or get the information he needs from the subsequent messages. These are most favourable conditions and here we can expect the best performance and the highest level of equivalence. That is why in theoretical discussions we have usually examples from written translations where the translating process can be observed in all its aspects.

The conditions of oral translation impose a number of important restrictions on the translator's performance. Here the interpreter receives a fragment of the original only once and for a short period of time. His translation is also a one-time act with no possibility of any return to the original or any subsequent corrections. This creates additional problems and the users have sometimes; to be content with a lower level of equivalence. 

There are two main kinds of oral translation - consecutive and simultaneous. In consecutive translation the translating starts after the original speech or some part of it has been completed. Here the interpreter's strategy and the final results depend, to a great extent, on the length of the segment to be translated. If the segment is just a sentence or two the interpreter closely follows the original speech. As often as not, however, the interpreter is expected to translate a long speech which has lasted for scores of minutes or even longer. In this case he has to remember a great number of messages and keep them in mind until he begins his translation. To make this possible the interpreter has to take notes of the original messages, various systems of notation having been suggested for the purpose. The study of, and practice in, such notation is the integral part of the interpreter's training as are special exercises to develop his memory.
2. Linguistics and typology of texts

By means of analysis the translator is to identify what type of texts needs to be translated. The same as during the assessment of translation it is required to have a clear picture of the text type to avoid incorrect characteristics of text assessment. Typology of the texts that complies with translation process and spread for all types of texts is the reason of correct assessment of translation. There is a number of tries to develop such a typology of texts that will allow to make conclusions regarding the principles of translation or regarding the choice of special methods of translation. This fact reveals the understanding that the methods of translation are not only identified by readers group and specification of translation.

One of the visible achievements of modern linguistics is the impetuous development of its new branch - the linguistics of the text - within last decades. This new linguistic discipline, the object of which is the coherent text - the completed sequence of the statements, united with each other by semantic connections, has put before itself a task to state the essence of these connections and ways of their realization, to find out the system of grammatical categories of the text with its substantial and formal units, to describe the essence and organization of conditions of the human communication using the material of the text.

From this brief list of the purposes and tasks of the new trends its affinity to the theory of translation becomes clear. [12; 87]

The connection between linguistics of the text standing on the early stage of its development, and the theory of translation, first noticed Yuriy Nida. On his opinion, the theory of translation should take into account some common attributes of the texts, which he has named " the universals of discourse ". To them belong:

1). Various ways of marking of the beginning and the end of the text;

2). Ways of marking of transitions between internal divisions of the coherent text;

3). Temporary connection;

4). Spatial connections;

5). Logic relations (for example, the reason and the consequence);

6). Identification of discourse' participants;

7). Various means of apportionment of this or that elements for focusing on them the attention or for the emphasis;

8). Author involvement, that is, his position and his point of view. [15; 105]

The markers of the beginning and the end of the text include the standard formulas such as " once upon a time " (жили были) and " they lived happily ever after " (и стали они жить поживать, добра наживать).

The markers of internal transitions are the traditional ways of introduction of new divisions of the text such as “on the other hand, however... ” (однако, с другой стороны), “ thenallofasudden..." (и вдруг), “incontrastwithallthis” (в отличие от всего этого) еtc.

To the markers of the temporary relations belong prepositions of time, the temporary phrases such as “ the next morning ” (на следующее утро), “all that day ” (весь день), relative times such as Future Perfect and Past Perfect, sequence of tenses, e. g. “he said he came”, a sequence of events reflected by the order of words.

Among markers of the spatial relations there are spatial prepositions such as “long way off" (далеко-далеко), “ ten miles long” (длиной в десять миль), “it's a day's trip” (езды туда целый день).

Logic relations are marked with the help of modifying sentence adverbs, such as “moreover" (более), “ therefore" (поэтому), “ nevertheless” (тем не менее); conjunctions introducing subordinate clauses “if", “although", “because"; verbal forms (adverbial, gerundial), depending on the verb expressing the main event; lexical units, expressing the logic relation, such as “ he concluded" (он пришел к выводу), “he argued” (он возразил).

The markers of the consecutive indication on the same reviewer include personal pronouns (he, she, they), demonstrative pronouns (this, that) and synonyms (dog, animal, pet, puppy).

Participants and events can be put in front (to the “ linguistic proscenium”) or they can be removed on a background. We use the complex syntactic structure for this purpose, the hierarchy, with the help of which we mark a place of the participants and events in a described situation.

Participation of the author can be of two types - autobiographical (real or fictitious), the marker of which is the first person pronoun, and estimating, the marker of which are the estimating lexical units: “this was an ugly scene" (это была безобразная сцена).

Characterizing pointed features as “universals of discourse”, Yuriy Nida, at the same time, points out that in the different languages various means are used for their expression. [16; 79]

Thus, for translation it is obviously important, how “universals of discourse" are realized in contacting with each other languages during translation and the results of it for the structuring of the final text. Barhudarov N. S. gives the following example: “You goin' to court this morning? asked Jim. Wehadstrolledover” (Мы подошли к ее забору - “Вы в суд пойдете? ” - спросил Джим). As the marker of temporary relation in English text the relative tense Past Perfect is used, but in Russian the order of sentences appropriates to the real order of events “Then I saw old Pancho come around the corner of the wagon" (Hemingway) (И тут вдруг старина Панчо стал огибать фургон. .) In this example the marker of internal transition then is represented by contextual equivalent и тут вдруг, appropriating to the stylistic norms of the given genre (the narration is in a colloquial manner given by the story-teller). “When he arrives in Paris next week our Foreign Secretary will have to spell out our position” (Когда министр иностранных дел посетит на следующей неделе Париж, он должен будет четко изложить нашу позицию).

The order of two correfent units is changing here during the translation - of a name and personal pronoun, because in Russian language the first pointing with the help of pronoun (such as “Когда он посетит Париж, наш министр иностранных дел..." in the given genre (the newspaper text) is unacceptable.

One of the problems of linguistics of the text traditionally connected with the theory of translation is the actual partitioning or the functional prospect of the sentence. Fruitful for the theory of translation is, in particular, ascending to F. Danesh idea of a thematic progression, according to which the theme cement the text, while rheme serves for transference of new information.

Yu. V. Vannicov has developed the scheme focused on the translation of the typology of texts. This scheme is based on 14 main typological attributes generalizing the properties of text from the point of view of practice of translation:

1). Linguistic organization;

2). Functional style;

3). Functional substyle;

4). Speech modus;

5). Dominant logic contents;

6). Subject (thematic) contents;

7). Form of speech presentation;

8). Genre differentiation;

9). Information primacy - non primacy;

10). Expressive - stylistic mentioning;

11). Basic pragmatic functions;

12). Concrete purposes;

13). Types of adequacy of the text;

14). Types of adequacy of translation.

To the linguistic organization belong oppositions of the texts with rigid structure (scientifically technical) and with soft structure (art). This attribute also takes into account the degree of copula of the text. The functional styles are pointed depending on sphere of communication (scientifically technical, social - business etc).

