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Введение

Сейчас, когда английский язык стал основным средством междуна
родного научного общения, все больше ученых и специалистов не только 
осознают необходимость читать научную литературу на английском языке, 
но и чувствуют потребность самим изложить по-английски свои идеи и ре
зультаты своих исследований на международной конференции, на страни
цах международного научного журнала, в заявке на грант или совместный 
проект. Данное пособие призвано помочь молодым исследователям решать 
эту проблему.

Учебное пособие предназначено не только для понимания научного 
текста, но и для его создания. Оно учит не переводить пословно научный 
текст на английский язык, а дает возможность выбрать готовый оборот, 
выражение, фразу или модель и одновременно направляет научное изло
жение, показывает, как оно должно быть организовано, подсказывая даль
нейшие шаги и тем самым предельно облегчая работу.

Пособие основано на представлении о том, что при изложении своих 
мыслей на иностранном языке студент свободен в выборе языковых 
средств, имеет свою собственную «активную лексику» и всегда знает, что 
хочет сказать и подчеркнуть. Автору высказывания, специалисту в своей 
предметной области и терминологии, для изложения идей на иностранном 
языке нужны способы их представления и организации, характерные для 
научного стиля. Именно такие средства и предлагает данное пособие.

Пособие демонстрирует как строится научный текст, какие средства 
придают ему связность и последовательность, законченность и корректный 
вид. Оно состоит из трех секций. Все секции организованны в модульном 
варианте: информация, глоссарий и справочная литература.

В первой секции «Communication in Science» предлагается информация 
двенадцати текстов о коммуникации как явлении и коммуникативной ком
петенции в науке (теория и практика продуцирования и восприятия речи).

Во второй секции «Science and Sciences» изложены данные о науке как 
виде человеческой деятельности и отдельных научных направлениях есте
ственных дисциплин, их истории и развитии. Особое место среди этих тек
стов занимает публикация, заимствованная у А. Азимова «Of What Use», 
использованная как образец возможного моделирования информации тек
ста в форме ее денотативной модели.

В третьей секции содержатся тексты о выдающихся ученых разных об
ластей естественнонаучного направления, дается глоссарий — толкование по
нятий использованных в текстах, а также ссылки на электронные источники.

Первые две секции работы были подготовлены Л.И. Сологуб, а третья 
составлена М.М. Капоткиной. В конце работы приведена библиография. 
Рисунки, иллюстрирующие высказывания по теории коммуникации, были 
заимствованы из указанных в библиографии учебников Р.П. Мильруда.
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«Culture is "what everyone knows ", and part o f  this knowledge 
is conversational competence» 

M. Stabbs (Discourse analysis. Oxford, 1982, p. 8)

Section I
COMMUNICATION IN SCIENCE

Information
Text 1 

COMMUNICATION

Communication is a form of human interaction. People cannot maintain 
normal life, share experience, work-related and everyday skills without com
municating with, and influencing one another. Communication enables people 
to form a view of the world, reach mutual understanding and find a «common 
language». However, it is also an exchange of actions, acts, thoughts and 
emotions with others, as well as drawing on one's own inner world -  memo
ries, consciousness and aspirations. The «secret» of communication lies in 
one's desire and ability to live with other people in harmony and in an atmos
phere of good will, generously sharing with them the riches of one's own heart.

Communication is a combination of education and self-education in 
which people influence one another without didacticism or moralizing. This 
makes the issue of the moral content and cultural forms of communication 
very im portant..

Genuine human communication is a form of creative activity that helps 
bring out one's best qualities. Communication is based on respect for the dig
nity of others, for basic universal 
moral standards.

The spoken work is the most meaningful, embracing and expressive 
means of communication. An ability  to talk, listen and converse is an essential 
condition for mutual understanding and a means for checking on th e  truth 01 
error of one's own views and ideas What might be called the «mute language» 
of communication of emotions has in its arsenal the look and the gesture 
that may be warm or offensive, nice or vulgar, covering sympathy or antipathy, 
while posture, manner in conversation, etc., are also a measure of civilization 
and breeding. The manner and means of communication have an ethical, hu
manistic meaning in that they indicate the extent to which one is able to put one
self in place of another. Formation and development of the need for communica



tion is a major task of moral education. It is also a guarantee of proper orienta
tion in the evolution of socialibility, of the standards of communication itself.

Check up fo r  comprehension 

Read and translate the text.

Text 2.1 
WHAT TO DO

If your relationship isn't working, but you love him too much to live, here 
is Dr. Dan Kiley's guide to change things for the better.

Although it's often overused, the recommendation, «You need to improve 
your communication» is still the most important one for a troubled relationship.

Most men recognize the need for improved communication while consider
ing it to be in woman's responsibility. They believe that if  they are good provid
ers, relationships will take care of themselves. It does little good to lecture these 
men about the conjoint nature of improved communication. They have to be 
shown.

Basic communication script

I'm not a big fan of giving anyone the exact words to use during a confron
tation. But you might face a situation in which you need a few words to get you 
started in the right direction. Here is the basic script:

«When you say ... I think (feel)... I wish you would...». When responding to 
your partner's opinion, say: «When you say that, I think (feel)... I do (don't) 
agree with you, because...».

The basic communication script is limited, but when you are attempting to 
overcome poor communication habits, you need an elementary method that en
sures both of you are operating within the same system. Once you understand 
the basics, it will feel natural to say: «I feel bad because we're not talking as we 
used to. Can't we work on that?»

Five ways to communicate

Appointment: If you and your partner are barely able to wave as you scurry 
past each other, I suggest you make an appointment to talk to each other.

The appointment should be given the same degree of significance as a 
regular work appointment. Agree on a time, place and topics. Be prepared to 
move the conversation away from specific problems and into a discussion of 
your estrangement. But always keep the conversation as objective as possible.
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Avoid places where you can meet friends. And permit no interruptions. If 
it's uncomfortable at first, use notes to guide your discussion.

Bibliotherapy: This procedure is designed for couples who are in mild 
stress. For each partner, it entails reading a section of a mutually enjoyable book 
and then discussing the contents and individual reactions. You can each read the 
same biography and then compare reactions, or read a relationship-enrichment 
book and talk about what parts of it apply to you.

Reading aloud: This technique is similar to bibliotherapy except that you 
read aloud to each other. In most cases you will have to begin the reading aloud 
with the hope your partner will eventually follow suit. If he doesn't, that's okay. 
You can still accomplish one goal: he will hear you speak with a kind, upbeat 
voice, a voice free from problems or complaints.

You can start by reading an interesting section from a magazine or a news
paper. If that's successful, you might read a few pages from a book each night.

Active listening: This technique helps you demonstrate what you would 
like your partner to do when you are talking.

The next time he begins to speak, drop what you are doing and listen. Do 
not speak any of your own thoughts or interpret what you hear. Ask for repeti
tion by saying,...

Alter several minutes, feed back what you've heard by summarizing his 
points. Then ask him if your summary is accurate.

To encourage him to listen to you, don't be afraid to say: «I just want you 
to listen to me for a few moments Could you please put the newspaper down?» 
Your active listening will increase the chances that he will ask you about your
self, and you will get to express your opinions without fear of contradiction or, 
worst o f all, being ignored.

Many couples have found that active listening can spark spontaneity and 
increase the satisfaction of a conversation. The more you can control extraneous 
interruptions, the greater the success of active listening.

If active listening is successful, you will begin to feel a deep sense of tran
quility during the middle and later stages of the process. This peace comes from 
two sources: your brain, which enjoys having the auditory channels stimulated 
without the static created by arguing or needing to think and respond with new 
information; and your mind, which relaxes when you immerse yourself in an
other's agenda. Active listening gives your ego defences a welcome rest.

Passive questioning: Begin this technique by saying: «I'd like to ask you 
some questions. Is that okay?» Even his yes is a connection, however small. Ask 
him about the particulars of whatever he's talking about.

If you can't be sincere in this questioning, don't do it. Avoid sarcasm or 
questions that mask a confrontation («Don't you think you were wrong?»). Also, 
avoid any question that stimulates disagreement or argument, and do not push 
the conversation in a particular direction.
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Passive questioning should be used only after both partners have contained 
any anger that might be present. You need a clear head in order to weigh evi
dence, sort through alternatives and project probabilities.

Other approaches to passive questioning include looking at the bright side 
(«I know it sounds strange, but is there a good side to your problem?»); looking 
at the reason for defences («Are you hurt about something?»); and trying to help 
(«What can I do for you?»).

Check up fo r  comprehension

1. Answer the following questions:
1. Does the article deal with marital relationships or social communication?
2. Who is more responsible for good communication within the family: men or 
women?
3. What does basic communication script provide?
4. How many ways for communicating are suggested?
5. What for is appointment necessary?
6. How does bibliotherapy operate?
7. What goal may be achieved by reading aloud?
8. What does the technique o f active listening help demonstrate?
9. What do you feel if  active listening is successful?
10. How is it better to begin asking questions?

2. Complete the following sentences:
1. Most men recognize the need for improved communication to be ....
2. The first communication technique is to make ....
3. You should keep the conversation as ....
4. Bibliotherapy is designed for couples who ....
5. Reading aloud is similar to bibliotherapy except th a t...
6. Many couples found that active listening can spark ...
7. If it is successful you feel ....
8. Active listening gives you ....
9. In questioning you should avoid ....

3. Agree or disagree with the following:
1. If your relationship is troubled, it is the male responsibility to improve it.
2. It's quite possible to overcome poor communication habits.
3. The appointment should be given a certain degree of significance.
4. You always use notes to guide your discussion.
5. Bibliotherapy gives little chance for communication.
6. In reading aloud no problems or complaints arise.
7. Active listening gives your ego defences a welcome rest.
8. Active listening is a useless technique as it disrupts feedback.
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4. Reproduce sentences from the text where the following expressions are used:
to improve communication 
to face a situation
to overcome poor communication habits 
to make an appointment 
to accomplish a goal to encourage 
to listen to express opinions 
to stimulate argument 
to weigh evidence

5. Divide the text into logical parts and make up an outline in writing.
6. Review the text.
7. Develop the following situations:
1. If your relationship is not stable, what techniques would you use to improve it?
2. You are going to face a situation directly, what would you start with?
3. What techniques would you offer to overcome poor communication habits?
4. You are a family therapist. What recommendations would you give your cli
ent encourage his partner to listen to the problems of concern?

9. You should avoid questions that stimulate disagreement or argument.

Text 2.2 
ARE YOU AFRAID TO TALK?

This is a quiz that will indicate your degree of apprehension in speaking to 
your partner.

Rate each statement on a five-point scale: 1= strongly disagree; 2 = dis
agree; 3 = not sure; 4 = agree; 5 = strongly agree.

• My thoughts become confused and jumbled when I am discussing issues 
that are important to my partner.

• I  usually try to work out problems myself instead o f talking them over 
with my partner.

• Even in casual conversations with my partner, I feel that I must guard 
what I say.

• I am hesitant to get into casual conversation with my partner.
• I am uncomfortable getting into an intimate conversation with my partner.
If your total score is less than nine, your apprehension in speaking to your

partner is low. If it is more than 17; your apprehension is high.
Whatever your score, if you think your apprehension is too high, follow the 

suggestions in the article «What to Do». They will help you as well as your partner.
Remember, a happy relationship is the result of hard work, not luck.



Text 3.1 
CONFIDENT CONVERSATION

(by Dr Lillian Glass)

A great conversationalist is someone who connects with people and makes 
them feel important.

Usually starting a conversation means coming with an opening line or Чсе- 
breaker'. The best kind of icebreaker is ony that is positive -  after all, the last 
thing people want to hear from a stranger is how noisy the party is, how awful 
the food is, or how badly the party-goers are dressed.

A  compliment is always a great icebreaker. It will usually be appreciated if 
you feel like saying to someone: «You look great in that dress». People appreci
ate it when their taste is noticed.

Any news event is a good icebreaker. The weather is another great opener. 
Many a relationship has begun with: «Wonderful weather we're having.»

This is an obvious overture to a conversation, and how the other person 
picks up on it is a good indication of whether they are interested in having a 
conversation with you or whether it would be in your best interest to find some
one more receptive to talk to. If you think the above two suggestions are tired 
old cliches, remember that a conversation always has to start somewhere.

If you pitch in with something that isn't a nice, general, easy subject, your 
partner may feel intimidated.

Other tums-off include being too nosy or too invasive. Nobody want to be 
pressed for the gory details, no matter how interesting it may seem to the other 
person.

Talk about something you've just read in a magazine, an interesting fact 
you’ve heard, something about your pet, or even a joke you’ve heard.

Once you’ve got a conversation going, the best way to keep it going is by ask
ing the other person questions that don’t require just a yes’ or W  answer, or ques
tions that show genuine interest on your part as you hear what they have to say.

Ask questions without becoming too intrusive. Choose the kind that will 
draw a person out — who, what, when, where and why questions. Once you hit 
on something you find interesting, keep asking questions in order to get the 
other person to elaborate on the topic as much as possible. Good conversational
ists elaborate on the experiences they have had.

Description is the best form of communication, because it keeps people's 
interest up and stimulates them. Use words to create images and paint pictures. 
Being a good observer and reactor means being attentive and sensitive to the 
other person's cues, in both their facial and body language.

Look for eye contact cues. If the other person is constantly looking away, 
he may be interested in something or someone else, in which case you can say: 
«You seem preoccupied» Take his cue and wind up the conversation and leave.

9



Paying attention to a person's visual cues can tell as much as or even more than 
what they say verbally.

If you want to make a good impression on people and maintain a good rela
tionship, you need to give others respect and enable them to feel important when 
they are around you. Being a good communicator requires having a good mem
ory and remembering things about the other person.

If your memory is particularly bad you could always make notes. This 
works well with business associates and clients. Keep the notes in the file and 
look through them before calling up the person and when you know you're going 
to see him.

Often, if you have an approachable manner, people will respond to you and 
be attracted to you like a magnet. Approachability involves your body posture, 
gestures and facial expression. If your posture is too stiff, you will communicate 
uprightness, while too loose a posture can communicate sloppiness and careless
ness. A hunched-over back communicates a lack of confidence and self-respect. 
By simply straightening your shoulders and holding your head up, you can im
prove people's impressions on you.

All too often when someone is concentrating intensely or thinking about 
something, their face will show an expression that doesn't reflect who they are or 
what they are thinking about. So if  you are in the presence of others you need to 
be mindful of your facial expression at all times.

Check up fo r  comprehension

1. Read and translate the firs t part o f  text

2. Answer the following questions:
1. Who is considered to be a good conversationalist?
2. What does an icebreaker mean?
3. What is the best kind of icebreaker?
4. What do people appreciate much?
5. What other remarks are good icebreakers?
6. What topics should be avoided in a conversation?
7. What should you talk about?
8. What kind of questions are you recommended to ask?
9. Why is description the best form of communication?
10. What does being a good communicator require?
11. What does approachability involve?

S. Explain what you  should do:
a) to maintain solid relationships;
b) to exercise your memory;
c) to control your behaviour while conversing.
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Text 3.2
ENDING A CONVERSATION

If you've started a conversation with another person and you're having diffi
culty in ending it, there are subtle signals you can send to the other person that 
will end the conversation without hurting the other person's feelings. Breaking 
eye contact is a good way of signalling to the other person that you are ready to 
end the conversation. Assuming that you have maintained good eye contact 
throughout the conversation, looking off in another direction is a discreet signal 
that the conversation is about to end. Another way to signal that a conversation 
is coming to an end is to use transition words like «Well» or «At any rate», or 
even statements like «It was really nice talking to you».

You may then want to recap all that was said. To recap, look at the other 
person and state key points that have been made — theirs and yours -and express 
your appreciation for their point of view. Then you can add: «IVe already en
joyed talking to you. I hope well have another chat soon.»

Whatever you do, don't lie to the other person. If you are not interested in 
talking to them again, don’t mention the possibility of a future meeting just to be 
polite. That is hypocritical. Instead, you may finish by saying, «Nice meeting 
you», and then leave.

Finally, be sure to give the other person a good, firm handshake. The final 
impression you make can be just as important as the initial impression you 
made.

Check up fo r  comprehension

1. Read the second part o f  text and render its contents in Russian.

2. What about your personal performance in a conversation? Does it  coincide 
with the author's suggestion? Do you think his advice is ofpositive character?

3. Read the following tips fo r  maintaining a good conversation and take them 
into account:
• Be aware o f your own body and facial language, which means making good 
facial contact when you speak and not invading the other person's space.
• Don't gossip. When you start gossiping, you run the risk o f offending the per
son you are talking to because of their possible relationship to the person being 
discussed.
• Cultivate a wide range o f topics. Keep up with current events by reading 
newspapers and magazines. When you are talking to someone you do not know 
very well, it is probably best to stay away from politics and religion or anything 
that is controversial.
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• Have a  sense o f humour. Everyone enjoys a humorous story or joke, but take 
care. Even though sexist and racist humour often gets a laugh or a chuckle, it's 
not worth the effect that the jokes may have. People may be offended and may 
think less of you.
• Don't interrupt.
• Be enthusiastic. Your enthusiasm allows the other person to feel that you are 
interested in what they are saying.
• Be flexible in your point of view, You can certainly express your own views, 
but in a way that is not hostile.

4. Give Russian equivalents for:
Conversationalist; social gathering; to break the ice; to feel intimidated; to show 
genuine interest; to elaborate on the topic; to be attentive and sensitive; eye contact 
cues; to seem preoccupied; to make a good impression on; to maintain a relation
ship; communicator; approach-ability; lack of confidence and self-respect; subtle 
signals; to cultivate a range of topics; sense of humour; to be offended.

5. Give all suitable word-combinations associated with “a good conversation”.

6. Try to explain in the English language what the following words and word- 
combinations mean:

Communicator; icebreaker; gory details; facial and body language; to brand 
images; approachability; to hurt someone's feelings; to be enthusiastic.

7. Describe the basic guidelines o f  a conversation with:
a) a stranger at a social gathering;
b) a boss at work;
c) a person you would like to produce a good impression on;
d) a business associate.

8. Develop the following situation:
You have just come from the party where you had to communicate with a 

very intrusive man. You feel disappointed and frustrated as you pinned great 
hopes on this gathering in the way of developing business contacts. You express 
your complaints and displeasure to your parents.
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Text 4
IS GOOD CONVERSATION A DECLINING ART?

Many people unwittingly bore, irritate or mislead others. Why -  and what 
can be done to have more memorable conversations is explained in this inter
view by a leading authority on talk.

Q.: Professor Goodman, is the art of conversation waning in America?
A.: I would agree that there never was a golden age of conversation in the 

U.S. Even in the days before radio and television, good conversation probably 
was not all that common. Despite the visions we have of colonial times when 
people supposedly sat around parlors exchanging ideas, my guess is that most 
people then were just too busy surviving to have much time for free-flowing 
talk. Social rules in past times also restricted what men and women said to each 
other, and children really were seen not heard. When parents did talk to children, 
it was usually a matter of the adult commanding, advising or admonishing. 
That's not conversation. At any rate, we don't know for sure what conversation 
was like back then because there was no voice recording.

In many ways, conversation should be of higher quality today because the 
range o f experience is broader and because we can hear others converse on tele
vision, radio and in the movies.

Q.: How does conversation today differ from what might have taken place 
years ago in the United States? A.: Take young people. If a young couple begin
ning their courtship at the turn of the century could by magic listen in on the 
conversation of a similar, couple today, they would be horrified. They would be 
stunned at the openness toward talking about such private matters as sex, relig
ion and money.

Women are no longer feel compelled to wait for a long pause before they 
express their ideas, although they still tend to be less dominant in conversation 
than men. Children are also far more outspoken.

In contrast, people in decades past were more restricted in what they talked 
about. Their world was smaller, and they tended to stick to subjects that were 
more familiar to them. This was before the age of specialization, and people 
were on more equal footing when they talked to each other.

Q-: In your opinion, just what makes for a good conversation?
A.: A true conversation is like a sports event: its outcome is usually in 

doubt, not in terms of winning or losing, but in the sense that we don’t  know 
where it is headed.

Q.: Is the fact that parents and children are not on equal footing in conver
sation a reason for a generation gap?

A.: It’s part of it. A  lot of parents say to their teenagers, «Let’s have a con
versation.» But the kids aren't interested because they know their parents often 
want only to interrogate or advise. They know that they don't have equal power. 
Yet those same kids will talk on the phone for hours with their peers.
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Q.: Besides closed questions, what are some of the other talk tools that are 
overused?

A.: A  common one is giving quick advice when hearing another's complaint 
or problem. You don't have the time to really address those problems, so you rely 
on some quick motto: «Well, it'll all work out in the end» or «Keep your chin up.» 
Americans can't seem to have long conversations about personal matters without 
wanting to come to some instant solution -  much like the radio psychologists or 
the advice columnists. There's a tendency 'to go for the quick fix.

Q.: What skills are necessary to have a good conversation?
A.: You need to know how to gather information, how to guide someone, 

how to give and get attention and how to demonstrate understanding -  especially 
empathic understanding. You also need to know how to make explanations 
about people and things and how to disclose personal information about yourself 
in an appropriate way.

Q.: Why are so many people deficient in talk skills?
A.: For one thing, our education system has failed almost completely to 

teach these skills. We teach writing -  grammar, English composition -  and we 
teach public speaking, but we don't teach the pleasures and pitfalls of face-to- 
face communication. This is ironic because we talk to each other or engage in 
public speaking.

Q.: How is our society damaged by people's shortcomings in developing 
communication skills?

A.: It keeps people from making and keeping friends who can form a per
sonal support network that's vital to mental health. It really is possible to teach 
people techniques for exchanging help with family, friends and support groups. 
Inadequate talk skills also play a big part in the high divorce rate. Many couples 
simply don't talk to each other well enough. One of the big problems is the hus
band's inability or unwillingness to disclose as much as the woman — particu
larly, when it comes to revealing feelings.

As for women, many allow themselves to be dominated in conversation too 
much. For example, men interrupt women more than they interrupt other men. 
That can lead to bad feelings that build up over the years. Married couples also 
overlook the importance of providing entertaining talk to each other. In time, 
they can become bored and drift apart.

Check up fo r  comprehension

1. Read and translate the text

2. Give synonymous phrases for:
Waning art o f conversation; restricting social rules; adult admonishing; to be 
stunned; to be outspoken; to stick to subjects; pleasures and pitfalls; to reveal 
feelings; to provide entertaining talk; to drift apart.
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3. Answer the following questions:
1. Has there ever been a golden age of conversation in the US?
2. How did social rules interfere with male and female communication?
3. How did parents use to talk to their children?
4. Why is it difficult to restore conversation of the past times?
5. Why is it o f higher quality today?
6. Do the young people talk today as freely as did at the turn of the century?
7. Who is more dominant in conversation now: men or women?
8. What does a true conversation resemble?
9. Do you agree that poor conversation is one of the reasons of generation gap?
10. Do people eagerly listen to other people's complaints or problems?
11. What advice do they hurry to offer?
12. What skills are important for conducting a good conversation?
13. Is it necessary to teach people these techniques?

4. Explain, please, what we mean by:
a) a golden age of conversation;
b) free-flowing talk;
c) equal footing in conversation;
d) face-to-face communication;
e) communication skills.

5. Compare conversation o f  today with that o fpast times as fa r  as men, 
women, young men and children are concerned.

6. Speak on:
a) the factors promoting high quality of conversation;
b) reasons for a generation gap:
c) empathic communication;
d) communication skills;
e) outcomes of couples' misunderstanding.

7. Express your opinion o f  the following statements:
1. Women tend to be less dominant in conversation than men.
2. A  true conversation is like a sports event.
3. Young people are more prone to talk on the phone with their peers than with 
their parents.
4. Inadequate talk skills play a big part in the high divorce rate.

8. Write an essay on the theme “Ideal Face-to-Face Communications”.
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T ex t 5
IN T E R A C T IV E  (C O M M U N IC A T IV E ) L IN G U IS T IC S

Interactive linguistics holds an interactional view on language. It sees lan
guage as a vehicle for interpersonal communication and for the performance of 
social functions between individuals. Language is seen as a tool for social rela
tions. Interactional language can be found and studied in the communicative dis
course.

Interest in communicative linguistics grew as a result o f the ideas of men- 
talism that true language does exist in the human mind. One of the fruitful ideas, 
in terms of the communicative approach, was the distinction between linguistic 
competence and performance, which resemble a much earlier conceptual dif
ference between the «langue» and «parole».

The process of gaining linguistic competence has become an important sub
ject of psycholinguistic research.

The increased attention to linguistic performance brought scholars to com
municative linguistics. The study of language in the process of communication 
is widely known as «discourse analysis».

Discourse analysis deals with language in the process of communication. 
A concordance of English indicates the following context for the word «dis
course»: reasoning discourse, wisdom in discourse, discourse about something, 
opinionated discourse, public discourse, open-minded discourse, discourse of 
argument, discourse failure, discourse skills, to teach discourse.

The term «discourse» means a stretch of spoken or written language pro
duced for communicative purposes. It is a fact and instance of communicative 
language use orally or in writing. Discourse is a pattern of unfolding language 
into a text. There are patterns of spoken and written discourse, individual and 
culturally specific discourse, interactive and transactive discourse etc. While a 
text is a product and registration of communicative language use, a discourse is 
a pattern of unfolding the text in a situation. Features of discourse help to tell a 
text as a complete meaningful message from a meaningless non-text, culturally 
alien or incomplete text.

Discourse analysis is based among others on the following propositions:
• Discourse analysis studies oral and written language.
• Discourse goes beyond the boundaries o f the sentence parsing analysis.
• Discourse goes beyond the text as a verbal record o f communication.
« Discourse adds situational context to the text.
• Discourse adds social and cultural context to the text.
• Discourse reveals interactive properties o f communication,
• Discourse reveals individual patterns of communication.
• Discourse features cohesion of communication product.
• Discourse features coherence of communication.
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The concept of discourse stresses the dynamic character of meaning crea
tion in the process of communication. Discourse can be both oral and written. It 
uses some important categories. One category is cohesion (surface links between 
the textual elements with the help of verbal connectives, e.g. «in fact», «al
though», and the topical vocabulary that builds up the «thread of the text». The 
second category is coherence (the whole text «hanging together» due to consis
tency of (he textual contents with the central idea, logical organization and rele
vance to the reality that is available to the reader). The third category is the reg
ister (the choice of language most relevant to the circumstances of communica
tion, e.g. professional register of the medicine).

Discourse analysis is always done with a reference to the situational setting, 
in which the language was used. E.g. in the following exchange «Going home?» 
-  «It's Wednesday» the message of the conversation can be understood if we 
know that in France schools are closed on Wednesday and that is why both the 
question of an adult and the reply of the child make sense. One can say that a 
discourse is always a text plus the situation of communication.

Check up fo r  comprehension 

Read and translate the text

Text 6 
LANGUAGE PRODUCTION

Language production involves a chain of hidden and observable events 
from intention to articulation. It can be shown as a linear progression of four suc
cessive stages: conceptualisation, formulation, articulation and self-monitoring

Language production is non-fluent. The process of speaking starts before 
the actual moment of articulation. A great deal of planning in the process of 
speech production is done during speech hesitation pauses. Hesitation pauses 
become longer before most important meaningful parts of utterance where it is 
necessary to think hard about what to say.

17



Major processes in language production are lexicalisation and syntactic 
planning. At least three brain areas are involved in these processes: Wernicke's 
(towards the rear of the brain), Broca's (towards the front of the brain) and fron
tal lobes.

Wernicke's area is responsible for the formation of the intended lexical 
meaning (lemma). Broca's area is involved in grammatical planning, frontal lobes 
exercise monitoring functions. Generally speaking language processes flow from 
the back of the left hemisphere to the front lobes of the two hemispheres.

Semantic planning starts towards the rear and the organisation of an actual 
utterance moves to the front of the brain. These areas arc shown below:

The process of lexicalisation takes place in perhaps two stages. According 
to these hypothetical two stages, a speaker starts with an intended lexical mean
ing seeking an abstract form of the desired word called «lemma». Only after this 
a concrete phonological form of he target word is selected. The phase of 
«lemma» explains difficulties in choosing the right word in the process of lexi
calisation. as well as semantic errors, tip-of-the-tongue states etc. This process 
can be shown graphically as follows:

Syntactic planning occurs in two stages as well. The first stage is func
tional. where word order is not yet explicitly represented and can be changed 
any time. At this stage predicative functions (mostly subject and Predicate) in 
the sentence are chosen. The second stage is positional, when words are explic
itly ordered in the sentence. This process is shown graphically as follows:

Fro

Lemma
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The process of monitoring takes place as a «feedback loop». This mecha
nism insures that each previous stage of language output is accurate. Accuracy 
can be violated by errors stemming from erroneous language competence and by 
mistakes caused by processing failures. Errors are usually made by non-native 
speakers because their language competence can potentially be erroneous. Mis
takes are usually committed by native speakers whose language competence is 
adequate in most cases but who can make language slips and blunders once in a 
while. The feedback loop is shown graphically:

Check up fo r  comprehension
Read the text and render its contents in Russian.

Text 7 
LANGUAGE COMPREHENSION

Language comprehension is fitting a communicative message in one's 
mental model. The slots and fillers in the mental model and in the message for 
comprehension fill and complement each other. The better the fit, the better 
the comprehension. The relationship of a message and its comprehension is 
shown graphically below in a transposition model (message transposes onto 
and fits into a mental «mould»):

Communicative message Mental «mould»



Comprehension is a creative process. What is comprehended is NOT a 
replica of the real input. It is NOT only a decoding of the original message, it is 
NOT error free.

Comprehension is based on the three laws of perception, studied by Ge
stalt psychology. These laws are:
• the law o f proximity (elements will be grouped together if  they are close to 
each other);
• the law o f similarity (elements will be grouped together if they are similar to 
each other);
• the law o f closure (missing parts o f a figure are filled in mentally to complete 
the figure).

The process of comprehension is not simply meaningful elements being 
registered in the mind. In most cases there is an «element restoration effect».

Comprehension greatly depends on the knowledge already existing in the 
human mind Knowledge structures have been called «schemata» (singular 
«schema»), «frames» and «scripts» A schema is prior knowledge that channels 
further cognition The philosopher Kant (1787) originally proposed the idea of 
«schemata» that allows us to perceive the surrounding world in terms of time, 
three-dimensional space and geometric shapes Much later, in the 30s Bartlett 
gave English subjects a North American Indian folk tale to memorize and to re
call later The subjects later recalled the story and this reconstruction was consis
tent with the Western world-view At present a schema is understood as prior 
knowledge that channels human cognition.

Frames represent stereotypes of our knowledge. People are prepared to 
view the surrounding world in conformity with the frames of their minds. 
Scripts are familiar sequences of behavior. A schema can be viewed metaphori
cally as a «honeycomb» with each cell being a «frame» containing our knowl
edge stereotypes about the surrounding world. The arrows connect the frames 
thus forming the «scripts» of our behavior along the known stereotypes. New 
experience makes our «frames» and «scripts» change.

Check up fo r  comprehension

Read the text and render its contents in Russian.
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Text 8 
COMMUNICATIVE COMPETENCE

The idea of communicative competence started to develop with the con
struct of «linguistic competence». Linguistic competence is understood as in
nate knowledge of language. Linguistic competence is only part of what is 
needed for communication.

Communicative competence encompasses the knowledge of how to use 
language in the real world, without which the rules of grammar would be use
less.

Communicative competence can be described as including gram m ar com
petence (knowledge of grammar rules, lexis and phonetics), pragmatic compe
tence (knowledge of how to express a message), strategic competence (knowl
edge o f how to express a message in a variety of circumstances), socio-cultural 
competence (knowledge of social etiquette, national mindset and values, etc.) 
Communicative competence breaks down into the two major components of 
knowledge: knowledge of the language and knowledge of how to achieve the 
goal of communication.

Competence is not the same as ability. In order to be able to communicate, 
people need psycho-physiological mechanisms, i.e. communicative skills.

Communication is the process of interpersonal interaction and requires the 
knowledge of social conventions, i.e. the knowledge of rules about proper ways 
to communicate with people.

In accordance with the social conventions, participants in communication 
perform communicative functions (to socialize, to inform, to persuade, to elicit 
information, to manipulate behavior and opinions, to perform rituals, etc) and 
communicate roles (leader, informer, witness, participant, catalyst, entertainer, 
etc). In order to perform these functions a speaker needs more than just the 
knowledge of the language.

The process of communication is characterized by communicative strat
egy of achieving a goal through communication.

Success of communication depends very much on the knowledge of suc
cessful strategies chosen by the speakers. E.g. the Prince (in The Prince and the 
Pauper» by M. Twain) was unable «to ask» because he was only competent in 
how to «give orders».

Communicative competence

Knowledge of the language Knowledge of how to use 
the language
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Successful strategies are known as the «four maxims» of good com
munication. These maxims include quality (say only what is supported by evi
dence), quantity (say no more and no less than you think is needed) relevance 
(say what is relevant to the point of communication) and manner (present your 
ideas clearly and unambiguously). The four maxims of successful communica
tion can be used in teaching how to communicate effectively.

Communication strategies can be goal-oriented (having a particular goal 
in mind), partner-oriented (with the partner and his comprehension in mind, 
using negotiation of meaning, persuasion, self-correction, repetition, circumlo
cution, etc) and circumstances-oriented (behaving according to the situation).

In choosing a strategy the participants in communication can prefer either 
an achievement strategy (guessing, paraphrasing yet achieving the goal) or a 
reduction strategy (co-operation, avoidance and sometimes giving up one's 
goal partially or completely).

For successful communication learners need to know non-verbal means. 
They include proxemics (physical distance and life space in the process of 
communication), kinetics (body language, gestures and postures), facial ex
pression (smiles, eye contact), haptics (the use of touch in communication), 
clothing and physical appearance in the process of communication (the con
cept of decency in clothing and physical appearance), olfactics (communication 
via smell), paralanguage («um-т» , «uh-huh», etc).

Many non-verbal expressions vary from culture to culture, and it is often 
the cause of cultural misinterpretation. E.g. a physical distance can be too close 
or somebody's private space can be trespassed. Gestures and postures can be in
appropriate, there can be a lack of smile and eye contact. Touching somebody's 
body during conversation can be taken as offensive. The dressing habit can be 
alien. Some smells (e.g. sweat or breath) can be found intolerable. Vocal con
firmation following the conversation (Aha! Etc.) can also be inappropriate. In 
some cultures humble bows are part of etiquette while others support a proud 
upright posture.

Check up fo r  comprehension

I. Read the text and render its contents in Russian.

II. Read and Interpret the Scheme.
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Communication in Science
Information Exchange

  Language Skills _________ J  Г  I
I 6 6 I *1 wntten

Listening
Comprehension

scientific meetings:
workshops
seminars
conferences
symposia

lectures
papers/reports
discussions

a) Speaks fluently, correctly and 
is easily understood;
b) Is easily understood, but is not 
always fluent or correct;
c) Speaks broken English with 
many mistakes;
d) Cannot express simple ideas in 
spoken English.

a) Understands conversation and lec
tures without effort;
b) Understands almost everything 
when spoken to slowly and clearly;
c) Understands with difficulty; needs 
repetition and occasional translation;
d) Cannotfollow conversation and 
lectures at all.
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Reading ,  ~*~ Writing

scientific journals 
professional journals 
abstract journals 
conference journals 
collections of articles 
monographs

a terminology vocabulary 
phraseology units 
a paper, a report 
an abstract 
a summary 
a review paper

a) Reads and understands without 
difficalty;
b) Must read slowly, but understands 
the context;
c) Has problems understanding the 
text and must use a dictionary often;
d) Cannot understand even simple 
texts.

a) Writes well with no 
mistakes;
b) Writes slowly with few 
mistakes;
c) Writes with difficulty and 
makes many mistakes
d) Cannot express simple ideas 
in writing.
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Text 9.1
SPEAKING AS A SKILL

Speaking is a skill o f oral communication consisting in sending an oral 
message. Speaking is an integral part o f oral conversation. There are certain 
genres o f oral conversation, i.e. typical types of oral performances in typical set
tings with typical and highly predictable features.

Among the genres of speaking are description (telling the details to an ac
tive listener), narration (telling the development of events to an active listener), 
reasoning (telling one's train of thought to an active listener), identification 
(talking about one's likes and dislikes). Other genres are language-in-action 
(people doing things and talking), comment (opinions and points of view), ser
vice encounters (buying and selling goods and services), debate and argument 
(seeking a solution and pursuing one's point), learning (use of language in 
learning) and decision-making (people working towards a decision). The abil
ity to perform these genres is a proof of the skill level. This is how language is 
used in everyday life.

In the process of communication a speaker performs the necessary com
municative functions (information request and providing information, say
ing rituals of greeting and others, expressing imagery and feelings, con
trolling other people's behavior). A  speaker can use conventional phrases 
without much meaning in them (e.g. How are you?). Speakers can use plain or 
metaphorical language («If you don't obey, you'll get it in the neck!») to be more 
expressive.

Check up fo r  comprehension

Read the text and render its contents in Russian.

Text 9.2
PLANNING AND PRODUCING ORAL SPEECH

The process of speaking starts before the actual moment of articulation. A 
great deal of planning in the process of speech production is done during speech 
hesitation pauses. Hesitation pauses occur mostly before the most important 
parts of utterance where it is necessary to think hard about what to say. Speakers 
do not deal with one meaningful chunk of speech at a time. Instead, speakers 
begin planning the next meaningful clause while uttering the present one.

Oral speech is addressed to an audience. It is time-bound, spontaneous, in
teractive, exists in real time, is accompanied by non-verbal features, gives an 
opportunity to rethink and repair, employs phonetic means such as timbre.
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This makes oral speech different from written language.
Oral speech produces a discourse. Oral «discourse» is a continuous stretch 

of spoken language acquiring its meaning in the context and understood only if 
we know the speakers' reality.

Discourse analysis produces distinction between interactional and trans
actional function of the language. The information-transferring function is 
called transactional. Transactional function of the language is message- 
oriented. The purpose is to get things done. Examples are science reports, news 
stories, eye witness accounts to the police, a talk between a patient and a doctor, 
etc. In all the cases it is necessary to extract the salient details, to sequence and 
to present them to the listener or to the audience. This function is performed for 
«bringing the message across» and for «getting things done».

Other types of conversation are different. People chat with each other for 
pleasure. They talk in order to feel comfortable and to be friendly with each 
other. This function of the language is called interactional. Interactional func
tion of the language is listener-oriented. The purpose is to «oil the wheels of 
communication». Such speech consists of friendly dialogues.

Conversational discourse has certain typical features: back-channels 
(Uhum), binomials (Hit or miss), discourse markers (w ell... I mean ...), ellip
sis (Think so. Seen my glasses anywhere? Want another drink? Know where to 
go?), fixed expressions (Everybody had a good time), fronting (To this man 1 
dedicated...).

Other features are heads (That chap, he is...), hedges (He was... kind of... 
sort of), tags (She is nice. She is), tail (She is nice. Clare), modality (He could, 
probably ...), vague language (Can you get me a sandwich or something?).

Conversational discourse uses sound imitating words, e.g. The door went 
«bang», The flames went «Whoosh!» etc.

English conversational discourse often uses «understatement», i.e. putting 
ideas in a milder form.

Speaking as a skill depends much on the communication strategies (de
cisions on how to achieve the communicative goal). The list of communication 
strategies includes: approximation, paraphrase, word-coinage, negotiation of 
meaning, time-creating devices (hmm), elliptical language, body-language, 
mime, changing the subject.