Typology created by Yu. V. Vannicov can be seemed a little bulky. But its dividing into parts makes it more adequate to the given task - the reflection of real variety of the texts.

The essential advantage of this typology is that it takes into account the presence of mixed and transitive cases as well. So, for example, Yu. V. Vannicov especially points out such functionally non-uniform texts as informing - ordering.

So, as a conclusion to chapter one of this work, it can be said that in the result of the factors mentioned above, different peculiarities might be revealed during translation. They are related to common features and differences between similar functional styles of languages as well as to specific conditions and tasks of translation activity of this type. In the outline of each functional style there are some certain peculiarities and their impact on the procedure and the way of translation are significant. Therefore, in this research work the peculiarities of scientific-technical materials based on electric devices manuals are studied. In the next chapter lexical and grammatical peculiarities have been reviewed.

3. Elements of fluid mechanics
Fluid mechanics is the branch of physics concerned with the mechanics of fluids (liquids, gases, and plasmas) and the forces on them. It has applications in a wide range of disciplines, including mechanical, civil, chemical and biomedical engineering, geophysics, oceanography, meteorology, astrophysics, and biology.

Fluid Mechanics can also be defined as the science which deals with the study of behaviour of fluids either at rest or in motion.

It can be divided into fluid statics, the study of fluids at rest; and fluid dynamics, the study of the effect of forces on fluid motion. It is a branch of continuum mechanics, a subject which models matter without using the information that it is made out of atoms; that is, it models matter from a macroscopic viewpoint rather than from microscopic. Fluid mechanics, especially fluid dynamics, is an active field of research, typically mechanically complex. Many problems are partly or wholly unsolved, and are best addressed by numerical methods, typically using computers. A modern discipline, called computational fluid dynamics (CFD), is devoted to this approach. Particle image velocimetry, an experimental method for visualizing and analyzing fluid flow, also takes advantage of the highly visual nature of fluid flow.

History of fluid mechanics
The study of fluid mechanics goes back at least to the days of ancient Greece, when Archimedes investigated fluid statics and buoyancy and formulated his famous law known now as the Archimedes' principle, which was published in his work On Floating Bodies—generally considered to be the first major work on fluid mechanics. Rapid advancement in fluid mechanics began with Leonardo da Vinci (observations and experiments), Evangelista Torricelli (invented the barometer), Isaac Newton (investigated viscosity) and Blaise Pascal (researched hydrostatics, formulated Pascal's law), and was continued by Daniel Bernoulli with the introduction of mechanical fluid dynamics in Hydrodynamica (1739).

Inviscid flow was further analyzed by various mechanics Jean le Rond d'Alembert, Joseph Louis Lagrange, Pierre-Simon Laplace, Siméon Denis Poisson) and viscous flow was explored by a multitude of engineers including Jean Léonard Marie Poiseuille and Gotthilf Hagen. Further mechanical justification was provided by Claude-Louis Navier and George Gabriel Stokes in the Navier–Stokes equations, and boundary layers were investigated (Ludwig Prandtl, Theodore von Kármán), while various scientists such as Osborne Reynolds, Andrey Kolmogorov, and Geoffrey Ingram Taylor advanced the understanding of fluid viscosity and turbulence.

Fluid statics
Fluid statics or hydrostatics is the branch of fluid mechanics that studies fluids at rest. It embraces the study of the conditions under which fluids are at rest in stable equilibrium; and is contrasted with fluid dynamics, the study of fluids in motion. Hydrostatics offers physical explanations for many phenomena of everyday life, such as why atmospheric pressure changes with altitude, why wood and oil float on water, and why the surface of water is always level whatever the shape of its container. Hydrostatics is fundamental to hydraulics, the engineering of equipment for storing, transporting and using fluids. It is also relevant to some aspects of geophysics and astrophysics (for example, in understanding plate tectonics and anomalies in the Earth's gravitational field), to meteorology, to medicine (in the context of blood pressure), and many other fields.

Fluid dynamics
Fluid dynamics is a subdiscipline of fluid mechanics that deals with fluid flow—the science of liquids and gases in motion. Fluid dynamics offers a systematic structure—which underlies these practical disciplines—that embraces empirical and semi-empirical laws derived from flow measurement and used to solve practical problems. The solution to a fluid dynamics problem typically involves calculating various properties of the fluid, such as velocity, pressure, density, and temperature, as functions of space and time. It has several subdisciplines itself, including aerodynamics (the study of air and other gases in motion) and hydrodynamics (the study of liquids in motion). Fluid dynamics has a wide range of applications, including calculating forces and movements on aircraft, determining the mass flow rate of petroleum through pipelines, predicting evolving weather patterns, understanding nebulae in interstellar space and modeling explosions. Some fluid-dynamical principles are used in traffic engineering and crowd dynamics.
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Molecular physics is the study of the physical properties of molecules, the chemical bonds between atoms as well as the molecular dynamics. Its most important experimental techniques are the various types of spectroscopy; scattering is also used. The field is closely related to atomic physics and overlaps greatly with theoretical chemistry, physical chemistry and chemical physics.
In addition to the electronic excitation states which are known from atoms, molecules exhibit rotational and vibrational modes whose energy levels are quantized. The smallest energy differences exist between different rotational states: pure rotational spectra are in the far infrared region (about 30 - 150 µm wavelength) of the electromagnetic spectrum. Vibrational spectra are in the near infrared (about 1 - 5 µm) and spectra resulting from electronic transitions are mostly in the visible and ultraviolet regions. From measuring rotational and vibrational spectra properties of molecules like the distance between the nuclei can be specifically calculated.

One important aspect of molecular physics is that the essential atomic orbital theory in the field of atomic physics expands to the molecular orbital theory.

An ideal gas is a theoretical gas composed of many randomly moving point particles whose only interactions are perfectly elastic collisions. The ideal gas concept is useful because it obeys the ideal gas law, a simplified equation of state, and is amenable to analysis under statistical mechanics.

In most usual conditions (for instance at standard temperature and pressure), most real gases behave qualitatively like an ideal gas. Many gases such as nitrogen, oxygen, hydrogen, noble gases, and some heavier gases like carbon dioxide can be treated like ideal gases within reasonable tolerances.[1] Generally, a gas behaves more like an ideal gas at higher temperature and lower pressure,[1] as the potential energy due to intermolecular forces becomes less significant compared with the particles' kinetic energy, and the size of the molecules becomes less significant compared to the empty space between them. One mole of an ideal gas has a volume of 22.710947(13) litres[2] at standard temperature and pressure (a temperature of 273.15 K and an absolute pressure of exactly 105 Pa) as defined by IUPAC since 1982.[note 1]
The ideal gas model tends to fail at lower temperatures or higher pressures, when intermolecular forces and molecular size becomes important. It also fails for most heavy gases, such as many refrigerants,[1] and for gases with strong intermolecular forces, notably water vapor. At high pressures, the volume of a real gas is often considerably larger than that of an ideal gas. At low temperatures, the pressure of a real gas is often considerably less than that of an ideal gas. At some point of low temperature and high pressure, real gases undergo a phase transition, such as to a liquid or a solid. The model of an ideal gas, however, does not describe or allow phase transitions. These must be modeled by more complex equations of state. The deviation from the ideal gas behaviour can be described by a dimensionless quantity, the compressibility factor, Z.