In order to be successful in oral communication, one needs communication 
skills. Essential among them are «social skills» or skills in co-operating with 
people. Social skills are also known as co-operative skills, i.e. an ability to 
communicate effectively in a clear and laconic way.

Check up fo r  comprehension

Read the text and render its contents in Russian.

26



Text 10
READING AS A SKILL

Reading is a visual and cognitive process to extract meaning from writing 
by understanding the written text, processing information, and relating it to ex
isting experience. Reading can be text-driven (the text is interesting), task- 
driven (the text is read because of the academic task that the learner faces) and 
purpose-driven (the text is a step towards a purpose, which is outside reading).

The process of reading is characterized with reading dynamic, i.e. the pro
gress of reading in time. It depends much on the achieved level of language 
competence and the reading skills. The type of the text is also a factor in the dy
namics of reading. Major types of reading dynamics are shown by the graphs.

The process of reading can be viewed in terms of purpose, strategy and 
outcome. The purpose of reading is what makes the process necessary for the 
reader. Related to the purpose, a strategy o f reading is chosen. The following 
strategies of reading are possible: skimming, scanning and critique. Skim
ming is reading for the gist. Scanning is reading for details. Critique is reading 
for critical analysis and verifying the truth of what is written in the text. As a re
sult o f applying the strategies, a predictable outcome of reading is achieved 
such as general ideas, detailed information o r personal opinions.

Choice o f texts for reading usually makes use of the following criteria:

Authenticity Readability Suitability

Resourcefulness Usability

A text chosen for reading is expected to be authentic-made or authentic- 
like, not too difficult for the learners, suitable for the teaching goal and usable in 
the series of activities, providing a resource of information and ideas.

The process of reading can be text-oriented and/or reader-oriented. 
Text-oriented theory views texts as sources of information that are «tapped» 
by the reader. Reader-oriented theory views texts as devices that trigger off 
thought processes in the reader. A  reader is considered an equal resource of 
information interacting with the text and pertaining to the outcome of reading. 
The reader as an information resource is studied by the «schema theory». 
Schema theory is important in teaching to read. A schema (plural «schemata») 
is prior knowledge in the learner's mind. It is not only storage of data but also a
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frame for organizing knowledge which can be structured as a series of slots plus 
fillers. This means that a schema is an active phenomenon in the reader's mind, 
containing both the scope of questions a reader can ask, and the answers that the 
reader can give. Schemata can include information in the following forms: con
cepts, i.e. notions familiar to the reader, facts, i.e. events known to the reader, 
images, i.e. mental pictures in the reader's mind, language, i.e. vocabulary and 
grammar available to the reader, assumptions, i.e. formulas of opinions, 
frames, i.e. stereotypes to describe things, people and situations, scripts, i.e. re
peated sequences of behavior that the reader knows, emotions a reader is likely 
to recognize while reading due to one's emotional past.

Reading is an interactive process. There are several types of interaction in 
(he process of reading: between textual form and content, skimming and 
scanning reading strategies, top-down and bottom-up processing strategies, 
reader's anticipatory guesses and confirmation from the text, reader's 
schemata and information from the text, text and reality, textual and 
reader's reality, text propositions and critical thinking, communicative 
message and reader's response.

Textual form and content interact in the process of reading. The readers 
are likely to find that certain types of texts have certain typical textual fea
tures. Text content and text format appear to stick together. Textual features de
pend on what the text is about and experienced readers expect certain content 
from certain types of texts.

Skimming and scanning reading strategies interact as the readers search for 
the gist and the details. The problem is that in this interaction the readers often 
do not «see the wood for the trees», i.e. their attention is drawn from essentials 
to non-essentials.

There are three major ways to process information while reading. Bottom- 
up approach or «phonics». It consists in decoding the meaning of a text. Top- 
down approach emphasizes making assumptions about meaning rather than de
coding it from the text. The reader makes hypotheses about the text and brings 
into the process prior knowledge, presumptions made prior to reading, subject 
knowledge, motivation selective interests and attitudes (schemata). Interactive 
approach means that the top-down and bottom-up models interact in the proc
ess of reading Processing strategies are shown by the graph below.
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Bottom-up processing
Every Phonems and Blending of Pronunciation Meaning 

grapheme graphemes graphemes of the word integration
discriminated matched into a word

Text

Top-down processing
Selective attention to Meaning Meaning

printed text integration verification
Prior r  ...........................— ...... ....... 1— ~~~— — —
knowledge L

Interactive processing

Grapheme Graphemes Meaning Meaning Integration Selective Schemata
discrimination blending integration verification of meaning attention activation

to printed

In the process of reading, reader's schemata and information from the 
text provide for interaction of the «new» and «old», for «deceived expectancy» 
and for changing the viewpoints. The «new» and «old» interact in the process of 
reading and as a result o f this interaction the expectations that a reader builds 
about the text can be ruined or re-confirmed. If the expectations are ruined, we 
speak o f the «deceived expectancy». A common case is when a text simply adds 
new knowledge to what the reader already knows about the subject. Interaction 
of the reader's schemata and information from the text can take the form of 
«adding», «correcting», «refuting», «critical thinking» and «re-confirming».

Readers and textual reality

Reader and writer's realities interact in the process of reading. Writer's real
ity can be made more or less explicit depending on the text genre. «Autobiogra
phy» will emphasize the life context of the author, while «essay» will focus on 
the author's philosophy of life. A fictitious character can be the author's spokes
man. Imagined reality of a fictitious person also makes up textual reality. Tex
tual reality can be perceived by the readers in the context of their own reality. 
This turns reading into «silent communication» with the author.

Text propositions and critical thinking interact in the process of reading 
and provide for the stance the reader is getting ready to take.
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The process of reading is crowned with interaction between communi
cative message and reader's response. Communicative message is the in
tended meaning, which the text is made to convey to the reader in pursuit of the 
author's goal. Getting a communicative message is done through reading not for 
«what» is written but for «why» it is written. Reader's response is a change in 
the reader's mind which can be made explicit or kept implicit as a reaction to 
having read the text (discovery, support, critique, interpretation, rejection).

Check up fo r  comprehension
Read the text and render its contents in Russian.

Text 11 
LISTENING AS A COMMUNICATIVE SKILL

Listening is an act of interpreting speech that one receives through the 
ears. Hearing is an act of receiving the language through the ears without inter
pretation. In real life we can hear somebody speak without actually listening to 
what is being said. Listening is a communicative skill to get the meaning from 
what we hear. People listen in order to remember what they hear verbally or for 
the sake of meaning retention. They listen in order to evaluate critically what 
they hear or to give supportive empathy. They can derive aesthetic pleasure 
from what they hear or produce listener's feedback. They can fulfill the instruc
tions in the heard text.

listening to the spoken language involves hearing the sounds, recogniz
ing words, understanding different accents, understanding intonation, cop
ing with “noise”  (external interference and indistinct pronunciation), recognizing 
sentences, predicting the meaning, understanding whole discourse.

Spoken language is generally recognized by a combination of bottom-up 
and top-down processing. Bottom-up processing is driven by what the listener 
hears. Top-down processing is driven by the ideas that are ready in the listener's 
head. The experiments show that if the listeners have got a correct idea ready in 
their minds about the heard text, they do not even notice the sounds that were 
deliberately deleted from the recorded text.

The process o f  listening

Listening as a receptive communicative process has its «product», i.e. the 
information received. The ultimate purpose of listening is to get the «ideational 
structures» of the message, which makes a coherent whole. This coherent 
whole on paper can take the form of the «story map», «flow diagrams» and 
«tree diagrams».
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The function of the grid is to organize the message in chunks of meaning 
a result of the listening process. E.g.

L

The function of the flow chart is to retain the sequential relationship be
tween the elements of meaning in the oral text, which is perceived in the process 
of listening to it. These texts can describe a process, a  set o f instructions, narrate 
events in a chronological order or show a chain of cause and effect.

The function of the tree diagram is to store the information, which as 
heard in the spoken text and to show the relationship between the items. The 
most common example is the «family tree» (see the following tree diagram of 
the text about «stage-fright»).

State-fright

Fear Panic

Anxiety Increased heart 
rate

Sweaty paims Feeling of terror

(After Burgess, S. and R. Acklam. First Certificate Gold. Teacher's Book. 
Longman, 1998. P. 58.)

If the text is built around one concept, to which other details are added (e.g. 
«What is happiness?»), then a suitable way to represent the contents can be a 
mind-map. It has one central concept in the middle and the surrounding notions 
or details linked to the central concept.

In order to keep a mental record of the heard information about dynamic 
processes, the listeners can resort to graphs and bar charts. E.g. «temperature 
and rain dynamics» during a limited period of time as reported in the text for lis
tening.
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Temperature dynamics during 
four weeks

Rain dynamics during four 
weeks

Another way to retain the information from the heard text is by visual im
age. A possible task can be to label the parts of the car from the description you 
hear.

Stages o f  the listening process 

The process of listening consists of three distinct stages. In  the first stage 
what we hear goes into the sensory store called «echoic memory» and is organ
ized into meaningful units. At this stage the listener does not have much time to 
sort out the information. The second stage is the processing of information by 
the «short-term memory». This is also a brief stage lasting some seconds and 
the purpose of it is to blend the meaningful units together into one single unit of 
text comprehension. Once the message has been grasped, the exact wording is of 
no more importance and is obliterated from memory (some listeners can re
member particular wording for a very long time though). The third stage is the 
transfer of information to the «long-term memory» to be used either after lis
tening as the «listener's response» or later at an appropriate moment.

In fo rm a tion  processing

Understanding the language that we hear is a process, which can be called 
«inferential», i.e. we make inferences (assumptions) during listening. Listening 
is not a straightforward matching of sounds to some exact meaning. A listener 
certainly performs an auditory analysis of the speech signals as they are pro
duced by the speaker but the most essential part of the process is «meaning mak
ing». There is no direct correspondence between what is said and what is heard. 
Not everything can be perceived by the listener or interpreted exactly as was in
tended by the speaker. Listeners perceive the language according to the prob
abilities they have made and the expectations they have generated about what 
they have heard. In the process of hearing a discourse, a listener usually signals 
comprehension and provides «back-channelling» responses (e.g. aha, oh, etc.). 
The role of the listener is to reconstruct and in many cases to create the meaning
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of the speaker's message as encoded or possibly intended in the speech signals. 
This process can be shown by the flow chart:

Information Message Receiver Message re- Message com-

Information processing continues to be viewed as an encoding-decoding 
process. Yet, the growing theme in cognitive science is that people not just sim
ply receive the knowledge, which is sent to them by the speaker. People actively 
construct the knowledge that they hear and the process of listening in verbal 
communication is thus a construction and reconstruction process. The process 
of meaning construction/reconstruction is done through the inferences that the 
listener makes during the process of aural comprehension. The process of mak
ing inferences includes estimating the sense of the words, constructing proposi
tions (assumptions) about the text, assigning a general meaning to the heard text, 
making logical links in the heard text (connecting ideas in mind) and assuming a 
plausible (possible) intention of the speaker. In this sense, the process of aural 
comprehension is a collaborative process where the listener collaborates with 
the speaker.

If the process of listening is understood as a collaborative discourse, then 
the participants in this process perform certain listening roles. Listening roles 
differ in the way the hearers get involved in the information that they hear. 
Some of them can be involved very actively in what they listen to, while others 
can be passive and inattentive listeners.

Check up fo r  comprehension
Read the text and render its contents in Russian.

W riting is a communicative skill to send, store and retrieve messages with 
the help of written symbols. The history of writing is very long. Writing origi
nated in Mesopotamia and Egypt, pre-Columbian America, possibly in India. 
The earliest evidence of writing is cuneiform script from Mesopotamia from 
3500 BC. Recent findings prove that «trident-shaped» markings on pottery ex
isted in Pakistan in 5500 BC. There were six early systems of visual graphic 
language representations that contributed to the development of writing systems: 
ritualistic markings found in caves, tallying devices to keep count, property

source construction prehension

Text 12 
WRITING AS A COMMUNICATIVE SKILL
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markings indicating owners, tokens and totems as symbols of clans, mne
monic devices to help memorize things, pictographic/ideograph narratives. 
Modem writing systems differ and include graphic representations of mor
phemes and words (Chinese), graphic representations of syllables (Hebrew), 
alphabetic representations of phonemes (English, Russian, etc.).

Types o f  writing

Writing can be expressive, poetic, informative and persuasive Depending 
on the type of writing, the writer concentrates either on the subject matter of the 
written piece, or on the reader, or on his own feelings and thoughts. The triangle 
of the «subject matter», «writer» and «reader» is shown below.

S u b je c t m a tte r

In expressive writing emphasis is put on the writer him/herself expressing 
his or her own thoughts as in a diary. In poetic writing the emphasis is put on 
the language, as the choice of language creates the necessary poetic effect. In 
informative writing the emphasis is on the subject matter. In persuasive writ
ing emphasis is on the reader who is in the focus of the writer's attention and 
whose train of thought the writer intends to change.

Writing can be done with the purpose of description, narration, expo
sition, persuasion and reasoning. Description presents typical features of a liv
ing-being, an object or an abstract image to make it recognizable. Narration tells 
o f events in succession. Exposition describes circumstances. Persuasion makes 
people change their behavior or train of thought. Reasoning invites the reader to 
follow the logic of the author and to co-operate in producing ideas.

Schemata theory fo r  writing

To write on a subject, one has to have some prior knowledge on what to 
write. The schemata concept can be interpreted as a structure for organizing 
knowledge, which can be imaged as a «series of slots plus fillers» in the writer's 
mind. It serves the function of the «cognitive schemes» or, in other words, func
tions as the «route of cognition» that exists in the individual mind. The
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"schema» gives our knowledge «the direction of thought», in which we try to 
find the answer to a question or to a problem. Thus, a «schema» (the knowledge 
a person already has) can serve as a semantic interface between a person and the 
surrounding world.

Text format

Teaching to write is inseparable from teaching a text format, i.e. a typical 
layout of the text. For teaching writing it is essential to use the following text 
formats: congratulations and condolences, telegrams, notes, signs, labels, cap
tions, notices, menus, advertisements, personal letters, invitations, business let
ters, applications for a job, CV (Curriculum Vitae), references, letters of com
plaint, recipes, diaries, log-books, dictation, note-taking, reproductions, ab
stracts, summaries, reviews, reports, precis, synopsis, case-studies, projects, es
says, stories, poems.

E.g. a business letter is usually laid out in the following way:

Address of where 
the letter is to be sent

Address of the sender

Greeting

Body of the letter

Closing

Polite expression

Recommendedfeatures

Using business (not private) letter format, referring to how you learned 
about the job vacancy, addressing the letter to who will hire you, using appro
priate terminology for the field you want to work in, highlighting your strong 
points by placing them at the beginning of middle paragraphs, emphasizing what 
you can contribute but not gain doing the job, showing that you arc unique for 
the job, showing how you will satisfy employer's needs.
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Rewrite the above job application letter to produce a better impression o f 
yourself and to stand a better chance o f  getting a job. Use the following for- 
m at ______________________________________________________________
Opening Tell what job you are writing 

about
I  am writing in response to 
the advertisement in ...

Objective State clearly the job you want to 
do and why you think you will 
be the best candidate for it.

Ia m  interested in the posi
tion of... My experience 
is....

Action Describe how you can be useful 
for the company.

Iam  very much motivated 
to....

Polite closing Be positive and express hope. I  look forward to hearing 
from you and to....

Let's consider the format of a news story. The format of the news story text 
can include the following components: event, details, history, implication, 
forecast and comment. These components can alternate in their order but a full 
news report usually contains them all. The format of a political comment can 
also include comparison of events, explanation of reasons, suggested solu
tions.

A frequent format of teaching to write is an essay. There are the following 
types of essays for teaching: description of an object, a process or an event, 
comparison of views, processes or events for similarities, contrast of views, 
processes or events for differences, discussion of a problem, evaluation of cir
cumstances, propositions or consequences, commenting on a concept, proposi
tion or event, interpreting;) concept, proposition, image or event. Among others 
the students can use the following format for writing an essay.

One of the tasks in teaching to write is a balanced essay. In doing the task 
the students are to summarize and classify the views into two opposing groups 
and to strike a balance between them. These can be «pros-and-cons», «advan- 
tages-and-disadvantages», «rights-and-wrongs». This writing activity teaches 
students to approach the topics in a carefully «weighed» way and to avoid jump
ing into hasty and biased conclusions.

The major writing skill that creates problems for students is reasoning or 
writing an argument. Reasoning is a chain of logical operations that result in a 
conclusive proposition and can take the form of a result thesis.

The process of reasoning is shown by the graph:

Premises —> Propositions ->  Argumentation —> Inference —> Conclusion

Reasoning can be of the following types: categorical, based on indis
putable solid facts, alternative, based on controversial knowledge, subjective, 
based on individual understanding of the situation. Students' reasoning, as it 
comes from experience, tends to make the following reasoning errors. These
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errors can include sliding from one idea to the other with ambiguous plan in 
mind, failing to distinguish between facts and opinions, using emotional lan
guage instead of arguments (only a fool can ...), giving false arguments not true 
to fact and ignoring knowledge (begging the question and pretending there is no 
problem), rashly generalizing in their conclusions and simplifying assumptions, 
asserting instead of proving by proceeding from a single case, self-humiliation 
{Of course, I am no authority for y o u ...), challenging {I know that you will re
ject it,..), chasing several unconnected propositions instead of one and deviating 
in logic.

An important aspect of teaching to reason is cause and effect. Cause-and- 
effect writing can take the following shape:

• Cause Effect
Cause -  Effect • Cause -  Effect
Cause Effect

In teaching to write it is important to consider the choice of language. 
When talking about the language of writing, a crucial element will be the regis
ter. Register is a variety of language associated with a set o f specific vocabu
lary, which is typical o f a certain field (e.g. medical terminology or child's lan
guage) and is best for achieving the communicative goals).

An important aspect of teaching to write is a set of cohesive devices. In all, 
there are five types of cohesive devices that make textual clauses related to each 
other: reference (word or sentence becomes comprehensible from a previous or 
the next sentence), substitution («Everybody believed in the victory. We did so 
too.»), ellipsis («They might win or they might not.»), conjunction (next, at the 
same time, earlier, on another occasion, meanwhile, etc.), lexis (reiteration of 
the same topical words in the text (crisis -  crisis), the use of synonyms (victory 
-  triumph) and super-ordinates (senators -  congressmen -  politicians). The fol
lowing table of cohesive devices can be used for the purpose o f teaching to write 
cohesively.

Besides «cohesion», the process of writing follows a certain thread of 
meaning towards a conclusive goal. The final goal in mind makes the whole text 
«hang together» and adds to it the quality of coherence. A coherent discourse 
possesses a full and whole prepositional meaning. One of the ways to teach «co
hesion» is working with paragraphs that can be descriptive, narrative or persua
sive.

To d ra ft and redraft a paragraph the following frequently used steps are 
recommended to students:

• Shape your paragraph (decide on the length and write in clear sentences).
• Vary examples (illustrate your idea in a variety of ways).
• Give explanations (make your point explicit).
- Make the paragraph cohesive (use cohesive devices).



• Make the paragraph logical (next idea taking up the previous one).
• Make the paragraph coherent (united by a clear central idea).
• Frame your paragraph with the opening and conclusive phrases.

An important aspect of teaching to write as a communicative skill is audi
ence design, i.e. adjusting one's writing to the real or imagined readers. A writer 
can choose a topic that will be interesting for the reader, an appropriate style for 
the audience. A  writer can highlight textual elements to draw the reader's atten
tion to them in the conclusion.

Check up fo r  comprehension

I. Read the text and render Us contents in Russian.

II. Read and interpret the scheme.

Outline of a paper / Communication / Report

Attention-getting
device

Verbal pointers

Verbal pointers
MAIN
BODY

“Tell them what 
• your are going to 

tell them,

Verbal pointers
tell them what 
you told them”
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Glossary

Audio-lingual method is a way to teach a foreign language through intense 
repetitions of language patterns

Communication, the process o f giving information or of making emotions 
or ideas known to someone

Communicative approach is a theory of teaching and learning foreign 
languages that recognizes the primacy of communication as the goal and the 
media of instruction

Communicative competence is the knowledge that is necessary for suc
cessful communication

Communicative method is a way to teach a foreign language through 
communication for the purposes of communication

Communicative principles are guiding rules of instruction in the frame
work of the communicative approach

Communicative situation is a set of circumstances, in which it is neces
sary to use language for communication in order to achieve the desired goal 

Communicative strategies are language devices used by participants in a 
conversation to achieve the goal (achievement strategies) or to give up a goal 
and save face (reduction strategies)

Communicative strategies are the means and maneuvers of communica
tion to deal with the goal, partner and circumstances

Communicative techniques are the devices to organize teaching in com
pliance with communicative principles

Community language teaching is a teaching approach that emphasizes the 
importance of students' co-operation, support and interaction

Description is a genre of monologue, in which a speaker gives an account 
of an object or a process

Description is putting on paper details of an object or process 
Dialogue is a genre of conversation between two or more people with an 

exchange of relatively short turns
Direct method is a way to teach a foreign language by switching over ex

clusively to the target language in the classroom and intense grammar structure 
practice

Discourse (oral discourse) is a continuous stretch of spoken language in the 
dialogue or monologue mode featuring communicative message, cohesion, co
herence and contextual reference

Discussion is a genre of group dialogue, in which speakers attempt to seek 
a solution by looking at various aspects of the problem from various angles

Gram mar-translation method is a way to teach a foreign language with 
the help of contrastive native and target grammar analysis

Humanistic approach is an education theory that recognizes the necessity 
to facilitate free and creative development of the personality
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Interactive reading is employing more than one reading strategy, such as 
"top-down" and "bottom-up"

Listening is a communicative skill with the purpose of receiving, compre
hending and interpreting an oral message

Narration is putting on paper a succession of events 
Paragraph is a meaningful chunk of text expressing a single idea or aspect 

of the subject that is chosen for writing
Reader's response is the change in the reader's mind that is either made 

explicit or remains implicit
Reasoning is a genre of monologue, in which a speaker follows a logical 

sequence and conies to a conclusion
Reasoning is following a logical line in order to reach a conclusion 
Receptive skill is a communicative skill of receiving either an oral message 

(listening) or a written message (reading)
Scanning is reading for details 
Skimming is reading for the gist
Speaking is a communicative skill of sending an oral message 
W riting is a communicative skill to send, store and retrieve information 

with the help of written symbols
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Section II
SCIENCE AND SCIENCES

Information

Text 1 
SCIENCE

To science we owe most of our comforts, our leisure, our health and lon
gevity, our ability to mold the environment, to communicate instantly and to 
move swiftly over the earth.

Science arose out of man's efforts to survive, his natural curiosity, his 
search for order in a seemingly capricious world. It arose from man's efforts to 
understand nature and himself.

What is science? Science is first of all a human activity. In science you 
study nature and human nature, living nature and non-living nature. There is 
nothing too small or too large, too distant or too near. It is not so much what a 
scientist studies as how he studies it, that makes the study of science, arranged in 
orderly fashion. A scientist is always trying to reduce confusion to plain com
mon sense. There is always room for freshness, newness and brightness in sci
ence.

Check up fo r  comprehension

I. Translate it into Russian
Owe to, comforts, leisure, health, longevity, ability, communicate instantly, 

arise out, curiosity, search, seemingly capricious, distant, arranged, orderly fash
ion, reduce confusion, plain, freshness, newness, brightness.

II. Translate the statements into English
1. Наука -  это прежде всего деятельность человека.
2. В науке всегда есть место для неизведанного, нового, яркого.
3. В науке вы изучаете природу, включая природу человека, а также 

живую и неживую материю.
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Text 2 
SCIENCE

“Science is systematic classification of experience”
(G. Lewes)

“Science is organized knowledge”
(H. Spencer)

The general meaning of the word science is knowledge, but it has a specific 
sense that is more common -  knowledge about the physical world. This is the 
sense that we will give to the word from now on, but even here there are two as
pects of science that deserve to be distinguished.

First, science is viewed as a body of knowledge which has accumulated 
over the centuries -  particularly during the last three or four and which the sci
entist is expected to be familiar with. Anyone who expects to understand basic 
principles of biology and to discuss biological problems must be familiar with 
these findings -  certainly anyone who plans a carrier in some area of the bio
logical sciences. Even as a matter of general education, we expect people to 
have some acquaintance with science as a body of facts.

Second, science is viewed as a way of gaining knowledge. In a world that 
turns more and more toward a scientific outlook, we are expected to understand 
something of the scientific procedure. Even though this method is no cut-and- 
dried routine to fit all thee areas in which we would like to gain information, it 
does have basic features that can be illustrated. Student work in the laboratory is 
essentially a repetition of classical observations and experiments in biology; and 
readings and lectures usually bring out the history of scientific problems, the 
kinds of questions being asked, the kinds of observations being made and how 
they bear on the questions, the challenges to research that have not yet been met.

In all the diverse methods of acquiring scientific information there seem to 
be certain common elements, for one thing, a scientific method^claijns^to deal 
effectively only with that which is objective that which can be detected and 
measured in some w a y j

In the second place, scientists must make certain assumptions concerning this 
objective world. The foremost of these is that matter and energy, existing in time 
and space, behave and have behaved uniformly. Hence if a given set o f conditions 
(the cause) leads to given results (the effect) at present, the same kind of cause 
should be succeeded by the same kind of effect in the future. It is essentially with 
such cause-and-effect relationship that scientists are constantly concerned.

In the third place, there are attitudes which are characteristic of scientists. 
For one thing they are inquisitive. They continually ask questions such as “How 
are things organized?” and “How do they operate as they do?” And they are con
tinually skeptical of the answers to these questions, whether given by themselves 
or by someone by someone else. Perhaps some other answer may fit the facts 
better, they feel.
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In simplified forms, the scientific process goes something like this. A 
scientist observes certain natural occurancesphenomena. He records and meas
ures what he observed, but he is interested in doing more than that. He asks what 
the meaning of his observation may be, what explanations would account for 
what has happened. He suggests an explanation- a hypothesis.

The hypothesis is subjected to tests. The scientist and his colleagues test the 
hypothesis by closer observation of the original phenomena, by more precise meas
urement, or by looking for results can be predicted on the basis of the hypothesis. If 
they do not go beyond this kind of fest, there is a descriptive science.

But they may make a special kind of observation under controlled condi
tions -  an experiment. The experiments are a way of concentrating and shorten
ing the process of reaching conclusive tests of hypotheses, but they are at bottom 
observations. We should guard against supposing that information obtained by 
experiment is necessarily more conclusive than that gained. Otherwise sciences 
that test hypotheses regularly by use of experiments are called experimental sci
ences.

Upon being tested, a hypothesis may have to be abandoned or modified, or it 
may be found to stand as formulated. If verified, a hypothesis is know as a theory, 
though in practice the two terms are used almost interchangeably. Theories which 
have been long accepted, are broad in their application, and are coherent with 
other well-established theories are referred to as principles or laws.

These terms will become more meaningful as they are used and illustrated 
during the course of study. Appreciation of the work that scientists are doing 
may also develop and some realization that we are all, at least in a certain sense, 
scientists can leam to apply scientific principles in everyday affairs. We can be
come aware of what kinds of evidence are necessary for arriving at conclusions 
and should leam to be skeptical o f ideas even though they have been held for a 
long period of time.

Check up fo r  comprehension

Read the text and render its contents in Russian.

Text 3 
SCIENTIFIC RESEARCH

In simplified form, the scientific process starts so. A scientist observes 
certain phenomena. He records and measures what he observes. Then he sug
gests an explanation a hypothesis.

The hypothesis is subjected to tests. The scientist test the hypothesis by 
more precise measurement. It is a special kind of observation under controlled 
conditions -  an experiment.
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Upon being tested, a  hypothesis may have to be abandoned or modified, or 
it may be found to stand as formulated. If verified, a hypothesis is known as a 
theory, though in practice the two terms are used almost interchangeably. Theo
ries which have been long accepted, are broad in their application, well- 
established theories are referred to as principles or laws.

Appreciation of the work the scientists are doing may also develop and sci
entists can leam to apply scientific principles in every day affairs.

We can become aware of what kinds of evidence are necessary for arriving 
at concussion and should leam to be skeptical o f ideas even though they have 
been held for a long period of time.

(W.W. Bloom, C.H. Krekeler General Biology)

Check up fo r  comprehension

Read the text and render its contents in Russian.

Text 4 
THE SEPARATION OF SCIENCES AND CONVERGENCE

When modem, science was growing up, from the time of Galileo to the 
time o f Newton, all the sciences were very much joined together. A  single man 
like Cooke could do absolutely first-class in pure mathematics, in physics, in 
chemistry and even in biology. Towards the end of that time the sciences were 
just beginning to separate and after that they continued to separate more and 
more. By the nineteenth century the science faculties were almost completely 
separate but there were already signs that they were coming together again.

Just at this moment we are witnessing a great convergence of all the sci
ences. In order to be a good biologist now, for instance, you have to know not 
only what might be called school physics, but quite a lot o f really modem phys
ics and a great deal of chemistry as a basis for biochemistry. Conversely the 
physicist himself, even if  biology is not part o f his subject, is obliged to know 
something of it because he may find a great deal of his work will be concerned 
with biophysics. The problem for a physicist, rather than for physics as a sub
ject, arises because physics is increasingly penetrating all the other parts of sci
ence. This is already evident in the names of the new hybrid subjects. We have 
long had one called physical chemistry; now we have a subject called chemical 
physics which is different, not so much in the proportion of physics and chemis
try that come into it, as in its central interest o f helping chemistry in the first 
case and of extending the range of physics in the second.

Now we also have biophysics and biochemistry. It would appear that phys
ics is spreading towards biology on one side, while on the other the mathemati
cal aspect p f physics is also becoming much more marked, especially now that
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we have a growing symbiosis between physics and mathematics in computers. 
For the computer contains both the purely physical element in its actual compo
nents and mathematical logic in their arrangement.

Check up fo r  comprehension

Read the text and render its contents in Russian.

Text 5 
WHAT SCIENCE IS

It can be said that science is a cumulative body of knowledge about the 
natural world, obtained by the application of a peculiar method practiced by the 
scientist. It is known that the word science itself is derived from the Latin 
“scire”, to know, to have knowledge of, to experience. Fundamental and applied 
sciences are commonly distinguished, the former being concerned with funda
mental laws of nature, the latter engaged in application of the knowledge ob
tained. Technology is the fruit o f applied science, being the concrete practical 
expression of research done in the laboratory and applied to manufacturing 
commodities to meet human needs.

The word “scientist” was introduced only in 1840 by a Cambridge profes
sor o f philosophy who wrote: “We need a name for describing a cultivator of 
science in general. I should be inclined to call him#a scientist”. “The cultivators 
o f science” before that time were known as “natural philosophers” . They were 
curious, often eccentric, persons who poked inquiring fingers at nature. In the 
process of doing so they started a technique of inquiry which is now referred to 
as the “scientific method”.

Briefly, the following steps can be distinguished in this method. First 
comes the thought that initiated the inquiry. It is known, for example, than in 
1896 the physicist Henri Becquerel, in his communication to the French Acad
emy of Sciences, reported that he had discovered rays of an unknown nature 
emitted spontaneously by uranium salts. His discovery excited Marie Curie, and 
together with her husband Pierre Curie she tried to obtain more knowledge about 
the radiation. What was it exactly? Where did it come from?

Second comes the collecting of facts: the techniques of doing this will dif
fer according to the problem which is to be solved. But it is based on the ex
periment in which anything may be used to gather the essential data -  from a 
test-tube to an earth-satellite. It is known that the Curies encountered great diffi
culties in gathering their facts, as they investigated the mysterious uranium rays.

This leads to step three: organizing the facts and studying the relationships 
that emerge. It was already noted that the above rays were different from any
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thing known. How to explain this? Did this radiation come from the atom itself? 
It might be expected that other materials also have the property of emitting ra
diation. Some investigations made by Mme Curie proved that this was so. The 
discovery was followed by further experiments with “active” radioelements 
only.

Step four consists in stating a hypothesis or theory: that is, framing a gen
eral truth that has emerged, and that may be modified as new facts emerge. In 
July 1898, the Curies announced the probable presence in pitchblende ores of a 
new clement possessing powerful radioactivity. This was the beginning of the 
discovery of radium.

Then follows the clearer statement of the theory. In December 1898, the 
Curies reported to the Academy o f Sciences: “The various reasons enumerated 
lead us to believe that the new radioactive substance contains a new element to 
which we propose to give the name of Radium. The new radioactive substance 
certainly contains a great amount of barium, and still its radioactivity is consid
erable. It can be suggested therefore that the radioactivity of radium must be 
enormous”.

And the final step is the practical test of the theory, i.e. the prediction of 
new facts. This is essential, because from this flows the possibility of control by 
man of the forces of nature that are newly revealed.

Note should be taken of how Marie Curie used deductive reasoning in or
der to proceed with her research, this kind o f “detective work” being basic to the 
methodology of science. It should be stressed further that she dealt with prob
ability -  and not with certainty -  in her investigation. Also, although the Curies 
were doing the basic research work at great expense to themselves in hard 
physical toil, they knew that were pan of an international group of people all 
concerned with their search for truth. Their reports were published and immedi
ately examined by scientists all over the world. Any defects in their arguments 
would be pointed out to them immediately.

Check up fo r  comprehension

I. See i f  you  remember: to meet needs; to refer to; to distinguish; to en
counter difficulties; to emerge; at great expense; search for truth; to point out.

II . Look through the text concentrating on the beginning and the end o f  
each paragraph, outline it
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Text 6 
RESEARCH: FUNDAMENTAL AND APPLIED, 

AND THE PUBLIC

People are always talking about fundamental research, implying thereby 
the existence of a nameless opposite. A  good definition o f fundamental research 
will certainly be welcomed: let us see whether we can invent one. We have to 
begin, of course, by defining research. Unfortunately the concept of research 
contains a negative element. Research is searching without knowing what you 
are going to find: if you know what you are going to find you have already 
found it, and your activity is not research. Now, since the outcome of your re
search is unknown, how can you know whether it will be fundamental or not?

We may say for instance that fundamental research is that which you un
dertake without caring whether the results will be of practical value or not It 
may not be reasonable to go further and say that fundamental research is that 
which will be abandoned as soon as it shows a sign of leading to results of prac
tical value. By saying this you may limit your own achievement. It will be better 
to say that fundamental research is that which may have no immediate practical 
value, but can be counted upon as leading to practical value sooner or later. The 
extension of knowledge and understanding of the world around us will always 
be profitable in the long run, if  not in the short.

This is a very powerful argument for fundamental research and it is a 
completely unassailable one, and yet there are people who will not like it. Let us 
seek a definition that will give fundamental research a value of its own, not de
pendent upon other uses appearing soon or late. We say for instance that funda
mental research is that which extends the theory. Now we have to theorize upon 
theory.

There have been several viewpoints about theory. One is that theory dis
cerns the underlying simplicity of the universe. The non-theorist sees a confused 
mass of phenomena; when he becomes a theorist they fuse into a simple and 
dignified structure. But some contemporary theories are so intricate that an in
creasing number of people prefer dealing with the confusion of the phenomena 
than with the confusion of theory.

A different idea suggests that theory enables one to calculate the result of 
an experiment in a shorter time than it takes to perform the experiment. I do not 
think that the definition is very pleasing to the theorists, for some problems are 
obviously solved more quickly by experimenters than by theorists.

Another viewpoint is that theory serves to suggest new experiments. This 
is sound, but it makes the theorist the handman of the experimentator, and he 
may not like this auxiliary role. Still another viewpoint is that theory serves to 
discourage the waste of time on making useless experiments.

Let us try to flatter theory by giving it a definition that shall not describe it 
as a mere handmaid of experiment or a mere device for saving time. I suggest



that theory is an intellectual instrument granting a deep and indescribable con
tentment to its designer and to its users. This instrument is made up of units 
which can be compared, for instance, to different branches of physics: solid slate 
physics, relativity, acoustics, elementary practices and others, which sometimes 
have only a remote relation with one another and may not even be intercon
nected at all.

The rest o f my talk will be devoted to a different question which is: how 
are we going to communicate to the layman some of our passion for our sci
ence? This is a very important question, for everyone is a layman until he be
comes a scientist If we can solve the problem of interesting the laymen we may 
succeed in attracting the potential Fermis, Slaters, Lands and Fletchers of future 
into the field of, say, physics. Nothing could be more desirable.

A  frequent technique is that o f surprise. The trouble with this is that one 
cannot be surprised if  one is not accustomed to the situation which is nullified 
by the surprise. Imagine, for example, a physicist trying to surprise an audience 
of laymen by telling them that there are a dozen elementary particles instead of 
two or three, or that the newest cyclotron imparts an energy of 500 mev to pro
tons. It simply will not work, because the listeners will have no background to 
compare this information with.

It is also a mistake to think that we can excite an audience by solving a 
mystery for them. The trouble here is that practically no one is interested in the 
answer to a question which he never thought of asking.

Relativity had a wonderful build-up in the decade before 1905, for the 
physicists of that era were acquainted with the sequence of experiments which 
were designed to show that the earth moves relatively to the ether and which ob
stinately showed the opposite. Each stage in the unfolding of quantum mechan
ics was exciting to the physicists who knew the earlier stages, because they 
knew the problems which were left unsolved. The writer of a detective story 
creates the mystery before he solves it; but the mystery usually begins with the 
discovery o f a murdered man, and this is considerably more exciting than a 
murdered theory. The corresponding technique in physics consists in trying to 
create a particular state of out-cf-dateness in the mind of the public, in the ex
pectation o f bringing them up-to-date at the end of the lecture or paper. There is 
too much risk of leaving the audience in the out-of-date condition, and this tech
nique cannot be recommended.

Another mistake, in my opinion at least, is that of stressing a paradox. Try 
telling an audience that if you know the exact position of a particle you cannot 
know its momentum, and vice versa -  the effect is unpredictable but obviously 
not what you wanted. Still another mistake is that o f springing an isolated fact 
upon the audience. An isolated fact is not science and it is not interesting. Facts 
are of interest only as parts of a system. And we must strive to interest the lay
men in the system.



Check up fo r  comprehension

I. Read the text without consulting the dictionary, pencil-mark the words 
that you  do not understand. Divide the text into three parts, copy out the 
dominant noun in each pan and suggest a title fo r  each part.

II. Translate paragraphs 8-12 into Russian.

III. Make up a list o f  words that you have looked up in the dictionary and 
give their contextual Russian equivalents.

Text 7 
PURE AND APPLIED SCIENCE

As students of science you are probably sometimes puzzled by the terms 
"pure” and “applied” science. Are these two totally different activities, having 
little or no interconnection? Let us begin by examining what is done by each.

Pure science is primarily concerned with the development of theories (or, as 
they are frequently called, models) establishing relationships between the phenom
ena of the universe. When sufficiently validated these theories (hypotheses, mod
els) become the working laws or principles of science. In carrying out this work, 
the pure scientist usually disregards its application to practical affairs, confining his 
attention to explanations of how and why events occur.

Check up fo r  comprehension

1. Does the author give definition o f both “pure” and “applied” science?
2. Find the word which is used as an equivalent o f “science”.
3. When does a hypothesis become a principle of science?
4. What questions is the pure scientist concerned with?
5. Find the words equivalent to “how and why events occur” .
6. What is usually disregarded by the pure scientist?