The ideal gas model has been explored in both the Newtonian dynamics (as in "kinetic theory") and in quantum mechanics (as a "gas in a box"). The ideal gas model has also been used to model the behavior of electrons in a metal (in the Drude model and the free electron model), and it is one of the most important models in statistical mechanics.

Thermodynamics is the branch of physics that deals with heat and temperature, and their relation to energy, work, radiation, and properties of matter. The behavior of these quantities is governed by the four laws of thermodynamics which convey a quantitative description using measurable macroscopic physical quantities, but may be explained in terms of microscopic constituents by statistical mechanics. Thermodynamics applies to a wide variety of topics in science and engineering, especially physical chemistry, chemical engineering and mechanical engineering, but also in fields as complex as meteorology.

Historically, thermodynamics developed out of a desire to increase the efficiency of early steam engines, particularly through the work of French physicist Nicolas Léonard Sadi Carnot (1824) who believed that engine efficiency was the key that could help France win the Napoleonic Wars.[1] Scots-Irish physicist Lord Kelvin was the first to formulate a concise definition of thermodynamics in 1854[2] which stated, "Thermo-dynamics is the subject of the relation of heat to forces acting between contiguous parts of bodies, and the relation of heat to electrical agency."

The initial application of thermodynamics to mechanical heat engines was extended early on to the study of chemical compounds and chemical reactions. Chemical thermodynamics studies the nature of the role of entropy in the process of chemical reactions and has provided the bulk of expansion and knowledge of the field. Other formulations of thermodynamics emerged. Statistical thermodynamics, or statistical mechanics, concerns itself with statistical predictions of the collective motion of particles from their microscopic behavior. In 1909, Constantin Carathéodory presented a purely mechanical approach in an axiomatic formulation, a description often referred to as geometrical thermodynamics.
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1. Some scientific and technical translation aspects of mechanics

1.1 Common problems in scientific translation

This lecture discusses the issues and methods of professional translation of scientific and technical papers by the example of mechanics. Translation of scientific and technical documents is the field of professional and translation activity; therefore the professional translation should be performed by highly qualified personnel, commanding a foreign language, professional knowledge and specific terminology, being able to adequately and competently express their thoughts in the target language. Improving translation quality of scientific and technical texts on mathematics and mechanics is achieved through a deep understanding of the work content, knowledge of specialized mathematical and mechanical terms and collocations, using of suitable translation methods. In the article translation examples of mathematical and mechanical terms and collocations are considered, translation constructions and patterns for mathematical and mechanical sentences are given, methods for eliminating mistakes in the translation of mathematical and mechanical texts are researched. The article is mainly focused for mathematicians and mechanics.

Every area of translation presents its own difficulties, and the scientific-technical translation field is no exception. Scientific and technical texts are of great importance as to their content and form. Over four million articles are published annually besides a great amount of books on the problems of mathematics and mechanics. 
As English became the universal language in the 21st century, most scientific research is now written in English all over the world. Nowadays, the world is facing globalization in the growing demand for communicating scientific technical knowledge to the public in the form of different media including different mathematical and mechanical reading materials. Perhaps there is also an increasing call for translation of these vital types of knowledge into language for the readers. Hence, it is essential for translators and interpreters to be aware of the translation problems that may affect the quality of translations.
Scientific research is the most popular source of translation work and some of the most thorough and yet complex research is carried in mechanical fields. Translation may involve a whole range of difficulties and thus, it can be a very challenging activity. Every language is different from variances in syntax, grammar rules, and grammatical structure. Thus, the translation process could be an uphill struggle.
Nowadays technical translation is an issue of the day as the teachers who work in universities have to face certain difficulties while translating. Translation of scientific and technical text is a multidimensional and multifaceted process determined by the system and norm of the two languages involved. It is not only dependent on the two cultures and the communicative situations, but also directly dependent on the referential situation and the functional parameters, of the source/target text. 
So what are the usual and common problems in scientific translation? 

1.2. Absolute accurate and subject knowledge of mechanics

I. Firstly, absolute accurate and subject knowledge of mechanics is key, as so often. The world of scientific research is vital and thus, a foreign audience requires expert translators who are competitive and reliable in the scientific translation field. Translation of scientific and technical literature is a sphere of translation activity, in which the professional performance of the work can be done only by highly trained technicians who have good knowledge of the subject area and its specific terminology, who speak a foreign language perfectly well, and (most importantly) who know how to properly express their thoughts (without getting off the point and style of the original) in the target language.

A translator must be fully aware of what s/he is translating to render precisely the content of the text. Special attention must be paid to terms and understanding of technical texts for readers. Therefore, translators in science and technologies have to specialize in a foreign language and a particular subject field. In fact, there are two types of translators: linguist translators and engineering translators. The former usually require penetration into the subject matter, the latter need good language skills. The accuracy of the scientific and technical translation is determined by how well the translator commands the source language and the subject of discussion. If the translator does not understand the meaning of a mathematical or mechanical text, then how can he translate it? 
1.3. Mastery of the relevant terminology

II. Secondly, technical translation covers the translation of many kinds of specialized texts and requires not only a high level of subject knowledge but mastery of the relevant terminology.

The peculiarity of technical translation of scientific documentation is an excessive amount of specialized terms, service and introductory words, frequent use of abbreviations and realias. The importance of consistent terminology in technical translation, for example in mathematics and mechanics, as well as the highly formulaic and repetitive nature of technical writing makes technical translation using translation classical terminology databases especially appropriate and understanding for readers.

A translator must take great pains to get familiar with the system of terms in the appropriate field and make good use of technical dictionaries and other books of reference. 

The term is thought to be an emotionally-neutral word conveying a name of a concrete notion that refers to this or that field of mathematics and mechanics. In specialized literature terms possess the main semantic meaning. A term is characterized by availability of definition, precision of semantics, independence, stylistic neutrality (absence of expression), brevity, lightness of functioning in various word-forms and capacity of combining with language.

In mechanics there are a lot of word terms that have a large number of synonyms. It is necessary to apply and use the translation of the term generally accepted in the specialized literature. For example, «напряжение» - «stress» (Do not use words: «voltage» or «strain»); «деформация» – «deformation» (Not: distortion (искажение), warp, deform, deflection (отклонение), alteration (изменение)); «устойчивость» – «stability» (Not: sustainability, resistance, resilience, steadiness, resistant, firmness); «разрушение» – «destruction» (Not: demolition, fracture, rupture, damage (перелом, повреждение), disruption, breaking (нарушение)); «жидкость» - «fluid liquid» (Not: liquid); «оболочка» – «shell» (Not: cover, covering (покрытие)); «manifold» - «многообразие» (Not: diversity, multiformity, great variety, diversification, vast vane); attach – присоединять, (sometimes, приклеивать) (Not: glue) and etc.