Text 8 
SCIENCE AND TECHNOLOGY

Science problems can be roughly classified as analytic and synthetic. In 
analytic problems we seek the principles of the most profound natural processes, 
the scientist working always at the edge of the unknown. This is the situation to
day, for instance, within the two extremes of research in physics -  elementary
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particle physics and astrophysics -  both concerned with the properties of matter, 
one on the smallest, the other on the grandest scale. Research objectives in these 
fields are determined by the internal logic of the development of the field itself. 
Revolutionary shocks to the foundations of scientific ideas can be anticipated 
from these very areas.

As to synthetic problems, they are more often studied because of the possi
bilities which they hold for practical applications, immediate and distant, than 
because their solution is called for by the logic of science. This kind of motiva
tion strongly influences the nature of scientific thinking and the methods em
ployed in solving problems. Instead o f the traditional scientific question: “How 
is this to be explained?” the question behind the research becomes “How is this 
to be done?” The doing involves the production o f a new substance or a new 
process with certain predetermined characteristics. In many areas of science, the 
division between science and technology is being erased and the chain of re
search gradually becomes the sequence of technological and engineering stages 
involved in working out a problem.

In this sense, science is a Janus-headed figure. On the one hand, it is pure 
science, striving to reach the essence of the laws of the material world. On the 
other hand, it is the basis of a new technology, the workshop of bold technical 
ideas, and the driving force behind continuous technical progress.

In popular books and journals we often read that science is making greater 
strides every year, that in various fields of science discovery is followed by dis
covery in as steady stream of increasing significance and that one daring theory 
opens the way to the next. Such may be the impression with research becoming 
a collective doing and scientific data exchange a much faster process. Every new 
idea should immediately be taken up and developed further, forming the initial 
point o f an avanlanche-like process.

Things arc, in fact, much more complex than that. Every year scientists are 
faced with the problems of working through thicker and tougher material, phe
nomena at or near the surface having long been explored, researched, and under
stood. The new relations that we study, say, in the world of elementary particles 
at dimensions of the order of 10'13 cm or in the world of superstellar objects at 
distances of billions of light years from us, demand extremely intense efforts on 
the part of physicists and astrophysicists, the continuous modernization of labo
ratories with experimental facilities becoming more and more grandiose and 
costing enormous sums. Moreover, it should be stressed that scientific equip
ment rapidly becomes obsolete. Consequently, the pace of scientific develop
ment in the areas of greatest theoretical significance is drastically limited by the 
rate of building new research facilities, the latter depending on a number of eco
nomic and technological factors not directly linked to the aims of the research. It 
may take, for example, more than 10 years from the initial decision to build a 
100-200 billion electron volt accelerator to its completion. It should be borne in 
mind, too, that few measurements and readings given by these great facilities
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push science forward, results of any great significance being very rare. For in
stance, tens of thousands of pictures taken during the operation of an accelerator 
will have to be scrutinized in the hope of finding, among typically trite proc
esses, signs of a new interaction or of a new event whose presence or absence 
may confirm a theoretical idea.

Check up fo r  comprehension

I. Look through the text concentrating on the beginning o f  each para
graph and write down a plan.

II. Look through the paragraphs again and indicate the words and word 
groups used to connect the paragraphs and the sentences within them.

III . Translate paragraph 5 into Russian.

Text 9 
OF WHAT USE?

FOREWORD
The following article appeared originally in the form o f  an Introduction to a 

book on modem research. The title o f  the book "The Greatest Adventure ” was 
taken from the last line o f  this introduction.

I  have never counted up how many introductions I  have done fo r  books 
other than my own. I  don- t know what the record is fo r  any one author, but in 
my more melancholy moments, when I  have once again been talked into doing 
one, I  think I  must have broken that record long ago.

The only way to make the task bearable is to refuse to allow the introduc
tion to be a mere encomium on the book. Instead, I  try to make them independ
ent essays that make points other than those made in the book.

It is the fate of the scientist to face the constant demand that he shows his 
learning to have some «practical use». Yet it may not be of any Interest to him 
to have such a «practical use» exist; he may feel that the delight of learning, of 
understanding, of probing the Universe is its own reward entirely. In that case, 
he might even allow himself the Indulgence of contempt for anyone who asks 
more.

There is a famous story of a student who asked the Greek philosopher 
Plato, about 370 B.C., of what use were the elaborate and abstract theorems he 
was being taught. Plato at once ordered a slave to give the student a small coin
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so that he might not think he had gained knowledge for nothing, then had him 
dismissed from the school.

The student need not have asked, and Plato need not have scorned. Who 
would today doubt that mathematics has its uses? Mathematical theorems which 
seem unbearably refined and remote from anything a sensible man can have any 
Interest in turn out to be absolutely necessary to such highly essential parts of 
our modem life as for instance, the telephone network that knits the world to
gether.

This story of Plato, famous for two thousand years hq§ not рщ de the matter 
plainer to most people. Unless the application pf g new discoyery is clear аце| 
present, most are dubious of its value

There is a story of the English scientist Michael Faraday that illustrates 
this. He was in his time an enormously popular lecturer as well as a physicist 
and chemist o f the first rank. In one of his lectures In the 1840s, he illustrated 
the peculiar behavior of a magnet and a spiral coil of wire which was connected 
to a galvanometer that would record the presence of an electric current. There 
was no current in the wire to begin with, but when the magnet was thrust into 
the hollow center of the spiral coil, the needle of the galvanometer moved to one 
side of the scale, showing that a current was flowing. When the magnet was 
withdrawn from the coil, the needle flipped in the other direction, showing that 
the current was now flowing the other way. When the magnet was held mo
tionless in any position within the coil, there was no current at all, and the need
le was motionless.

At the conclusion of the lecture, one member of the audience approached 
Faraday and said, «Mr. Faraday, the behavior of the magnet and the coil o f wire 
was interesting, but of what possible use can it to be?»

And Faraday answered politely, «Sir, o f what use is a newborn baby?»
It was precisely the phenomenon whose use was questioned so pe

remptorily by one of the audience which Faraday made use of to develop the 
electric generator, which, for the first time, made it possible to produce electric
ity cheaply and in quantity. That in turn, made it possible to build the electrified 
technology that surrounds us today and without which life, in the modem sense, 
is inconceivable. Faraday s demonstration was a newborn baby that grew into a 
giant.

Even the shrewdest of men cannot always judge what is useful and what is 
not. There never was a man so ingeniously practical In Judging the useful as 
Thomas Alva Edison, surely the greatest Inventor who ever lived and we can 
take him as our example.

In 1868, he patented his first invention. It was a device to record votes me
chanically. By using It. congressmen could press a button and all their votes 
would be instantly recorded and totaled.

There was no question but that the invention worked: it remained only to 
sell it. A  congressman, whom Edison consulted, however, told him, with min
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gled amusement and horror, that there wasn't a chance if the inventions being 
accepted, however unfailingly it might work.

A slow vote, it seemed, was sometimes a political necessity Some con
gressmen might have their opinions changed in the course o f a slow vote where 
a quick vote might, in a moment o f emotion, commit Congress to something un
desirable.

Edison, chagrined, learned his lesson. After that, he decided never to invent 
anything unless he was sure it would be needed and wanted and not merely be
cause it worked.

He stuck to that. Before he died, he had obtained nearly 1300 patents -  300 
of them over a four-year stretch, or one every five days, on the average. Always, 
he was guided by his notion of the useful and the practical.

On October 21, 1879, he produced the first practical electric light, perhaps 
the most astonishing o f all his inventions. (We need only sit by candlelight for a 
while during a power breakdown to discover how much we accept, and take for 
granted, the electric light.)

In succeeding years, Edison labored to improve the electric light and, mainly, 
to find ways o f making the glowing filament last longer before breaking. As was 
usual with him, he tried everything he could think of. One o f his hit-and-miss ef
forts was to seal a metal wire into the evacuated electric light bulb, near the fila
ment but not touching it. The two were separated by a small gap of vacuum.

Edison then turned on the electric current to see if  the presence of a metal wire 
would somehow preserve the life o f the glowing filament. It didn't and Edison 
abandoned the approach. However, he could not help noticing that an electric cur
rent seemed to flow from the filament to the wire across that vacuum gap.

Nothing in Edison's vast practical knowledge o f electricity explained that, 
and all Edison could do was to observe it, write it up in his notebooks and, in 
1884 (being Edison), patent it. The phenomenon was called the «Edison effect» 
and it was Edison's only discovery in pure science.

Edison could see no use for it. He therefore pursued the matter no further 
and let it go, while he continued the chase for what he considered the useful and 
practical.

In the 1880s and 1890s, however, scientists who pursued «useless» knowl
edge for its one sake discovered that subatomic particles (eventually called 
«electrons») existed, and that the electric current was accompanied by a flow of 
electrons. The Edison effect was the result o f the ability o f electrons, under cer
tain conditions, to travel, unimpeded, through a vacuum.

In 1904, the English electrical Engineer John Ambrose Fleming (who had 
worked in Edison's London office in the 1880s in connection with the develop
ing electric light Industry) made use o f the Edison effect and of the new under
standing which the electron theory had brought, and devised an evacuated glass 
bulb with a filament and wire which would let current pass through In one direc
tion and not in the other. The result was a «current rectifier.»
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In 1906, the American inventor Lee De Forest made a further elaboration 
of Fleming's device, introducing a metal plate which enabled it to amplify elec
tric current as well as rectify if. The result is called a «radio tube» by Ameri
cans.

It is called that because it was only such a device that could handle an elec
tric current with sufficient rapidity and delicacy to make the radio a practical 
device for receiving and transmitting sound carried by the fluctuating amplitude 
of radio waves.

In fact, the radio tube made all of our modem electronic devices possible, 
including television.

The Edison effect, then, which the practical Edison shrugged off as interest
ing but useless, turned out to have more astonishing results that any of his practi
cal devices. In a power breakdown, candles and kerosene lamps can substitute 
(however poorly) for the electric light, but what substitute is there for a television 
screen? We can live without it (if we consider it only an entertainment device, 
which does it wrong), but not many people seem to want to.

In fact, the problem isn't a matter of showing that pure science can be use
ful. It is much more difficult a problem to find some branch of science that isn't 
useful. Between 1900 and 1930 for instance, theoretical physics underwent a 
revolution. The theory of relativity and the development of quantum mechanics 
led to a new and more subtle understanding of the basic laws of the universe and 
of the behavior of the inner components of the atom.

None of it seemed to have the slightest use to mankind, and the scientists 
involved, a brilliant group of young men. had apparently found an ivory tower 
for themselves which nothing could disturb. Those who survived into later dec
ades looked back on that happy time of abstraction and impracticably as a Gar
den of Eden out of which they had been evicted.

For out of that abstract work, there unexpectedly came the nuclear bomb, 
and a world that lives in tenor, now, of a possible war that could destroy man
kind in a day.

But it did not bring only terror. Out of that work, there came radioisotopes 
which have made it possible to probe the workings of living tissue with a deli
cacy otherwise quite impossible, and whose findings have revolutionized medi
cine in a thousand ways. There are also nuclear power stations which, at present 
and in the future, offer mankind the brightest hope of ample energy during all 
his future existence on Earth.

There is nothing, it turns out. that is more practical, more downright impor
tant to the average man, whether for good or for evil, than the ivory tower re
searches of the young men of the early twentieth century who could see no use 
in what they were doing and were glad of it, for they wanted only to revel in 
knowledge for its own sake.

The point is, we cannot foresee the consequences in detail. Plato, In dem
onstrating the theorems of geometry, did not envisage a computerized society.
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Faraday knew that his magnet-born electric current was a newborn baby, but he 
surely did not foresee our elecricified technology. Edison certainly didn't foresee 
a television set when he puzzled over the electric current that leaped the vacu
um, and Einstein, when he worked out the equation E  = me2 from purely theo
retical consideration in 1905, did not sense the mushroom cloud as he did so.

We can only make the general rule that through all o f history, an increased 
understanding of the Universe, however out-of-the-way a particular bit o f new 
understanding may seem, however ethereal, however abstract, however useless, 
has always ended In some practical application (even if sometimes only indi
rectly).

It cannot be predicted what the application will, be in advance but we can 
fie sure that it will have both its beneficial and its uncomfortable aspects. (The 
discovery of the germ theory of disease by Louis Pasteur in the 1860s was the 
greatest single advance ever made in medicine and led to the saving of countless 
millions of lives. Who can quarrel with that? Yet it has also led, in great meas
ure, to the dangerous population explosion of today.)

It remains for the wisdom of mankind to make the decisions by which ad
vancing knowledge will be used well and not ill, but all the wisdom of mankind 
will never improve the material lot of man unless advancing knowledge presents 
it with the matters over which it can make those decisions. And when, despite 
the most careful decisions, there come dangerous side effects of the new knowl
edge — it is only still further advances in Knowledge that will offer hope for cor
rection.

And now we stand in the closing decades of the twentieth century, with 
science advancing as never before in all sorts of odd, and sometimes apparently 
useless, ways. We've discovered quasars and pulsars in the distant heavens. Of 
what use are they to the average man? Astronauts have brought back Moon 
rocks at great expense. So what? Scientists discover new compounds, develop 
new theories, work out new mathematical complexities. What for? What's in it 
for you?

No one knows what's in it for you right now, any more than Plato knew in 
his time, or Faraday knew, or Edison knew, or Einstein knew.

But you will know if you live long enough; and if not, your children or 
grandchildren will know. And they will smile at those who say. «But what is the 
use of sending rockets into space?» Just as we now smile at the person who 
asked Faraday the use of his demonstration.

In fact, unless we continue with science and gather knowledge, whether it 
is seemingly useful on the spot or not, we will be burled under our problems and 
find no way out.

It is up to you, then, and up to everyone, to support science and, where pos
sible, to keep abreast o f it, for today's science is tomorrow's solution -  and to
morrow's problems, too -  and most of all, mankind's greatest adventure, now 
and forever.
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AFTERWORD
«O f What Use?» was the occasion fo r a pleasant surprise. I  received a  copy 

o f  the November 1974 Readers Digest in the mail. Since I  have no subscription 
to the magazine, I  wondered why it had been sent to me. Filled with a wild sur
mise, I  leafed through it carefully and almost at once, came across my own 
name, «O f What Use?» had been reprinted there and the publishers had not 
bothered to ten me o f  the sale. (Fear not, Gentle Reader, I  received appropriate 
payment),

I, Asimov
Check up fo r  comprehension
I. Answer the questions:
1. What kind of demand do the scientists face?
2. What may the scientist feel?
3 . W h y  do e s a  n e w  discovery  se em  d u b io u s o f  its  va lu e?  W h a t sto rie s  p ro v e  it?
4. Can the scientist always judge what is useful and what is not? What story 

proves that?
5. What is a much more difficult problem than showing that pure science 

can be useful?
6. What can't be foreseen in detail?
7. What kind of decisions is mankind to make concerning advancing 

knowledge?
8. What will be today's science tomorrow?

II. Use these кеу-points to render the text in English:
Smb's learning, the constant demand — have some practical use; feel — de

light of learning, of understanding, of probing the Universe; a new discovery, 
the application -  clear and present, Plato -the elaborate and abstract theorems, a 
small coin, had gained knowledge for nothing, had dismissed, Faraday -  the be
havior of the magnet and the coil of wire, a newborn baby: judge, useful -  a de
vice to record votes mechanically, change their opinions, a slow vote; to find 
some branch of science, the theory of relativity; the consequences -  to use smth. 
well and not ill; today’s science -  tomorrow s solution.

III. Study the model o f  the text information and sum it up:
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Text 10.1 
WHAT IS MATHEMATICS?

The students of maths may wonder where the word «mathematics» comes 
from. «Mathematics» is a Greek, word, and, by origin or etymologically, it 
means «something that must be learnt or understood», perhaps «acquired 
knowledge» or «knowledge acquirable by learning» or «general knowledge». 
The word «maths» is a contraction of all these phrases. The celebrated Pythago
rean school in ancient Greece had both regular and incidental members. The in
cidental members were called «auditors»; the regular members were named 
«mathematicians» as n general class and not because they specialized in maths; 
for them maths was n mental discipline of science learning. What is maths in the 
modem sense of the term, its implications and connotations? There is no neat, 
simple, general and unique answer to this question.

Math as a science, viewed as a whole, is a collection of branches. The larg
est branch is that which builds on the ordinary whole numbers, fractions, and ir
rational numbers, or what collectively, is called the real number system. Arith
metic, algebra, the study of functions, the calculus, differential equations and 
various other subjects which follow the calculus in logical order are all devel
opments of the real number system. This part of maths is termed the maths o f  
number. A second branch is geometry consisting of several geometries. Maths 
contains many more divisions. Each branch has the same logical structure: it be
gins with certain concepts, such as the whole numbers or integers in the maths 
of number, and such as point, line and triangle in geometry. These concepts 
must verify explicitly stated axioms. Some of the axioms of the maths of number 
are the associative, commutative, and distriutive properties and the axioms about 
equalities. Some o f the axioms of geometry are that two points determine a line, 
all right angles are equal, etc. From the concepts and axioms theorems are de
duced. Hence, from the standpoint of structure, the concepts, axioms and theo
rems are the essential components o f  any compartment o f  maths. We must break 
down maths into separately taught subjects, but this compartmentalization taken 
as a necessity, must be compensated for as much as possible. Students must see 
the interrelationships of the various areas arid the importance of maths for other 
domains, knowledge is not additive but an organic whole, and maths is an in
separable part o f that whole. The full significance of maths can be seen and 
taught only in terms of its intimate relationships to other fields of knowledge. If 
maths is isolated from other provinces, it loses importance.

The basic concepts of the main branches of maths are abstractions from ex
perience, implied by their obvious physical counterparts. But it is noteworthy, 
that many more concepts are introduced which are, in essence, creations of the 
human mind with or without any help of experience. Irrational numbers, nega
tive numbers and so forth are not wholly abstracted from the physical practice, 
for the man’s mind must create the notion of entirely new types of numbers to
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which operations such as addition, multiplication, and the like can be applied. 
The notion of a variable that represents the quantitative values of some chang
ing physical phenomena, such as temperature and time, is also at least one men
tal step beyond the mere observation of change. The concept of a function, or a 
relationship between variables, is almost totally a mental creation. The more we 
study maths, the, more we see that the ideas and conceptions involved become 
more divorced and remote from experience, and the role played by the mind of 
the mathematician becomes larger and larger. The gradual introduction of new 
concepts which more and more depart from forms of experience finds its parallel 
in geometry and many of the specific geometrical terms are mental creations.

As mathematicians nowadays working in any given branch discover new 
concepts which are less and less drawn from experience and more and more 
from human mind, the development of concepts is progressive and later con
cepts are built on earlier notions. These facts have unpleasant consequences. Be
cause the more advanced ideas are purely mental creations rather than abstrac
tions from physical experience and because they are defined in terms of prior 
concepts, it is more difficult to understand them and illustrate their meanings 
even for a specialist in some other province of maths. Nevertheless, the current 
introduction of new concepts in any field enables maths to grow rapidly. Indeed, 
the growth of modem maths is, in part, due to the introduction of new concepts 
and new systems of axioms.

Axioms constitute the second major component of any branch of maths. Up 
to the 19th century axioms were considered as basic self-evident truths about the 
concepts involved. We know now that this view ought to be given up. The ob
jective of math activity consists o f  the theorems deduced from a set of axioms. 
The amount of information that can be deduced from some sets of axioms is al
most incredible. The axioms of number give rise to the results of algebra, prop
erties of functions, the theorems of the calculus, the solution of various types of 
differential equations. Math theorems must be deductively established and 
proved. Much of the scientific knowledge is produced by deductive reasoning; 
new theorems are proved constantly, even in such old subjects as algebra and 
geometry and the current developments are as important as the older results.

Growth of maths is possible in still another way. Mathematicians are sure 
now that sets of axioms which have no bearing on the physical world should be 
explored. Accordingly, mathematicians nowadays investigate algebras and ge
ometries with no immediate applications. There is, however, some disagreement 
among mathematicians as to the way they answer the question: Do the concepts, 
axioms, and theorems exist in some objective world and are they merely de
tected by man or are they entirely human creations? In ancient times the axioms 
and theorems were regarded as necessary truths about the universe already in
corporated in the design of the world. Hence each new theorem was a discovery, 
a disclosure of what already existed. The contrary view holds that maths, its 
concepts, and theorems are created by man. Man distinguishes objects in the
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physical world and invents numbers and numbers names to represent one aspect 
o f experience. Axioms are man’s generalizations of certain fundamental facts 
and theorems may very logically follow from the axioms. Maths, according to 
this viewpoint, is a human creation in every respect. Some mathematicians claim 
that pure maths is the most original creation of the human mind.

Check up fo r  comprehension

Read the text. Try to translate each sentence into Russian (the text should 
be read and reread as many times at home as it is necessary fo r  every student to 
grasp the meaning. A written translation is recommendable. The active vocabu
lary o f  the text ought to be learnt.)

Text 10.2 
HISTORY OF MATHEMATICS

Mathematics starts with counting. It is not reasonable, however, to suggest 
that early counting was mathematics. Only when some record of the counting 
was kept and, therefore, some representation of numbers occurred can mathe
matics be said to have started.

In Babylonia mathematics developed from 2000 BC. Earlier a place value 
notation number system had evolved over a lengthy period with a number base 
of 60. It allowed arbitrarily large numbers and fractions to be represented and so 
proved to be the foundation of more high powered mathematical development.

Number problems such as that of the Pythagorean triples (a,b,c) with 
c?+b2 = c2 were studied from at least 1700 BC. Systems of linear equations were 
studied in the context of solving number problems. Quadratic equations were 
also studied and these examples led to a type of numerical algebra.

Geometric problems relating to similar figures, area and volume were also 
studied and values obtained for 71.

The Babylonian basis of mathematics was inherited by the Greeks and in
dependent development by the Greeks began from around 450 BC. Zeno of 
Elea's paradoxes led to the atomic theory o f Democritus. A  more precise formu
lation of concepts led to the realization that the rational numbers did not suffice 
to measure all lengths. A geometric formulation of irrational numbers arose. 
Studies of area led to a form of integration.

The theory of conic sections shows a high point in pure mathematical study 
by Apollonius. Further mathematical discoveries were driven by the astronomy, 
for example the study of trigonometry.

The major Greek progress in mathematics was from 300 BC to 200 AD. 
After this time progress continued in Islamic countries. Mathematics flourished 
in particular in Iran, Syria and India. This work did not match the progress made
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by the Greeks but in addition to the Islamic progress, it did preserve Greek 
mathematics. From about the 11th Century Adelard of Bath, then later Fibonacci, 
brought this Islamic mathematics and its knowledge of Greek mathematics back 
into Europe.

Major progress in mathematics in Europe began again at the beginning of 
the 16ft Century with Pasioli, then Cardan, Tartaglia and Ferrari with the alge
braic solution of cubic and quartic equations. Copernicus and Galileo revolu
tionized the applications of mathematics to the study of the universe.

The progress in algebra had a major psychological effect and enthusiasm 
for mathematical research, in particular research in algebra, spread from Italy to 
Stevin in Belgium and Viete in France.

The 17th Century saw Napier, Briggs and others greatly extend the power of 
mathematics as a calculatory science with his discovery o f logarithms. Cavalieri 
made progress towards the calculus with his infinitesimal methods and Das- 
cartes added the power of algebraic methods to geometry.

Progress towards the calculus continued with Fermat, who, together with 
Pascal, began the mathematical study of probability. However the calculus was 
to be the topic of most significance to evolve in the 17th Century.

Newton, building on the work of many earlier mathematicians such as his 
teacher Barrow, developed the calculus into a tool to push forward the study of 
nature. His work contained a wealth of new discoveries showing the interaction 
between mathematics, physics and astronomy. Newton's theory of gravitation 
and his theory of light take us into the 18th Century.

However we must also mention Leibniz, whose much more rigorous ap
proach to the calculus (although still unsatisfactory) was to set the scene for the 
mathematical work of the 18th Century rather than that of Newton. Leibniz's in
fluence on the various members of the Bernoulli family was important in seeing 
the calculus grow in power and variety of application.

The most important mathematician of the 18th Century was Euler who, in 
addition to work in a wide range of mathematical areas, was to invent two new 
branches, namely the calculus of variations and differential geometry. Euler was 
also important in pushing forward with research in number theory begun so ef
fectively by Fermat.

Toward the end of the 18th Century, Lagrange was to begin a rigorous the
ory of functions and of mechanics. The period around the turn of the century 
saw Laplace's great work on celestial mechanics as well as major progress in 
synthetic geometry by Monge and Carnot.

The 19th Century saw rapid progress. Fourier's work on heat was of fun
damental importance. In geometry Plucker produced fundamental work on ana
lytic geometry and Steiner in synthetic geometry.

Non-euclidean geometry developed by Lobachevsky and Bolyai led to 
characterisation of geometry by Reimann. Gauss, thought by some to be the 
greatest mathematician of all time, studied quadratic reciprocity and integer
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congruencies. His work in differential geometry was to revolutionize the topic. 
He also contributed in a major way to astronomy and magnetism.

The 19th Century saw the work of Galois on equations and his insight into 
the path that mathematics would follow in studying fundamental operations. Ga
lois' introduction of the group concept was to herald in a new direction for 
mathematical research which has continued through the 20th Century.

Cauchy, building on the work of Lagrange on functions, began rigorous 
analysis and began the study of the theory of functions of a complex variable. 
This work would continue through Weierstarss and Riemann.

Algebraic geometry was carried forward by Cayley whose work on matri
ces and linear algebra complemented that by Hamilton and Grassmann. The end 
of the 19th Century saw Cantor invent set theory almost single handedly while 
his analysis of the concept of number added to the major work of Dedekind and 
Weierstarss on irrational numbers

Analysis was driven by the requirements of mathematical physics and as
tronomy. Lie's work on differential equations led to the study of topological 
groups and differential topology. Maxwell was to revolutionise the application 
of analysis to mathematical physics. Statistical mechanics was developed by 
Maxwell, Boltz-mann and Gibbs. It led to ergodic theory.

The study of integral equations was driven by the study of electrostatics 
and potential theory. Fredholm's work led to Hilbert and the development of 
functional analysis.

Notation and communication

There are many major mathematical discoveries but only those which can 
be understood by others lead to progress. However, the easy use and understand
ing of mathematical concepts depends on their notation.

For example, work with numbers is clearly hindered by poor notation. Try 
multiplying two numbers together in Roman numerals. What is MLXXXIV 
times MMLLLX1X? Addition of course is a different matter and in this case 
Roman numerals come into their own, merchants who did most of their arithme
tic adding figures were reluctant to give up using Roman numerals.

What are other examples of notational problems. The best known is proba
bly the notation for the calculus used by Leibniz and Newton. Leibniz's notation 
lead more easily to extending the ideas of the calculus, while Newton's notation 
although good to describe velocity and acceleration had much less potential 
when functions of two variables were considered. British mathematicians who 
patriotically used Newton's notation put themselves at a disadvantage compared 
with the continental mathematicians who followed Leibniz.

Let us think for a moment how dependent we all are on mathematical nota
tion and convention. Ask any mathematician to solve ax  = b and you will be 
given the answer x  = b/a. 1 would be very surprised if you were given the an
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swer a  =  b/x, but why not. We are, often without realizing it, using a convention 
that letters near the end of the alphabet represent unknowns while those near the 
beginning represent known quantities.

It was not always like this: Harriot used a  as his unknown as did others at 
this time. The convention we use (letters near the end of the alphabet represent
ing unknowns) was introduced by Descartes in 1637. Other conventions have 
fallen out of favour, such as that due to Viete who used vowels for unknowns 
and consonants for knowns.

Of course ax -  Ъ contains other conventions of notation which we use 
without noticing them. For example the sign «=« was introduced by Recorde in 
1557. Also ax is used to denote the product of a  and x, the most efficient nota
tion of all since nothing has to be written!

Brilliant discoveries?

It is quite hard to understand the brilliance of major mathematical discover
ies. On the one hand they often appear as isolated flashes of brilliance although 
in fact they are the culmination of work by many, often less able, mathemati
cians over a long period.

For example the controversy over whether Newton or Leibniz discovered 
the calculus first can easily be answered. Neither did since Newton certainly 
learnt the calculus from his teacher Barrow. Of course I'm not suggesting that 
Barrow should receive the credit for discovering the calculus, I'm mearly point
ing out that the calculus comes out of a long period of progress staring with 
Greek mathematics.

Now we are in danger of reducing major mathematical discoveries as no 
more than the luck of who was working on a topic at «the right time». This too 
would be completely unfair (although it does go some why to explain why two 
or more people often discovered something independently around the same 
time). There is still the flash of genius in the discoveries, often coming from a 
deeper understanding or seeing the importance of certain ideas more clearly.

How we view history

We view the history of mathematics from our own position of understand
ing and sophistication. There can be no other way but nevertheless we have to 
try to appreciate the difference between our viewpoint and that of mathemati
cians centuries ago. Often the way mathematics is taught today makes it harder 
to understand the difficulties of the past.

There is no reason why anyone should introduce negative numbers just to 
be solutions of equations such as x  + 3 =  0. In fact there is no real reason why 
negative numbers should be introduced at all. Nobody owned -2 books. We can 
think of 2 as being some abstract property which every set of 2 objects pos
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sesses. This in itself is a deep idea. Adding 2 apples to 3 apples is one matter. 
Realising that there are abstract properties 2 and 3 which apply to every sets 
with 2 and 3 elements and that 2 +  3 = 5  is a general theorem which applies 
whether they are sets of apples, books or trees moves from counting into the 
realm of mathematics.

Negative numbers do not have this type of concrete representation on 
which to build the abstraction. It is not surprising that their introduction came 
only after a long struggle. An understanding of these difficulties would benefit 
any teacher trying to teach primary school children. Even the integers, which we 
take as the most basic concept, have a sophistication which can only be properly 
understood by examining the historical setting.

A challenge

If you think that mathematical discovery is easy then here is a challenge to 
make you think. Napier, Briggs and others introduced the world to logarithms 
nearly 400 years ago. These were used for 350 years as the main tool in arith
metical calculations. An amazing amount o f effort was saved using logarithms, 
how could the heavy calculations necessary in the sciences ever have taken 
place without logs.

Then the world changed. The pocket calculator appeared. The logarithm 
remains an important mathematical function but its use in calculating has gone 
for ever.

Here is the challenge. What will replace the calculator? You might say that 
this is an unfair question. However let me remind you that Napier invented the 
basic concepts of a mechanical computer at the same time as logs. The basic 
ideas that will lead to the replacement of the pocket calculator are almost cer
tainly around us.

We can think of faster calculators, smaller calculators, better calculators 
but I'm asking for something as different from the calculator as the calculator 
itself is from log tables. 1 have an answer to my own question but it would spoil 
the point of my challenge to say what it is. Think about it and realize how diffi
cult it was to invent non-euclidean geometries, groups, general relativity, set 
theory,...

Check up fo r  comprehension

Render the information o f  the text

Text 11 
INTRODUCTION TO MECHANICS

Mechanics is a classical subject which deals with the motion of bodies and 
construction of machines and various mechanical devices. Mechanics is closely 
identified with physics and engineering. There exist many extensive branches of
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general or theoretical mechanics which have their own principles and independent 
significance. All the fields and subjects of mechanics apply the methods and 
equations of theoretical mechanics. The primitive elements of mechanics are bod
ies, forces, motion. These basic elements are governed by assumptions, principles 
or laws which describe mechanics as a whole. Mechanical laws abstract, codify 
and record the common features of all mechanical phenomena. Scientists are 
seeking for laws because laws are theory and experimental knowledge combined. 
Extracting and deducing laws is one of the great activities of a scientisj. Most 
laws in science state the relationships between measurements of two (three) quan
tities. Almost all scientific laws can be reworded with the word «constant» as 
their essential characteristic. Most mechanical laws were derived inductively from 
experiments f in  some cases, however, scientists deduce laws or rules from some 
theoretical scheme. The general principles in mechanics are illustrated by consti
tutive equations which abstract the differences among bodies. The fundamental 
entity in mechanics is the material particle and bodies are considered as aggre
gates of such panicles, The general laws of mechanics apply to all bodies and all 
motions. The elements in terms of which motion is described are position in space 
and time. Space that is used in mechanics is Euclidean three-dimensional: time is 
absolute. ̂ The assumption of absolut^tune did not lead to contradictions when ap
plied to facts known up to the nineteenth century. With the advent of Einstein's 
theory of relativity, mechanics came to be regarded as a geometry of four dimen
sions and space became finite but unbounded. The concept of time was changed: 
there is no absolute time according to the relativistic viewpoint. It was in the con
cept of time that the classical and relativistic developments diverged. Mechanics 
is seeking the simplest possible description o f  how bodies actually move, it makes 
no pretence of explaining why bodies move. The description of motion involves 
general principles stated in math terms embracing all particular motions as special 
cases. The natural philosophers of ancient Greece liked to do experiments in their 
heads. Centuries later Galileo developed the «thounpe experiment», intended for 
the imagination only, into a fruitful method of inquiry of free fall. In our time 

„.«thought experiments» appealed strongfyJfl-Sueh.scientists as Einstein and Ferim^ 
OfaU line forces playing part in mechanics (contact, i.e., pushes and pulls, fric
tional, electrical, nuclear, etc.) the most important is the force o f  gravity. The 
force of gravity acts on any object vertically downward and it is proportional to its 
mass or inertia. Under the influence of gravity all objects fall with the same accel
eration. Throughout recorded history the speculations of civilized men on the na
ture of gravitation ranged from the naive (Aristotle: objects fall to the earth, be
cause that is their natural place) to the sophisticated (Einstein). Newton was the 
first to recognize that the force of gravity is only a special case of a general attrac
tion between any two masses. This general attraction is responsible for keeping 
the Earth and other planets on their courses around the Sun. Every scientific the
ory, though speculative in its character, is meaningful only if it can be testedand 
verified by experiment. It dies if it fails such tests. A genuine understanding of
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theory and its relationship with experiment is essential if one wishes to know sci
ence. Einstein presented a new concept of gravitation. There is, he claimed, no 
absolute force of gravity pulling objects down. On the contrary, every mass has 
within it a force in proportion to its mass which attracts objects to it. This attrac
tion force of masses is also responsible for the curvature of the universe and for 
variations in orbits of celestial bodies. Today many scientists firmly believe that 
Einstein's general theory o f  relativity which explains gravity as a curvature or 
warping of space and time, is the correct theory of gravitation. They praise its 
beauty and agreement with observation and experiment. Other workers, however, 
are openly dubious of the general relativity and suggest that alternative theories 
provide a better description of gravity. The general theory of relativity nowadays 
has many competing successors. For such new theories to be viable they have to 
meet observational and theoretical criteria that are steadily becoming more rigor
ous. The general theory of relativity predicts that accelerated masses radiate gravi
tational waves, i.e., gravitational fields propagating with the speed of light. Such 
waves resemble electromagnetic waves as they carry energy, momentum and in
formation. Whereas electromagnetic waves interact only with electric charges and 
currents, however, gravitational waves interact with all forms of matter energy. 
Experiments designed to detect gravitational waves record evidence that they are 
being emitted in bursts from the direction of the centre of all galaxy. The origin of 
the observed gravitational radiation is not determined, only the direction of its ar
rival. These findings are stimulating much theorizing (conjecturing) and a good 
deal of disagreement among astrophysicists and gravitationalists. It is conjectured 
that the source might be an unusual object such as a pulsating neutron star very 
much closer than the galactic centre. It is conceivable that the mass at the galactic 
centre is acting as a giant lens, focussing gravitational radiation from an earlier 
epoch of the universe. Since gravitational radiation is not appreciably absorbed by 
matter, the authors of this hypothesis maintain, it should have been accumulating 
since, perhaps, the beginning o f  time. The relatively large radiation intensity ap
parently observed may be telling us when the time began. In the past few years 
several versions of Einstein's «thought experiments» were carried out with real 
apparatus to verify some of the new hypotheses. The current existing mechanical 
theory is the quantum theory. Quantum mechanics domain begins in the nucleus 
and extends as far as the solar system.

Check up fo r  comprehension: Render the information o f  the text
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Text 12.1 
COMPUTER SCIENCE

Computer science, o r computing science, is the study of the theoretical 
foundations of information and computation and their implementation and ap
plication in computer systems Computer science has many sub-fields; some em
phasize the computation of specific results (such as computer graphics), while 
others (such as computational complexity theory) relate to properties of compu
tational problems. Still others focus on the challenges in implementing computa
tions. For example, programming language theory studies approaches to describ
ing computations, while computer programming applies specific programming 
languages to solve specific computational problems. The history of computer 
science predates the invention of the modem digital computer by many years. 
Machines for calculating fixed numerical tasks have existed since antiquity, 
such as the abacus. Wilhelm Schickard built the first mechanical calculator in 
1623. Charles Babbage designed a difference engine in Victorian times, and 
around 1900 the IBM corporation sold punch-card machines . However all of 
these machines were constrained to perform a single task, or at best, some subset 
of all possible tasks. Prior to the 1950s, the term computer referred to a human 
clerk who performed calculations. Early researchers in what came to be called 
computer science, such as Kurt Godel. Alonzo Church, and Alan Turing, were 
interested in the question of computability: what things can be computed by a 
human clerk who simply follows a list of instructions with paper and pencil, for 
as long as necessary, and without ingenuity or insight? Part of the motivation for 
this work was the desire to develop computing machines that could automate the 
often tedious and error-prone work of a human computer. Their key insight was 
to construct universal computing systems capable (in theory) of performing all 
possible computable tasks, and thus generalizing all previous dedicated-task ma
chines into the single notion of the universal computer. The creation of the con
cept of a universal computer marked the birth of modern computer

During the 1 940s, as newer and more powerful computing machines were 
developed, the term computer came to refer to the machines rather than their 
human predecessors. As it became clear that computers could be used for more 
than just mathematical calculations, the field of computer science broadened to 
study computation in general. Computer science began to be established as a 
distinct academic discipline in the 1960s, with the creation of the first computer 
science departments and degree programs. Since practical computers became 
available, many applications of computing have become distinct areas of study 
in their own right.

Despite its relatively short history as a formal academic discipline, com
puter science has made a number of fundamental contributions to science and 
society. These include:



• A formal definition of computation and computability, and proof that 
there are computationally unsolvable and intractable problems.

• The concept o f a programming language, a tool for the precise expression 
of methodological information at various levels of abstraction

• The theory and practice o f compilers for translating between program
ming languages Practical applications: the PC, the internet, search engines, sci
entific computing Despite its name, much of computer science does not involve 
the study of computers themselves. In fact, the renowned computer scientist Ed- 
seer Dijkstra is often quoted as saying, «Computer science is no more about 
computers than astronomy is about telescopes, «The design and deployment of 
computers and computer systems is generally considered the province of disci
plines other than computer science. For example, the study of computer hard
ware is usually considered part of computer engineering, while the study of 
commercial computer systems and their deployment is often called information 
technology or information systems... Computer science is sometimes criticized 
as being insufficiently scientific, a view espoused in the statement «Science is to 
computer science as hydrodynamics is to plumbing» credited to Stan Kelly- 
Bootle and others. However, there has been much cross-fertilization o f ideas be
tween the various computer-related disciplines. Computer science research has 
also often crossed into other disciplines, such as artificial intelligence, cognitive 
science, physics (see quantum computing), and linguistics.

Computer science is considered by some to have a much closer relationship 
with mathematics than many scientific disciplines. Early computer science was 
strongly influenced by the work of mathematicians such as Kurt Godel and Alan 
Turing, and there continues to be a useful interchange of ideas between the two 
fields in areas such as mathematical logic, category theory, domain theory, and 
algebra.

The relationship between computer science and software engineering is a 
contentious issue, which is further muddied by disputes over what the term 
«software engineering» means, and how computer science is defined. Some 
people believe that software engineering is a subset of computer science. Others, 
taking a cue from the relationship between other engineering and science disci
plines, believe that the principal focus of computer science is studying the prop
erties of computation in general, while the principal focus of software engineer
ing is the design of specific computations to achieve practical goals, making 
them different disciplines. This view is promulgated by (among others) David 
Pamas. Still others maintain that software cannot be engineered at all.

Check up fo r  comprehension
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Text 12.2 
INTRODUCTION TO CYBERNETICS 

AND INFORMATICS

Of all known forms of life on the Earth man is the only one to have devel
oped a systematic procedure for storing up useful information and passing it 
from one generation to the next. Calculation began with two problems, one con
cerned with the needs of practical living, the other with the requirements of sci
ence. As problems became more complex, more powerful methods of computa
tion were discovered. Man's technical progress is reflected in the tools he has in
vented. Throughout the centuries man has refined the ability to record, process 
and communicate information. Ultimately came the period of mechanical inven
tion, which began to flower in the early years of the twentieth century. With the 
advent of automatic digital computers man has created devices that can solve 
complete problems without the need for human intervention during the course of 
solution. With the invention of servo mechanisms, vacuum tubes, memory units, 
transistors, and the like, man suddenly discovered he has constructed an instru
ment that far transcended many of his own powers. Many jobs, hitherto per
formed by human energy, were turned over to the new machines. Computers can 
perform prodigies of deductive reasoning and solve complicated problems for
mulated in terms of Boolean algebra. Computers can solve the most difficult 
equations, remember complicated chains of operations, form images and draw 
pictures of them. When the information in an image is expressed in digital form, 
it can be manipulated mathematically rather than optically. The digital computer 
is now an essential tool in many areas of image processing. Computers can be 
adapted with some success to the problem of translating languages. The prospect 
of automation has become a reality in many lines of human endeavour. Com
puter fulfils four types of functions: I) input-output; 2) storage; 3) arithmetic, 
and 4) control.. The way, in which these functions are executed, differs among 
the various computers. A program (routine) is a complete set of instructions for 
doing a particular task. The process of preparing such a program is known as 
programming. Cybernetics is concerned with the design and construction of 
electrical or electronic analogs capable of performing processes carried out 
within a living entity including the selection and evaluation, as well as the stor
age of information. Originally informatics was one of the numerous fields of cy
bernetics. At present informatics is an independent multifield science.

Check up fo r  comprehension
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Text 12.3 
CYBERNETICS

The word «cybernetics» originated from the Greek «Kibemetike», the Latin 
«gubemator» and the English «governor» all meaning, in one sense or another, 
«control», «management» and «supervision». More recently Norberl Wiener has 
used the word to name his book, which deals with the activity of a group of sci
entists engaged in the solution of a wartime problem and some of the math con
cepts involved. Nowadays the word has become associated with the solution of 
problems dealing with activities for computers. As such, the discipline must rely 
on the exact sciences as well as sciences such as biology, psychology, biochem
istry and biophysics, neurophysiology and anatomy.

Before studying computer systems it is necessary to distinguish between 
computers and calculators. These terms have, by connotation, two distinctly dif
ferent meanings. The term calculator will refer to a machine which (1) can per
form arithmetic operations, (2) which is mechanical, (3) which has a key-board 
input, (4) which has manually-operated controls (examples: adding machines, 
desk calculators). The term computer will refer to automatic digital computers 
which can (1) solve complete problems, (2) are generally electronic, (3) have 
various rapid input-output devices, (4) have internally-stored control programs 
(routines). Speed and general usefulness make a computer equivalent to thou
sands of calculators and their operators. The ability of electronic computers to 
solve math and logical problems, thereby augmenting the efficiency and produc
tivity of the human brain, has made the sphere of their application practically 
boundless.

Check up fo r  comprehension
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Text 12.4 
INFORMATICS

We may ask a question what information is. In the discussions o f computers 
the word information has a rather special definition. Information (data) is a set 
of marks that have meaning. In a large automatic electronic computer, informa
tion may be recorded and manipulated as sequence of minute electrical pulses 
which are about a millionth of a second apart; and the presence or absence of a 
pulse in a position where either may occur is the basic code which represents in
formation. Informatics is a collection of computer theories and novel informa
tion technologies.
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It is difficult to say what the future holds in store for informatics. Every day 
we learn more and more about the penetration of informatics into the most 
widely differing spheres of human activity. The launching of sputniks and the 
delivery of our space rockets to their orbits with such high accuracy could have 
been hardly possible without computers. This, however, does not mean, that the 
machine can ever become «cleverer» than its creator. The point is that the ma
chine does not replace man, it only increases his work output and multiplies his 
power over the forces of nature. It should be always remembered that the ma
chine serves man, and not the other way round. Without man, even the most per
fect machine would be only a useless heap of metal.

Man's technical progress is reflected in the tools he has invented. From 
early times he has been ceaselessly creating and improving devices to assist his 
brain in completing tasks difficult or otherwise impossible. Throughout the cen
turies man has developed and refined the ability to record, process, and commu
nicate information. With the advent of automatic digital computers, man has 
created devices that can solve complete problems without the need for human 
intervention during the course of solution. Although operations performed by 
computers are the very basic ones (addition, subtraction, multiplication and divi
sion), great speed o f operation is more than compensation. The principal use of 
computers has been in the area of applied mathematics. The application of com
puters to scientific problems has become later than the original business applica
tions. Nowadays computers have become increasingly important as basic tools 
for analysis. This operation requires highly refined and flexible techniques.

The contributions of the scientists to the progress of informatics consists of 
the evaluation, measurement and description of the capabilities and of structural 
and functional attributes of living organisms. Such studies involve the methods 
of communication, feedback and control in the living entity. Hence, an impor
tant aspect of the work in informatics for mathematicians deals with the math 
theory of communication.

In terms of computer development informatics is concerned with the design 
and construction of electrical or electronic analogs capable of performing proc
esses carried out within a living entity, including the selection and evaluation, as 
well as the storage of information. !n terms of understanding the operation of the 
human nervous system, informatics contributes new insight into a wide range of 
processes such as learning, regulation and the emotional behavior o f individual 
human beings as well as societies. Specifically, the problems of decision
making, thinking and synthesis, imagination and creative endeavor of people, 
come under the scrutiny of informatics.

It is anticipated that the future developments of automated industries and 
societal functions will be based on the theorems developed from informatics, 
which thus far has made significant contribution to the technology of guided 
missiles, business and scientific computer applications, communications and 
automatic control. Informatics is a young science and yet it is increasingly ap
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plied in various branches of industry and research, invading a wide range of 
fields in human activity. Informatics endeavors to find the answer to two major 
questions: the best way of controlling this or that process, and the best way of 
utilizing n machine (if possible) for controlling this process.

Check up fo r  comprehension 
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Text 12.5 
WELCOME TO THE INTERNET

Read and translate the text into Russian. Characterize the Internet as com
prehensibly as you can.

Everyone can start a journey through a unique land without frontiers, a 
place that is everywhere at once -  even though it exists physically only as a se
ries of electronic impulses. Youll be joining a growing community of millions 
of people around the world, stay in touch with Mends, relatives and colleagues 
at a fraction of the cost of phone calls or even air mail. You can discuss every
thing from archaeology to zoology with people in several different languages tap 
into thousands of information databases and libraries worldwide. You may re
trieve any of thousands of documents, journals, books, and computer programs. 
You may be willing to stay up-to-date with wire-service news and sports and 
with official weather reports and forecasts, and, o f course, play live «read-time» 
games with dozens of other people at once.

Connecting to the Internet today, takes something of a sense of adventure, a 
willingness to learn and an ability to take a deep breath every once in a while. 
Visiting the Net today is a lot like journeying to a foreign country. There are so 
many things to see and to do but everything at first will seem so, well, foreign. 
When you first arrive, you won’t  have to read the street signs. Youll get lost. If 
you are unlucky, you may even run into some locals who would just rather you 
went back as soon to where you came from. Fortunately, most of the locals are 
actually Mendly. In fact, the Net has a rich tradition of helping its visitors and 
newcomers. There were few written guides for ordinary people and the Net has 
grown largely through an «oral» tradition in which the old-timers helped the 
newcomers. So, don't be afraid to ask for help. Youll be surprised at how many 
people will lend a hand! The entire Net is constantly under construction; every 
day, it seems, like there is something new for you to figure out.

Everybody's Guide to the Internet for people who had little or no experience 
with network communications is now available in a wide array of formats, 
printed or electronic, to make communications easier. The fight is going on to 
ensure that equal access to the networks and free speech are protected in newly
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emerging technologies. The Internet helps you learn about whole new worlds, 
where new friends and experiences are sure to be yours. Enjoy traveling the cy
berspace and master its peculiar language in The New Hackers' Dictionary.

Check up fo r  comprehension 

Render the information o f  the text

Text 12.6 
THE WORLD WIDE WEB. INTERFACE 

ON THE INTERNET
The Conceptual M ake Up of the Web

For any number of historical reasons, the Internet has emerged as a huge, 
rich source of information accessible only via n series of not-so-friendly inter
faces. The basic commands for Telnet, F.T.P., Archie, WAIS, and even e-mail 
arc powerful but unintuitive, and rapid growth of the Internet's user has resulted 
in an increasing number of users who have neither the patience nor the desire to 
leam the intricacies of these interfaces.

The Web began life as a project designed to distribute scientific information 
across computer networks in a system known as hypertext. The idea was to al
low collaborative researches to present their research complete with text, graph
ics, illustrations and ultimately sound, video, and any other means required.

Important ideas within or across publications are connected by a series of 
hypertextlinks {or just hyperlinks). Users are able to traverse Internet documents 
by selecting highlighted items and thereby moving to other linked documents; 
and in the case of graphical displays, they can see these documents with graph
ics and other multimedia elements.

The World Wide Web (the WWW) project has made possible the idea of 
accessible and attractive interfaces on the Internet. Using the Web requires an 
Internet account and a piece of software known as a WWW client or browser, 
and it is the browser's task to display Web documents and allow the selection of 
hyperlinks by the user.

With a graphical Web browser, you see formatted documents that contain 
graphics and highlighted hyperlinks. These browsers let you navigate the Inter
net not by entering commands but rather by moving the mouse pointer to the de
sired hyperlink and climbing. Instantly, the WWW software establishes contact 
with the remote computer and transfers the requested file to your machine, dis
playing it in your browser as another formatted, hypertext-linked document. You 
can «surf» (the waves) by hopping from hyperlink to hyperlink (to glide over) 
without delving deeply into the contents of any particular document, or you can
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search the Web for specific documents with specific contents, poring  over them 
as you would over a book in the library. The Web is among the most rapidly 
adopted technological entities of a century that has seen many and understand
ing it might be crucial for the understanding of the next century.

The Web is clearly a system o f  both communication and publication. It 
needs one tool, one program, one application that will take it from being a much 
hyped but difficult-to-use linking of computers around the world to being a 
highly informative, highly usable database and communications tool. In only a 
few years of existence, the WWW has captured the imagination of data searchers 
and information surfers alike. Its popularity isn’t difficult to understand: it pro
vides the technology needed to offer a navigable, attractive interface for the 
Internet's vast sea of resources and hides complexity behind

But it's important to realize that the Web is a concept not a system and not 
even a specific protocol. It might be more accurate, in fact, to call it an inter
face, but even that wouldn't be quite right. The most accurate terminology might 
be meta-interface—i .e., an interface that incorporates other interfaces — but the 
words with meta as a prefix went out of favour nowadays. So let's just stick with 
the term «concept», although it doesn't answer the question of what the WWW 
actually is.

Technically, the Web is nothing more than a distributed hypermedia system 
but is surely no more understandable term than the term «concept». To provide a 
comprehensive definition that helps understand both the Web's past and its fu
ture, we must use the three basic ideas mentioned above: hypertext, the Internet 
and multimedia.

In its initial proposal, the Web was simply termed «a hypertext project» but it 
clearly became more than that. Some of the Internet's new technologies are al
ready becoming integrated into Web's conceptual framework. The Web contains 
the technologies necessary to give the Internet a pretty face. Web browsers that 
take full advantage of these technologies make the Internet easier to use. It is not 
hard to see where in the history of computing these two crucial ideas -  attractive
ness and usability -  came from. Essentially, the Web and its browsers had done 
for the Internet in 1994 what the Macintosh — for the personal computer (PC) a 
decade earlier. Graphical WWW browsers oversimplify some important Internet 
procedures and offer the Internet to the masses, and that was its true power.

The firs t  secret o f good internet browsers is making it possible for the user 
to navigate the Net without having to know, remember or write down the 
lengthy and clumsy addresses and the file names that the NET and UNIX need 
to operate. The second secret is providing not just links from information source 
to information source, but links that are contextually related. The third secret is 
to present information to the readers in a way that they are comfortable with, 
that allows them to interact with the information, and that truly makes use of the 
technology — multimedia, integrated applications, response forms, dynamically 
changing Web pages, and so on.
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The Web does all three and this makes it different from any other browsing 
technology. Through the use o f  hypertext, the Web can provide access to moun
tains of information in a very usable way. The primary reason is, quite simply, 
that information is provided in a manner with which readers of the language are 
familiar. Tables of contents, headings, paragraphs, lists and graphic elements all 
are in a WWW page. The Web's usability will only be enhanced, although its ef
ficiency might not be, as it moves toward integrating the multiple media of print 
with the multiple media of film and television.

Dissemination o f  research was, o f course, one of the original purposes of 
the Internet and it is still used to make research findings available to the general 
public. The sheer amount of research available through diligent Web searching 
is staggering and much o f it is presented in an understandable way.

It doesn't matter how you define yourself- as a seller, as a buyer or as a dis
interested bystander. As you travel the Internet, one way or another, you move 
through a commercial environment. Once a public square with the occasional 
street vendor, the Internet is rapidly becoming a mall -  a public place where 
buying and selling are not absolutely required, but are hard to ignore. The Inter
net has always offered great resources in support of careers and professions and 
people might find plenty of help with their career. But if  you're also entrepreneu- 
rially inclined, you may want to know how the Internet doesn't just assist busi
ness but can actually be a reliable vehicle for commerce. As leading industrial 
nations move deeper into service-based economics, communication has become 
business. A huge number of business services can be provided almost com
pletely over the computer. If a service can be performed on a computer, it can be 
marketed to client everywhere.

Security is a concern for all uses of the Internet but online financial transac
tions are a particular problem. There have been several highly publicized cases 
of online fraud  and computer-based theft and espionage. This problem has done 
more than discourage the adoption of online sales and ordering. Many business 
transactions are performed electronically today, but nearly all are performed 
over more secure — and more expensive-private communications networks. The 
hanks dont trust the Internet with their money, and neither do large corpora
tions. High-level security are being developed for overall Internet security and 
special initiatives are underway to make credit card transactions on the Web 
more secure to encourage online sales.

The Web can be link-together-information from anywhere in the world and 
make it available to anyone. There's far more in the Web than just information 
you can learn, static facts from any encyclopedia. The information stored in the 
Web is constantly updated with the Web; you always have the freshest informa
tion at your fingertips. The Web enables you to move around the world as easily 
as to the local library -  with a click of a mouse.

Check up fo r  comprehension: Render the information o f  the text.
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Text 12.7 
WEB SITE MANAGEMENT STRATEGIES

If you are involved in the development, maintenance, in administration of a 
Web site, you need better management capabilities as the site becomes more and 
more complex. There is no question that the World Wide Web (WWW) will con
tinue to grow. As it does, it will gain an expanding audience, more sites, and more 
mission-critical functions. According to International Data Corp, bandwidth de
mand will grow by three doers of magnitude by 2006, with the number of users 
doubling in 2001. Web sites will become more complex as vendors, eager to capi
talize on this burgeoning audience, rush to offer features such as additional e- 
commerce capabilities, back-end connectivity to legacy data, and expanding online 
document libraries.

Users' expectations will increase as well, and it's a safe bet that visitors to your 
site win anticipate faster performance and higher quality as they become more 
experienced with the Web. A few «File Not Found» errors or a handful of slow- 
loading pages — occurrences once tolerated -  could not result in a lost customer or 
an uncompleted transaction. You can no longer tolerate broken links to internal or 
external resources. The high volume of visitors is causing your access log file to 
swell, and you need to know who those visitors are and how they are using your 
site. To make matters worse, your site -  once the domain of a lone Web master — is 
being stitched together by a diverse group of contributors such as designers, writ
ers, programmers, and hackers.

Web management tools fall into six categories; site creation, quality 
control, traffic analysis, performing monitoring, bandwidth management, 
and workgroup management/version control. Additionally, there is a class of 
high-end products that provides a comprehensive development and man
agement platform for dynamic, data-driven, and collaborative Web sites. 
Two of the six categories, quality control and traffic analysis, provide valu
able information about a site's traffic patterns and structural integrity. Their 
usefulness in helping you understand and control an unwieldy (uncontrolled) 
or growing Web site should not be overlooked, and they are critical compo
nents o f a Webmasters arsenal of tools.

When you begin establishing a Website, you want some basic informa
tion about your site's traffic patterns: which pages people are looking at, 
how many people are visiting the site, when the traffic volume is highest 
and low-est, and which page requests result in some sort o f error. Your 
server can generate two or more log files with information about the transac
tions it completes. The most important information from management stand
point is contained in the access log and error log. If you want to know 
what's happening on your site, look at your access log, which contains in
formation about every completed HTTP transaction. What is an HTTP 
transaction? There is a diverse range of products whose makers claim arc
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Web management tools. If you're planning to expand your site's Web man
agement capabilities, you need to understand what each type of tool man
ages and whether it applies to the needs of your environment. Every time a 
Web browser visits n page on your Web site, its client software (such as 
Netscape Navigator) requests all the documents — such as images and mul
timedia -  that make up the page. This process of requesting and delivering 
these files is governed by the Hypertext Transport Protocol or HTTP. In 
cases where a page contains additional media elements, such as images or 
Java applets, every component is delivered to the browser via (by way of) a 
separate HTTP request. The Web server records information about every 
HTTP transaction in the access file.

What if browser's client requests a page that doesn't exist, has been re
moved, or contains images that have been removed from the server? In such 
cases, the server accepts the request, attempts to locate the errant files, and 
responds with an error message when it fails to locate them. Failed requests 
still count as HTTP transactions, and are recorded in the access log.

Every HTTP transaction is assigned a code number that corresponds to 
the completed transaction's status. Anyone who has spent any time surfing the 
Web is intimately acquainted with the nefarious «404 File No! Found» mes
sage that occurs when a page can't be located. In addition to the 404 code, 
there are dozens of codes that correspond to all varieties of both successful 
and failed HTTP transactions. Some common transaction codes include: 200 
(O.K.), 304 (Not Modified), 401 (Unauthorized Access), 403 (Forbidden Ac
cess) and 500 (Server Error).

Content management tools may offer a wide variety of functions, includ
ing testing for broken links, building a visual map of the site, locating or
phans {unused files no longer linked to any pages in the Web site), identi
fying slow-loading pages, and possibly locating and repairing incorrectly 
coded sites. The available tools fall into two basic categories: products offer
ing better mapping and navigational abilities, and products better suited to 
reporting and correcting errors.

Overall content management software products arc still relatively immature 
but are evolving quickly, look for rapid upgrades and expanding feature sets in 
the coming year The number or Web management tools on the market has 
grown within a relatively short time span. Competition is rampant, with vendors 
(sellers) scrambling to expand their product lines to cover a wider range of man
agement functions. This is good news for the consumer who can expect more 
innovations and tools that integrate a growing number of solutions. Although 
this trend should continue for at least another year or two, that does not mean 
you should wait to get help managing your Web site. Most of the products avail
able nowadays provide a wealth of information and utility at very affordable 
prices. As long as you understand what these tools really offer, their limitations,
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and how they will integrate into your environment, you can reap substantial 
benefits from them today.

Check up fo r  comprehension 

Render the information o f  the tex t

Text 13.1 
WHAT IS PHYSICS?

Physics is one of the most ancient sciences about nature. The word «phys
ics» takes its origin from the Greek word «phew-

Physics is the science studying various phenomena in nature: mechanical 
motion, heat, sound, electricity, magnetism and light.

Physics is one of the main sciences about nature. The development of other 
sciences depends in many respects on the knowledge of physical phenomena.

Physics divides itself very naturally into two great branches, experimental 
physics and theoretical physics. The former is the science of making observa
tions and devising experiments which give us accurate knowledge of the actual 
behaviour of natural phenomena. On the basis of experimental facts theoretical 
physics formulates laws and predicts the behaviour of natural phenomena. Every 
physical law is based on experiments and is devised to correlate and to describe 
accurately these experiments. The wider tile range of experience covered by 
such a law, the more important it is. Physics is divided into half a dozen or more 
different fields-mechanics, sound, heal, electricity and magnetism, light, mo
lecular, atomic and nuclear physics. These different fields are not distinct but 
merge into each other.

In all cases physics deals primarily with phenomena that can be accurately 
described in terms of matter and energy. Hence, the basic concepts in all physi
cal phenomena are the concepts of matter and energy. Therefore, it is important 
to determine accurately the characteristics of both matter and energy, the laws 
that govern their transformations, and the fundamental relations that exist be
tween them.

Check up fo r  comprehension

Render the information o f  the text.
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Text 13.2 
THE HISTORY OF PHYSICS

The most advanced science at present, and the one which seems to give (he 
most light on the structure o f the world is physics. It is useful (o have some idea 
o f not only what the up-to-date development of physics is but also how we came 
to think in that way and how the whole of modem physics is connected with its 
history. In fact, the history of this science begins with Galileo, but in order to 
understand his work it will be well 10 see what was thought before his time.

The scholastics, whose ideas were in the main derived from Aristotle, 
thought that there were different laws for celestial and terrestrial bodies, and 
also for living and dead matter There were four elements, earth, water, air and 
fire, of which earth and water were heavy, while air and fire were light. Earth 
and water had a natural downward motion, air and fire upward motion. There 
was no idea of one set o f laws for all kinds of matter, there was no science of 
changes in the movements of bodies.

Galileo -  and in a lesser degree Descartes -  introduced the fundamental 
concepts and principles which were enough for physics until the present century. 
They showed that the laws of motion are the same for all kinds of dead matter 
and probably far living matter also.

Galileo introduced the two principles that made mathematical physics pos
sible: the law of inertia and the parallelogram law. The law of inertia, now fa
miliar as Newton's first law of motion made it possible to calculate the motions 
of matter by means of the laws of dynamics alone.

Technically the principle of inertia meant that causal laws of physics should 
be stated in terms of acceleration, i.e. a change of velocity in amount or direction or 
both which was found in Newton's law of gravitation. From the law of inertia it fol
lowed that the causal laws of dynamics must be differential equations of the second 
order, though this form of statement could not be made until Newton and Leibniz 
had developed the infinitesimal calculus. Most o f what students do on the mathe
matical side of physics may be found in Newton s Principia. The basic idea of dy
namics the equations of motion (lie ideas of momentum of inertia of mass and of 
acceleration were applied by Newton to large bodies like the Earth and the Moon to 
explain the structure and the motion of the universe From Newton to the end of the 
nineteenth century the progress of physics involved no basically new principles The 
first revolutionary novelty (новшество) was Planck s introduction of the quantum 
constant h to explain the structure and behaviour of atoms in the year 1900 Another 
departure from Newtonian principles followed in 1905 when Einstein published 
his special theory of relativity Ten years later he published his general theory of 
relativity which was primarily a geometrical theory of gravitation showing that the 
universe is expanding

In fact when modem science was growing up from the time of Galileo to 
the time of Newton all the sciences were very much joined together A single



man could do absolutely first-class research in pure mathematics in physics in 
chemistry and even in biology Towards the end of that time the sciences were 
beginning to separate and after that they continued to separate more and more 

Just at this moment we can sec a great convergence o f all sciences Physics 
is increasingly penetrating all the other pans of science and this is evident in the 
names of the new hybrid subjects We have long had physical chemistry now we 
have chemical physics which is different not so much in the proportion of phys
ics and chemistry but in its central interest o f extending the range of physics A 
biologist cannot do without knowledge of modem physics while a physicist 
must know something of biology, as he may find a great deal o f his work will be 
concerned with biophysics. The mathematical aspect of physics is also becom
ing much mote evident especially now that we are having a growing symbiosis 
between physics and mathematics in computational physics Out job in physics is 
to see things simply) to understand a great many principles. You cannot predict 
what will happen in future but you have to be ready to meet it

Check up fo r  comprehension
Find and read in English the following information:
•  физические понятия, в которых выражали свое миропонимание 
средневековые схоласты;
•  физические понятия, которые ввел в науку Галилей;
• заслуги Ньютона в области физической мысли.

Text 14.1 
THE SCOPE OF CHEMISTRY

What is chemistry? A popular dictionary gives this definition: Chemistry is 
a science o f the composition, structure, properties, and reactions of matter, espe
cially of atomic and molecular systems. Another, somewhat simpler dictionary 
definition, is: Chemistry is a science dealing with the composition of matter and 
the changes in composition that matter undergoes. Neither of these definitions is 
entirely adequate. Chemistry, along with the closely related science of physics, 
is a fundamental branch of knowledge. Chemistry is also closely related to biol
ogy, not only because living organisms are made o f material substances but also 
because life itself is an essentially complicated system of interrelated chemical 
processes.

The scope of chemistry is extremely broad. It includes the whole universe 
and everything, animate and inanimate, in it. Chemistry is concerned not only 
with the composition of matter, but also with the energy and energy changes as
sociated with matter. Through chemistry we seek to learn and to understand the 
general principles that govern the behaviour of all matter.
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The chemist, like other scientists, observes nature and attempts to under
stand its secrets: What makes a rose red? Why is sugar sweet? What is occurring 
when iron rusts? Why is carbon monoxide poisonous? Why do people wither 
with age? Problems such as these -  some of which have been solved, some of 
which are still to be solved -  are pan of what we call chemistry.

A chemist may interpret natural phenomena, devise experiments that will 
reveal the composition and structure of complex substances study methods for 
improving natural processes, or, sometimes, synthesize substances unknown in 
nature. Ultimately, the efforts of successful chemists advance the frontiers of 
knowledge and at the same time contribute to the well-being of humanity. 
Chemistry can help us to understand nature; however, it is not necessary to be a 
professional chemist or scientist to enjoy natural-phenomena. Nature and its 
beauty, its simplicity within complexity, are for all to appreciate.

The body of chemical knowledge is so vast that no one can-hope to master it 
all, even in a lifetime of study However, many of basic concepts can be learned in a 
relatively short period of time. These basic concepts have become part of the edu
cation required for many professionals including agriculturists, biologists, dental 
hygienists, dentists, medical technologists, microbiologists, nurses, nutritionists, 
pharmacists, physicians, and veterinarians, to name just a few.

Check up fo r  comprehension

I. Read the text and translate it.
II. Read the text and say i f  the following statements are true (I) or 

fa lse (F):
1. We can infer that physics is a fundamental branch of knowledge. 2. In 

paragraph 2, the study of energy is said to be a part of chemistry.
3. The author writes that every animate and inanimate thing in the universe 

is governed by general principles.
4. According to the author, even though there are unsolved secrets in na

ture, principles govern these secrets. 5. The author believes that if  chemists «ad
vance the frontiers of knowledge», they will «contribute to the well-being of 
humanity».

6. To truly enjoy nature; the author thinks, we must have some knowledge 
of chemistry.

7. If you are studying to become, a veterinarian (a doctor for animals), you 
will have to take courses in chemistry.

III. Read the text once again and entitle its paragraphs.
IV. Write out a) key words out o f  each paragraph; b) the sentences ex

pressing the main idea(s) o f  each paragraph.
V. Retell the text briefly in your own words making use o f  the key words 

and the sentences you've written out
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Text 14.2 
HISTORY OF CHEMISTRY

Thousands of years ago people valued gold as a rare and beautiful sub
stance. They also understood that gold had a unique ability to resist decay and 
corrosion. Since there was no known add or other substance that could damage 
gold they thought that gold had a quality of performance that could be transmit
ted to humans. Therefore, every medicine that fought ageing contained gold as 
an essential ingredient and doctors urged people to drink from gold cups to pro
long life.

This universal desire for gold made alchemy a formal disdpline in the first 
century A.D. It first appeared among Greek scholars, then spread to eastern 
Mediterranean countries, and finally to Spain and Italy in the 12th century. 
Though the attempts to produce gold from other substances was the original and 
central purpose of alchemy, a number of physician-alchemists in Europe in the 
Middle Ages tried to produce medicines that were not dependent on gold or re
lated to it.

They worked to produce medicines and spirits from raw materials, such as 
herbs, and in this way improved methods of separating elements by distillation. 
For example, as early as the 13th century, Thaddeus of Florence identified the 
medical benefits of alcohol distillates taken internally and applied locally 
Paracelsus (1493-1541), the German-Swissphysician and alchemist, was the first 
person to unite medicine with chemistry through his use of remedies that con
tained mercury, sulphur, iron, and copper sulphate. This led to steam distillation 
and improved equipment.

The development of apparatus and the extensive efforts to break down or 
distil substances laid the foundation for modem chemistry, but as true science 
began to evolve during the Renaissance, the study of alchemy blocked the birth 
of modem chemistry. Some scientists tried to lead people toward reliance on 
empirical evidence (that is, what can actually be observed and/or measured), but 
the idea of four essential elements (earth, air, fire, and water) lived on and there 
was no recognition that these four substances are made up of a combination of 
basic elements.

Check up fo r  comprehension

I. Warming-up:
1. What is alchemy?
2. What do you know about alchemists?
3. When did they experiment?
4. Why were their ideas forgotten?
Share your information with your fellow students.
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I I  Look through the following text and say what information you've just 
discussed it contains.

III. Look through the text again and fin d  the sentences describing a) gold; 
b) production of medicines; c) contributions of scholars. Translate these sen
tences into Russian.

I V  Read the text thoroughly with a dictionary and answer the following 
questions:

1. Why did every medicine fighting ageing contain gold?
2. What made alchemy a formal discipline?
3. When and where did alchemy appear?
4. What did some physicians use to produce medicines in the Middle Ages?
5. Who was the first to unite alchemy with chemistry?
6. What laid the foundation for modem chemistry?
7. What was the idea of ancient scholars about the four essential elements?

Text 14.3

One of the most interesting periods in the history of chemistry was that of 
the alchemists (500-1600 A. D.). People have long had a lust for gold, and in 
those days gold was considered the ultimate, most perfect metal formed in na
ture. The principle goals of alchemists were to find a method of prolonging hu
man life indefinitely and to change the base metals, such as iron, zinc, and cop
per, into gold. They searched . for a universal solvent to transmute base metals 
into gold and for the «philosopher's stone» to rid the body of all diseases and to 
renew life. In the, course of their labours they learned a great deal of chemistry. 
Unfortunately, much of their work was done secretly because of the mysticism 
that shrouded their activity, and very few records remained.

Although the alchemists were not guided by sound theoretical reasoning 
and were clearly not in the intellectual class of the Greek philosophers, they did 
something that philosophers had not considered worthwhile. They subjected 
various materials to prescribed treatment under what might be loosely described 
as laboratory methods. These manipulations, carried out in alchemical laborato
ries, not only uncovered many facts of nature but paved the way for the system
atic expert mentation that is characteristic of modem science.

Alchemy began to decline in the 16th century when Paracelsus (1493- 
1541), a Swiss physician and outspoken revolutionary leader in chemistry, 
strongly advocated that the objectives of chemistry be directed toward the needs 
of medicine and the curing of human ailments He openly condemned the merce
nary efforts of alchemists, to convert cheaper metals to gold.

Check up fo r  comprehension



Read the text of another author on alchemy, compare it with the first one 
and say what information they have in common and what is different. Share 
your ideas with your fellow students.

Text 14.4

Modem chemistry was slower to develop than astronomy and physics. It be
gan in the 17th and 18th centuries when Joseph Priestley (1733-1804), who dis
covered oxygen in 1774, and Robert Boyle (1627-1691) began to record and pub
lish the results of their experiments and to discuss the theories openly. Boyle, who 
has been called the founder of modem chemistry, was one of the first to practice, 
chemistry as a true science. He believed in the experimental method. In his most 
important book The Sceptical Chemist, he clearly distinguished between an ele
ment and a compound or mixture. Boyle is best known today for the gas law that 
bears his name. A French chemist, Antoine Lavoisier (1743-1794), placed the sci
ence on a firm foundation with experiments in which he used a chemical balance 
to make quantitive measurements of the weights of substances involved in chemi
cal reactions. The use of the chemical balance by Lavoisier and others later in the 
18th century was almost as revolutionary in chemistry as the use of the telescope 
had been, in astronomy. Thereafter, chemistry became a quantitative experimental 
science. Lavoisier also contributed greatly to the organization of chemical data, to 
chemical nomenclature, and to the establishment of the law o f  conservation o f  
mass in chemical changes. During the period from 1803 to 1810, John Dalton 
(1766-1844), an English schoolteacher, advanced his atomic theory. This theory 
placed the atomistic concept of matter on a valid rational basis. It remains today 
as a tremendously important general concept of modem science. Since the time of 
Dalton, knowledge of chemistry has advanced in great strides, with the most rapid 
advancement occurring at the end of the 19th century and during the 20th century, 
Especially outstanding achievements have been made in determining the structure 
of atom, understanding the biochemical fundamentals o f life, developing chemical 
technology, and mass production of chemicals and related products.

Check up fo r  comprehension
I. Read one more text o f  the history o f  chemistry and entitle it.
II. Read the text again and complete the chart The firs t line is completed
as an example, b) Extend the chart by using information from  other texts.

Date The name of the scientist Contribution
1733-1804 Joseph Priestley Discovery of oxygen

III. Read the text once again, divide it into logical parts and entitle them.
IV. Write out o f  the text I) key words; 2) the sentences expressing the 

main idea(s) o f  each logical part
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Text 15.1 
BIOLOGY

Biology is the science of life, of its forms and the laws that govern it. Its 
subject matter in the whole world of living things, from structurally primitive 
microbes to man.

Generally speaking, the branches of biology can be divided into morpho
logical sciences (from the Greek word, meaning «form» or «shape») and physio
logical ones. Morphological sciences are concerned with the structure of organ
isms, physiological ones study the functions of organisms and the processes oc
curring in them.

Modem biology represents a wide field of human knowledge. It embraces a 
number of separate sciences that have grown out of it into independent disci
plines. They are evolution, botany, zoology, paleontology, genetics, embryol
ogy» gerontology and so on. Evolution reveals the causes that led to the appear
ance and development of life on Earth; botany studies plants, zoology deals with 
cotemporary animals; paleontology is concerned with their ancestors, it is the 
study of fossil organisms. As for genetics, it is engaged in heredity and varia
tion. Embryology investigates the development of organisms before birth as well 
as their postnatal evolution. Gerontology is the scientific study of old age and 
the treatment of old people. The subjects of gerontology are the following prob
lems: it reveals the causes of aging and death and studies the possibilities for ex
tending human longevity.

Biology considers all organisms in their historical development, in constant 
movement and change, in their vital activity and in association with their envi
ronment.

Biology is one of the fundamental sciences. For centuries it has been a 
motive force of progress. The XX century will be forever marked in the his
tory of biology as the time of the revolution in the science of living nature. 
Modem biology plays an important part in the development of such sciences 
as chemistry, physics and cybernetics, that is why the following cor
responding new sciences have come into being: biochemistry, biophysics and 
biocybernstics.

New successes of biology made it possible to come close to the decision of 
the most important questions about life on Earth and in cosmos.

Check up fo r  comprehension

I. Answer the questions:
1. What is the subject -  matter of biology?
2. What are morphological sciences concerned with?
3. What do physiological ones study?



4. What does evolution reveal?
5. What do botany and zoology study?
6. What is paleontology concerned with?
7. What is genetics engaged in?
8. What does embryology investigate?
9. What does gerontology study? What problems does it deal with?
10. How does biology consider all organism?
11. Why do you think biology is a fundamental science?
12. What are the most important questions biology now came close to the 

decision of?

II. Give a talk on biology, using the words: the science of life, the laws that 
govern, subject matter, structurally primitive microbes, the process occurring, to 
reveal the-causes, to lead to the development of life, contemporary animals, to 
be concerned with some ancestors, fossil organisms, postnatal evolution, a sci
entific study, the treatment of people, to extend human longivity, vital activity, 
in association with the environment, a fundamental science, a motive force, to 
be marked in history, to come into being, to make smth. possible, to come close 
to, the decision of the questions.

Text 15.2 
THE BEGINNING OF SCIENCE

As you know, biology is the study of living organisms. A form of biology 
began as soon as man's mind developed to the point where be was conscious of 
himself as an object from the unmoving and unfeeling ground upon which he 
stood. For uncounted centuries biology was not in the form we would recognize 
as a science.

Hunters and butchers, then men curing people and creating mummies had 
to have a working knowledge of human anatomy, nevertheless men thought the 
natural to be subordinate to the supernatural (to some Gods).

The ancient Greeks changed that point of view. They ignored the super
natural, thought that every event had a cause, believed that man could under
stand the universe. So, the philosophy of «rationalism» began with the Greeks.

The most important name associated with the rationalistic beginning of bi
ology is that of Hippocrates. In his view NO God Influenced Medicine. The 
physicians’ role, he supposed, was to let natural law itself effect the cure. Hip
pocrates founded a lot of medical traditions that existed for centuries after his 
time. The «Hippocratic oath» which is still recited by medical graduates at the 
moment of receiving their degrees was surely created in his honour by some fol
lowers.
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One of his oldest writings, dealing with the disease epilepsy, is an excellent 
example of rationalism in biology. This is the book «On the Sacred Disease», 
written about 400 B.C. where he said that it was useless to attribute divine 
causes to diseases. That's why one could point the beginning of the science of 
biology to the date 400 B.C. and to his book «On the Sacred Disease».

Check up fo r  comprehension

I. Go over the text «The Beginning o f  Science» and say what date we 
could poin t to the beginning o f  the science o f  biology:

II. Answer the following questions:
1. When did a form of biology begin?
2. Who had a working knowledge of human anatomy?
3. What did man think concerning the natural then?
4. Who changed that point of view?
5. Did the Greeks think there was anything supernatural in the universe? 

What did they believe?
6. So, the philosophy of «rationalism» began with them, didn't it?
7. What is the moat important name associated with the rationalistic begin

ning biology?
8. So, the beginning of the science is 400 B.C., isn't it?

III. Give the main points o f  the information you have got from  the text

Text 16.1 
SCOPE OF PSYCHOLOGY

Psychology as a science studies mental activity and human behaviour. Psy
chologists study basic functions such as learning, memory, language, thinking, 
emotions, and motives. They investigate development throughout the life span 
from birth to death. They are involved in mental and physical health care. They 
treat people who are emotionally distressed.

Psychology occupies a strategic position between natural and social sci
ences on the one hand, and between sciences and humanities, on the other.