To translate precisely, it is not enough to know an equivalent of the term. It is crucial to know the exact place of the concept, denoted by the term, in relation to other concepts.

In specialized translation, search for Interlingua equivalents is a time-consuming activity even for an experienced translator. Therefore, the mid-1960s and early 1970s gave rise to term banks, or terminological data banks, that is systems for storing specialized vocabulary in electronic form. Term banks are commercially available (TERMIUM, for example, is available on CD-ROM). 

The translation of units of measurement depends on the system they are expressed in. If in metric system, weights, measures and quantities are usually retained. If expressed in imperial system (miles, pints, pounds, etc.), they are normally converted to the metric system.

While the presence of specialized terminology is a feature of technical texts, specialized terminology alone is not sufficient for classifying a text as "technical" since numerous disciplines and subjects which are not "technical" possess what can be regarded as specialized terminology [2].

Specific requirements for the scientific and technical translation are the ability to suggest accurate terminology equivalents, which is a necessity for adequate translation. Rather serious issue in the translation of scientific and technical texts is the problem of non-equivalent terms. The origin of non-equivalent vocabulary is differences in the realis of scientific environment. In this case, most of the non-equivalent terms can be translated by calquing, using the lexical and grammatical transformations. Another translation issue is when one English term corresponds to several terms of the Russian language. In this case, the translator requires not only a high enough level of native language and standard of speech, but also deep knowledge in the field the document to be translated refers to. Specialized terms are to be translated using special dictionaries.

1.4 Generally scientific and technical vocabulary

III. Besides terms in informative texts there are generally scientific word-combinations in general usage. This vocabulary is characterized by the fact that it does not have the property to denote notions and objects of a certain scientific and technical field. Generally scientific and technical vocabulary consists of words, word-combinations, separate formations, special patterns and clichés used for expressing links and relations between terminated notions and objects, also for expressing quality, quantity and other estimate characteristics while differentiating and classifying generally scientific and technical notions. 

Scientific and technical word-combinations are used in certain fields for describing various concrete concepts and processes in mathematics and mechanics: lateral (external, internal) load (боковая (внешняя, внутренняя) нагрузка); inner (outer) expansion (внутреннее (внешнее) разложение); side overload (боковая перегрузка); rapid increase in viscosity (быстрое увеличение вязкости); stress-strain state (напряженно-деформированное состояние); strain state (деформированное состояние); angular momentum (момент количества движения); gravity-forced motion (движение под действием силы тяжести); loss of stability (потеря устойчивости); rigid strip (string) (жесткая полоса (струна)); rigid fixed (be attached to) (жестко закреплен (прикреплен к)); stiffness of the (a) structure (membrane) (жесткость конструкции (мембраны)); rigidity of steady motion (жесткость стационарных течений); mechanics of deformable solids (механика деформируемых тел); fracture mechanics (механика разрушения); unsteady flux (нестационарный поток); carrying body (несущее тело); load-bearing (несущий нагрузку); area (element) of maximal shear (площадка максимального сдвига). The translator needs to know such phrases. 

In technical texts the peculiarity of these word-combinations consists of the difficulty determining their meanings in the original text, and matching of translation equivalents in the target language. For example, обобщенные функции – distributions (Not: generalized functions); собственные вектора – eigenvectors (Not: proper vectors); простые группы или числа – prime groups or numbers (Not: simple groups or numbers); старший коэффициент – leading coefficient (Not: elder coefficient); линейно соединены – arcwise connected (Not: linearly connected); это утверждение корректно – the statement is well defined (Not: the statement is correct) and etc.

There is a great amount of words and word-combinations so called false friends of translators (for instance, contribution - технологический, data - данные, decade - десятичный, instance - экземпляр, simulation – моделирование,  equipment- техника, оборудование). Transliteration method can distort the meaning of translated text.
1.5 Application of scientific translation methods
IV. There are certain techniques in order to eliminate scientific and technical translation problems. Following these techniques doesn’t entirely mean that the translation product would be error free. There may be some techniques on how to make the scientific translation more effective and easy. These include back translation, consultation with other people and interviews or questionnaires or any kind of test that will eventually help to solve translation problems.

When it comes to translation it has always been sound advice that the translation product should be accurate, which includes the adequacy and equivalence of the translation. In addition, most linguists believe that there are two types of equivalence: formal and dynamic. Formal equivalence focuses on the form as well as the content of the message, whereas dynamic equivalence focuses on producing an equivalent effect on the target language. The concept of the translation equivalent effect may however be rather vague.

Many translators perform translation using different techniques which they would think will suit to the translation type and the complexity of the area. However, the main point here is that the translation process has to find the effective ways in order to obtain the most accurate translation possible for readers. Expertise in the specialized field and linguistic proficiency are the most essential factors needed in order to produce a high-quality translation product. Without it, translation article search, including communication and understanding would be vague.

Translation as a whole is a balance of art and science influenced by both theory and practice. Having knowledge of both the linguistic features as well as the mathematical and mechanical features of translation applies directly to the field of technical translation. The structural and lexical differences between languages could be one the major problem in translation, especially, translating mathematical and mechanical papers from one language to another. 

Another one is the problem of grammar: every language has grammatical rules, which every translator and interpreters should clearly understand in producing an accurate scientific translation. Surely, if a translator does not have sufficient knowledge about the source and the target language, everything in the translation product can be an embarrassing disaster. The quality and result are determined by the peculiarities of the source text. Therefore, the interaction of text and translation is one of the issues for the theory of translation.

The translation process features a number of special methods aimed at creating adequate translation. Let us recall some methods that are also used in technical translation. Experts distinguish two translation methods: direct and indirect translation. 

Indeed, the message in the original language may properly be translated in the target language, since it is based on the parallel categories, either the parallel concepts. Although, sometimes due to structural or metalinguistic distinctions, some stylistic effects can’t be transferred to the target language, without changing in varying degrees, the order of the elements or even lexical items.. It is clear that in the second case, it is necessary to resort to more sophisticated methods – indirect methods of translation. Borrowing, calquing and literal translation are methods of direct translation. Transposition, modulation, equivalence and adaptation are indirect translation. 

Direct translation methods. Borrowing is the simplest method of translation. Borrowed approximately from 50 languages, lexical items account for almost 75% of the vocabulary of the English language and include layers of vocabulary borrowed from various historical periods and under the influence of different conditions of existence and development. Many borrowings under the influence of the system, into which they have entered, undergo significant phonetic, grammatical, and even semantic changes, adapting to the phonetic, grammatical and semantic laws of the system. The process of assimilation can be so deep that the foreign origin of such words is not obvious for native English speakers and is exposed only with the help of etymological analysis.  

Literal translation is to transfer the structure of the sentence without changing the construction and without substantial changing the word order. If the Russian sentence has a structure similar to the English one and it can be used without violating the grammar rules and reasoning, the literal translation of mechanical papers is acceptable. 