Diagram to illustrate the place of psychology among 
the sciences and humanities

I. Natural Sciences Zoology III. Humanities
Physics J Philosophy
Chemistry Literature
Pharmacology Neurophysiology History of Art
Mathematics and Anatomy Religion

Psychology
II. Social Sciences IV. Applications
Anthropology Education
Sociology Law and Criminology
Economics Management
Political Science Medicine
Linguistics Psvchiatrv

Each of the subjects listed in the four groups has its own relationship with 
psychology. For example, knowledge of physics and chemistry is necessary to 
provide a scientific basis for experimental psychology. Psychology is also 
closely linked to sociology. But whereas sociologists direct their attention to 
groups, group processes, and social forces, social psychologists focus on group 
and social influences on individuals. Psychology and biology are also closely 
connected. Physiological psychologists investigate the role of the brain and the 
nervous system in such functions as memory, language, sleep, attention, move
ment, perception, hunger, anger and joy. On the other hand, psychologists took 
much from the theory of knowledge, logic and philosophy of science. Besides, 
psychology separated from philosophy.

The word “psychology” is derived from the Greek word meaning “study of 
the mind or soul”. So in the definition of psychology there are three basic words: 
“sciences”, “behaviour”, “mental processes”.

«Science» means rational investigation of processes and phenomena. By 
«behaviour» psychologists mean everything that people and animals do: actions, 
emotions, ways of communication, developmental processes. «Mental proc
esses" characterize the work of the mind and the nervous system.



M ajor Specialists in Psychology

SPECIALIST PRIMARY ACTIVITIES
Clinical psychologist Assesses and treats people with psycho

logical problems; conducts research
Counseling psychologist Counsels people with adjustment problems 

and promotes achievement in educational 
and work settings; combines research, con
sultation and treatment

Industrial (organizational) psy
chologist

Combines research, consultation, and pro
gram development to enhance morale and 
efficiency on the job

Educational psychologist Develops, designs and evaluates materials 
and procedures for educational programs

Social psychologist Studies how people influence one another
Developmental psychologist Studies change in behaviour with 

age
Experimental psychologist Conducts research
School psychologist Establishes programs, consults, treats 

youngsters' problems, and does research in 
the school setting

Cognitive psychologist Studies mental processes
Community psychologist Treats distressed people within the com

munity; initiates community action and de
velops community programs to enhance 
mental health

Engineering psychologist Designs and evaluates environments, ma
chinery, training devices, programs, and 
systems to improve relationships between 
people and environment

Personality psychologist Studies how and why people differ from 
one another and how those differences can 
be assessed

Physiological psychologist Studies the physical bases of behaviour and 
cognition

Psychometric (quantitative) psy
chologist

Develops and evaluates tests; designs re
search to measure psychological functions

Check up fo r  comprehension 

I. Read and translate the text.
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1. What basic functions do psychologists study?
2. What position does psychology occupy among the sciences and humanities?
3. What basic words are there in the definition of psychology? What do they 
mean?
4. Why is there a great number of different specialists in the field of psychol- 
ogy?
5. Which group of psychology experts is the largest?

Ш . Prove tha t...

1. Each of the subjects listed in four groups has its own relationship with psy
chology (use Diagram I).
Use the words: a scientific basis, to be closely linked to, to focus on, to be 
closely connected, to investigate.
2. Psychologists tend to specialize in what might be called subfields.
Use the words: to master, an expert, much information, small area, particular 
therapy knowledge, single disorder.

IV. Explain:

1. The origin of the word «psychology».
2. The subject-matter of psychology.
3. The place of psychology in the system of sciences.
4. The primary activities of a community psychologist, an engineering psy
chologist and a personality psychologist.

V. Make up disjunctive questions:

1. Psychology studies mental activity and human behaviour.
2. Psychology occupies a strategic position between natural and social sciences.
3. Psychology separated from philosophy.
4. Developmental psychologist studies changes in behaviour with age.
5. Experimental psychologist conducts research.

VI. What psychology specialist would you, like to be and why?

VII. Speak on the text

//. Answer the following questions:
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Text 16.2 
THE HISTORICAL BACKGROUND OF PSYCHOLOGY

Psychology has both a traditional and scientific history, as any other sci
ence. Traditionally, psychology dates back to the earliest speculations about the 
relationships of man with his environment. Beginning  from 600 B.C. the Greek 
intellectuals observed and discussed these relationships. Empedocles said that 
the cosmos consisted of four elements: earth, air, fire, and water. Hippocrates 
translated these elements into four bodily humors and characterized the tem
perament of individuals on the basis of these humors.

Plato recognized two classes of phenomena: things and ideas. Ideas, he 
said, come from two sources: some axe innate and come with a soul, others are 
product of observations through the sense organs. The giant of the thinkers was 
Aristotle. He was interested in anatomy and physiology of the body, he ex
plained learning on the basis of association of ideas, he said knowledge should 
be achieved on the basis of observations.

After the birth of Christ, St. Augustine characterized the method of intro
spection and developed a field of knowledge, later called as faculty psychology. 
According to St. Thomas Aquinas, scientific truth must be based on observation 
and experimentation.

During the 15th and 16th centuries the scientific knowledge developed 
greatly. Among the most important scientific investigations were those of New
ton in psychology of vision and Harvey in physiology.

The mind-body problem was a very important for the 17th and 18th centuries 
philosophers and entered recent psychology. Here appeared such theories as: 1) 
occasionalism, according to which God is between a mind and a body; 2) double 
aspect theory, in which a mind and a body are different aspects of the same sub
stance; 3) psychophysical parallelism, according to which a mind and a body are 
parallel in their actions.

The associanists, or empiricists, developed the doctrine of associations: 
simple ideas form complex sensations and ideas (Thomas Hobbes and John 
Locke were the founders of this theory). Opposed to the association theory was 
the doctrine of mental faculties.

Nowadays psychology is a separate discipline, a real combination of true 
knowledge of human nature.

Check up fo r  comprehension
I. Read the text and give its general idea in Russian.
II. M ake up 10 questions to the text and ask your partner to answer them.
Ш . Enumerate all the thinkers mentioned in the text and their investigations.
IV. Discuss in the group:
1. The contribution to the development of psychology made by the ancient thinkers.
2. The development of psychology in the Middle Ages.
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Glossary

Background 1. The type of career, training or education that someone has 
had. 2. Information about what has happened in the past that helps you to under
stand the present situation. My scientific background.

Biology, the scientific study of Living things. [4, P. 125.]
Chemistry, the scientific study of the structure of substances and the way 

they react with other substances. [4, P. 232.]
Computer Science, the study of how computers work and what they can be 

used for.
Computer — a machine that can stores programs and information in elec

tronic form and can be used for a variety of processes, for example writing, cal
culating, and communicating on the Internet. All our computers are Linked to a 
main network. [4, P. 284.]

M athematics, the study or use of numbers and shapes to calculate, repre
sent or describe things. Mathematics includes arithmetic, geometry and algebra. 
[1, P. 881.]

Mechanics, the study of the effects of forces on bodies; it can be divided 
into two parts: statics, the effect o f forces on bodies in equilibrium, dynamics, 
the effect o f forces on bodies at rest or in motion. [2, P. 272.]

Message, the main idea that you want people to believe. To get the message 
across = to understand what someone is trying to tell you.

Idea, a thought [reflection] that you have about how to do something or 
how to deal with something. 1) To develop an idea 2) To express, to present 

a thought [opinion]
Physics, the science- that-deals-with-heat, light, -and other- forms, of energy 

and how they affect objects.
Problem, a statement requiring a solution. A problem o f  interrelations or 

attitude to something. To raise, solve a problem.
Psychology 1. The study of the mind and how it affects behaviour. 2. The 

ability to understand the way people think, that helps you to make people do 
what you want. [4, P. 1137-1138]

Science
1. the study and knowledge of the physical world and its behaviour that is 

based on experiments and proven facts and s organized into a system.
2. a scientific subject such as chemistry, physics or biology
3. an organized way of making, arranging or dealing with something 
[4, P. 1268.]

4.knowledge arranged in an orderly manner, esp. knowledge obtained by 
observation and the testing of facts; effort to find such knowledge. [1]

Theme, the topic of the utterance. To bring up a theme.
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SECTION III. GREAT PEOPLE OF SCIENCES

INFORMATION 

MATHEMATICIANS 

Rene Descartes 

1596-1650

Rene Descartes was bom in La Haye (now Descartes), Touraine, France on 
31 March 1596. He was a philosopher whose work, La geometrie, includes his 
application of algebra to geometry from which we now have Cartesian 
geometry*1.

Descartes was educated at the Jesuit college* of La Fleche in Anjou. He 
entered the college at the age of eight years, just a few months after the opening 
of the college in January 1604. He studied there until 1612, studying classics, 
logic and traditional Aristotelian philosophy. He also learnt mathematics from 
the books of Clavius2. While in the school his health was poor and he was 
granted permission to remain in bed until 11 o'clock in the morning, a custom he 
maintained until the year of his death.

School had made Descartes understand how little he knew, the only subject 
which was satisfactory in his eyes was mathematics. This idea became the 
foundation for his way of thinking, and was to form the basis for all his works.

Descartes spent a while in Paris, apparently keeping very much to himself, 
then he studied at the University of Poitiers. He received a law degree from 
Poitiers in 1616 then enlisted in the military school at Breda. In 1618 he started 
studying mathematics and mechanics under the Dutch scientist Isaac 
Beeckman, and began to seek a unified science of nature. After two years in 
Holland he travelled through Europe. Then in 1619 he joined the Bavarian army.

From 1620 to 1628 Descartes travelled through Europe, spending time in 
Bohemia (1620), Hungary (1621), Germany, Holland and France (1622-23). He 
spent time in 1623 in Paris where he made contact with Mersenne, an important 
contact which kept him in touch with the scientific world for many years. From 
Paris he traveled to Italy where he spent some time in Venice, then he returned 
to France again (1625).

By 1628 Descartes tired of the continual travelling and decided to settle 
down. He gave much thought to choosing a country suited to his nature and

1 Bold type w ith * indicates that you can find the meaning o f  this word in the glossary 
(see the  contents).

2 Bold type, indicates that you can find the meaning of this word in the end o f  every 
tex t in  the  parts “Personals” and “Proper Names”
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chose Holland. It was a good decision which he did not seem to regret over the 
next twenty years.

Soon after he settled in Holland Descartes began work on his first major 
treatise on physics, Le Monde, ou Traite de la Lumiere. This work was near 
completion when news that Galileo was condemned to house arrest reached him. 
He, perhaps wisely, decided not to risk publication and the work was published, 
only in part, after his death.

In Holland Descartes had a number of scientific friends as well as 
continued contact with Mersenne. His friendship with Beeckman continued and 
he also had contact with Mydorge, Hortensius, Huygens and Frans van 
Schooten (the elder).

Descartes was pressed by his friends to publish his ideas and, although he 
was adamant in not publishing Le Monde, he wrote a treatise on science under 
the title Discours de la methode pour bien conduire sa raison et chercher la 
verite dans les sciences. Three appendices to this work were La Dioptrique, Les 
Meteores, and La Geometrie. The treatise was published at Leiden in 1637.

The work describes what Descartes considers is a more satisfactory means 
of acquiring knowledge than that presented by Aristotle's logic. Only 
mathematics, Descartes feels, is certain, so all must be based on mathematics.

La Dioptrique is a work on optics and, although Descartes does not cite 
previous scientists for the ideas he puts forward, in fact there is little new. 
However his approach through experiment was an important contribution.

Les Meteores is a work on meteorology and is important in being the first 
work which attempts to put the study of weather on a scientific basis. However 
many of Descartes' claims are not only wrong but could have easily been seen to 
be wrong if he had done some easy experiments. For example Roger Bacon had 
demonstrated the error in the commonly held belief that water which has been 
boiled freezes more quickly.

Despite its many faults, the subject of meteorology was set on course after 
publication of Les Meteores particularly through the work of Boyle, Hooke and 
Hailey.

La Geometrie is by far the most important part of this work. In Scott 
summarises the importance of this work in four points:

1. He makes the first step towards a theory o f  invariants*, which at later 
stages derelativises the system o f  reference and removes arbitrariness.

2. Algebra makes it possible to recognise the typical problems in geometry 
and to bring together problems which in geometrical dress would not 
appear to be related at all.

3. Algebra imports into geometry the most natural principles o f  division 
and the most natural hierarchy o f  method*.

4. N ot only can questions o f  solvability cmd geometrical possibility be 
decided elegantly, quickly andfully from the parallel algebra, without it 
they cannot be decided at all.
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Descartes' Meditations on First Philosophy, was published in 1641, 
designed for the philosopher and for the theologian. It consists of six 
meditations, Of the Things that we may doubt, Of the Nature of the Human 
Mind, Of God: that He exists, Of Truth and Error, Of the Essence of Material 
Things, Of the Existence of Material Things and of the Real Distinction between 
the Mind and the Body of Man. However many scientists were opposed to 
Descartes'ideas including Arnauld, Hobbes and Gassendi.

The most comprehensive of Descartes' works, Principia Philosophiae was 
published in Amsterdam in 1644. In four parts, The Principles o f  Human 
Knowledge, The Principles o f  Material Things, O f the Visible World and The 
Earth, it attempts to put the whole universe on a mathematical foundation 
reducing the study to one of mechanics*.

This is an important point of view and was to point the way forward. 
Descartes did not believe in action at a distance. Therefore, given this, there 
could be no vacuum around the Earth otherwise there was way that forces could 
be transferred. In many ways Descartes's theory, where forces work through 
contact, is more satisfactory than the mysterious effect of gravity* acting at a 
distance.

However Descartes' mechanics leaves much to be desired. He assumes that 
the universe is filled with matter which, due to some initial motion, has settled 
down into a system of vortices which carry the sun, the stars, the planets and 
comets in their paths. Despite the problems with the vortex theory it was 
championed in France for nearly one hundred years even after Newton showed it 
was impossible as a dynamical system*.

In 1644, the year his Meditations were published, Descartes visited France. 
He returned again in 1647, when he met Pascal and argued with him that a 
vacuum could not exist, and then again in 1648.

In 1649 Queen Christina of Sweden persuaded Descartes to go to 
Stockholm. However the Queen wanted to draw tangents at 5 a.m. and Descartes 
broke the habit of his lifetime of getting up at 11 o'clock. After only a few 
months in the cold northern climate, walking to the palace for 5 o'clock every 
morning, he died of pneumonia.

Personals

Arnauld, Antoine (1612 - 1694) —  le grand as contemporaries called him, 
to distinguish him from his father —  was a French Roman Catholic theologian, 
philosopher, and mathematician.

Bacon, Roger (1214-1294), also known as Doctor Mirabilis (Latin: 
"wonderful teacher"), was one of the most famous Franciscan friars of his time. 
An English philosopher who placed considerable emphasis on empiricism, he
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was one o f the earliest European advocates of the modem scientific method. 
Later studies have emphasised his reliance on occult and alchemical traditions.

Beeckman, Isaac (1588 - 1637) was a Dutch philosopher and scientist. He 
was a man of many talents. He studied theology, mathematics, nautical science, 
Hebrew, medicine, astronomy and experimented in combustion, pumping and 
hydrodynamics. In 1613 Beeckman put forward the concept o f inertia (he did it 
nearly 30 years before Isaac Newton was bom) and free fall and discovered an 
important hydrodynamic law concerning the rate of flow of water from a vessel.

Boyle, Robert (1627 -  1691) was an Irish natural philosopher, chemist, 
physicist, inventor, and early gentleman scientist, noted for his work in physics 
and chemistry. He is best known for the formulation of Boyle's law. Although 
his research and personal philosophy clearly has its roots in the alchemical 
tradition, he is largely regarded today as the first modem chemist, and therefore 
one of the founders of modem chemistry.

Clavius, Christopher (1538 -  1612) was a German Jesuit astronomer and 
a mathematician. Clavius wrote a number of textbooks which include his version 
of Euclid's Elements. Because of his prodigious output of mathematical works, 
he was called "the Euclid of the sixteenth century." He helped Pope Gregory 
XIII to introduce what is now called the Gregorian calendar.

Galilei, Galileo (1564 -  1642) was an Italian physicist, mathematician, 
astronomer, and philosopher closely associated with the scientific revolution. 
His achievements include the first systematic studies of uniformly accelerated 
motion, improvements to the telescope, a variety of astronomical observations. 
Galileo is referred to as the "father of modem observational astronomy", as the 
"father of modem physics", and as the "father of science".

Gassendi, Pierre (1592 -  1655) was a French philosopher, 
scientist,astronomer/astrologer, and mathematician, best known for attempting 
to reconcile Epicurean atomism with Christianity and for publishing the first 
official observations of the Transit of Mercury in 1631. The Moon's Gassendi 
crater is named after him.

Hailey, Edmond (1656 -  1742) was an English astronomer, geophysicist, 
mathematician, meteorologist, and physicist.

Hobbes, Thomas (1588 -  1679) was an English philosopher, whose 
famous 1651 book Leviathan established the agenda for nearly all subsequent 
Western political philosophy.

Hooke, Robert (1635-1703) English physicist who discovered the law of 
elasticity, known as Hooke's law, and who did research in a remarkable variety 
of fields. He was also engaged in chemistry, geometry and biology.

Hortensius, Quintus (114 —50), Roman orator. He was the favorite 
lawyer of the patrician party and made his name as defense counsel in the 
bribery and embezzlement trials so frequent in Rome. At one of these trials he 
defended Caius Verres, who was successfully prosecuted by Cicero, Hortensius'



friendly rival. Hortensius was a master of the flowery Asian style of oratory. 
None of his speeches have survived.

Huygens, Christiaan (1629 -  1695), was a Dutch mathematician, 
astronomer and physicist. Historians commonly associate Huygens with the 
scientific revolution. He achieved note for his arguments that light consisted of 
waves. In 1655, he discovered Saturn's moon Titan. He also examined Saturn's 
planetary rings, and in 1656 he discovered that those rings consisted of rocks. In 
the same year he observed and sketched the Orion Nebula.

Mersenne, M arin (Marin Mersennus or le Pure Mersenne) (1588 -  
1648) was a French theologian, philosopher, mathematician and music theorist, 
often referred to as the "father of acoustics".

Mydorge, Claude (1585 -  1647) was a French mathematician. His primary 
contributions were in geometry and physics. Mydorge served on a scientific 
committee (whose members included Pierre Herigone and Etienne Pascal) set up 
to determine whether Jean-Baptiste Morin's scheme for determining longitude 
from the Moon's motion was practical.

Newton, Isaac (1643 -  1727) was an English physicist, mathematician, 
astronomer, natural philosopher, and alchemist. His treatise Philosophiae 
Naturalis Principia Mathematica, published in 1687, described universal 
gravitation and the three laws of motion, laying the groundwork for classical 
mechanics, which dominated the scientific view of the physical universe for the 
next three centuries and is the basis for modem engineering.

Pascal, Blaise (1623 -  1662) was a French mathematician, physicist, and 
religious philosopher. Pascal's earliest work was in the natural and applied 
sciences where he made important contributions to the construction of 
mechanical calculators, the study of fluids, and clarified the concepts of pressure 
and vacuum. Pascal also wrote powerfully in defense of the scientific method. 
Pascal wrote a significant treatise on the subject of projective geometry at the 
age of sixteen and corresponded with Pierre de Fermat from 1654 and later on 
probability theory, strongly influencing the development of modem economics 
and social science.

Gottfried Wilhelm von Leibniz 

1646-1716

German philosopher, mathematician, historian and jurist, contemporary of 
Newton (1642-1727), who left behind no philosophical magnum opus*, but 
who is still considered to be among the giant thinkers of the 17th-century. 
Leibniz developed a philosophy of Rationalism*by which he attempted to 
reconcile the existence of matter with the existence of God. Bertrand Russel
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wrote that Leibniz's intellect "was highly abstract and logical; his greatest claim 
to fame is as an inventor of the infinitesimal calculus*."

...i f  we were able to understand sufficiently well the order o f  
the universe, we should find  that it surpasses all the desires o f  the 
wisest o f  us, and that it is impossible to render it better than it is, 
not only fo r  all in general, but also fo r  each one o f  us in 
particular... (from The Monadology, 1714)

Gottfried Leibniz was bom in Leipzig, Saxony (now Germany) on 1 July, 
1646. He was the son of Friedrich Leibniz, a professor o f moral philosophy at 
Leipzig.

Leibniz's mother was Catharina Schmuck, the daughter of a lawyer and 
Friedrich Leibniz's third wife. However, Friedrich Leibniz died when Leibniz 
was only six years old and he was brought up by his mother. Certainly Leibniz 
leamt his moral and religious values from her which would play an important 
role in his life and philosophy.

At the age of seven, Leibniz entered the Nicolai School in Leipzig. 
Although he was taught Latin at school, Leibniz had taught himself far more 
advanced Latin and some Greek by the age of 12. He seems to have been 
motivated by wanting to read his father's books. As he progressed through 
school he was taught Aristotle's logic and theory of categorising knowledge. 
Leibniz was clearly not satisfied with Aristotle's system and began to develop 
his own ideas on how to improve on it. In later life Leibniz recalled that at this 
time he was trying to find orderings on logical truths which, although he did not 
know it at the time, were the ideas behind rigorous mathematical proofs. As well 
as his school work, Leibniz studied his father's books. In particular he read 
metaphysics* books and theology books from both Catholic and Protestant 
writers.

In 1661, at the age o f fourteen, Leibniz entered the University of Leipzig. 
It may sound today as if this were a truly exceptionally early age for anyone to 
enter university, but it is fair to say that by the standards of the time he was 
quite young but there would be others of a similar age. He studied philosophy, 
which was well taught at the University of Leipzig, and mathematics which was 
very poorly taught. Among the other topics which were included in this two 
year general degree course were rhetoric, Latin, Greek and Hebrew. He 
graduated with a bachelors degree in 1663 with a thesis De Principio Individui 
(On the Principle of the Individual). In this there is the beginning of his notion 
of "monad".

In 1667 Leibniz received his doctorate in law at Altdorf. He preferred a 
courtly to and academic career and in 1669 he entered into the service of the 
elector of Mainz. Some years later he traveled to Paris to try to persuade Louis
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XIV to expel the Turks from Egypt in order to distract his attention from 
marching on Holland. The ploy did not work.

In 1675 Leibniz made his most important scientific discovery, the 
differential and integral calculus* which became the basis for modem 
mathematic. The discovery resulted in a controversy with Isaac Newton over 
whether he or Newton was the inventor. Nowadays it is generally agreed that 
they both discovered the basic foundations the calculus independently, Newton 
first but Leibniz's publication preceded that of Newton. Leibniz's system of 
notation is superior to that of Newton, and is still in use today. Newton's 
absolute space also was something Leibniz could not accept: "I hold space to be 
something merely relative, as time is; ... For space denotes, in terms of 
possibility, an order to things which exist at the same time, considered as 
existing together."

After spending time in London and Paris in diplomatic appointments 
Leibniz became in 1676 librarian to the Duke of Brunswick at Hanover, a 
position which he retained until his death. In Hanover he had to adjust to the fact 
that he was not any more living in centers of fashionable scientific and 
philosophical thought. One of his duties was to prepare a history of the house of 
Brunswick. In the late 1680s he traveled to Austria and Italy to collect source 
material for his work. The history was not published until 1843. In 1700 Leibniz 
planned the Prussian Academy of Sciences in Berlin and was its first president. 
Unpopular with George Luis of Hanover, Leibniz was not permitted to go to 
England, when the Elector moved his court to London as George I.

Leibniz never married. He died in Hanover in 1716 embittered by ill health, 
plagued with gout, under secret surveillance, neglected, and almost all his works 
unpublished. His death was not much noted by the academies of which he was a 
member. Neither Leibniz's two philosophical books, the New Essays on Human 
Understanding (c. 1705) and Theodicy (1710), gave to wide audience a 
complete account of his thinking. They only showed the tip of the iceberg. His 
work in symbolic logic was not resurrected until the twentieth century. Leibniz's 
philosophical works, DIE PHILOSOPHISCHEN SCHRIFTEN, were published 
in 1857-90 (7 vols., ed. by C.I. Gerhardt). WERKE (1864-84, 11 vols.), edited 
by Onno Klopp, included Leibniz's historial and political works. Mathematical 
works were published in MATEMATISCHE SCHRIFTEN (1849-63,7 vols.).

Leibniz was a convinced advocate of a Eurasian policy and published a 
collection o f documents on China (Novissima Sinica, 1679). He saw that China 
was better than Europe in the elegance of life, but Europe was ahead in abstract 
mathematical sciences and metaphysics. When Father Joachim Bouvet, who had 
been in China, wrote Leibniz a letter in which he described the I  Ching, an 
ancient book of wisdom and oracles, he recognized in the enigmatic 
hexagrams* representations of his binary digits. To demonstrate this he wrote 
Explication de I'arithmetique binaire (1705). "The I  Ching was important for its 
divinatory contents, but for Leibniz it becomes further evidence in proving the
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universal value of his formal calculus (and in a letter to Father Bouvet he 
suggests that its inventor was Hermes Trismegistus; as a matter of fact, Fu-hsi, 
the legendary inventor of the hexagrams, like Hermes was considered the father 
o f all inventions)." (Umberto Eco in Serendipities, 1999)

Along with many Germans of his age, Leibniz wrote mostly in Latin and 
French. During his lifetime he was a very public figure, described by George I 
of England as a "walking encyclopedia." He wrote bad, formalistic poems, 
which were not openly slaughtered by critics. Most personally Leibniz 
expressed himself in letters. A t that time in the small intellectual world, 
Catholics and Protestants changed ideas through incessant correspondence in 
mutual respect, which prepared way to the Enlightenment. Leibniz himself tried 
to formulate a sound philosophical and theological basis for church reunions 
projects which arose occasionally. He had a lifelong interest in alchemy, and his 
system, complex and forbidding, has been seen to resemble in some ways 
mystical or Kabbalistic accounts of reality.

In his Monadologie (1714) Leibniz maintained that the divine order of the 
universe is reflected in each of its parts, each part being called a monad, a term 
that means ‘unit1 or ‘unity1 or a counterpart o f atom. Monads are incorporeal 
automata and are called by Leibniz "entelechies": "There is a world of created 
beings - living things, animals, entelechies and souls - in the least part o f matter. 
Each portion of matter may be conceived as a garden full of plants, and as a 
pond full of fish. But every branch of each plant, every member of each animal, 
and every drop of their liquid parts is itself likewise a similar garden or pond." 
Leibniz concluded that there must be an infinite number of substances, monads. 
They are not material particles and the only way in which two monads can differ 
is in having different properties. The whole range of monads can be divided into 
stages from inanimate world to rational minds. This idea he had formulated in 
other words in a letter to Burcher De Voider: "Considering matters accurately, it 
must be said that there is nothing in things except simple substances, and, in 
them, nothing but perception and appetite. Moreover, matter and motion are not 
so much substances or things as they are the phenomena of percipient beings, 
the reality of which is located in the harmony of each percipient with itself (with 
respect to different times) and with other percipients."

Rational monads are capable of self-consciousness, but because their 
position in the universe is fixed (i.e. there is no choice of action), there is no 
such thing as free will. Evil exist, but only to accentuate goodness, one cannot 
be without the other. Each monad perceives all the other monads more or less 
clearly, but only God perceives all monads with utter clarity. God have pre- 
established a harmony between the monads, and the world that these monads 
compose is the best possible. God is all-powerful and morally perfect, hence, of 
necessity; whatever possible world created by God is the best possible world. 
Whatever states of affairs obtain in it, they do so of necessity.
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Or, as poet Alexander Pope wrote:
A ll nature is but art, unknown to thee;
A ll change, direction which thou canst no t, 
A ll discord, harmony not understood;
All partial evil, universal good
And, spite o f  pride, in erring reason spite,
One truth is clear, Whatever is, is right.

Personals

Aristotle (384 BC — 322 BC) was a Greek philosopher, a student of Plato 
and teacher of Alexander the Great. He wrote on diverse subjects, including 
physics, metaphysics, poetry (including theater), logic, rhetoric, politics, 
government, ethics, biology and zoology. He made important contributions by 
systemizing deductive logic and wrote on physical subjects. His philosophy had 
a long-lasting influence on the development of all Western philosophical 
theories.

J e a n  B a p tis te  Jo se p h  F o u r ie r  

1768-1830

Life and Mathematical Work
Joseph Fourier was bom in Auxerre, Bourgogne, France on 21 March 

1768. His father was a tailor in Auxerre. After the death of his first wife, with 
whom he had three children, he remarried and Joseph was the ninth of the 
twelve children of this second marriage. Joseph's mother died went he was nine 
years old and his father died the following year.

His first schooling was at Pallais's school, run by the music master from the 
cathedral. There Joseph studied Latin and French and showed great promise. He 
proceeded in 1780 to the Ecole Royale Militaire of Auxerre where at first he 
showed talents for literature but very soon, by the age of thirteen, mathematics 
became his real interest. By the age of 14 he had completed a study of the six 
volumes of Bezout's Cours de matMmatiques. In 1783 he received the first prize 
for his study of Bossut's Mecanique en general.

In 1787 Fourier decided to train for the priesthood and entered the 
Benedictine abbey of St Benoit-sur-Loire. His interest in mathematics 
continued, however, and he corresponded with C. L. Bonard, the professor of 
mathematics at Auxerre. Fourier was unsure if  he was making the right decision 
in training for the priesthood. He submitted a paper on algebra to Montucla in
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Paris and Ms letters to Bonard suggest that he really wanted to make a major 
impact in mathematics.

He visited Paris and read a paper on algebraic equations, and submitted a 
paper on algebra. In 1790 he became a teacher at the Benedictine college, where 
he had studied. In 1793, he became involved in politics and joined the local 
Revolutionary Committee. For this, in 1794, he was arrested, imprisoned, and 
released.

Later in 1794, Fourier was nominated to study at the Ecole Normale in 
Paris. TMs institution had been set up for training teachers and it was intended to 
serve as a model for other teacher-training schools. The school opened in 1795 
and Fourier was certainly the most able of the pupils whose abilities ranged 
widely. He was taught by Lagrange, Laplace, and Monge.

Fourier began teaching at the College de France and began further 
mathematical research. He was also appointed to a position at what was soon to 
be renamed the Ecole Polytechnique. However, repercussions of Ms earlier 
arrest remained and he was again arrested, imprisoned, and released. In 1797, he 
succeeded Lagrange in being appointed to the chair of analysis and mechanics. 
He was renowned as an outstanding lecturer but he does not appear to have 
undertaken original research during this time.

In 1798 Fourier, joined Napoleon's army in its invasion of Egypt as a 
scientific adviser. In particular he helped establish educational facilities in Egypt 
and carried out archaeological explorations. While in Cairo Fourier helped 
found the Cairo Institute and was one of the 12 members of the mathematics 
division, the others included Monge, Malus and Napoleon. Fourier was elected 
secretary to the Institute, a position he continued to hold during the entire French 
occupation of Egypt. Fourier was also put in charge of collating the scientific 
and literary discoveries made during the time in Egypt.

Napoleon abandoned Ms army and returned to Paris in 1799, and soon held 
absolute power in France. Napoleon requested he serve as Prefect, and Fourier 
unhappily agreed. His two greatest acMevements in this administrative position 
was overseeing the operation to drain the swamps of Bourgoin and to oversee 
the construction of a new highway from Grenoble to Turin.

It was during tMs time that Fourier did Ms important mathematical work on 
the theory of heat. His work on the topic began around 1804, and by 1807 he 
had completed Ms important memoir on the subject. Now this memoir is very 
highly regarded but at the time it caused controversy. The first objection, made 
by Lagrange and Laplace in 1808, was to Fourier's expansions of functions as 
trigonometrical series, what we now call Fourier series. The second objection 
was made by Biot against Fourier's derivation of the equations of transfer of 
heat.

The Institute set as a prize competition subject the propagation of heat in 
solid bodies for the 1811 mathematics prize. Fourier submitted his 1807 memoir
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together with additional work on the cooling of infinite solids and terrestrial and 
radiant heat. Only one other entry was received, and he was awarded the prize.

Fourier moved to England in 1816. In 1822 he published his Theorie 
amlytique de la chaleur, in which he bases his reasoning on Newton's law o f  
cooling*, namely, that the flow of heat between two adjacent molecules is 
proportional to the extremely small difference of their temperatures. In this work 
he claims that any function of a variable, whether continuous or discontinuous, 
can be expanded in a series of sines of multiples of the variable. Though this 
result is. not correct, Fourier's observation that some discontinuous functions are 
the sum of infinite series was a breakthrough. The question of determining when 
a function is the-sum of its Fourier series has been fundamental for centuries. 
Joseph Louis Lagrange had given particular cases of this (false) theorem, and 
had implied that the method was general, but he had not pursued the subject. 
Johann Dirichlet was the first to give a satisfactory demonstration of it with 
some restrictive conditions. A more subtle, but equally fundamental, 
contribution is the concept of dimensional homogeneity in equations; i.e. an 
equation can only be formally correct if the dimensions match on either side of
the equality.;"

’ Fqunerleft an .unfinished work on determinate equations which was edited 
by Ctaiide-Louis Navier and published in 1831. This work contains much 
original: matter —  in particular, there is a demonstration of Fourier's theorem on 
the position of the roots of an algebraic equation. Joseph Louis Lagrange had 
shown how the roots of an algebraic equation might be separated by means of 
another equation Whose roots were the squares of the differences of the roots of 
ffie;original equation, Frangois Sudan, in 1807 and 1811, had enunciated the 
theorem generally known by the name of Fourier, but the demonstration was not 
altogether satisfactory. Fourier's proof is the same as that usually given in 
textbooks on the theory of equations. The final solution of the problem was 
given in 1829 by Jacques Charles Francois Sturm.

O ther work
Fourier is  also credited with the discovery in his essay in 1827 that gases in 

the atmosphere might increase the surface temperature of the Earth. This was the 
effect that would later be called the greenhouse effect*. He established the 
concept o f planetary energy balance - that planets obtain energy from a number 
of sources that cause temperature increase. Planets also lose energy by infrared 
radiation* (that Fourier called "chaleur obscure" or "dark heat") with the rate 
increasing .with temperature. A  balance is reached between heat gain and heat 
loss; the atmosphere shifts the balance toward the higher temperatures by 
slowing, the heat loss. Although Fourier understood that rate of infrared radiation 
increases with temperature, the Stefan-Boltzmann law* which gives the exact 
form o f this dependency (a fourth-power law) was discovered fifty years later.
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Fourier recognized that Earth primarily gets energy from Solar radiation*, 
to which the atmosphere is transparent, and that geothermal* heat doesn't 
contribute much to the energy balance. However, he mistakenly believed that 
there is a  significant contribution of radiation from interplanetary space.

Fourier referred to an experiment by M. de Saussure, who exposed a black 
box to sunlight. When a thin sheet of glass is put on top of the box, the 
temperature inside o f the box increases. Infrared radiation was discovered by 
William Serschel twenty five years later.

Personals

Boislaurent, Budan de=Ferdinand Francois Desire Budan de 
Boislaiireht (1761-1840) was a French mathematician, best known for 
enunciating the Fourier transform in 1807 and 1811, although his demonstration 
was not altogether accurate, and, although being published before Joseph 
Fourier's explanation, was discovered afterwards.

Djrichlet, Johann Peter Gustav Lejeune (1805 -  1859) was a German 
ma&ematiciari-creditgd with the modem "formal" definition of a function.

Herschel, Frederick William (1738-1822) was a German-bom British 
astronomer and <omposer who became famous for discovering the planet 
Uranus: He .alto^isiCpyeied infrared radiation and made many other discoveries 
in astronomy.

Lagrange, Joseph Louis (1736-1813) was a French mathematician and 
mathematical physicist who was the greatest mathematician of the eighteenth 
century. His work Mecanique Analytique (Analytical Mechanics) (1788) was a 
mathematical masterpiece. It contained clear, symmetrical notation and covered 
almost every area of pure mathematics. It was the first book of mechanics 
published without the use of a single diagram. Lagrange succeeded Euler as the 
director of the Berlin Academy. Lagrange developed the calculus of variations 
which was later expanded by WeierstraB. Lagrange also established the theory 
of differential equations, and provided many new solutions and theorems in 
number theory, including Wilson's theorem.

Laplace, Pierre (1749-1827) was a French physicist and mathematician who 
put the final capstone on mathematical astronomy by summarizing and extending the 
work of his predecessors in his five volume Mecanique Celeste (Celestial 
Mechanics) (1799-1825). Ibis work was important because it translated the 
geometrical study of mechanics used by Newton to one based on calculus, known as 
physical mechanics. In Mecanique Celeste, Laplace proved the dynamical stability of 
the solar system (with tidal friction ignored) on short time scales. On long time 
scales, however, this assertion was proven false in the early 1990s.
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Malus (1775-1812) French physicist who discovered that light, when 
reflected, becomes partially plane polarized; i.e., its rays vibrate in the same 
plane. His observation led to a better understanding of the propagation of light.

Monge, Gaspard, comte de Peluse (1746-1818) French mathematician, 
physicist, and public official. He was distinguished for his geometrical research, 
which laid the foundations of modem descriptive geometry, a field essential to 
mechanical drawing and architectural drawing. He also made important 
contributions to differential geometry and inspired his pupils, who included J. B. 
Biot, J. V. Poncelet, and C. Dupin, to new advances in several branches of geometry.

Montucla, Jean-Etienne (1725 -  1799) was a French mathematician. In 
1754 he published an anonymous treatise entitled Histoire des recherches sur la 
quadrature cht cerele, and; in 1758 the first part o f his great work, Histoire des 
mathinicitiques, the first history of mathematics worthy of the name.

Niiyier, Claude-Louis (1785 - 1836) bom Claude Louis M arie Henri 
Navier was a French engineer and physicist who specialized in mechanics.The 
Navier-Stqkes equations are named after him and George Gabriel Stokes.

S turm, Jacques Charles Fran?ois (1803 - 1855) French mathematician, 
of German extraction, was born in Geneva. He was the co-eponym of the Sturm- 
Lipuville theory with Joseph Liouville. Sturm's theorem is a basic result for 
proving the existence of real zeroes of functions. In 1826, with his colleague 
Jean-Daniel Colladon he helped make the first experimental determination of the 
speed of hound in water.

PHYSICISTS 

Alexander Stepanovitch Popov 

1859 -1906

Alexander Stepanovitch Popov was bom in Turinskiye Rudniki, Perm, 
Russia on March 16,1859. He was the son of a village priest. He received his 
early education in an ecclesiastical seminary school and planned to enter the 
priesthood. But in 1877 his interests changed to mathematics, and he entered the 
University of St. Petersburg, from which he was graduated with distinction in 
1883. Joining the teaching faculty of the university, he lectured in mathematics 
and physics in preparation for a professorship.

Popov's main interest soon changed to electrical engineering, however; and, 
because Russia in that period lacked colleges that taught the subject, he became 
an instructor at the Russian Navy's Torpedo School at Kronstadt (Kronshtadt), 
near St. Petersburg, where students were trained to take charge of electrical 
equipment on Russian warships.
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Popov took advantage of the school's library, which was stocked with 
foreign books and periodicals, and also of its well-equipped laboratory to follow 
scientific developments abroad and carry out experiments. Recognizing the 
importance of German physicist Heinrich Hertz's discovery of electromagnetic 
waves, Popov began to work on methods of receiving them over long distances.

Popov constructed an apparatus that could register atmospheric electrical 
disturbances and in 1895,he installed it at the meteorological observatory of the 
Institute of Forestry in St. Petersburg. In a paper published a few months later, 
Popov suggested that such an apparatus could be used for the reception of 
signals from a man-made source of oscillations, provided a sufficient power 
source became available.

The same year Popov appeared before the St. Petersburg Physical Society 
and demonstrated the transmission of Hertzian waves* - as they were then 
termed, between different parts of the University of St. Petersburg buildings. 
Evidence suggests that on that occasion the words "Heinrich Hertz" were 
transmitted in Morse code and that the aural signals received were transcribed 
on a blackboard by the society's president, who was the chairman of the 
meeting.

Nearly at the same time an Italian engineer Guglielmo Marconi made his 
experiment with electromagnetic waves*.

Since that time the discussion about the right of possessing the name of 
“the first inventor” hasn’t been finished. West is for Marconi, Russia is for 
Popov. But what do the facts show?

No one person "invented" wireless electronic communications, even though 
Guglielmo Marconi for over 100 years has been called the inventor of radio. 
Marconi did take the ideas and inventions of others and put them together in a 
workable form to allow people to send messages through the air, invisibly, on 
radio waves.

But, at almost the same time Marconi was making his "discovery" in 1895, 
a Russian professor made the same discovery. The main difference was that 
Marconi was an enthusiastic entrepreneur who rushed to spread news of his 
discovery to the world and to sell it to them. Alexander Popov, by contrast, was 
apparently driven by a different spirit and never had a desire to profit from his 
discoveries.

According to Orrin E. Dunlap Jr.'s, Radio's 100 Men of Science...
"Popoff entered the wireless fie ld  through his attempt to 

develop a device to detect thunderstorms in advance. He conceived 
the idea o f  using the Branly Coherer* to pick up static or 
atmospheric electricity - the clue to the electric storm's approach."

Anyone who has listened to an AM radio during a lightening storm can 
understand how a "thunderstorm detector" could become a radio receiver* The 
transmitter could be a simple means of generating jolts of electricity the way the



storm does. If those jolts are controlled they can easily be used to send Morse 
code* messages.

In a May 1895 Popov reported sending and receiving a wireless signal 
across a 600 yards distance. In March 1897, Professor Popov equipped a land 
station at Kronstadt and the Russian navy cruiser Africa with his wireless 
communications apparatus for ship-to-shore communications.

In about 1900 Popov's wireless apparatus was used in what may have been 
the first ever use of radio communications to help a vessel in distress.

The battleship General-Admiral Apraksin was going down amidst the ice 
floes of the Gulf of Finland with hundreds of sailors and officers aboard, but 
Popov's radio system enabled them to contact Hogland and Kutsalo islands 45 
kilometers away. Those wireless stations relayed the distress messages and 
rescue orders to the icebreaker Ermak.

Radio communications was so new at the time that it's likely few of the 
Apraksin's crew had even considered that help might be summoned from afar, 
and it's reported they had resigned themselves to an icy death. The sight of the 
Ermak emerging from the fog must have seemed to some a miracle and the man 
who invented the wireless system that saved their lives must have seemed an 
angel.

Ironically, according to Russian accounts, Popov was divinely inspired to 
invent what we now call radio. Ironic, because the critics who saw the 
mysterious electrical contraptions used as the first radio sets assumed it must be 
the work of the devil, and because Popov was, after all, trying to find a way to 
detect what is commonly called "an act o f God" thunderstorms when he 
discovered how to send wireless communications through the air.

Popov was bom in 1859 in the Turinsk mining district of Russia, the son of 
a priest. A popular Russian biography of Popov says he grew up in a household 
filled with those haunting Russian icons of martyred saints. The boy Popov, it's 
reported, was "blessed by the Lord" with the strong desire to be able to 
communicate silently and invisibly through air by means of some as yet 
undiscovered and incomprehensible process.

Popov definitely did become an  inventor of radio, even if Marconi became 
known as the inventor of radio, but Popov hasn’t been totally ignored in the 
history books. The United States Navy, which battled with Marconi over the use 
of his patents on US warships, gives Marconi credit for his marketing prowess, 
but Popov gets credit for being a better scientist.

Here's how the official U.S. Government publication History of 
Communications - Electronics in the United States Navy (Bureau of Ships 
and Office of Naval History, 1963) views the question of who invented radio: 

"(In 1895), Prof. A.S. Popov improved (Oliver) Lodge's 
receiver by the insertion o f  choke coils on each side o f  the relay to 
protect the coherer and by replacing the spark gap with a vertical 
antenna insulated at its upper end and connected to the ground
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through the coherer. Popoff utilized his equipment to obtain 
information fo r  a study o f  atmospheric electricity.

Like Lodge, he was too engrossed with teaching and science to 
concern himself over its practical aspects. On 7 May 1895, in a 
lecture before the Russian Physicist Society o f  St. Petersburg, he 
stated he had transmitted and received signals a t an intervening 
distance o f  6 hundred yards.

In the same year, Guglielmo Marconi, son o f  an Italian 
nobleman and an Irish mother, by using a Hertz oscillator and an 
antenna and a receiver very similar to Popov's, successfully 
transmitted and received signals within the limits o f  his father's 
estate at Bologna, Italy."

The Navy's account continues,
"Marconi can scarcely be called an inventor. His contribution 

was more in the fields o f  applied research and engineering 
development. He possessed a very practical business acumen, and 
he was not hampered by the same driving urge to do fundamental 
research which had caused Lodge and Popojf to procrastinate in 
the development o f  a commercial (radio) system."

Popov studied physics and mathematics at the Faculty of Physics in Saint 
Petersburg. After graduation, in 1885 he started teaching physics and doing 
research at the elite naval warfare institute on Kronstadt Island near St. 
Petersburg. It was there he began to explore the work of Maxwell and Hertz, 
explorations that would lead to Popov's radio receiving and transmitting system.

Popov's radio system earned him a Grand Gold Medal for research at the 
Paris International Exposition of 1900 and in 1901 he was appointed director of 
the St. Petersburg Electro-Technical Institute. Alexander Stepanovitch Poppov 
died on January 13,1906 at the age of 46.

Editor's Note: (of the U.S. Government publication)
In this new on line biography, Popov's deserved credit in creating wireless 

electronic communications ("radio") has been given validation by no less a 
source than the official history of Communications Electronics in the United 
States Navy, written in 1963 at the height of the Cold War when the US military 
certainly had no reason to give undeserved credit to a Russian scientist the Navy 
history cites information from other publications mentioning Popov, dating back 
to 1927.

But the US Navy also apparently relied on "unofficial" sources for its study 
of Popov's wireless work, because the Navy history includes insightful 
anonymous personal glimpses of Popov's working habits and personality, 
insights most likely gathered somewhere along the line as both sides of the Cold
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War routinely collected personal details - the easiest intelligence to gather - 
about their enemies' leaders and innovators.

The book was written by a Navy Captain with an introduction by Fleet 
Admiral Chester Nimitz, and published by the Office of Naval History. One 
assumes they had convincing reason for giving credit to the often-derided claim 
that Popov had independently "invented" a wireless radio system even before 
Marconi (by several months).

IVe often said of Popov - who was working on a way to detect 
thunderstorms and save lives when he came across wireless signalling - that he 
invented radio but didn't think it was important enough to mention to anyone, 
and once he did, he left it to others to pursue the discovery and went back to 
thunderstorms.

It's my belief the Russian military naturally saw Popov's creation as a 
tremendous new weapon and kept further research a state secret after the intial 
May 7,1895 announcement to the Russian Physicist Society in Saint Petersburg 
when Popov stated he had transmitted and received signals at a distance of about 
1800-feet.

Marconi's first wireless success came late in the summer of 1895.
Had Popov been an entrepreneur in Western Europe and Marconi been a 

researcher in Czarist Russia, certainly their fortunes and standings in the history 
books would have been reversed. The invention of wireless electronic 
communications - radio transmissions and reception - is also said to have been 
the starting point for what we today know as "Electronics" a point virtually 
ignored in the scant coverage in the 1995 100th anniversary of wireless 
electronics communications or as it was known in most of the world, the 
Marconi Centennial.

But maybe now is the time to recognize Marconi and Popov for what they 
truly were - the Inventors of Electronics.

And, to recognize what an incredible stroke of Fate it was that a discovery 
that would impact the world as much as electronics has, would come almost 
simultaneously from two such diverse people as Popov and Marconi: one of 
them said to have been devinely preordained for his discoveries in the 
laboratory, the other said to have realized his discovery while meditating on a 
mountaintop.

Personals

Mhrconi, Guglielmo (1874-1837) Italian physicist and inventor of a 
successful wireless telegraph (1896). In 1909 he received the Nobel Prize for 
Physics, which he shared with German physicist Ferdinand Braun. He later 
worked on the development of shortwave wireless communication, which 
constitutes the basis of nearly all modem long-distance radio.
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Hendrik Lorentz

1853-1928

Eariy Ы1е;
■Hdhdrifc^i^ntz: was bom. in Amhem, Gelderland, son of Gerrit Frederik 

Lorentz(l822--l893), a shopkeeper, and Geertruida van Ginkel (1826 -1861). 
In 1862, after his mother's death, his father married Luberta Hupkes. From 
1866-1869 he attended the newly established high school in Amhem, and in 
1870 Ьб passed the exams in classical languages* which were then required for 
adniission td UiuVemty.

Lorentz studied physics and mathematics at the University of Leiden, 
where he was strongly influenced by the teaching of astronomy professor 
Frederik Kaiser; ,ft toas his influence that led him to become a physicist. After 
earning a bacheidr's: degree, he returned to Amhem in 1872 to teach high school 
classes im mathematics, but he continued his studies in Leiden next to his 
teaching position» In 1875 Lorentz earned a doctoral degree under Pieter Rijke 
on a thesis entitled '-Ctyerde theorie der terugkdatsing en breking van het licht" 
(On the theory of reflection and refraction of light), in which he refined the 
electromagnetic theoty of James Clerk Maxwell.

In 1881 Hendrik married Aletta Catharina Kaiser, niece of Frederik Kaiser. 
She was the daughter o f  Johann Wilhelm Kaiser, director of the Amsterdam's 
Engraving School and professor of Fine Arts, and designer of the first Dutch 
postage stamps (1852). Later Kaiser was the Director of the National Gallery of 
Amsterdam. Hendrik and Aletta's eldest daughter Geertruida Luberta Lorentz 
was to.become a physicist as well.

Professor in Leiden
In , 1878,1 only ,24 years o f age, Lorentz was appointed to the newly 

established chair in theoretical physics at the University of Leiden. On January 
25, 1878 he delivered his inaugural lecture on "De moleculaire theorien in de 
natuurkitnde" (Themdlecular theories in physics).

During the first twenty years' in Leiden Lorentz was primarily interested in 
the theory of eKCtrbmagnetism; to explain the relationship of electricity, 
magnetism, and light. After that he extended his research to a much wider area 
while still focusing on theoretical physics. From his publications it appears that 
Lorentz made contributions to mechanics, thermodynamics*, hydrodynamics*, 
kinetic theories*, solid state theory*, light, and propagation*. His most 
important contributions were in the area of electromagnetism*, the electron 
theory, and relativity*.

Lorentz theorized that the atoms* might consist o f charged particles and 
suggested! that the' oseiUations of these charged particles were the source of light.
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This was experimentally proven in 1896 by Pieter Zeeman, a colleague and 
former student of Lorentz. His name is now associated with the Lorentz-Lorenz 
formula*, the Lorentz force*, the Lorentzian distribution, and the Lorentz 
transformation*. In 1902 Hendrik Lorentz and Pieter Zeeman shared the Nobel 
Prize in, physics for the discovery and elucidation of the Zeeman effect*. 

Electrodynamics and "Relativity"
In 1892 in an attempt to explain the Michelson-Morley experiment*, 

Lorentz proposed that moving bodies contract in the direction of motion (see 
length contraction*; George FitzGerald had already arrived at this conclusion, 
see FitzGerald-Lorentz Contraction*). He introduced the term local time which 
expresses ;the relativity o f  simultaneity* between reference frames in relative 
motion/ Henri Poincare in 1900 called Lorentz's local time a "wonderful 
invention"and showed how it arose when clocks in moving frames are 
synchronized by exchanging light signals which are assumed to travel with the 
same speed against and with the motion of the frame. In 1899 and again in 1904 
Lorentz added' time dilation* to his transformations and published what 
Poincare in 1905 named the Lorentz transformations. It was apparently 
unknown to Lorentz that Joseph Larmor had predicted time dilation, at least for 
оrbitmg electrons, and published the identical transformations in 1897. Larmor's 
and Lorentz's equatiOns-look unfamiliar, but are algebraically equivalent to those 
presented by Pdiaeard and Einstein in 1905 (see Macrossan (1986)). These 
mathematics formulas describe basic effects of the theory of Special relativity*, 
namely the increaseof mass, shortening of length, and time dilation that are 
characteristic of a moving body, all o f which lorentz had discussed in his 1899 
publication.

Mass increase-Was the first prediction of special relativity to be tested, but 
from early, experiments by Kaufmann it appeared that his prediction was wrong; 
this led Lorentz to"the famous remark that he was "at the end of his Latin." Its 
confirmation had to wait until 1908. In 1909,he published "Theory of Electrons" 
based on a series of lectures as Ernest Kempton Adams Lecturer in 
Mathematical Physics at Columbia University.

Рошсагё (19G2)--said of Lorentz's theory of electrodynamics

The mdst satisfactory, theory is that o f  Lorentz; it is unquestionably 
the theory that best explains the known facts, the one that throws into 
relief the greatest number o f  known relations ... it is due to Lorentz that 
the: results o f  Fizeau on the optics o f  moving bodies, the laws o f  normal 
a nd  abnormal ̂ dispersion and o f  absorption are connected with each other 
... b o p k a t th e e m e  with which the new Zeeman phenomenon found its 
place, and even-aided the classification o f  Faraday's magnetic rotation, 
which haddefied all Maxwell's efforts. (Poincare 1902)
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Paul Langevin (1911) said of Lorentz
I t  is the great merit o f  H. A. Lorentz to have seen that the 

fundamental equations o f  electromagnetism admit a  group o f 
transformations which enables them to have the same form when one 
passes from  one frame o f  reference to another; this new transformation 
has the most profound implications fo r  the transformations o f  space and 
Ытё

which nowadays could easily be mistaken for a reference to Einstein. 
Lorentz was chairman of the first Solvay Conference held in Brussels in the 
autumn: of 19Ш  Shortly after the conference, Poincare wrote an essay on 
quantum physics vyhich gives an indication of Lorentz's status at the time:

&>ery. moment [the twenty physicists from different countries] 
could be heard talking o f  the [quantum mechanics] which they contrasted 
with the did mechanics. Now what was the old mechanics? Was it that of 
Newton, the one which still reigned uncontested at the close o f  the 
nineteenth century? No, it was the mechanics o f  Lorentz, the one dealing 
with the principle o f  relativity; the one which, hardly five years ago, 
seejned-tp b e  the height o f  boldness. (Рошсагё 1913)

L ater Life
. In 1912 Lofeijtz retired early to become director of research at Teylers 

Museum in Haarlem, although he remained external professor at Leiden and 
gave weekly, lectures there. Paul Ehrenfest succeeded him in his chair at the 
University of Leiden, founding the Institute for Theoretical Physics which 
would become known as the Lorentz Institute. In addition to the Nobel prize, 
Lorentz received.a great many honours for his outstanding work. He was elected 
a Fellow of the Royal Society in 1905. The Society awarded him their Rumford 
Medal* in 1908 arid jtheir Copley Medal in 1918.

While Lorentz: is mostly known for fundamental theoretical work, he also 
had an.Merest ад practical applications. In the years 1918-1926, at the request of 
the Dutch government, Lorentz headed a committee to calculate some of the 
effects of; the proposed Afsluitdijk (Closure Dike) flood control dam on other 
seaworks in! the Netherlands. Hydraulic engineering* was mainly an empirical 
science at that tiitie, but the disturbance of the tidal flow caused by the 
Afsluitdijk was set unprecedented that the empirical ruies could not be trusted. 
Lorentz ptoposedi to start from the basic hydrodynamic equations of motion and 
solve the prbblem numerically. This was feasible for a "human computer"*, 
because of the quasi-one-dimensional nature of the water flow in the 
Waddenzee. The Afsluitdijk was completed in 1933 and the predictions of 
Lorentz and his committee turned out to be remarkably accurate.
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Death and Legacy
Lorentz was a man of immense personal charm. The very picture of 

unselfishness, full o f genuine interest in whoever had the privilege of crossing 
his path, he endeared himself both to the leaders of his age and to the ordinary 
citizen.

/NLJ.-Kleiii (1967) wrote of Lorentz's reputation in the 1920s:
For many years physicists had always been eager "to hear what 

Lorentz will'say about it" when a new theory way advanced, and, even at 
seyenty-twq; h e  did not disappoint them.

In 1881 Lorentz married Aletta Catharina Kaiser. There were two daughters 
and one son from this marriage. The eldest daughter Dr. Geertruida Luberta 
Lorentz is a physicist in her own right and married Professor W.J. de Haas, 
Director of the Cryogenic Laboratory (Kamerlingh Onnes Laboratory) of the 
University of Leyden.

Lorentz died at Haarlem on February 4,1928.

Personals

Ehrenfest, Paul (1880 -  1933) was an Austrian physicist and 
mathematician, who obtained Dutch citizenship on March 24, 1922. He made 
major contributions to the field of statistical mechanics and its relations with 
quantum mechanics, including the theory of phase transition and the Ehrenfest 
theorem.

„• FitzGerald, George Francis (1851-1901) was an Irish professor of 
"natural\and experimental philosophy" (i.e., physics) at Trinity College, Dublin, 
in the. liaitp:_ Kttfc.;£entur In 1883, following from Maxwell's equations, he 
suggested Or device for producing rapidly oscillating electric current, to generate 
electioiu'agnetic waves, a phenomenon first shown experimentally by Heinrich 
Hertz,; However, he, is; better known for his conjecture in 1889 that if all moving 
ohj&ris.y/q^ in the direction of their motion, it would account for
t h f ; | ^ p ^ :i:eshlt-o| theMichelson-Morley experiment.

jphysicist Hendrik Loreptz hit on a very similar idea in 1892 and 
developed it more fujly In connection with his. theory of electrons. The so-called 
FitzGerald-Lorentz contraction or Lorentz-FitzGerald contraction hypothesis 
later became an important part of Albert Einstein's special theory of relativity, 
published in 1905.

. Fizeau, Armarnd Hip poly te Louis (1819-1896), French physicist, was 
bom jfr ;Pqris,' Tgs earliest work was concerned with improvements in 
photdgjaphic processes; and then, in association with J. B. L. Foucault, he 
engaged in a series o f investigations on the interference of light and heat. In 
1848, ,he discovered the Doppler effect for electromagnetic waves. In 1849 he 
published the frist results obtained by his method for determining the speed of
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light (see Fizeau-Foucault apparatus), and in 1850 with E. Gounelle measured 
the speed of electricity.

Haas-Lorentz, Luberta de=Geertruida Luberta de Haas-Lorentz 
(1885—1973) was the first female Dutch physicist and the first to perform 
fluctuational analysis of electrons as Brownian particles. Consequently she is 
considered to be the first female in electrical noise theory. She was the eldest 
daughter of the physicist H. A. Lorentz and Aletta Catharina Kaiser.

Knufmann, W alter (1871 - 1947) was a German physicist. He began 
teaching at Bonn: University in 1903, and at Kdnigsberg University in 1908.

Langevin, Paul (1872-1946) was a prominent French physicist who 
developed Langevin dynamics and the Langevin equation. He was one of the 
founders of the Coffiite de vigilance des intellectuels antifascistes, an antifascist 
organization created in the wake of the February 6,1934 far right riots. He was 
also president of the Human Rights League (LDH) from 1944 to 1946 —  he had 
just recently joined' the French Communist Party.

Maxwell, James Clerk (1831-1879) was a Scottish mathematician and 
theoretical physicist from Edinburgh, Scotland, UK. His most significant 
achievement was aggregating a set o f equations in electricity, magnetism and 
inductapce -r*-, eponymously named Maxwell's equations —  including an 
important jnodification (extension) of the Ampdre's Circuital Law. It was the 
most unified model Of electromagnetism yet. It is famous for introducing to the 
physics community a detailed model of light as an electromagnetic phenomena, 
building upon the earlier hypothesis advanced by Faraday (Faraday Effect). He 
also- developed the fifaxwell distribution, a statistical means to describe aspects 
of the kidetic theory of gases. These two discoveries helped usher in the era of 
modern physics, laying the foundation for future work in such fields as special 
relativity ;and quantUrh mechanics. He is also known for creating the first true 
colour photograph in. 1861.

Larm or, Joseph (1857-1942) published the Lorentz transformations in the 
Philosophical Transactions o f  the Royal Society in 1897, some two years before 
Hendrik Lorentz (1899, 1904) and eight years before Albert Einstein (1905). 
Larmor predicted the phenomenon of time dilation, at least for orbiting 
electrons, and verified that the FitzGerald-Lorentz contraction (length 
contraction) should occur for bodies whose atoms were held together by 
electromagnetic forces. In his book Aether and Matter (1900), he again 
presented the Lorentz transformations, time dilation and length contraction 
(treating these as dynamic rather than kinematic effects).

Poincare, Henri (1854 -  1912) was one of France's greatest 
mathematicians and theoretical physicists, and a philosopher of science. 
Poincard is often described as a polymath, and in mathematics as The Last 
Universalist, since he excelled in all fields of the discipline as it existed during 
his lifetime. As a mathematician and physicist, he made many original 
fundamental contributions to pure and applied mathematics, mathematical
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physics, and celestial mechanics. He was responsible for formulating the 
Poincare conjecture, one of the most famous problems in mathematics.

Zeeman, Pieter (1865-1943) was a Dutch physicist who shared the 1902 
Nobel Prize in Physics with Hendrik Lorentz for his discovery of the Zeeman 
effect.

Proper Names

Afsluitdijk (Clbsure-dike) is a major dike in the Netherlands, constructed 
between 1927 and 1933 and running from Den Oever on Wieringen in North 
Holland- province, to the village of Zurich (mun. Wunseradiel) in Friesland 
province, over a length of-32 km (20 miles) aiid a width o f 90 m, at an initial 
height o f  7 .25 'm  above sea-level (53° 00’ 00" N 05° 10' 00" E). It is a 
fundamental jjart of the larger Zuiderzee Works, damming off the Zuiderzee, a 
salt water M e t of the North Sea and turning it into the fresh water lake of the 
Ijsselmeer. : . . . .  ■: . ■

Rumford Medal; in. 1796, Benjamin Thompson, known as Count 
Rumford, gave $5000 separately to the Royal Society of London and the other 
by the: Ащ епсат Academy of Arts and Sciences to give awards every two years 
for outstanding scientific research on heat or light. The Royal Society awards 
the Rumfprd Medal; the American Academy of Arts and Sciences awards the 
RumfordPrize.

Waddenzee= The Wadden Sea (Vadehavet in Danish, Waddemee in 
Dutch; Waadsee in Frisian, Wdtiensee in Low German, Wattenmeer in German) 
is the riame for a  of water and its associated coastal wetlands lying 
between-а section of the coast of northwestern continental Europe and the North 
Sea. The Wadden Sea stretches from Den Helder in the Netherlands in the 
southwest, past the river estuaries of Germany to its northern boundary at 
Skaffingen north of Esbjerg in Denmark along a total length of some 500 km and 
a total агед-of about 10,000 km2.

Albert Einstein 

1879-1955

The German-American physicist Albert Einstein, b. Ulm, Germany, Mar. 
14, 1879, d. Princeton, N J., Apr. 18, 1955, contributed more than any other 
scientist to the 20th-century vision of physical reality. In the wake of World War 
I, Einstein's theories - especially his theory of relativity - seemed to many people
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to point to a pure quality of human thought, one far removed from the war and 
its aftermath. Seldom has a scientist received such public attention for having 
cultivated the fruit of pure learning.

Early Life
Einstein's parents, who were nonobservant Jews, moved from Ulm to 

Munich when Einstein was an infant. The family business was the manufacture 
of electrical apparatus; when the business failed (1894), the family moved to 
Milan, Italy. At this time Einstein decided officially to relinquish his German 
citizenship. Within a year, still without having completed secondary school, 
Einstein failed an examination that would have allowed him to pursue a course 
of study leading to a diploma as an electrical engineer at the Swiss Federal 
Institute of Technology (the Zurich Polytechnic). He spent the next year in 
nearby Aarau at the cantonal secondary school, where he enjoyed excellent 
teachers and first-rate facilities in physics. Einstein returned in 1896 to the 
Zurich Polytechnic, where he graduated (1900) as a secondary school teacher of 
mathematics and physics.

After a lean two years he obtained a post at the Swiss patent office in Bern. 
The patent-office work required Einstein's careful attention, but while employed 
(1902-09) there, he completed an astonishing range of publications in theoretical 
physics. For the most part these texts were written in his spare time and without 
the benefit o f close contact with either the scientific literature or theoretician 
colleagues. Einstein submitted one of his scientific papers to the University of 
Zurich to obtain a Ph.D. degree in 1905. In 1908 he sent a second paper to the 
University of Bern and became privatdocent, or lecturer, there. The next year 
Einstein received a  regular appointment as associate professor o f physics at the 
University of Zurich.

By 1909, Einstein was recognized throughout German-speaking Europe as 
a  leading scientific thinker. In quick succession he held professorships at the 
German University of Prague and at the Zurich Polytechnic. In 1914 he 
advanced to the most prestigious and best-paying post that a theoretical physicist 
could hold in central Europe: professor at the Kaiser-Wilhelm Gesellschaft in 
Berlin. Although Einstein held a cross-appointment at the University of Berlin, 
from this time on he never again taught regular university courses. Einstein 
remained on the staff at Berlin until 1933, from which time until his death 
(1955) he held an analogous research position at the Institute for Advanced 
Study in Princeton, N.J.

Scientific W ork. The 1905 Papers
In the first o f three seminal papers published in 1905, Einstein examined 

the phenomenon discovered by Max Planck, according to which electromagnetic 
energy seemed to be emitted from radiating objects in quantities that were 
ultimately discrete. The energy of these quantities - the so-called light-quanta
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was directly proportional to the frequency of the radiation. This circumstance 
was perplexing because classical electromagnetic theory, based on Maxwell's 
equations and the laws of thermodynamics, had assumed that electromagnetic 
energy consisted of waves propagating in a hypothetical, all-pervasive medium 
called the luminiferous ether*, and that the waves could contain any amount of 
energy no matter how small. Einstein used Planck's quantum hypothesis to 
describe visible electromagnetic radiation, or light. According to Einstein's 
heuristic* viewpoint, light could be imagined to consist of discrete bundles of 
radiation. Einstein used this interpretation to explain the photoelectric effect, by 
which certain metals emit electrons when illuminated by light with a given 
frequency. Einstein's theory, and his subsequent elaboration of it, formed the 
basis for much of quantum mechanics.

The second of Einstein's 1905 papers proposed what is today called the 
special theory of relativity. At the time Einstein knew that, according to Hendrik 
Antoon Lorentz's theory of electrons, the mass of an electron increased as the 
velocity of the electron approached the velocity of light. Einstein also knew that 
the electron theory, based on Maxwell's equations, carried along with it the 
assumption of a luminiferous ether, but that attempts to detect the physical 
properties of the ether had not succeeded. Einstein realized that the equations 
describing the motion of an electron in fact could describe the nonaccelerated 
motion of any particle or any suitably defined rigid body. He based his new 
kinematics on a reinterpretation of the classical principle of relativity - that the 
laws of physics had to have the same form in any frame of reference. As a 
second fundamental hypothesis, Einstein assumed that the speed of light 
remained constant in all frames of reference, as required by classical 
Maxwellian theory*. Einstein abandoned the hypothesis of the ether, for it 
played no role in his kinematics or in his reinterpretation of Lorentz's theory of 
electrons. As a consequence of his theory Einstein recovered the phenomenon of 
time dilatation, wherein time, analogous to length and mass, is a function of the 
velocity of a frame of reference (  Fitzgerald-Lorentz contraction). Later in 1905, 
Einstein elaborated how, in a certain manner o f speaking, mass and energy were 
equivalent. Einstein was not the first to propose all the elements that went into 
the special theory of relativity; his contribution lies in having unified important 
parts of classical mechanics and Maxwellian electrodynamics.

The third of Einstein's seminal papers of 1905 concerned statistical 
mechanics, a field of study that had been elaborated by, among others, Ludwig 
Boltzmann and Josiah Willard Gibbs. Unaware of Gibbs' contributions, 
Einstein extended Boltzmann's work and calculated the average trajectory of a 
microscopic particle buffeted by random collisions with molecules in a fluid or 
in a gas. Einstein observed that his calculations could account for brownian 
motion, the apparently erratic movement of pollen in fluids, which had been 
noted by the British botanist Robert Brown. Einstein's paper provided 
convincing evidence for the physical existence of atom-sized molecules, which
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had already received much theoretical discussion. His results were 
independently discovered by the Polish physicist Marian von Smoluchowski 
and later elaborated by the French physicist Jean Perrin.

The General Theory of Relativity
After 1905, Einstein continued working in all three of the above areas. He 

made important contributions to the quantum theory*, but increasingly he 
sought to extend the special theory qf relativity to phenomena involving 
acceleration*. The key tQ ад elaboration emerged in 1907 with the principle of 
equivalence, in which gravitational acceleration was held a priori 
indistinguishable from acceleration caused by mechanical forces; gravitational 
mass was therefore identical with inertial mass. Einstein elevated this identity, 
which is implicit in the work of Isaac Newton, to a guiding principle in his 
attempts to explain both electromagnetic and gravitational acceleration 
according to one set o f physical laws. In 1907 he proposed that if  mass were 
equivalent to energy, then the principle of equivalence required that 
gravitational mass would interact with the apparent mass of electromagnetic 
radiation, which includes light. By 1911, Einstein was able to make preliminary 
predictions about how a ray of light from a distant star, passing near the Sun, 
would appear to be attracted, or bent slightly, in the direction of the Sun's mass. 
At the same time, light radiated from the Sun would interact with the Sun's 
mass, resulting in a slight change toward the infrared end of the Sun's optical 
spectrum. At this juncture Einstein also knew that any new theory of gravitation 
would have to account for a small but persistent anomaly in the perihelion 
motion of the planet Mercury.

About 1912, Einstein began a new phase of his gravitational research, with 
the help of his mathematician friend Marcel Grossmann, by phrasing his work 
in terms of the tensor calculus of Tullio Levi-Civita and Gregorio Ricci- 
Curbastro. The tensor calculus greatly facilitated calculations in four
dimensional space-time, a notion that Einstein had obtained from Hermann 
Minkowski's 1907 mathematical elaboration of Einstein's own special theory of 
relativity. Einstein called his new work the general theory of relativity. After a 
number of false starts, he published (late 1915) the definitive form of the general 
theory. In it the gravitational field equations were covariant; that is, similar to 
Maxwell's equations, the field equations took the same form in all equivalent 
frames of reference. To their advantage from the beginning, the covariant field 
equations gave the observed perihelion motion* of the planet Mercury. In its 
original form, Einstein's general relativity has been verified numerous times in 
the past 60 years, especially during solar-eclipse expeditions when Einstein's 
light-deflection prediction could be tested.
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L a te r  L ife

When British eclipse expeditions in 1919 confirmed his predictions, 
Einstein was lionized by the popular press. Einstein's personal ethics also fired 
public imagination. Einstein, who after returning to Germany in 1914 did not 
reapply for German citizenship, was one of only a handful of German professors 
who remained a pacifist and did not support Germany's war aims. After the war, 
when the victorious allies sought to exclude German scientists from 
international meetings, Einstein a Jew traveling with a Swiss passport - 
remained an acceptable German envoy. Einstein's political views as a pacifist 
and a Zionist pitted him against conservatives in Germany, who branded him a 
traitor and a defeatist. The public success accorded his theories of relativity 
evoked savage attacks in the 1920s by the anti-Semitic physicists Johannes Stark 
and Philipp Lenard, men who after 1932 tried to create a so-called Aryan 
physics in Germany. Just how controversial the theories of relativity remained 
for less flexibly minded physicists is revealed in the circumstances surrounding 
Einstein's reception of a Nobel Prize in 1921 -  it was awarded not for relativity 
but for his 1905 work on the photoelectric effect.

With the rise of fascism in Germany, Einstein moved (1933) to the United 
States and abandoned his pacifism. He reluctantly agreed that the new menace 
had to be put down through force of arms. In this context Einstein sent (1939) a 
letter to President Franklin D. Roosevelt that urged that the United States 
proceed to develop an atomic bomb before Germany did. The letter, composed 
by Einstein's friend Leo Szilard, was one of many exchanged between the White 
House and Einstein, and it contributed to Roosevelt’s decision to fund what 
became the Manhattan Project.

However much he appeared to the public as a champion of unpopular 
causes, such as his objection in the 1950s to the House Committee on Un- 
American Activities and his efforts toward nuclear disarmament, Einstein's 
central concerns always revolved around physics. At the age of 59, when other 
theoretical physicists would long since have abandoned original scientific 
research, Einstein and his co-workers Leopold Infeld  and Banesh Hoffmann 
achieved a major new result in the general theory of relativity.

Until the end of his life Einstein sought a unified field theory, whereby the 
phenomena of gravitation and electromagnetism could be derived from one set 
of equations. Few physicists followed Einstein's path in the years after 1920. 
Quantum mechanics, instead of general relativity, drew their attention. For his 
part, Einstein could never accept the new quantum mechanics with its principle 
of indeterminacy, as formulated by Werner Heisenberg and elaborated into a 
new epistemology by Niels Bohr. Although Einstein's later thoughts were 
neglected for decades, physicists today refer seriously and awesomely to 
Einstein's dream - a grand unification of physical theory.
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Personals

Bohr, Niels Henrik David was a Danish physicist who was the first to 
apply the quantum theory, which restricts the energy of a system to certain 
discrete values, to the problem of atomic and molecular structure. For this work 
he received the Nobel Prize for Physics in 1922. He developed the so-called 
Bohr theory of the atom and liquid model of the atomic nucleus.

Boltzmann, Ludwig Eduard (1844 -  1906) was an Austrian physicist 
famous for his founding contributions in the fields of statistical mechanics and 
statistical thermodynamics. He was one of the most important advocates for 
atomic theory when that scientific model was still highly controversial.

Brown, R obert (1773 — 1858) is acknowledged as the leading British 
botanist to collect in Australia during the first half of the 19th century. In 1827, 
while examining pollen grains and the spores of mosses and Equisetum 
suspended in water under a microscope, Brown observed minute particles within 
vacuoles in the pollen grains executing a continuous jittery motion. He then 
observed the same motion in particles of dust, enabling him to rule out the 
hypothesis that the motion was due to pollen being alive. Although he himself 
did not provide a theory to explain the motion, the phenomenon is now known 
as Brownian motion in his honour.

Gibbs, Josiah Willard (1839 -  1903) was a preeminent American 
mathematical-engineer, theoretical physicist, and chemist noted for his famed 
1876 publication of On the Equilibrium o f  Heterogeneous Substances, a 
graphical analysis of multi-phase chemical systems, which laid the basis for a 
large part of modern-day science. Being one of the greatest American scientists 
of the nineteenth century, he devised much of the theoretical foundation for 
chemical thermodynamics as well as physical chemistry. As a mathematician, he 
was an inventor of vector analysis.

Grossmann, Marcel (1878 1936) was a mathematician, a friend, and a 
classmate of Albert Einstein. He became a Professor of Mathematics at the 
Federal Polytechnic Institute in Zurich, today the ETH Zurich, specialising in 
descriptive geometry.

Heisenberg, W erner K arl (1901 -  1976) was a celebrated German 
physicist and Nobel laureate, one of the founders of quantum mechanics and 
acknowledged to tie one of the most important physicists of the twentieth 
century. He was bom in Wurzburg, Germany and died in Munich. Heisenberg 
was the‘head; of the German nuclear energy project, though the nature of this 
project, and his work in  this capacity, has been heavily debated. He is most well- 
known 'ifdr1 diScbveiing one of the central principles of modem physics, the 
Heisenberg uncertainty principle.

Hoffmann, Banesh (1906 -  1986) was a mathematician and physicist best 
known: for his associations with Albert Einstein. While at the Institute for
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Advanced Study in Princeton, Hoffmann collaborated with Einstein and Leopold 
Infeld on the classic paper Gravitational Equations and the Problem o f  Motion.

Infeld, Leopold (1898—1968) was a Polish physicist. He was a Rockefeller 
fellow at Cambridge University and a member of the Polish Academy of 
$deBdejii!№: was-'ttferested in the theory of relativity. He worked together with 
Albert Einstein at Princeton University. These two scientists co-formulated the 
equation describing star movements. He was awarded a doctorate at the 
Jagjellonian University and worked as a professor at the University of Toronto 
between i939 and 1950.

Levr-Civita, TuIIio (1873 - 1941) was an Italian mathematician, most 
famous.Tor h is Work-on absolute differential calculus (tensor calculus) and its 
applications to the theory of relativity but who also made significant 
contributions in other areas. He was a pupil o f Gregorio Ricci-Curbastro, the 
inventor'.of tensor calculus. His work included foundational papers in both pure 
and applied mathematics, celestial mechanics (notably on the three-body 
problem) and hydrodynamics.

Minkowski, Hermann (1864 -  1909) was a Lithuanian-born German 
mathematician who developed the geometry of numbers and who used 
geometrical methods to solve difficult problems in number theory, mathematical 
physics, and the theory of relativity.

Penan, Jean Baptiste (1870 -  1942) French physicist who, in his studies 
of the Brownian morion o f minute particles suspended in liquids, verified Albert 
Einstein's explanation of this phenomenon and thereby confirmed the atomic 
nature o f matter. For this achievement he was honoured with the Nobel Prize for 
Physics in-i926.

Ricci-Curbastro, Gregorio (1853 -  1925) was an Italian mathematician. 
He is most famous as die inventor of the tensor calculus but published important 
work in many fields. His most famous single publication, The Absolute 
differential Calculus, was published under the name Ricci and co-authored by 
his former student Tullio Levi-Civita.

Smoluchowski, M arian von {Marian Ritter von Smolan Smoluchowski) 
(1872- < 1917) was a Polish scientist, pioneer of statistical physics and a 
mountaineer. He described Brownian motion and worked on the kinetic theory 
at the sameUime as Albert Einstein. Smoluchowski presented an equation which 
became the basis o f the theory of stochastic processes. In 1908 Smoluchowski 
b e e ^ e :ih e  first physicist to ascribe the phenomenon of critical opalescence to 
large density fluctuations.
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CHEM ISTS

Antoine L aurent Lavoisier 

1743-1794 

The Gifted Student

Antoine Laurent Lavoisier was bom on the 26th of August, 1743, the son 
of Jean-Antoine Lavoisier, a prominent advocate, and his wife and Emilie 
Punctis, the daughter of an advocate of the Parliament. Emilie died three 
years after the birth of their daughter Marie. Antoine was 5 years old at the 
time, and his father thought it best to leave their house and move in with his 
mother. Young Antoine and his sister spent their formative years in the care of 
their aunt, Mile Constance Punctis, who so loved the children; she devoted her 
life to them, choosing not to marry so she could give them her full attention, as 
did their father Jean-Antoine.