Indirect translation methods. Transposition refers to the method, which consists in replacing the words in one language without changing the meaning of the sentence in the second language. Replacement is often necessary because of the different grammatical structures in the language. The translator shall use the method of transposition, if the resulting pattern matches better the whole phrase or allows you to restore the stylistic features.

Modulation is a variation of the message, using a phrase with the different meaning in the original language and the target language for the transfer of the same idea. This method can be resorted when it is clear that literal translation or even transposition results in a grammatically correct statement, which is not contrary to the spirit of the target language. Inadequate translation can be avoided through modulation. 

In addition to modulation, concretization method is widely used in translation, i.e., the translator uses a narrow meaning, belonging to a word, but does not provide a new, as in modulation. 

Equivalence often occurs that two texts describe the same situation trough very different stylistic and structural means. Most of equivalences are stable and are part of the idiomatic phraseology, including clichés, sayings, adjectival or substantive fixed patterns and so on, e.g., dog bolt – откидной болт, cast iron – чугун, liquid rockets – ракеты на жидком топливе, etc. 

Quite often is used a translation method called grammatical replacement, which can be seen at the level of word forms or the whole sentences.

Compensation is used when some semantic elements and stylistic peculiarities can’t be transferred reliably. The translator shall remember that the translation is not just the transfer of meaning of text from one language to another, it’s also transfer of cultures.

Adaptation. When the situation in the original language does not exist in the target language, it shall be transferred through a different situation, which we consider an equivalent [3].

1.6 Achieving brevity and compactness of the narrative

V. The important feature of technical texts that is reflected in the selection and usage of language means is to reach brevity and compactness of narration. Therefore, there are so many special constructions and stamps there. Misunderstanding of these constructions leads to the mistakes in translation.

We give several frequently encountered constructions and stamps together with examples of their filling.

1) «For any (понятие) such that (штамп) in follows that (штам)». For any 
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. Remember that the comma before the word-combination «such that» is not put. This is a gross mistake.

2) «By definition, put (штам, формула)». By definition, put 
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1.7 The distinctive features of scientific and technical style

VI. The distinctive features of scientific and technical style are preciseness, clear logic, compressive character, impersonality, formality. Preciseness is a basic property of a scientific and technical text, and it should be strictly maintained in translation.

The main function of the scientific and technical style is informative. To convey logical information, prove its novelty and significance is the main goal of a scholarly, scientific or technical author. This style is used in professional spheres of mathematics, mechanics and other technical sciences.

The scientific and technical style involves the following substyles: scientific, technical, instructional (educational), popular science substyle. The substyles are classified into the following genres: monograph, manual, textbook, article, report, technical description, discussion, etc.

Preciseness and reliability of a scientific text is also established with references and citations. The Russian style researcher N. Razinkina compared references with currency, by which scientists pay their intellectual debt to their predecessors. The bibliography is considered to be a kind of social control over scientific value and reliability of the results of research.

The translation process always takes place strictly within the logical thinking, i.e., those who are capable of thinking logically are likely to make the proper translation. Experts in logic say that to understand an unfamiliar term, we need to analyze the context. In the course of this analysis, we set different semantic connections and relationships between the unknown term and other words, the meaning of which is well known. Such cases are very common in the translation from the foreign language into the native language. 

Clear logic is achieved through a system of logical connections and interrelations. A stock of linking phrases will help a translator make a connection between a point in the past and future, to refer a receptor forward or back. For example, As we will see… – Как будет видно… As I said earlier… - Как было сказано раньше… Linking phrases help to develop a point (Moreover… – Кроме того… Despite this… - Несмотря на это…According to our estimates,… - Согласно нашим подсчетам…)*

Logical enumeration of classification in a scientific text is a matter of graphical hierarchy: first come Roman numerals (I, II, etc), then Arabic numerals (1. 2.), then, if necessary, Arabic numerals with a parenthesis: 1), 2), followed by capitalized letters (A, B), lowercase: a, b, or lowercased letters with parenthesis: a), b). It is advisable not to change the hierarchy of enumerating elements, since a different order will seem illogical. In marking the enumeration, the translator (like the author)should be consistent.

A specialized mathematical and mechanical technical text tends to emphasize thematic components by various means because the theme serves as a linking element between what has been said in the text and what will follow (new, rheumatic element). English texts, though, often manifest their implicit character and do not verbalize the thematic component of the sentence. Therefore, in the more explicit Russian text, a translator has to extend the sentence by adding an implied thematic element:

Economy and compressive character of the text. A scientific text must provide a reader with maximal information within a minimal time period and with minimal effort. This stylistic feature of technical translation is achieved with lexical and grammatical means, such as: using compressive structures, like attributive clusters (a liquid rocket – ракета на жидком топливе), Complex Subject (these devices were proved to be sufficiently reliable), Complex Object (assume this to make…), reduced adverbials (if found), article ellipsis (General view is that…); abbreviation (PC = personal computer; CD-ROM = Compact Disk-Read-Only Memory). It is necessary that a translator decipher all the abbreviations in the original (by using every available dictionary and reference book) and render them according to the standards. If the form has no standard abbreviated form in the target language, it is given in full form. The abbreviations that cannot be deciphered are retained in the source language.

Impersonality is a measure of the extent to which the producer of a text avoids reference to him/herself or to the receptor. Such avoidance is far commoner in written than in spoken texts, and in Russian than in English. Using impersonal and indefinite structures, passive constructions, infinitive clauses, etc. provides the impression of the impersonal and objective style. Several calculations were run. – Было проведено несколько вычислений. 

As has been mentioned, in English texts a smaller degree of impersonality is acceptable, as compared with Russian. This results in a more frequent usage of personal pronouns (I, we, you) in English. Such sentences are often translated from English into Russian by infinitive clauses or impersonal constructions: If we prove a theorem… - Если докажем теорему…

English instructions and directions normally list instructions in the imperative mood. To observe impersonality as a characteristic feature of a Russian technical style, it is recommended translating the imperative verbs by Russian infinitives: 

«To solve the Cauchy problem, you need to follow the following scheme:

a). Bring the initial equation to canonical form in the new coordinate system and return to the original coordinate system.

b). Integrate the resulting equation in the canonical form.

c). Find arbitrary functions from the initial conditions of the Cauchy problem.»

Some authors prefer to use the so-called ‘royal plural’: we – мы. Today this usage is considered somewhat outdated. It is better to keep an impersonal style.

You should favor the active voice. The active voice tends to grab the readers' attention. The active voice indicates action, while the passive voice indicates inactivity. Mathematical writing is boring enough; keep your writing lively. Many writers use the person such as \I" and \we" to avoid the passive voice. Remember to allow other objects to be active: solutions can mean something, data of the given problem can show something, etc.