Antoine Lavoisier's aunt knew the importance of a good education, and in 
1754, she enrolled Antoine at the College Mazarin, which was renowned for its 
science and mathematics faculty. While at Mazarin, Lavoiser studied under 
astronomer Abbe Nicolas Louis de Lacaille, geologist Jean-Etienne Guettard, 
botanist Bernard de Jussieu, and chemist Guillaume Francois Rouelle.

Lavoisier was a model student, received many awards, and it was also there 
he conducted many of his first serious experiments, either on his own, or 
assisting his teachers. In addition to his scientific schooling, Antoine Lavoisier 
studied law, earning a bachelor's degree and a license to practice in 1764.

However, Lavoisier soon realized his one true vocation was science, and he 
resumed his studies in mineralogy and chemistry. In 1768, Lavoisier made his 
first lecture to the Academie Royale des Sciences, an analysis of gypsum and its 
calcination into plaster of Paris.

The Fermier Takes a Wife.
Although his main interest is science, Lavoisier recognized that he would 

need to become a man of means in order to afford all the instruments and 
components needed for his experiments, so he took advantage of his 
administrative knowledge, and took a job as a tax collector, deputy to the 
"fermier general" Baudon, eventually to become a full-fledged "fermier" himself

In 1771, Antoine Lavoisier married Marie-Anne Pierrette Paulze, a bright 
young woman who helped Lavoisier with his experiments, expertly illustrating 
them, and recording them fOT analysis and publication. She even took it upon 
herself to learn English, so that she could keep in touch with the scientific 
developments which were taking place in England. One could say that Marie-
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Anne was Lavoisier's scientific partner and equal, but alas, 18th Century Europe 
did not yet offer a favorable climate for the equality of the sexes. Fortunately, 
there are enough documents on the Lavoisiers' life and experiments so that we 
may now give credit where credit is due; if Lavoisier is to Ire referred to as "The 
Father of Modem Chemistry", it is only fitting that Marie-Anne be considered 
"The Mother of Modem Chemistry".

Lavoisier's experiments may not have been spectacular by today's 
standards, but at the time, they were quite revolutionary; in fact, Lavoisier was 
instrumental in overthrowing the phlogistic doctrine, which had been 
unchallenged for over a century.

The phlogistic theory proposed by German alchemist Johann Joachim 
Becher late in the 17th century, was that a colorless, odorless, and weightless 
substance called "phlogiston", so named by Georg Ernst Stahl, was present in 
all materials and would be released during the burning process, the resulting ash 
being the remaining "dephlogisticated" material, requiring one to believe that 
phosphorous, carbonic, and sulphurous acids produced by combustion were to 
be considered elementary substances.

Lavoisier showed that oxygen was the acid producing element, a 
conclusion he reached by experimenting with the combustion of non-metallic 
elements, showing that acids were still being produced during the burning 
process. Of course, his theory would be "improved upon" a few years later by 
Sir Humphry Davy, Louis Joseph Gay-Lussac, and Louis-Jacques Thenard, 
whose experiments with hydrochloric acid, chlorine, and hydrocyanic acid, 
showed that acid could be produced without oxygen.

Louis Joseph Gay-Lussac, was a former student and assistant of Claude 
Berthollet, who had never been in total agreement with Lavoisier's doctrine. 
Another dissenter was British chemist Joseph Priestley, the man credited for the 
discovery of oxygen or "dephlogisticated air", who championed the phlogiston 
theory his entire life. At first, Lavoisier referred to oxygen as "air in its purest 
form", but later called it oxygen, from the Greek w o rd s  o x u s , meaning sharp, 
acid; and ginomai, meaning to become, or cause to be.

Antoine Lavoisier Publishes His Findings
Lavoisier also made significant discoveries using by weighing various 

substances using a balance. He proved that water was not converted into earth 
by the process of distillation, showing that its weight did not change mass while 
being boiled in a sealed glass container.

Relentless in his pursuit of knowledge and logical, or valid reasoning, 
Lavoisier conducted hundreds of experiments, all of them challenging the 
preconceived notions of the age. He analyzed gasses, various qualities of air, the 
breathing of animals and humans, studied the metabolism of organic compounds, 
and the reaction of various materials being subjected to combustion and 
oxidation.

125



In 1774, Antoine Lavoisier published Opuscules Physiques et Chymiques, 
one of his most important scientific texts. The book, like many others 
documenting his discoveries, was richly illustrated by Marie-Anne Pierrette. In 
all, Lavoiser is credited with several hundred published works ranging from 
papers on subjects such as chemistry, geology and meteorology, to laboratory 
textbooks for use in academic programs.

In addition to all his research and laboratory work, Lavoisier continued to 
serve as fermiers-general, applying both his administrative and scientific 
aptitudes to agriculture, and other tasks that were assigned to him.

Fermier By Day, Chemist By Night

In 1775, Lavoisier was appointed regisseur des poudres et poudres et 
salpetre, and immediately went to work on improving the composition of 
gunpowder. He also increased the production o f salt, and put an end to invasive 
searches of the basements of private homes for saltpeter.

Also serving as secretary to the committee on agriculture, Lavoisier was 
very thorough, providing reports and instructional texts to be used by farmers so 
that they may grow more bountiful crops and raise better livestock, based on his 
experiments on his own farm in Frechine. It was evident that Lavoisier did not 
confine his quest for knowledge to a laboratory, choosing to view the world as 
one ever-lasting experiment.

In addition to imparting agricultural know-how and accounting skills, 
Lavoisier made good use of his position to help those less fortunate, going as far 
as advancing money from his own pocket to villages so that they may purchase 
grain during the famine of 1788. He was even one of

One would think his genius and philanthropy would gain him the love and 
admiration of many, but as one of the most highly visible fermiers-general, he 
would eventually become a target for those who sought to expose the greed and 
corruption which some of the other, less virtuous tax collectors of the 
association. France was in full agricultural, industrial, and economic expansion, 
but there was much unrest, as high taxes were collected from the poor to line the 
pockets of the rich.

Lavoisier Loses His Head

The French Revolution had been raging on for three years, and in 1791, the 
Ferme-Generale was suppressed. Antoine Lavoisier, along with the other 
Fermiers, was subjected to revolutionary activist Jean-Paul Marat's poison pen. 
Lavoisier left the Royal Arsenal, forced to resign from his post with the 
Gunpowder Commission, being accused of having tried to replace the current 
stocks of gunpowder with lesser quality gunpowder.
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Not long after, amidst the numerous arrests that were made following the 
revolution, Lavoisier and 28 members of the Ferme-Generale were arrested by 
government security forces. On December 24th, 1793, soldiers broke into 
Lavoisier's laboratory, interrupting a peculiar experiment in which a test subject 
was hermetically sealed in a silk bag, breathing through a tube into a collecting 
flask. One can only imagine how odd the scene must have been for the armed 
thugs, who were arresting Lavoisier on the pretext that he was endangering the 
public's health by adding water and other ingredients to tobacco to prevent it 
from drying up too fast.

On the 7th of May of 1794, Lavoisier was tried before the Revolutionary 
Tribunal. The trial was a farce, and lasted only two days. An appeal was made 
by his supporters for the court to reconsider executing such a man of genius and 
intellect, but alas, Coffinhal, the president of the tribunal replied "La Republique 
n'a pas besoin de savants", meaning the republic had no use for scientists. 
Lavoisier was condemned to die, and on the 8th day of May 1794, at the age of 
51, he was guillotined along with the other fermiers-general, including his 
father-in-law, Jacques Paulze.

Personals

Becher, Johann Joachim (1635-1682) was a chemist, physician, and 
adventurer whose theories of combustion influenced Georg Stahl's phlogiston 
theory. Becher believed substances to be composed of three earths, the 
vitrifiable, the mercurial, and the combustible. He supposed that when a 
substance burned, a  combustible earth was liberated.

Berthollet, Claude (1748-1822) was a central French figure in the 
emergence of chemistry as a modem discipline in the late 18th century. He 
combined acute experimental skills with fundamental theoretical proposals 
about the nature of chemical reactions, eventually leading to the law of mass 
action. Berthollet was one of the first chemists to recognize the characteristics of 
a reverse reaction, and hence, chemical equilibrium. Potassium Chlorate 
(KC103), a strong oxidizer, is known as Berthollet's Salt. Non-stoichiometric 
compounds are also named berthollides in his honor.

Davy, H um phry=Sir Humphry Davy, 1st Baronet, (1778 -1 8 2 9 ) was a 
British chemist and physicist. Davy is probably best remembered today for his 
discoveries of several alklai and alkaline-earth elements, as well as contributions 
to the discoveries of the elemental nature of chlorine and iodine.

Gay^Lussao, Joseph Louis (1778 -  1850) was a French chemist and 
physicist. He is knciwn mostly for two laws related to gases, and for his work on 
alcohol-water mixtures, which led to the degrees Gay-Lussac used to measure 
alcohoiicbeveragesinmany countries.

127



Guettard, Jean-Etienne (1715-1786) was a French geologist and 
mineralogist who was the first to survey and map the geologic features of France 
and to study the exposed bedrock of the Paris Basin. He was also the first to 
recognize the volcanic nature of the Auvergne region of central France.

Jussieu, Bernard de (1699 - 1777) was a French naturalist. He published 
his Histoire des polypes d'eau douce, Jussieu maintained the doctrine that these 
organisms were animals, and not the flowers of marine plants, then the current 
notion; and to confirm his views he made three journeys to the coast of 
Normandy,

Lacaille, Louis de=Abbe Nicolas Louis de Lacaille (1713 -  1762) was a 
French astronomer. He is noted for his catalogue of nearly 10,000 southern stars, 
including 42 nebulous objects. This catalogue, called Coelum Australe 
Stelliferum, was published posthumously in 1763. It introduced 14 new 
constellations which have since become standard. He also calculated a table of 
eclipses for 1800 years.

M arat, Jean-Patil (1743 -  1793), was a Swiss-born French scientist and 
physician who ihader fflueh of: his career in Great Britain, but is best known as an 
aetivist in the French Revolution. A  fiery journalist, an advocate of such violent 
measur&s as the September 1792 massacres of jailed "enemies of the 
Revolution," and a member of the radical Jacobin faction during the French 
Revolution, he helped launch the Reign of Terror and compiled "death lists." He 
was stabbed to death in his bathtub by Charlotte Corday.

Paulze, Marie-Anne Pierette (1758-1836), more commonly known as 
M adame Lavoisier the “mother of modern chemistry3’. She is most commonly 
known as thej wife of 'Antoine Lavoisier, but many do not know of her 
accomplishments in the realm of chemistry.

Priestley, Joseph (1733-1804) was a British natural philosopher, 
Dissenting clergyman, political theorist, theologian, and educator. He is usually 
credited with the discovery of oxygen gas.

Rouelle, Guillaume Francois (1703-1770) was a French chemist and 
apothecary. He is known as I'Aind (the elder) to distinguish him from his 
younger brother, Hilaire Rouelle, who was also a chemist and known as the 
discoverer o f urea. He started a public course in his laboratory in 1738 where he 
taught many students among whom were Denis Diderot, Antoine-Laurent de 
Lavoisier and Antoine-Augustin Parmentier.

Stahl, Georg Ernst (1660-1734) was a German educator, chemist, and 
esteemed medical theorist and practitioner. His chemical theory of phlogiston 
dominated European chemistry until the “Chemical Revolution” at the end of 
the 18th century.

Thenard, Louis-Jacques (1777-1857) was a French chemist, teacher, and 
author o f an influential four-volume text on basic chemical theory and practice 
(1813-16). His first original paper (1799) was on the compounds of arsenic and 
antimony with oxygen and stilphur. In 1807, he began important research into
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ethers, fjis researefies on sebacic acid (1802) and on bile (1807) deserve 
mention as well, as does his discovery of hydrogen peroxide (1818). In 1799 he 
developed the pigment known as Thdnard's blue in response to a request by 
Jean-Antoine-Claude phaptal for a cheap colouring matter.

E rnst O tto Fischer 

1918

The field of organometallic chemistry-the study of compounds of metal and 
carbon-is tremendously important not only for the understanding of such basic 
structures as the В vitamins, but also of the chemical industry as a whole. The 
growth of plastics as well as the refining of petroleum hydrocarbons all involve 
at some stage the metal-to-carbon bond which is at the heart of organometallic 
chemistry, and Ernst Otto Fischer has played a crucial role in furthering this 
science. A со-redpient of the 1973 Nobel Prize for chemistry for his X-ray 
analysis of the structure of a particular iron-to-carbon bond in so-called 
"sandwich compounds," Fischer, working with members of his research 
laboratory in Munich, was also on the cutting edge of transition-metal research, 
synthesizing totally new classes of compounds.

Fischer was bom on November 10, 1918, in the Munich suburb of Solln. 
The third child of Valentine Danzer Fischer and Karl Tobias Fischer, a physics 
professor at Munich's Technische Hochschule, Fischer attended the Theresien 
Gymnasium (high school), graduating in 1937. He subsequently did his 
compulsory service in the German army, the compulsory two-year period being 
extended due to the outbreak of World War II in 1939. In between serving in 
Poland, France, and Russia, Fischer managed, in the winter o f 1941-42, to begin 
his studies in chemistry at the Technische Hochschule in Munich. Captured by 
the Americans, he was held in a prisoner of war camp until repatriation in the 
fall of 1945. He resumed his chemistry studies in Munich in 1946, working 
under Walter Hieber, well known for his early work on combining metals with 
molecules of carbon and oxygen, or metal-caibonyl chemistry. Fischer earned 
his Ph.D. degree in 1952 for research on carbon-to-nickel bonds; his course was 
well set by this time for a career in the new field of organometallic chemistry.

After earning his doctorate, Fischer remained at the Technische 
Hochschule, working as an assistant researcher. He and his first research 
students were drawn to a puzzling compound reported by the chemists T. Kealy 
and P. Pauson. In an attempt to link two cyclopentadiene-five-carbon-rings 
together, these scientists discovered an unknown compound which they believed 
involved an iron atom linked between two consecutive longitudinal rings of 
carbon. The intervening iron atom seemed to join with a carbon atom on each of 
the rings. That such metal-to-carbon bonds exist was not the surprising thing. In
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fact, such unstable bonds are necessary for catalytic processing of such 
compounds. What was interesting about this compound (initially called 
dicyclopentadienyl iron) was that it was not unstable at all. It was in fact highly 
stable both thermally and chemically. Such stability made no sense to Fischer 
given the nature of the proposed structure of the compound, and he theorized 
that it was in fact an entirely new sort o f molecular complex. An English 
chemist, Geoffrey Wilkinson, soon proposed an alternate structure to the 
compound (now renamed ferrocene). He described ferrocene as made up of an 
atom of iron sandwiched between two parallel rings, one on top of the other 
rather than in a line on the same plane. Thus the iron formed bonds not just with 
a  single atom on each ring, but with all of the atoms and also with the electrons 
within the rings, accounting for its stability. From this description came the term 
"sandwich compounds." Meanwhile, Fischer and his research team, including 
W. Pfab, carried out meticulous X-ray crystallography on ferrocene, elucidating 
the compound's structure, and proving Wilkinson's theory correct. The 
examination and discovery of the structure of ferrocene was a watershed event 
in the field of organometallic chemistry, providing work for a new generation of 
inorganic chemists.

From ferrocene, Fischer and his team went on to determine the structure of, 
as well as synthesize, other transition metals-those substances at a stage in 
between metal and organic - particularly dibenzenechromium, an aromatic 
hydrocarbon. Such substances are termed aromatic not because of smell, but 
because of structure: they are hydrocarbons in closed rings which are capable of 
uniting with other atom groups. Fischer showed dibenzenechromium to be 
another sandwich compound with two rings of benzene joined by an atom of 
chromium in between. This bit of research earned him world-wide renown in 
scientific circles, as the neutral chromium molecule and neutral benzene 
molecules had been thought to be uncombinable. Fischer's rise in academia 
paralleled the swift advance of his research: by 1954 he was an assistant 
professor at the Technische Hochschule; by 1957, a full professor at the 
University of Munich; and in 1964 he returned to the Technische Hochschule-by 
now called the Technische Universitat or Technical University-as a director of 
the Institute for Inorganic Chemistry, replacing the retiring director and his 
former mentor, Professor Hieber. Fischer's laboratory, equipped with all the 
latest equipment for spectrographic and structural analysis, soon became a 
center for worldwide organometallic research, and Fischer, who excelled both as 
a  lecturer and as researcher, soon became the leading spokesperson for the new 
study. He also began lecturing around the world, and spent two visiting 
professorships in the United States in 1971 and 1973.

In 1973 Fischer, shared the Nobel Prize for chemistry with the English 
chemist Sir Geoffrey Wilkinson. The two scientists were cited for their 
"pioneering work, performed independently, on the chemistry of the 
organometallic, so-called sandwich compounds." Around this time, Fischer and
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his team at Munich's Technical University were successfully synthesizing both 
the first carbene complexes and carbyne complexes-carbon atoms triply joined 
to metal atoms-which heralded an entirely new class of metal complexes of a 
transitional sort and spurred research in the field.

In addition to the Nobel, Fischer-a life-long bachelor-has also won the 
Gottingen Academy Prize in 1957 and the Alfred Stock Memorial Prize of the 
Society of German Chemists in 1959, as well as honorary membership in the 
American Academy of Arts and Sciences and full membership in the German 
Academy of Scientists. Among the many commercial and industrial spin-offs of 
his work is the creation of catalysts employed in the drug industry and also in oil 
refining, leading to the manufacture of fuels with low lead content.

Personals

Wilkinson, Geoffrey (1921=1996) was a British chemist, joint recipient 
with Ernst Fischer, o f the Nobel Prize for Chemistry in 1973 for their 
independent works ba organometallic chemistry. He is well known for his 
invention-Of WiBdnson's catalyst RhGl(PPh3)3, and for the discovery of the 
structure of ferrocene. Wilkinson's catalyst is used industrially in the 
hydrogeiiatioh of alkOnes to alkanes.

W illiam  R am say  

1852-1916

The first two decades of William Ramsay's career were spent on a variety 
of comparatively insignificant studies, including work on the alkaloids*, water 
loss in salts, the solubility of gases in solids, and a class of organic compounds 
known as the diketones. It was not until 1892 that he became engaged in the line 
of research for which he was eventually to win a Nobel Prize, the study of the 
inert gases. Those studies were to occupy Ramsay for most of the next decade 
and to win him worldwide fame for his participation in the discovery of five new 
chemical elements.

Ramsay was bom on October 2, 1852, at Queen's Crescent, Glasgow, 
Scotland. He was the only child of William Ramsay, a dv il engineer, and the 
former Catharine Robertson, who came from a family of physicians. In spite of 
this scientific background, young William showed no particular interest in the 
sciences and had a classical liberal education at Glasgow Academy.

When he entered the University of Glasgow at the age of fourteen in 1866, 
Ramsay chose to remain in a classical curriculum that included literature, logic,
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and mathematics, thinking that he might join the clergy. Over a period of time, 
however, his interests shifted toward the sciences and, from 1869 to 1870, he 
worked as an apprentice to a local chemist, Robert Tatlock. At the end of this 
period, Ramsay was ready to make a commitment to a career in chemistry, and 
in 1871 he enrolled in a doctoral program at the University of Tubingen under 
the noted organic chemist Rudolf Fittig. Ramsay received his Ph.D. from 
Tubingen only a year later at the early age of nineteen for a study of toluic and 
nitrotoluic acids.

After receiving his degree, Ramsay returned to Glasgow and became a 
research assistant at Anderson's College (later the Royal Technical College). At 
Anderson's, Ramsay's work dealt primarily with organic chemistry, especially 
with compounds related to quinine* and cinchonine*. Six years later, in 1880, 
he was appointed professor of chemistry at University College, Bristol (later, 
Bristol University). During his seven years at Bristol, Ramsay worked with an 
assistant, Sydney Young, on the relationships between the physical properties of 
a liquid and the liquid's molecular weight.

Ramsay's appointment in 1887 as professor of chemistry at University 
College, London, marked a turning point in his career. For a few years he 
continued to work on a variety of problems, such as surface tension, the metallic 
compounds of ethylene, and the atomic weight of boron. But then, in late 1892, 
Ramsay was confronted with a puzzle that was to captivate him. That puzzle 
went back to a discovery made by Henry Cavendish in 1785. Cavendish had 
found that the compete removal of oxygen and nitrogen from a sample of air still 
left a small bubble of some additional unknown gas. The puzzle was confounded 
by the work of Robert S trutt (Lord Rayleigh) in the late 1880s that showed the 
density of nitrogen to be slightly different depending on whether the gas came 
from air or from a compound of nitrogen.

Ramsay decided to resolve this dilemma. He began by removing all of the 
nitrogen and oxygen from a sample of air by burning magnesium metal (which 
reacts with both) in the air. He found a small bubble of gas, similar to that 
reported by Cavendish a century earlier. But then Ramsay took an additional 
step that Cavendish could not have taken: he did a spectroscopic analysis of the 
gas bubble. The result of that analysis was a set of spectral lines that had never 
been seen before - the gas bubble was clearly a new element. Because of the 
inertness of the element, Ramsay suggested the name argon for the element, 
from the Greek argos, for "lazy."

The discovery of argon immediately posed new research possibilities. 
Determination of the element's atomic weight placed it between chlorine and 
potassium in the periodic table. Clearly the element was located in a new 
column in the table, a column that Dmitri Ivanovich Mendeleev could never 
have imagined when he proposed the periodic law in 1869. The challenge that 
Ramsay recognized was to locate other members of this new chemical family, 
those that made up column "0" (or column 18) in the periodic table.
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Shortly after announcing the discovery of argon, Ramsay heard about 
another inert gas that had been discovered by the American chemist William 
Hillebrand. To see if Hillebrand's gas might also be argon, Ramsay heated a 
sample of the mineral clevite in sulfuric acid and had the gas produced tested by 
spectroscopic analysis. The results of that analysis showed that the gas was not 
argon, but it did have the same spectral lines as those of an element discovered 
in the sun in 1868 by Pierre Janssen and Joseph Lockyer, an element they had 
named helium. Ramsay's research showed that helium also existed on the Earth.

Over the next few years, Ramsay looked for the remaining missing inert 
gases in various minerals, always without success. Then in 1898 he decided on 
another approach. He and a colleague, M orris Travers, prepared fifteen liters of 
liquid argon, which they then allowed to evaporate very slowly. Eventually they 
identified three more new gases, krypton, neon, and xenon, which they 
announced to the world on June 6, June 16, and September 8,1898, respectively.

Ramsay remained at London until his retirement in 1912. During the last 
decade of his tenure there, he became increasingly interested in radioactivity. 
Among his discoveries in this field was one made with Frederick Soddy in 
1903, namely that helium is always a product of the radioactive decay of 
radium. This discovery was later explained when it was found that the alpha 
particles emitted by a radioactive substance are actually positively charged 
helium ions. In conjunction with Robert Whytlaw-Gray, Ramsay also 
determined the atomic weight of the one inert gas in whose discovery he was not 
involved, radon.

Ramsay was married to Margaret Buchanan in August, 1881; they had two 
children. After the outbreak of World War I, Ramsay attempted to carry on 
chemical research for military applications, but his health failed rapidly and he 
died on July 23,1916, at his home in Hazlemere, Buckinghamshire, England. In 
addition to the 1904 Nobel Prize in chemistry for his discovery of the rare gases, 
Ramsay was awarded the 1895 Davy Medal of the Royal Society and the 1903 
August Wilhelm von Hofmann Medal of the German Chemical Society. He was 
made a fellow of the Royal Society in 1888 and was knighted in 1902.

Personals

Cavendish, Henry (1731-1810) was a British scientist noted for his 
discovery of hydrogen or what he called "inflammable air". He described the 
density of inflammable air, which formed water on combustion, in a 1766 paper 
"On Factitious Airs". Antoine Lavoisier later reproduced Cavendish's 
experiment and gave the element its name.

Fiffig, Wilhelm Rudolph (1835-1910) was a German chemist. Fittig was 
responsible for disdovery of the pinacol coupling reaction, mesitylene, diacetyl
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and biphenyl. He studied the action of sodium on ketones and hydrocarbons. He 
discovered the Fittig reaction or Wurtz-Fittig reaction for the synthesis of 
alkylbenzenes, he proposed a diketone structure for benzoquinone and isolated 
phenanthrene from coal tar. He discovered and synthesized the first lactones and 
investigated structures of .pipeline naphthalene and fluorene.

Janssen, P ierre Jules Cesar (1824 -1907) was a French astronomer who, 
along with the English scientist Joseph Norman Lockyer, is credited with 
discovering the gas helium,

Lockyer, Joseph Norman (1836 -  1920) was an English scientist and 
astronomer. Along With the French scientist Pierre Janssen he is credited with 
discovering the gas helium.

Mbndeleev, Dmitri Ivanovich (1834—1907), was a Russian chemist. He is 
CTethtCd hs being the primary creator of the first version of the periodic table of 
elements. Unlike other contributors to the table, Mendeleev predicted the 
properties of elements yet to be discovered.

Sotldy, Frederick (1877-1956) English chemist and recipient of the 1921 
Nobel Prize for Chemistry for investigating radioactive substances and for 
elaborating the theoiy Of. isotopes. He is credited, along with others, with the 
discovery Of the .element protactinium in 1917.

S trutt, Robert John, 4th Baron Rayleigh (1875—1947) was a British peer 
and the soil of the famous physicist John William Strutt. Like his father, Robert 
John Strutt was also a  physicist. In fact, he has followed up his father's work on 
light scattering, which is now known as Raleigh scattering, resulting in some 
papers published in the Proceedings of the Royal Society. Both the rayleigh, a 
unit o f luminous flux used to measure air glow, and the rayl, a unit of acoustic 
impedance, are named after Robert John Strutt.

Travers,- M orns' (1872-1961) was an English chemist who discovered 
xenon, neon and krypton with Sir William Ramsay.

W hytlaw-Gray, Robert (1877 -  1958) was a chemist, bom in Guttstadt, 
Germany. He studied at Konigsberg. He and William Ramsay isolated radon and 
studied its physical properties (density, weight).
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BIOLOGISTS

G regor M endel 

1822-1884

Gregor Johann Mendel was a Moravian Augustinian priest and scientist 
Often called the "father of modern genetics" for his study of the inheritance of 
traits in pea plants. Mendel showed that the inheritance of traits follows 
particular laws, which were later named after him. The significance of Mendel's 
work was not recognised until the turn o f the 20th century. Its rediscovery 
prompted the foundation of genetics.

Biography
Mendel was bom into a German-speaking family in Heinzendorf, Austrian 

Silesia, then part of the Austrian Empire (now Hyncice in the Czech Republic), 
and was baptised two days later. During his childhood Mendel worked as a 
gardener, and as a young man attended the Philosophical Institute in Olomouc 
(Oltnulz). In 1843 he entered the Augustinian Abbey of St. Thomas in Brno, 
(Вгшш). Bom Johann Mendel, he took the name Gregor upon entering monastic 
life. In 1851 he was sent to the University of Vienna to study, returning to his 
abbey Itf t853:as ati&cher, principally of physics.

Gregor Mendel, who is known as the "father of modern genetics", was 
inspired'by both his professors at university and his colleagues at the monastery 
to study variation in plants, and he conducted his study the monastery’s garden. 
Between 1856 and 1863 Mendel cultivated and tested some 29,000 pea plants. 
His experiments.brought forth two generalisations which later became known as 
Mendel's I.aws of Inheritance*

Mendel read bis paper, "Experiments on Plant Hybridization", at two 
meetings o f the Natural History Society of Brno in Moravia in 1865. When 
Mendel's paper was public ihcd in 1866 in Proceedings o f  the Natural History 
Society o f  Brno, it had little impact and was cited about three times over the next 
thirty-five years. His paper has received plenty of criticism.

Elevated as abbot in 1868, his scientific work largely ended as Mendel 
ta a m e  consumed with Us increased administrative responsibilities, especially a 
dispute with the civil government over their attempt to impose special taxes on 
religious institutions.

At first Mendel’s: work was rejected (and it was not widely accepted until 
after he died). The common belief at the time was that pangenes were 
responsible for inheritance. Even Darwin's theory of evolution used pangenesis 
instead of Mendel's model of inheritance. 1Ъе modern synthesis* uses 
Mendclian genetics.
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Mendel died on January 6, 1884, in Brno, Austria-Hungary (now Czech 
Republic), from chronic nephritis.

of Mendel's work

Dominant and recessive phenotypes. (1) Parental generation.
(2) F j  generation. (3) F2 generation.

It у/as not until the early 20th century that the importance of his ideas were 
realised. In 1900, his work was rediscovered by Hugo de Vries and Carl 
Correns. Though Erich von Tschermak was originally also credited with 
rediscovery, this i s ;np:longer accepted as he did not understand Mendel's laws. 
Mendel's results were quickly replicated, and genetic linkage quickly worked 
out.: Biologists flocked ;to the theory, as while it was not yet applicable to many 
phenomena, it sought to give a genotypic* understanding of heredity which they 
felt was laeking th  ■previous studies of heredity which focused on phenotypic* 
approaches. Most' prominent of these latter approaches was th e . biometric* 
school o f K arl Pdqrson and W.F.R. Weldon, which was based heavily on 
statistical studies bf phenotype variation. The strongest opposition to this school 
came from William Bateson, who perhaps did the most in the early days of 
publicising the benefits of Mendel's theory (the word "genetics", and much of 
the discipline's other terminology, originated with Bateson). This debate 
between the biomeiridans and the Mendelians was extremely vigorous in the 
first two' decades: :idf| die twentieth century, with the biometricians claiming 
statistical and mathematical rigor, while the Mendelians claimed a better 
understanding of:biol0gy. In the end, the two approaches were combined as the 
modern synthesis of evolutionary biology, especially by work conducted by R. 
A. Fisher in Ш 8.'

His experiment ah results have later been the object Of considerable dispute. 
Fisher analyzed the results of the F I (first filial) ratio and found them to be 
implausibly close to the exact ratio of 3 to 1. Only a few would accuse Mendel 
of scientific malpractice or call it a scientific fraud —  reproduction of his 
experiments has demonstrated the accuracy of his hypothesis —  however, the
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results have continued to be a mystery for many, though it is often cited as an 
example of confirmation bias*. This might arise if he detected an approximate 
3 to 1 ratio early in his experiments with a small sample size, and continued 
collecting more data until the results conformed more nearly to an exact ratio. It 
is sometimes suggested that he may have censored his results, and that his seven 
traits each occur on a separate chromosome pair, an extremely unlikely 
occurrence if  they were chosen at random. In fact, the genes Mendel studied 
occurred ih only four linkage groups, and only one gene pair (out of 21 possible) 
i i  close enough to show segregation distortion*; this is not a pair that Mendel 
studied.

fh e  standard botanical author abbreviation Mendel is applied to species he 
described.

Mendel, Darwin and Galton

Bust of Mendel at Mendel University of Agriculture and Forestry Brno, 
Czech Republic.

Meddipi Uyed around the same time as the British naturalist Charles 
Darwin (ISO? -1 8 8 2 ) and many have fantasised about a historical evolutionary 
synthesis-of Darwinian natural selection* and Mendelian genetics during their 
lifetimes; Mendel had read a German translation of Darwin's Origin (as 
evidenced by underlined passages in the copy in his monastery), after 
completing his experiments but before publishing his paper. Some passages in 
Mendel’s pajper are Darwinian in character, evidence that The Origin o f  
Species* influenced Mendel's writing. Darwin did not have a copy of Mendel's 
рарег,:Ьи1;Ьс did have a book by Focke with references to it. The leading expert 
in heredity* at this time was Darwin's half-cousin Francis Galton who had 
mathematical skills that Darwin lacked and may have been able to understand 
the paper had he seen it. In any event, the modern evolutionary synthesis did not 
start uittil thc l92@S'j by which time statistics had become advanced enough to 
cope With genetics and evolution.

The historiah o f evolution Peter J. Bowler has argued that it would not 
m afe ' ^ ^ 6 . i f ; В айип  ог even Galton had read Mendel, because not even 
kfendel was: attempting to make the argument that his observed ratios were 
univeKat (l|b considered them to be a special case). In any case, Darwin and 
most of his contemporaries considered heredity to be a question best solved 
through observation of cell development—embryology* in particular—and 
would;: riot-.lil^lyv.-have been in a position to appreciate in-roads between 
evolution;-' arid . what would become genetics (and indeed they were not 
appreciated until the early 20th century).
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Personals

Bateson, William (1861 -  1926) was a British geneticist. He was the first 
person to use the term genetics to describe the study of heredity and biological 
inheritaiice,

Bowler, Peter=Peter J . Bowler is a historian of biology who has written 
extensively On the history of evolutionary thought and on the history of genetics. 
His i9'84;bbofc, -Evolution: The History o f  an Idea is a standard textbook on the 
history ;of evolution, and was substantially revised in 2003. He is currently a 
professor in the history and philosophy of science at Queen's University Belfast, 
and is ariv'elected Fellow of the American Association for the Advancement of 
Science,

Correns, C ari Erich (1864-1933) was a German botanist and geneticist, 
who iS: nbtable primarily for his independent discovery of the principles of 
heredity^and fof his rediscovery of Gregor Mendel's earlier paper on that 
subject,: wluch lie achieved simultaneously but independent of the botanists 
Erich Tschermak von Seysenegg and Hugo de Vries.

Darwin, Charles Robert (1809 -  1882) was an English naturalist best 
remerfrbered for -proposing and providing scientific evidence that all species of 
life М ус evolved oVer time from one or a few common ancestors through the 
process-of natural selection. The fact that evolution occurs became accepted by 
the scientific community and the general public in his lifetime, while his theory 
of natural selection came to be widely seen as the primary explanation of the 
process., o f evolution in the 1930s, and now forms the basis of modem 
e velutiohary theory.

Gallon, Francis (1822 -  1911), half-cousin of Charles Darwin, was an 
English Victorian polymath, anthropologist, eugenicist, tropical explorer, 
geographer, inventor, meteorologist, proto-geneticist, psychometrician, and 
statistician; He was the first to apply statistical methods to the study of human 
differences and inheritance of intelligence, and introduced the use of 
questionnaires and surveys for collecting data on human communities, which he 
needed, for -genealogical and biographical works and for his anthropometric 
studies.; He was a pibneer in eugenics, coining the very term itself and the phrase 
"nature, yerMs nurture'1. As an investigator of the human mind, he founded 
pSycMmefti'Gs' (the 'science o f  measuring mental faculties) and differential 
psychology. He devised a method for classifying fingerprints that proved useful 
in forensic science. As the initiator of scientific meteorology, he devised the first 
weather jMP> proposed a theory o f anticyclones, and was the first to establish a 
complete •fecbM d f  Shbrt-term climatic phenomena on a European scale. He also 
invented the Gallon Whistle for testing differential hearing ability.

Pearson, K arl (1857-1936) established the discipline of mathematical 
statistics. A  sesquicentenary conference was held in London on 23 March 2007, 
to celebrate the 150th anniversary of his birth. In 1911 he founded the world's
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first Uftiyersity statistics department at University College London. He was a 
proponent of eugenics, and a protege and biographer of Sir Francis Galton. He 
was also a socialist.

Tschermak-Seysenegg, Erich von (1871-1962) was an Austrian 
agronomist, von Tschermak is one of three men - see also Hugo de Vries and 
Carl Correns who independently rediscovered Gregor Mendel's work on 
genetics, von Tschermak published his findings in June, 1900.

Vries, M arie de=Hugo Marie de Vries (1848-1935) was a Dutch botanist, 
known chiefly for being credited along with Carl Correns and Erich von 
Tschermak for rediscovering Gregor Mendel's laws of heredity in 1900, and for 
later developing his own anti-Darwinian mutation theory o f evolution.

Щ З в в  W alter Frank, Raphael (1860 — 1906) was an English 
evolutionary zoologist and biometrician. In 1889 Weldon began working with 
his Umversity College colleague, the mathematician Karl Pearson. Their 
partnership was very: important to both men and survived Weldon's move to the 
Linacre-chair o f comparative anatomy at Oxford University in 1899. In the years 
О № ф ^Ц ф о гай 0и Pearscm laid the foundations of modem statistics.

Proper Names

The Origin of Species: Charles Darwin's Origin o f  Species (publ. 1859) is a 
seminal work in scientific literature and arguably the pivotal work in evolutionary 
biology. The book's full title is On the Origin o f  Species by Means o f  Natural 
Selection, or the Preservation o f  Favoured Races in the Struggle fo r  Life. It 
introduced the theory that populations evolve over the course of generations 
through a process of natural selection. It was controversial because it contradicted 
religious beliefs which underlay the then current theories of biology.

Nikolai Ivanovich Vavilov 

1887-1943

Nikolai Vavilov was bom on Nov. 25, 1887, probably in Moscow, into a 
wealthy merchant family. Having decided to specialize in agriculture and 
biology, he entered the Agricultural Academy at Petrovsko - Razumovskoe. In 
1911, having graduated from the Agricultural Institute, Vavilov continued to 
work at the Department of Agriculture Proper headed by Prof. Pryanishnikov. In 
1911-1912 Vavilov did practical work at the Bureau for Applied Botany and at 
the Bureau of Mycology and Phytopathology of the Agricultural Scientific 
Committee. In 1913 and 1914 he continued his education at the School of
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Agriculture, Cambridge University, studying under Sir Rowland Biffen, and at 
the John Innes Horticultural Institution, working with William Bateson, a 
pioneer geneticist. Vavilov first established his scientific reputation by 
publishing papers on the immunity of cereals to fungus diseases, explaining 
immunity in terms of Mendelian factors, systematics, and plant physiology.

In autumn 1917 the Head of the Bureau for Applied Botany Robert. E. 
Regel (1867-1920) supported the nomination of N.I. Vavilov, a young professor 
from the Saratov Higher Agricultural Courses, as Deputy Head of the Bureau. 
As Regel wrote in his reference letter, "In the person of Vavilov we will employ 
... a talented young scientist who would become the pride of national science". 
Regel's prediction turned out to be true. Since then, all Vavilov's life and 
creative work have been inseparable from the world's largest crop research 
institute, into which he transformed the Bureau in the 1920-30's.

Vavilov continued his investigations in Saratov where he has awarded the 
title of Professor of the Saratov University in 1918. During the Civil War, from 
1918 to 1920, Saratov became the scientific stronghold for the Department of 
Applied Botany (Bureau till 1917). In 1920 Vavilov was elected head of the 
Department, and soon moved to Petrograd (StPetersburg now) together with his 
students and associates.

In 1924, the Department was transformed into the Institute of Applied 
Botany and new Crops (VIR since 1930), and occupied the position of the 
central nationwide institution responsible for collecting the world plant diversity 
and studying it for the purposes of plant breeding.

Vavilov is recognized as the foremost plant geographer of contemporary 
times. To explore the major agricultural centers in this country and abroad, 
Vavilov organized and took part in over 100 collecting missions. His major 
foreign expeditions included those to Iran (1916), the United States, Central and 
South America (1921, 1930, 1932), the Mediterranean and Ethiopia (1926- 
1927). For his expedition to Afghanistan in 1924 Vavilov was awarded the N.M. 
Przhevalskii Gold Medal of the Russian Geographic Society. From 1931 to 
1940 Vavilov was its president.