Formality. This feature results from the author’s tendency to avoid connotative words in the scientific text. However, research by N. Razinkina and other linguists has shown that English scientific text is not void of expressive elements, which greatly differs from the Russian style. Metaphors and bright similes are not infrequent in the English scientific text. Since this feature is so different in English and Russian, translators generally leave out metaphors in the Russian translation according to the rule of functional equivalence.
1.8 Correct translation of mechanical statements

VII. To understand and correctly translate mechanical  statement in symbols, you need to achieve the following objectives:

1. To understand statements to form a correct equation.

2. To translate mathematical statement in symbols.

3. To appreciate the use of different symbols in mathematics.

Translating words to symbols. The job of the problem solver is to translate the problem from phrases and statements into mathematical expressions and equations, and then to solve the equations.

As problem solvers, our job is made simpler if we are able to translate verbal phrases to mathematical expressions and if we follow the method of solving applied problems. To help us translate from words to symbols, we can use mathematical  and technical dictionaries. Translate each phrase or sentence into a mathematical expression or equation.

Exercises. a) Three more than seven times a number is nine more than five times the number: 
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b) In variation problems we are provided with an expression 
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 and returns a single number. Such objects are often called functionals to distinguish them from ordinary functions. The functional is the mapping of the space of smooth (having derivatives of all orders) functions to the whole number axis: 
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1.9 Peculiarities of translation of scientific and technical papers
VIII. A significant role in the scientific and technical papers is played by prepositions and complex conjunctions (e.g., in order that, provided that, as though, etc.) which create logical connections between the individual elements of sentences. In addition, the scientific and technical papers frequently use adverbs, which are integral parts of the development of logical thinking. 

Under the realias of mechanical, scientific and technical papers we understand the titles, the brands of equipment and materials. The realias, as a rule, are not translated but transliterated or given in the text in their original writing. Optimal translation solution for the phraseology is a search for identical phraseological items in the target language. In the absence of direct correspondence, the original statement can be translated by searching for similar items, having a similar meaning with the original one.

Stylistic peculiarities of the translation of scientific and technical papers are language clarity, lack of expressive, emotional and imaginative patterns.

Knowledge of the typical translation errors and their causes contribute to their prevention. Translation errors are divided into two main types: functional and informative. Functional and informative errors are functionally unreasonable deviation from the original text, adversely affecting the transfer of its meaning. In terms of its negative impact on the quality of the original source translated, they are divided into the “distortions” and “inaccuracies”.’ The distortions are errors in the translation, misleading the translation recipient about the content of a source text. Inaccuracy features lesser degree of equivalence violations, and less misleading impact.

Grammatical peculiarities of the translation of scientific and technical papers are characterized by frequent use of participial and verbal adverb phrases, simple, expended and complex sentences, passive voice, infinitive, participial and gerund phrases. 

The great danger for the translator lies in the fact that both English and Russian feature a lot of similar grammatical forms and syntactic structures, the functions and meanings of which do not match in the languages. Similar names of such forms and constructions, borrowed both in Russian and in English from Latin, should not be misleading. English infinitive and participle functionally and meaningfully differ from the corresponding Russian forms. In the course of translation, it is required to use grammatical transformations. Functional correspondence is achieved by a complete change of structures, word order and by replacing parts of speech and sentence, adding and omitting words. The ability to adequately translate foreign text is one of the goals of training, even though it is not aimed at training a highly-qualified translator. The essence of adequate translation is not the transfer of letters but the spirit of the text. Each language has its own unique means, characteristics and properties, so to faithfully convey an image or phrase; sometimes a translator shall completely change them [5]. 

In conclusion, technical translation is a type of specialized translation involving the translation of papers produced by technical writers (owner's manuals, user guides, etc.), or more specifically, texts which relate to technical subject areas (mathematics, mechanics) or texts which deal with the practical application of scientific and technical information. Technical translation covers the translation of many kinds of specialized texts and requires a high level of subject knowledge and mastery of the relevant terminology and writing conventions. In addition to making texts with technical terms accessible for a wider ranging audience, technical translation also involves linguistic features of translating technological texts from one language to another.

2. Laws of thermodynamics
The three laws of thermodynamics define physical quantities (temperature, energy, and entropy) that characterize thermodynamic systems at thermal equilibrium. The laws describe how these quantities behave under various circumstances, and preclude the possibility of certain phenomena (such as perpetual motion).

The three laws of thermodynamics are:[1][2][3][4][5]
· First law of thermodynamics: When energy passes, as work, as heat, or with matter, into or out of a system, the system's internal energy changes in accord with the law of conservation of energy. Equivalently, perpetual motion machines of the first kind (machines that produce work with no energy input) are impossible.

· Second law of thermodynamics: In a natural thermodynamic process, the sum of the entropies of the interacting thermodynamic systems increases. Equivalently, perpetual motion machines of the second kind (machines that spontaneously convert thermal energy into mechanical work) are impossible.

· Third law of thermodynamics: The entropy of a system approaches a constant value as the temperature approaches absolute zero.[2] With the exception of non-crystalline solids (glasses) the entropy of a system at absolute zero is typically close to zero.

In addition, there is conventionally added a "zeroth law", which defines thermal equilibrium:

· Zeroth law of thermodynamics: If two systems are each in thermal equilibrium with a third system, they are in thermal equilibrium with each other. This law helps define the concept of temperature.

There have been suggestions of additional laws, but none of them achieve the generality of the four accepted laws, and they are not mentioned in standard textbooks.
The zeroth law of thermodynamics may be stated in the following form:

If two systems are both in thermal equilibrium with a third system then they are in thermal equilibrium with each other. 

The law is intended to allow the existence of an empirical parameter, the temperature, as a property of a system such that systems in thermal equilibrium with each other have the same temperature. The law as stated here is compatible with the use of a particular physical body, for example a mass of gas, to match temperatures of other bodies, but does not justify regarding temperature as a quantity that can be measured on a scale of real numbers.

Though this version of the law is one of the most commonly stated versions, it is only one of a diversity of statements that are labeled as "the zeroth law" by competent writers. Some statements go further so as to supply the important physical fact that temperature is one-dimensional and that one can conceptually arrange bodies in real number sequence from colder to hotter.[9][10][11] Perhaps there exists no unique "best possible statement" of the "zeroth law", because there is in the literature a range of formulations of the principles of thermodynamics, each of which call for their respectively appropriate versions of the law.

Although these concepts of temperature and of thermal equilibrium are fundamental to thermodynamics and were clearly stated in the nineteenth century, the desire to explicitly number the above law was not widely felt until Fowler and Guggenheim did so in the 1930s, long after the first, second, and third law were already widely understood and recognized. Hence it was numbered the zeroth law. The importance of the law as a foundation to the earlier laws is that it allows the definition of temperature in a non-circular way without reference to entropy, its conjugate variable. Such a temperature definition is said to be 'empirical'. 

The first law of thermodynamics may be stated in several ways :

The increase in internal energy of a closed system is equal to the total of the energy added to the system. In particular, if the energy entering the system is supplied as heat and if energy leaves the system as work, the heat is accounted for as positive and the work as negative.

The second law of thermodynamics indicates the irreversibility of natural processes, and, in many cases, the tendency of natural processes to lead towards spatial homogeneity of matter and energy, and especially of temperature. It can be formulated in a variety of interesting and important ways.

It implies the existence of a quantity called the entropy of a thermodynamic system. In terms of this quantity it implies that

When two initially isolated systems in separate but nearby regions of space, each in thermodynamic equilibrium with itself but not necessarily with each other, are then allowed to interact, they will eventually reach a mutual thermodynamic equilibrium. The sum of the entropies of the initially isolated systems is less than or equal to the total entropy of the final combination. Equality occurs just when the two original systems have all their respective intensive variables (temperature, pressure) equal; then the final system also has the same values.

The second law is applicable to a wide variety of processes, reversible and irreversible. All natural processes are irreversible. Reversible processes are a useful and convenient theoretical fiction, but do not occur in nature.

A prime example of irreversibility is in the transfer of heat by conduction or radiation. It was known long before the discovery of the notion of entropy that when two bodies initially of different temperatures come into thermal connection, then heat always flows from the hotter body to the colder one.

The second law tells also about kinds of irreversibility other than heat transfer, for example those of friction and viscosity, and those of chemical reactions. The notion of entropy is needed to provide that wider scope of the law.
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Appendix 1
Task 1. Vocabulary Practice

Study the following vocabulary and translate the sentences below either from English into Russian or back.
	1. НАЧАЛО ВЫСКАЗЫВАНИЯ (OPENING)

	I’d like to point out right at the beginning that…
	В самом начале хотел бы отметить

(обратить внимание), что…

	Now by way of introduction I would go as far as to say that…
	В качестве вступления я бы сказал (хотел бы сказать), что…

	Just at the beginning I would go as far as to say that…
	В самом начале я бы сказал (хотел бы сказать), что…

	It should be pointed out right as the beginning that…
	В самом начале необходимо отметить, что…

	We very clearly remember that…
	Мы очень хорошо помним, что…

	Today we’ll be taking a closer look at…
	Сегодня мы более детально рассмотрим…

	Let’s talk briefly about…
	Давайте поговорим вкратце о…


	2. ПРОДОЛЖЕНИЕ ВЫСКАЗЫВАНИЯ (CONTINUING)

	But right now our attention turns to…
	А сейчас обратим внимание на…

	Now, let’s look at the situation in…
	А сейчас давайте рассмотрим эту ситуацию (напр. с другой стороны)

	And now let’s turn to…
	А сейчас перейдем к…

	I think what we can hope to do now is…
	Я думаю, что сейчас мы можем надеяться сделать… (то, на что мы можем сейчас надеяться, – это…)

	What is likely to happen is…
	Скорее всего случится следующее…

	Let’s move to another question.
	Давайте перейдем к следующему вопросу.

	Now it is going to be my pleasure to explain to you…
	Я с удовольствием (с радостью) объясню вам…


	3. ВЫРАЖЕНИЕ СВОЕГО МНЕНИЯ (OPINION PHRASES)

	I don’t profess to be an expert on the subject of…
	Я не претендую на роль эксперта в этом вопросе… (в вопросе касательно…)

	No one, I think, is challenging the view that…
	Думаю, ни у кого не вызывает сомнения, что…

	I am tempted to think that…
	Я склонен к мысли, что…

	I don’t honestly think that…
	Я, честно говоря, не считаю, что…

	And now I’d prefer to talk about… rather than…
	А сейчас я бы хотел поговорить о…, а не о…

	It strikes me that…
	Меня поражает, что…

	I know from personal experience…
	Я по своему опыту знаю, что…

	I hold the view that…
	Я придерживаюсь точки зрения, что…

	Well, my personal feeling is…
	Мое личное мнение…

	It’s my firm believe that…
	Я твердо убежден, что…

	As far as I am concerned…
	Что касается меня, то…

	It’s been my observation that…
	По моим наблюдениям…

	I am not so pessimistic as to suggest…
	Я не настолько пессимистичен, чтобы предположить…

	I’ve got an impression that…
	У меня впечатление, что… 


	4. ПРОТИВОПОЛОЖНАЯ ТОЧКА ЗРЕНИЯ (CONTRASTING POINT OF VIEW)

	On the other hand…
	С другой стороны…

	There is another side to this.
	Есть и другая сторона.

	There are 2 ways of looking at this…
	На это можно посмотреть с двух сторон.

	There are different views of…
	Существуют разные мнения насчет…

	It would be a mistake to think that…
	Было бы ошибкой (неправильно) думать, что…

	It is not a final word on the matter.
	Это не последнее слово в этом деле.

	It doesn’t necessarily mean that…
	Это не обязательно означает, что…

	Well, there’s been a debate about this.
	Об этом ведутся споры.

	I take a different view at…
	У меня другое мнение насчет…

	Opponents argue that…
	Оппоненты утверждают, что…

	Many people oppose the viewpoint that…
	Многие люди не поддерживают точку зрения, что…

	There’s been mixed reaction to…
	Была неоднозначная реакция на…


	5. ВЫРАЖЕНИЕ СОГЛАСИЯ (AGREEMENT)

	Yes, you’re quite right to say that…
	Вы совершенно правы, когда сказали…

	You are certainly correct to say that…
	Вы абсолютно правы, когда сказали…

	You’ve been very right to say that…
	Вы абсолютно правильно утверждаете, что…

	No questions about it.
	Никаких вопросов по этому поводу.

	Well, exactly. That’s precisely what I was going to say.
	Совершенно верно! Это именно то, что я и хотел сказать.

	I have almost no doubt that…
	У меня почти нет сомнений, что…

	I am 100% certain that…
	Я уверен на 100%, что…

	I have little doubt that…
	Я почти не сомневаюсь, что…


	6. ВЫРАЖЕНИЕ НЕСОГЛАСИЯ, СОМНЕНИЯ (DISAGREEMENT, UNCERTAINTY)

	I can disagree.
	Я могу не согласиться.

	I express strong objection to the idea that…
	Я крайне не согласен с мнением, что…

	I don’t think it’s fair to say that…
	Не думаю, что справедливо утверждать…

	That’s where you are wrong about it.
	Именно в этом вы неправы.

	This does not seem to be so.
	Кажется, что это не так.

	There is continuing disagreement over…
	Постоянно возникает разногласие  относительно…

	There has been much disagreement over…
	Существует много разногласий относительно…

	It is rather questionable if…
	Довольно сомнительно, если…

	It looks very unlikely that…
	Маловероятно, что…

	It’s an impossible question to answer.
	На этот вопрос невозможно ответить.

	I have considerable doubt as far as N is concerned.
	Я очень сомневаюсь относительно N.



	I doubt it very much, because…
	Я в этом очень сомневаюсь, т.к…



	I am rather vague about it.
	Я в этом не очень уверен.


	7. ПРОЯСНЕНИЕ СИТУАЦИИ, АКЦЕНТИРОВАНИЕ ВНИМАНИЯ (CLEARING UP, EMPHASIZING)

	Nobody would want to deny the fact that…
	Никто не станет отрицать тот факт, что…

	And the thing that comes particularly strongly is…
	И особенно привлекает внимание (выделяется) такая вещь, как…

	One of the things that must be of concern (importance) to us is…
	Во-первых, мы должны обратить внимание на… (Для нас имеет большое значение, во- первых…)

	I’d like to remind you that…
	Хотелось бы напомнить, что…

	We have to bear in mind that…
	Необходимо помнить, что…

	One has to bear in mind…
	Каждый должен помнить, что…

	What we have to look forward to is…
	На что нам остается надеяться (чего нам можно ожидать), так это…

	It’s from this angle that one must seriously consider this problem.
	Именно с этой стороны необходимо серьезно подойти к этому вопросу.

	It must be admitted that…
	Необходимо отметить, что…

	It immediately brings to mind…
	Это сразу напоминает (наталкивает на мысль) о…

	But one mustn’t lose sight of the fact that…
	Нельзя упускать из вида тот факт, что…

	The other thing that we should keep in mind is…
	Следующая вещь (следующий момент), о которой (-ом) необходимо помнить…

	To go right to the heart of the problem I’d like to say that…
	Переходя к сути проблемы, я хотел бы сказать, что…

	Yes, the strange thing about it is that…
	Да, странным в этом является то, что…

	What I was greatly struck by is…
	Что меня поразило, так это…

	I must make my reservation.
	Я должен сделать оговорку.

	Reservation should be made.
	Необходимо сделать оговорку


	8. ПРИВЕДЕНИЕ ПРИМЕРОВ, ФАКТОВ (GIVING EXAMPLES, FACTS)

	Let me give you a brief example…
	Позвольте привести краткий пример…

	Let me give you an example of what I mean…
	Позвольте привести пример того, что я имею в виду…

	Let me illustrate the point with the example…
	Позвольте продемонстрировать этот момент на примере…

	What we have seen now is a kind of a perfect example of…
	То, что мы сейчас увидели, – это прекрасный пример того, что…

	Let me see if I can illustrate that for you.
	Дайте подумать, смогу ли я это пояснить.

	There is a great deal of discussion about…
	По поводу… ведутся дискуссии.

	It’s a problem that will only increase in time.
	Это проблема, которая со временем только возрастет (усугубится).

	Nobody doubts that…
	Никто не сомневается, что…

	This means just what it says.
	Это означает именно то, о чем вы подумали.

	What’s more difficult to explain is…
	Что еще сложнее объяснить, так это…

	There’s a widely held view that…
	Существует распространенное мнение, что…

	There’s been a lot of scientific evidence that…
	Существует множество научных доказательств, что…

	There’s enough evidence that…
	Существует достаточно доказательств, что…


	9. ЗАВЕРШЕНИЕ ВЫСКАЗЫВАНИЯ (CONCLUDING)

	To draw to a close I’d like to say that…
	В завершение хотел бы сказать, что…

	To have the final say in the matter…
	Напоследок скажу, что…

	To crown it all I’d like to say that…
	В довершение всего хотел бы сказать, что… 

	Let’s have a final look at…
	Давайте в последний раз рассмотрим…

	It only remains for me to say…
	Мне остается только сказать, что…

	I would like to sum up the chief points of what has just been said.
	Хочу подытожить основные моменты сказанного. 

	All things considered, the obvious conclusion to be drawn is that…
	Принимая все во внимание, мы можем сделать очевидный вывод, что… 

	All in all, it is evident…
	В конечном счете, очевидно, что…

	To sum it up I’d like to say…
	Подытоживая, хочу сказать…

	To draw to the conclusion I’d like to say that…
	В завершение хотел бы сказать, что…

	Summarizing, we may say that…
	Подытоживая, мы можем сказать, что… 

	That’s where I’d like to end.
	На этом хочу завершить.




Appendix 2
Task 2. Operation signs and terms
Look through the table and try to memorize it.

	Operation



	
	Signs of operation
	Examples
	Names of components

	
	written
	read
	
	

	addition 
	+
	plus
	a+b=s 

a plus b is equal to s 
	a and b are addends; or: items; or: summands; s-sum 

	subtraction 
	-
	minus
	L-1=a 

Capital L minus small 1 is equal to a 
	L-minuend 

1 –subtrahend 

a- difference, 

or: remainder 

	multiplication 
	*
	multiplied by
	a times b is equal c; or: a multiplied by b is equal to c; or: ab equals c 
	a and b are factors a- multiplicand 

b- multiplier 

c - product 

	division 
	/
	Divided by; or : over
	a divided by b equals c; or: a over b is equal to c
	a - dividend 

b - divisor 

c – quotient; or: 

a – numerator 

b – denominator 

a/b – a fraction 


Appendix 3
Task 3. Ordinal and relation signs and mechanical terms
Look through the table and try to memorize it.

	Signs
	Reading
	Examples and additional word combinations

	.
	Point; or: decimal point 
	

	…
	And so on to 
	1, 2, 3… 25 (read: one, two, three and so on to twenty five 

	∞
	And so on to infinity
	1, 2, 3… (read: one, two, three and so on to infinity

	x1
	x one, or : x sub one
	

	x→∞


	x approaches infinity or: x tends to infinity
	

	=
	is equal to, or: does not equal
	a=b; a equals b or: a is equal to ; or: a is b

	≠
	is not equal to; or: does not equal
	a≠b; a does not equal b; or: a is not equal to b; or: a is not b

	()


	Parentheses; or : round brackets
	

	[]


	Brackets; or: square brackets
	

	{}


	braces
	

	<
	(is) less than
	p<q; p (is) less than q

	>
	(is) greater than
	p>q; p (is) greater than q
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	(the) n-th root of c is equal to b
	To extract a root

	bn= c


	b to the n-th power is equal to c

b to the n-this equal to c

the n-th power of b is equal to c

b to the power of n is equal to c

b to the power n is equal to c
	To raise to a power to square a number to cube number
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	The m over n-th power of a equals the square root of a to the m-th power 
	

	logbc=n

	the logarithm of c to the base b is equal to n
	natural logarithm of c number (ln c)
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	a is an element of M; or: a belongs to M
	

	a∉M

	a is not element of M; or: a does not belong to M
	

	M={2,4,6}


	M is the set with the elements 2,4,6
	

	Μ=
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	M is an empty set (or: a null set)
	

	M⊆B

	M is a subset of B
	

	M⊂B

	M is proper subset of B
	

	Β
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	the union of A and B
	

	Β
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	the intersection of A and B
	

	Β×Α


	the Cartesian product A and B are equivalent to each other
	

	(a, b)
	open interval a b
	

	[a,b]

	closed interval a b
	

	(a,b]

	half – open interval a b, open on the left and closed on the right
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	the limit of f from x as x tends to x one is capital L
	

	∫ 2xdx=x2+C

	the integral of 2x dx is x2
plus C
	

	Σ


	the sum
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	Summing over x sub i from one to n
	

	1/2 
	One second; or: a half 
	A proper fraction is one whose numerator is less than denominator 

	23/6 

9/9 
	Twenty three six 

Nine ninths 
	An improper fraction is a fraction, whose numerator is equal to or larger than the denominator 
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