As a consequence of the expeditions of Soviet plant investigators to 60 
countries between 1923 and 1933, Vavilov was able to list at least 8 centers with 
rich varieties of cultivated plants: the oldest in central and western China, India 
and Burma (now Myanmar), central Asia, the Near East, the Mediterranean 
region, Ethiopia, Mexico and Central America, and the South American nations 
of Peru, Ecuador, and Bolivia. In connection with these researches, Vavilov 
discovered the Law of Homologous Series in Variation (1920) and the theory of 
the Centers of Origin of Cultivated Plants (1926) which state that closely related 
species tend to develop parallel hereditary variations. On the basis of this 
empirical law he had hoped to predict the direction of the evolution of 
established species and the emergence of new biological species.
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N.I. Vavilov was a prominent organizer of science. In the period from 1922 
to 1929 he headed the Institute of Experimental Agronomy (the former ASC) 
which developed in 1930 into the V. I. Lenin All-Union Academy of 
Agriculture; from 1930 to 1935 Vavilov was its first president. From 1930 to 
1940 he was a director of the Institute of Genetics. Vavilov organized and 
participated in significant home and international scientific meetings and 
congresses on botany, genetics and plant breeding, agricultural economy, and 
the history of science. All around the world N. I. Vavilov has gained respect and 
renown; he was elected member of many academies of sciences and various 
foreign scientific societies.

Vavilov was a tireless and dedicated scientist; his major goal was to 
overcome the Soviet Union's agricultural backwardness by modem scientific 
theories and methods. However, he was more successful in stimulating the 
output of scientific papers at a time when Soviet agricultural productivity was 
decreasing and consequently left himself open to the criticism that he failed to 
merge theory with practice. Trofim Lysenko and his followers started to attack 
Vavilov's leadership and support of modem genetics. In 1936 the Congress on 
Genetics and Agriculture was convened in Moscow with the obvious purpose of 
discrediting Vavilov and genetics. Three years later the Conference on Genetics 
and Selection vilified Vavilov; his speech defending genetics was greeted with 
heckling and interruptions. In 1940 Vavilov was arrested, placed in a 
concentration camp at Saratov, and then transferred to a Siberian forced-labor 
camp located in Magadan. A broken man, a victim of quackery and Stalinist 
tyranny, he died on January 26,1943 and was buried in a common prison grave.

Nevertheless, the memory of Vavilov has been preserved by his followers. 
His name is bom by the Russian Society of Geneticists and Breeders, the 
Institute of General Genetics of the Academy of Sciences, the Institute of Plant 
Industry, and the Saratov Agricultural Institute.

During the tragic period o f Vavilov’s life his followers kept on gathering 
his manuscripts, documents and pictures. Since 1956, after the official 
rehabilitation of Vavilov, hundreds of books and articles devoted to his life and 
scientific accomplishments have been published. Memorial displays have been 
opened in Moscow, St.Petersburg, Saratov and Poltava.

Personals

BiiTferi, Rowland Henry (1874 1949) was a British botanist and
geneticist; fee was , the first professor of agricultural botany at Cambridge in 
1908. He won the Royal Society's Darwin Medal in 1920. Biffen was the first 
director ,of the John Innes Centre's Plant Breeding Institute, and was an early 
proponent of using genetics to improve crop plants. Early on in his career he
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traveled to the Americas to study rubber, but his primary research plant was 
wheat. He developed a variety called Yeomen wheat.

Innes, John (1829-1904) was a City merchant who owned land in the 
parish o f Merton where he was "Lord of the Manor" at the end of the 19th 
century. Taking advantage of demand for new housing arising from the growth 
of neighbouring Wimbledon, Innes developed his land for housing giving it the 
name Merton Park. The area is now part of the London Borough of Merton. 
The institute moved from Merton Park in 1945 and is now located in Colney, 
Norfolk, a world leader in plant science and microbiology. John Innes Compost, 
now widely used in gardening, was developed by the Centre. The grounds of 
Innes1 home south of Watery Lane are now the site of Rutlish School, the John 
Innes Park and John Innes Recreation Ground.

Lysenko, Trofim Denisovich (1898-1976) was a biologist and agronomist 
who whs dictator of Soviet biology under Joseph Stalin. Lysenko rejected 
Mendelian genetics in favor of the hybridization theories of Russian 
horticulturist Ivan Vladimirovich Mdchurin, and adopted them into a powerful 
polirical: sdentifiq,mpyementtermed Lysenkoism. His unorthodox experimental 
research rin miproved drop yields earned the support o f Soviet leadership, 
especially foRowing; the famine and loss of productivity resulting from forced 
collectivization inaeVeral regions of the Soviet Union in the early 1930$.

Przhevalskii, Nikolai Mikhailovich (1839-1888) was a Russian zoologist 
and explorer. From November 1870 to September 1873, he crossed the Gobi 
Desert with only three subordinates, reached Beijing, and went southwest from 
there to explore the Ordos, Alashan, and upper reaches of the Yangtse River 
before entering Tibet and arriving at the banks of the Dri Chu (Jinsha Jiang). 
This first expedition to Central Asia earned him numerous honors. Through his 
four expeditions, he brought back to Imperial Russia some 20,000 specimens of 
fauna and 60,000 specimens of flora.

William Bartram  

1739-1823

Family Background
William Bartram, America’s first native-born naturalist/artist, was bom in 

Kingsessing, Pennsylvania, on February 9, 1739 He was the seventh of eleven 
children bom to the Royal botanist John Bartram (1699-1777) and his two 
successive wives Mary Maris and Ann Mendenhall.

Because much of William Bartram’s early career was shaped by the 
interests o f his father, it is important to pause and briefly recount John Bertram's 
remarkable life.
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Despite the loss of his parents and a rather limited formal education, John 
Bartram quickly became a person of consequence in his community. His circle 
of friends contained many of the leading citizens of Philadelphia, including 
Benjamin Franklin with whom he founded the influential American 
Philosophical Society in 1743. Bartram had actually first proposed a learned 
society in Philadelphia four years before, but had been unable to find an 
adequate number of people or sufficient resources to allow its formal 
establishment. Bartram was a farmer by profession, but his interests went well 
beyond commercial agriculture.

Early years
Unlike his self-educated father, William Bartram grew up in a highly 

intellectual atmosphere. Throughout his childhood, William's father was 
corresponding with the leading scientists on both sides of the Atlantic. The 
botanical garden, in which William played, was a well known center for those 
with horticultural interests and was visited by many of the intellectual, social 
and political leaders of the day. With his father's encouragement, and 
surrounded by such inspiring personalities as Benjamin Franklin, James 
Logan, Joseph Breintnall, and a host o f visiting naturalists (including Peter 
Kalin of Sweden), it is little wonder that the young Bartram acquired a thirst for 
knowledge at an early age. William was fortunate to have access to his father's 
personal library, as well as the libraries of the Darby (Friends) Meeting and the 
Library Company of Philadelphia.

In 1752, William entered the newly formed Philadelphia Academy (later 
called the College of Philadelphia), where he was tutored by William Smith, 
founder of the first literary review in America; Charles Thomson, classicist, 
Indian diplomat, and first secretary of the Continental Congress; and several 
other teachers. He remained under their instruction for about four years. Despite 
his training in history, Latin, French and the classics, however, botany and 
drawing remained his “darling delights”.

The interest was not surprising. When the boy was only fourteen years old, 
John had initiated him as a botanical traveler by taking him on a collecting trip 
to the Catskills in New York. On this trip he was exposed to Cadwallader 
Colden, considered by many Europeans “the best scientific thinker in the New 
World,” his daughter Jane, a minor artist in her own right, and Alexander 
Garden, the Charleston physician and botanist o f whom the young Bartram 
would see much in the years to come. In 1755, John took his son on another trip, 
this time to Kiffingsworth, Connecticut, where they visited Jared Eliot, a 
physician and agriculturalist of note. They were accompanied by Dr. Alison, 
professor of the higher classics, logic, metaphysics, and geography at the 
College o f Philadelphia, whom one contemporary described as “the greatest 
classical scholar in America.” On both trips and through the two intervening 
years, William spent much of his free time studying and drawing the native
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plants and birds he encountered. So good were his drawings, in fact, that Peter 
Collinson saw fit to share them with such influential scientists as George 
Edwards and Carl Linnaeus; artist C. D. Ehret; collectors Lord Bute, the 
Duchess of Portland and London Physician John Fothergill.

Period of Exploration
Bartram began his long journey from Philadelphia aboard the brigantine 

Charles Town Packet in the spring of 1773. After a rough and perilous sea 
voyage, and a few days of rest in Charleston, he set off by schooner for Savannah, 
Georgia, Here he bought a horse and equipped himself for the rest of bis journey. 
After almost a year of exploration in Georgia (where he was accompanied on 
occasion by a John McIntosh of Darien), Bartram made his way south to Florida. 
His friend having stayed behind in more civilized terrain, William went on alone 
to explore the St. Johns River, where he and his father had traveled almost ten 
years before. Here Bartram encountered fierce alligators whose violent attacks he 
vividly described in his account of the trip which was published in 1791 under the 
lengthy title: Travels Through North & South Carolina, Georgia, East & West 
Florida, the Cherokee Country, the Extensive Territories of the Muscogulges, or 
Creek Confederacy, and the Country of the Chactaws...

In addition to the plants and animals of the area, which he recorded with 
great accuracy, Bartram was interested in native populations. He attended a 
conference with the Indians held on the borders of the Alachua Savanna. At the 
meeting, Chief Cowkeeper gave the Quaker "unlimited permission to travel 
over the country for the purpose of collecting flowers, medicinal plants, etc.” 
and saluted him by the “Puc Puggy” or flower hunter. Bartram was fascinated by 
the mixture of Spanish and Indian customs evidenced in the Alachua tribe and 
described them in some detail. Taking advantage of Chief Cowkeeper's 
permission, Bartram spent the rest of the summer exploring the unusual terrain 
around his trading post headquarters. He made frequent trips through East 
Florida for the purpose of collecting natural specimens which he had seen on his 
earlier expedition.

Long periods o f Bartram’s southern trip were, unfortunately, omitted from 
his Travels. The fall and winter of 1773-1774 was one of these. In a brief 
chapter of nine pages, Bartram passes over the entire period from July 1773- 
March 1774 with few descriptions of his specific whereabouts except to say that 
he spent the remaining part of this season in botanical excursions to the low 
countries, between Carolina and East Florida.” The summer o f 1774 was spent 
in Florida and in late autumn, after sending some seed packages to London, 
Bartram returned to Charleston to spend the winter.

In the spring o f 1775, Bartram “set off from Charleston for the Cherokee 
nation,” where he explored the mountains o f present-day South and North 
Carolina and Tennessee. It was on this trip that the lone naturalist met 
Attakullakulla, the Little Carpenter, Chief of the Cherokee (c.1700-1780) with
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his retinue. The chief spoke fluent English, for he had traveled to England several 
years before as part o f the important Indian delegation of Sir Alexander Cuming. 
While there, the “grand chief’ had dined with the King of England and been 
painted (in court costume) by William Hogarth in 1730. He welcomed Bartram 
as “Mend and brother” and bid him safe passage through Cherokee lands.

Having recorded and collected many of the plants of this region, Bartram 
traveled south across Georgia and through Alabama, following an old Indian 
trading path (and eventual Federal Road) to Mobile. Traveling along the Gulf 
Coast, first east to Pensacola (where he met the Royal Governor), then west 
toward the Mississippi River; Bartram was afflicted by an unidentified illness 
(possibly scarlet fever) which left him severely weakened and partially blind.

Poor health notwithstanding, Bartram continued his Gulf Coast travels by 
boat, this time heading west with traders bound for Baton Rouge.

Fortunately, a local French land owner was able to render some assistance, 
and an Englishman named Rumsey took care of the ailing naturalist on Pearl 
Island until his health returned several weeks later. Though Bartram did 
eventually reach the Mississippi and travel up it as far as Pointe Coupee, he 
decided to cut his trip short at that point, and return to the Carolinas by retracing 
his overland route.

After his “return to the Creek nation,” Bartram employed himself “during 
the spring and fore part of summer, in revisiting the several districts in Georgia 
and the East borders o f Florida.”

After four years of travel and with news of battles raging close to home, 
Bartram was anxious to return to Philadelphia. He arrived at his father’s house 
in January, 1777. The elder Bartram died shortly after William's return.

Despite his modest self-effacement and reclusive lifestyle, Bartram 
received many honors and distinctions during the quiet years after his return 
from the South. In 1782, he was asked to fill the chair o f botany at the 
University of Pennsylvania. This Bartram respectfully declined for reasons of 
health. Despite his lack of official title, Bartram was one of the most highly 
respected botanists in America and continued to serve as an unofficial teacher to 
many aspiring botanists. His garden was visited by many notable persons after 
the close of the war made travel to Philadelphia safe once again. During the 
Constitutional Convention of 1787, many of the delegates paid visits to the 
garden. Alexander Hamilton, Jam es Madison, John Rutledge, and George 
Mason traveled to Kingsessing on one occasion. George Washington visited the 
garden in June of that year, marked this visit in his diary and ordered a large 
number of trees from its proprietor.

Thomas Jefferson, who shared many o f Bartram’s interests, is known to 
have visited the naturalist frequently, especially in 1793 when he moved to 
Gray’s Ferry—within sight o f Bartram’s garden—to escape a yellow fever 
epidemic in Philadelphia. The two men kept up a correspondence for many 
years thereafter.
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When Bartram finished traveling he published his journal in 1791, under 
the title Travels through North and South Carolina, Georgia, East and West 
Florida, the Cherokee Country, etc., which was considered at the time to be one 
of the foremost books on American natural history. In addition to its 
contributions to scientific knowledge, Travels is noted for its original 
descriptions of the American countryside, which in turn influenced many of the 
Romantic writers of the day. William W ordsworth, Samuel Taylor Coleridge 
and F ra n c is  Rene de Chateaubriand are known to have read the book, and its 
influence can be seen in many of their works.

His botanical work is noted for its splendid imagery and eloquence. His 
standards of completeness and accuracy were high, and his list of native species 
of birds was excelled only by the later work of his protege and friend Wilson. 
His dependability was not great, however, and his actual production of major 
works was limited to the Travels. Neither he nor his brother John rivaled the 
scope of their father, but William clearly inherited his father's scientific talent. 
The Travels was the first comprehensive treatment of the southeastern United 
States, including descriptions of flora and fauna, geologic formations, and 
Native American tribes. William never married. He died suddenly at his beloved 
gardens on July 22,1823.

Personals

Attakullakulla=Attacullaculla of Chota-Tenase, Principal Chief of the 
Cherokee (ca. 1708-ca. 1777), also known as Little Carpenter, was a leading 
chief of the Cherokee Indians from 1761 to around 1775. He was sometimes 
known to the British as the "Prince of Chote-Tenase" because his grandfather, 
Moytoy o f Chota, had been the chief of the capital city, Chota-Tenase. He was a 
member of the Cherokee delegation that traveled to England in 1730. In 1736, 
he rejected the advances of the French, who sent emissaries to the Overhill 
Cherokees. Three or four years later, he was captured by the Ottowas, allies of 
the French, who held him captive in Canada until 1748. Upon his return, he 
became one of the Cherokees' leading diplomats and an adviser to the Beloved 
Man of Chota.

Bartram , John (1699-1777) was a naturalist and explorer considered the 
“father o f American botany.” Largely self-educated, Bartram was a friend of 
Benjamin Franklin and an original member of the American Philosophical 
Society. He was botanist for the American colonies to King George III.

C hateaubriand, Ren6 de=Fran?ois Rene de Chateaubriand (1768— 
1848) was a French writer, politician and diplomat. He is considered the founder 
o f Romanticism in French literature.
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Chief Cowkeeper (1710 -  1783) is the English name of the first recorded 
chief o f the Alachua band of the Seminole tribe. His traditional name was 
Ahaya. His tribe, the Oconee, were originally from central Georgia but people 
settledalong the Chattahoochee River in North Florida when he was a small 
boy. B^his. imd-twenties, Ahaya was chief of his village, and had developed a 
pasSipniiteliatred for the Spaniards who ruled over Florida.

Coleridge, Samuel Taylor (1772-1834) was a major English poet of the 
romantic movement. He is also noted for his prose works on literature, religion, 
and the organization of society.

Collinson, Peter (1694-1768) was a Fellow of the Royal Society best 
known for his friendship with Benjamin Franklin and their correspondence 
about electricity.

Cuming, Alexander (1691-1775) was a British officer, bom about 1700. 
He was sent in 1730 by the English government on a mission to the Creeks and 
Chordkees, the object of which was to counteract the designs of the" French, 
who were endeavoring to win the friendship of those tribes, in pursuance of a 
scheme for the annexation of the interior regions in America lying between their 
colonies in Canada and those at the mouth of the Mississippi.

- Edwards, George (1694-1773) was an English naturalist and ornithologist, 
knowh asfhe^father_ofBritish ornithology".

Franklin, Benjamin (1706 -  1790) was one of the most critical Founding 
Fathers of the United States. He was a leading author, political theorist, 
politician, printer, scientist, inventor, civic activist, and diplomat. As a scientist 
he was a major figure in the history of physics for his discoveries and theories 
regarding electricity. As a political writer and activist he, more than anyone, 
invented the idea of an American nation, and as a diplomat during the American 
Revolution, he secured the French alliance that helped to make independence 
possible.

Hamilton, Alexander (1755 or 1757-1804) was an Army officer, lawyer, 
Founding Father, American politician, leading statesman, financier and political 
theorist. One of America's foremost constitutional lawyers, he was a leader in 
calling the U.S. Constitutional Convention in 1787; he was one of the two chief 
authors o f the Federalist Papers, the most important interpretation of the United 
States Constitution.
■ William (1697-1764) was a major English painter, printmaker,

pictorial satirist, and editorial cartoonist who has been credited as a pioneer in 
western sequential art. His work ranged from excellent realistic portraiture to 
comic strip-like series of pictures called “modem moral subjects.” Much of his 
work,'though at rimes vicious, poked fun at contemporary politics and customs. 
Illustrarions ih sucbstyle are often referred to as Hogarthian.

Jefferson, Thomas (1743—1826) was the third President of the United 
States. (1801—1809), the principal author of the Declaration of Independence 
(1776), arid one or the most influential Founding Fathers for his promotion of
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the ideals of Republicanism in the United States. Major events during his 
presidency include the Louisiana Purchase (1803) and the Lewis and Clark 
Expedition (1804-1806).

K alin, Petpi^Pehr Kalm (1716-1779) was a Swedish-Finnish explorer, 
botapist* naturalist/ nhd agricultural economist. He was one of Carolus 
Linnaeus's most iinpdrtant students. Among his many accomplishments, Kalm 
сац M  ercdited for the first description of the Niagara Falls, written by someone 
trained P  a scientist,

Linnneus, Carl, latinized as Carolus Linnaeus, also known after bis 
ennoblebent as Carl von Уппб (1707-1778), was a Swedish botanist, 
physhgdn apd zoologist^ who laid t ie  foundations for the modern scheme of 
nomenclature. He is known as the "father of modem taxonomy." He is also 
considered one of:tbei fathers of modem ecology.

Logan, Jam es (1674-1751) was a British-American colonial statesman and 
merchant who was also prominent in British-colonial intellectual life. After 
receiving instruction in classical and modem languages from his schoolmaster 
father, Logan worked in commerce in Bristol, Eng., prior to becoming secretary 
to William Penn in 1699.

Madison, James=James Madison, J r .  (1751-1836), was an American 
politician and the fourth President of the United States (1809-1817), and one of 
the most influential Founding Fathers of the United States. Considered to be the 
"Father of the Constitution", he was the principal author of the document. In 
1788, he wrote over a third of the Federalist Papers, still the most influential 
commentary on the Constitution.

Masony Geojtge^George Mason IV  (1725-1792) was a United States 
patriot, statesman,, and delegate from Virginia to the U.S. Constitutional 
Convention'. H e■ is called the "Father of the Bill o f Rights". For all of these 
reasons: he is considered to be one of the "Founding Fathers" of the United 
States. ‘

Rutledge, John' (1739-1800) was Governor of South Carolina, delegate to 
the Cdnstitution^rGbhvention, signer of the . United States Constitution, and 
served, on the' U.'$: Supreme Court (Chief Justice from August to December 
1795)i He was the'elder brother o f Edward Rutledge, a signer of the Declaration 
of Independence. ;

Wordsworth, William (1770-1850) was one of the great Romantic poets 
of 19thcentury England. His poems celebrated the glories of nature and the 
human spirit while using the simple language of the "common man" - a radical 
idea for the time.

Proper Names

Baton Rouge (from the French baton rouge), is the capital and the second 
largest city in Louisiana behind New Orleans. Baton Rouge is located in the
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southeast portion of the state along the Mississippi River. It owes its location 
and its historical importance to its site upon Istrouma Bluff, the first bluff 
upriver from the Mississippi delta, which protects the city’s 224,097 residents 
from flooding and other natural disasters.

Catskills=The CatskiU Mountains, a natural area in New York State 
northwest of New York City and southwest of Albany, are not, despite their 
popular name, true geological mountains, but rather a mature dissected plateau, 
an uplifted region that was subsequently eroded into sharp relief. They are an 
eastward continuation, and the highest representation, of the Allegheny Plateau.

Chactaws=the Choctaw Indian Nation, a  Muskogean tribe also known as 
Chakchiuma, or Chatot, traces its roots to the Mississippi Valley and some parts 
of Alabama.

Cherokee are a people from North America, who at the time of European 
contact in the 1600s, inhabited what is now the Eastern and Southeastern United 
States. Most were forcibly moved westward to the Ozark Plateau. They were 
one of the tribes referred to as the Five Civilized Tribes. According to the 2000 
U.S. Census, they are the most numerous of the 563 federally recognized Native 
American tribes in the United States.

Kingsessing is 'a  "neighborhood in . the Southwest section of Philadelphia, 
Pennsylvania, United States, located adjacent to the neighborhoods o f Cedar 
Park, Southwest Schuykill, and Mount Moriah, as well as Yeadon in Delaware 
County. It is roughly bounded by Cobbs Creek and 60th Street to the southwest, 
Woodland Avfetfue to the southeast, 53rd Street to the northeast, and Baltimore 
Avenue to the northwest. The name Kingsessing or Chinsessing comes from the 
DelW are Jn ^ ffl tvordfOr "a place where there is a meadow."

Muscogulges were Black Seminole Indians, sometimes known as Indian 
blades, black Muscogulges, or Seminole freedmen, emerged as a distinct ethnic 
group in seventeenth-century Florida. During the early part of that century, the 
Spanish crown, which controlled Florida, gave land to a group of Lower Creeks 
hoping to form a buffer zone between themselves and the English settlers in 
Georgia and the Carolines.

Pensacola is. a  d ty  in Escambia County, Florida and the county seat of 
Escambia County. Pensacola is a sea port on Pensacola Bay, which connects to 
the Gulif o f Mexico. A  large United States Navy airbase, the first in the United 
States, is located southwest of Pensacola (near the community of Warrington) 
and is home to the Blue Angels flight demonstration team and the National 
Museum of Naval Aviation. The main campus of the University of West Florida 
is situated north of the eity center.

Pointe Coupee Parish (French: Paroisse de la Pointe Coupee), is a parish 
located in the U.S. state of Louisiana. The parish seat is New Roads.
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PSYCHOLOGISTS 

Lev Vygotsky 

1896 -1 9 3 4

. I^ v  Vygotskyi a Russian psychologist, was bom in 1896 in Western Russia 
(Belomssia). Vygotsky was tutored privately by Solomon Ashpiz. Later, he 
attendgcjLthe Institute o f  Psychology in Moscow (1924-34), where he worked 
extensively on! ideasafeout cognitive development, particularly the relationship 
between-language and thinking. His writings emphasized the roles of historical, 
cultural; and. social factors in cognition and argued that language was the most 
important symbolic tool provided by society, Vygotsky died of tuberculosis in 
1934, leaving a wealth o f work that is still being explored.

£
Being a  pioneering psychologist, Vygotsky was also a highly prolific 

author; -the collection o f his major works contains 6 volumes written over 
roughly 10 ■ years^ '■ Vygotsky's interests in the fields of developmental 
psychology*, child development*, and education* were extremely diverse. His 
innovative work-in psychology includes several key concepts such as 

•psycho,l&gical tools, mediation, and internalization 
•the zone o f  proximal development

land 'Coyers such diverse topics as the origin and the psychology of art, 
development Of higher mental functions*, philosophy of science* and 
methodology of psychological research, the relation between learning* and 
human development, concept formation, interrelation between language and 
thought* development, play as a psychological phenomenon, the study of 
leaFa^g< disabiU#es* Und abnormal human development (aka defectology), etc.

C ultural mediation and internalization
Vygptsky investigated, child development and how this was guided by the 

role of culture and interpersonal communication. Vygotsky observed how higher 
mental functions developed through social interactions with significant people in 
a child's 'life, particularly parents, but also other adults. Through these 
interactions, a child came to learn the habits of mind of her/his culture, including 
speech'patterns, written language, and other symbolic knowledge through which 
the child derives meaning and affected a child's construction of her/his 
kfldlvieijlge'.- ТШв 'ШуфгеиПве o f  Vygotskiari psychology is often referred to as 
cu ltu ra l mediation*. The specific knowledge gained by a child through these 
interactions also represented the shared knowledge of a culture. This process is 
known as internalization*.
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Internalization can be understood in one respect as “knowing how”. For 
example, riding a  bicycle or pouring a cup o f milk are tools of the society and 
initially outside and beyond the child. The mastery o f these skills occurs through 
the activity o f the child within society. A further aspect of internalization is 
appropriation in which the child takes a tool and makes it his own, perhaps using 
it in a way unique to himself. Internalizing the use of a pencil allows the child to 
use it very much for his own ends rather than draw exactly what others in 
society have drawn previously.

Psychology o f play
Lesser known is his research on play, or child's game as a psychological 

phenomenon and its role in the child's development. Through play the child 
develops abstract meaning separate from the objects in the world which is a 
critical feature in the development o f higher mental functions.

The famous example Vygotsky gives is o f a child who wants to ride a horse 
but he cannot. As a child under three, he would perhaps cry and be angry, but 
around the age o f  three the child's relationship with the world changes, 
"Henceforth play is such that the explanation for it must always be that it is the 
imaginary, illusory realization of unrealizable desires. Imagination is a new 
formation that is not present in the consciousness o f the very young child, is 
totally absent in animals, and represents a specifically human form o f conscious 
activity. Like all functions o f consciousness, it originally arises from action." 
(Vygotsky, 1978)

He wishes to ride a horse but cannot, so he picks up a stick and stands 
astride o f it, thus pretending he is riding a horse. The stick is a pivot. "Action
according to rules begins to be determined by ideas, not by objects  It is
terribly difficult for a  child to sever thought (the meaning of a word) from 
object. Play is a transitional stage in this direction. At that critical moment when 
a stick -  i.e., an object -  becomes a pivot for severing the meaning o f horse from 
a real horse, one o f  the basic psychological structures determining the child’s 
relationship to reality is radically altered".

As children get older, their reliance on pivots such as sticks, dolls and other 
toys diminishes. They have internalized these pivots as imagination and abstract 
concepts through which they can understand the world. "The old adage that 
children’s play is imagination in action can be reversed: we can say that 
imagination in adolescents and schoolchildren is play without action" 
(Vygotsky, 1978).

Another aspect o f play that Vygotsky referred to was the development of 
social rules that develop, for example, when children play house and adopt the 
roles o f different family members. Vygotsky cites an example o f two sisters 
playing at being sisters. The rules o f behavior between them that go unnoticed in 
daily life are consciously acquired through play. As well as social rules the child 
acquires what we now refer to as self-regulation*. For example, as a child
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stands at the starting line of a running race, she may well desire to run 
immediately so as to reach the finish line first, but her knowledge of the social 
rules surrounding the game and her desire to enjoy the game enable her to 
regulate her initial impulse and wait for the start signal.

Thinking and Speaking
Perhdps Vygotsky's most important contribution concerns the inter

relationship o f language development and thought. This concept, explored in 
Vygotsky's book Thinking and Speaking, establishes the explicit and profound 
connection between speech (both silent inner speech and oral language), and the 
development .of mental concepts and cognitive awareness (metacognition*). It 
should be noted ;ffiat Vygotsky described inner speech as being qualitatively 
different than, normal (external) speech. Although Vygotsky believed inner 
speech to develop ffbm external speech via a gradual process of internalization, 
with younger children only really able to "think out loud", he claimed that in its 
mature form it would be unintelligible to anyone except the thinker and would 
not resefllble spoken language as we know it (in particular, being greatly 
compressed). Нейсе, thought itself develops socially.

The infant leams the meaning of signs through interaction with her mother. 
She leams that pointing can be a tool and that pointing can be accompanied by 
cries and gurgles to express what she wants. Through this activity with her 
caregivers she learns that sounds are signs with which to conduct social 
interaction and sorix? the child begins to ask for the names of objects.

Language staffsas a tool external to the child used for social interaction. As 
she grows inCoLhStvSeCOBd year, the child uses this tool to guide her own 
activities in a kiod of self-talk or "thinking out loud". Initially, self-talk is still 
very much a tool of; social interaction, tapering away to negligible levels when 
the child is alone or with deaf children that cannot hear her. Gradually, however, 
self-talk is used mpre as a tool for self-directed and self-regulating behavior. 
Around the time thie child starts school, her self-talk is no longer present, not 
because it has disappeared but rather because speaking has been appropriated 
and internalized. Self-talk "develops along a rising not a declining, curve; it goes 
through aft evokim®» tiot an involution. In the end, it becomes inner speech” 
(Vygotsky, 19$^);. pg 5!7. Inner speech develops through its differentiation from 
social speech. • p

Speaking has, thus developed along two lines, the line of social 
communication and,the line o f inner speech, by which the child mediates and 
regulates her activity through, her thoughts which in turn are mediated by the 
semiotics* ,(th§ ■; meaningful signs) of inner speech. This is not to say that 
thiiiking cannot take place without language;, but rather that it is mediated by it 
and thus develops to a much higher level of sophistication. Just as the birthday 
cake as a sign provides much deeper meaning than its physical properties allow,
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inner speech as signs provides much deeper meaning than the lower 
psychological functions would otherwise allow.

Inner speech is not comparable in form to external speech. External speech 
is the process o f turning thought into words. Inner speech is the opposite, it is 
the conversion o f speech into inward thought. Inner speech for example contains 
predicates only. Subjects are superfluous. Words too are used much more 
economically. One word in inner speech may be so replete with sense to the 
individual that it would take many words to express it in external speech.

Influence and development of Vygotsky's ideas
In the Soviet Union, Russia, and East Europe
In the Soviet Union, the work o f the group o f Vygotsky's, students known 

as the Kharkov School o f Psychology was vital for preserving the scientific 
legacy of Lev Vygotsky and identifying new avenues of its subsequent 
development. The members o f the group laid a foundation for Vygotskian 
psychology's systematic development in such diverse fields as the psychology of 
memory (P. Zinchenko), perception, sensation and movement (Zaporozhets, 
Asnin, A. N. Leont'ev), personality (L. Bozhovich, Asnin, A. N. Leont'ev), will 
and volition (Zaporozhets, A. N. Leont'ev, P. Zinchenko, L. Bozhovich, Asnin), 
psychology o f play (G. D. Lukov, D. El'konin) and psychology o f learning (P. 
Zinchenko, L. Bozhovich, D. El'konin), as well as the theory of step-by-step 
formation of mental actions (Gal'perin), general psychological activity theory 
(A. N. Leont'ev) and psychology o f  action (Zaporozhets).

Comparison o f Vygotsky and Piaget
Vygotsky's work appeared virtually unknown until its "rediscovery” in the 

1960s, when the interpretative translation o f Thought and language (1934) was 
published in English (in 1962; revised edition in 1986, translated by A. Kozulin; 
and as Thinking and speech in 1987, translated by N. Minick).

Vygotsky's ideas and theories are often compared to Jean Piaget, 
especially his cognitive-developmental theory. They had a conflict explaining 
that development concepts should not be taught until children are in the 
appropriate developmental stage. Opposing Vygotsky's zone of proximal 
development, Piaget believed that the most important source o f cognition is the 
children themselves. But Vygotsky argued that the social environment could 
help the child's cognitive development. The social environment is an important 
factor which helps the child culturally adapt to new situations when needed. 
Both Vygotsky and Piaget had the common goal o f finding out how children 
master ideas and then translate them into speech.

Piaget found that children act independently on the physical world to 
discover what it has to offer. Vygotsky, on the other hand, wrote in Thought and 
Language that human mental activity is the result of social learning. As children 
master tasks they will engage in cooperative dialogues with others, which led
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Vygotsky to believe that acquisition of language is the most influential moment 
in a child's life.

In conclusion, Piaget emphasized universal cognitive change and 
Vygotsky's theory leads us to expect highly variable development , depending 
on the child's cultural experiences to the environment. Piaget's theory 
emphasized the natural line, while Vygotsky favored the cultural line of 
development.

Critiques of Vygotsky
The. school, of Vygotsky and, specifically, his cultural-historical 

psychology* was much criticized during his lifetime as well as after his death. 
By the beginning of the 1930s the school was defeated by Vygotsky's scientific 
opponents who criticized him for "idealist aberrations", which at that time 
equaled with, the charge in disloyalty to the Communist Party and frequently 
entaded vety isertpas wnsequenc^ not only for the academic work but also for 
freedom and even, life itself. As a  result of this criticism of their work a major 
group o f Vygotsky's students including Luria and Leontiev had to flee from 
M os^w  tp Ukraine where they established the Kharkov school of psychology. 
Later the representatives of the school would, in turn, in the second half of the 
1930s criticize Vygotsky himself for his interest in the cross-disciplinary study 
of the child that was developed under the umbrella term of paedology* (also 
spelled as pedology) as well as for his ignoring the role of practice and practical, 
object-bound activity.and arguably his emphasis on the research on the role of 
language and, on ' the other haiid, emotional factors in human development. 
Much of this early criticism of the 1930s was later discarded by these 
Vygotskian scholars themselves. Another line of the critique of Vygotsky's 
psycholbgibal theoty comes from such major figure of the Soviet psychology as 
Sergei Rubinshtein' and his followers who criticized Vygotsky's notion of 
mediation and its development in the works of students.

Personals

Asnin, Vladimir Ilyich (1904-1956), Soviet developmental psychologist, a 
representative of Kharkov School of Psychology, head of the Department of 
psychology at the Kharkov State pedagogical institute in 1944— 1950. In the 
1930s, in collaboration with Leont'ev, Zaporozhets, Gal’perin, Zinchenko and 
other members' :fijr the Kharkov group developed the fundamentals of 
psychological actiyity'theory.

Leont'ev, Alexei Nikolaevich (1903-1979), Soviet developmental 
psychologist, the founder of activity theory.

154



Luria, Alexander Romanovich (1902- 1977) was a famous Russian 
neuropsychologist and developmental psychologist. He was one of the founders 
of cultural-historical psychology and psychological activity theory. In 1924 
Luria met Lev Semionovich Vygotsky, whose influence was decisive in shaping 
his future career. Together with Vygotsky and Alexei Nikolaivitch Leontiev, 
Luria sought to establish an approach to psychology that would enable them to 
“discover the way natural processes such as physical maturation and sensory 
mechanisms become intertwined with culturally determined processes to 
produce the psychological functions of adults”.

Piaget, Jean (1896-1980) was a Swiss philosopher, natural scientist and 
developmental psychologist, well known for his work studying children, his 
theory of cognitive development and for his epistemologic view called "genetic 
epistemology". He created in 1955 the International Centre for Genetic 
Epistemology in Geneva and directed it until 1980. According to Ernst von 
Glasersfeld, Jean Piaget is "the great pioneer of the constructivist theory of 
knowing".

Zaporozhets, Alexander Vladimirovich (1905-1981) was a Soviet 
developmental psychologist, a student of Lev Vygotsky and Alexei Leontiev. 
Zaporozhets studied psychological mechanisms o f voluntary movements, 
perception and action, as well as the development o f thought in children. One of 
the major representatives o f the Kharkov School of Psychology.

Zinchenko, Pyotr Ivanovich (1903-1969) was a Soviet developmental 
psychologist, a student o f Lev Vygotsky and Alexei Leontiev and one of the 
major representatives of the Kharkov School of Psychology. In 1963, Zinchenko 
founded and headed the department of psychology at Kharkov University until 
his death in 1969.

Ivan Pavlov 

1849 -1936

Ivan Petrovich Pavlov was bom on September 14, 1849 at Ryazan, where 
his father, to devote his life to science. In 1870 he enrolled in the physics and 
mathematics faculty to take the course in natural science. Pavlov became 
passionately absorbed with physiology, which in fact was to remain of such 
fundamental importance to him throughout his life. It was during this first 
course that he produced, in collaboration with another student, Afanasyev, his 
first learned treatise, a work on the physiology o f the pancreatic nerves. This 
work was widely acclaimed and he was awarded a gold medal for it. In 1875 
Pavlov completed his course with an outstanding record and received the degree 
of Candidate o f Natural Sciences. However, impelled by his overwhelming 
interest in physiology, he decided to continue his studies and proceeded to the

155



Academy of Medical Surgery to take the third course there. He completed this in 
1879 and was again awarded a gold medal. After a competitive examination, 
Pavlov won a fellowship at the Academy, and this together with his position as 
Director of the Physiological Laboratory at the clinic of the famous Russian 
clinician, S. P. Botkin, enabled him to continue his research work. In 1883 he 
presented his doctor's thesis on the subject of «The centrifugal nerves of the 
heart». In this work he developed his idea of nervism, using as example the 
intensifying nerve of the heart which he had discovered, and furthermore laid 
down the basic principles on the trophic function of the nervous system. In this 
as well as in other works, resulting mainly from his research in the laboratory at 
the Botkin clinic, Pavlov showed that there existed a basic pattern in the reflex 
regulation of the activity of the circulatory organs.

In 1890 Pavlov was invited to organize and direct the Department of 
Physiology at the Institute of Experimental Medicine. Under his direction, which 
continued over a period of 45 years to the end of his life, this Institute became 
one of the most important centres of physiological research.

In 1890 Pavlov was appointed Professor of Pharmacology at the Military 
Medical Academy and five years later he was appointed to the then vacant Chair 
o f Physiology, which he held till 1925.

It was at the Institute of Experimental Medicine in the years 1891-1900 that 
Pavlov did the bulk of his research on the physiology of digestion. It was here 
that he developed the surgical method of the «chronic» experiment with 
extensive use of fistulas, which enabled the functions of various organs to be 
observed continuously under relatively normal conditions. This discovery 
opened a new era in the development of physiology, for until then the principal 
method used had been that of «acute» vivisection*, and the function of an 
organism had only been arrived at by a process of analysis. This meant that 
research into the functioning of any organ necessitated disruption of the normal 
interrelation between the organ and its environment. Such a method was 
inadequate as a means of determining how the functions of an organ were 
regulated or of discovering the laws governing the organism as a whole under 
normal conditions problems which had hampered the development of all 
medical science. With his method of research, Pavlov opened the way for new 
advances in theoretical and practical medicine. With extreme clarity he showed 
that the nervous system played the dominant part in regulating the digestive 
process, and this discovery is in fact the basis of modem physiology of 
digestion. Pavlov made known the results of his research in this field, which is 
of great importance in practical medicine, in lectures which he delivered in 1895 
and published under the title Lektsii о rabote glavnykh pishchevaritelnyteh 
zhelez (Lectures on the function of the principal digestive glands) (1897).

Pavlov's research into the physiology of digestion led him logically to 
create a science of conditioned reflexes. In his study of the reflex regulation of 
the activity of the digestive glands, Pavlov paid special attention to the
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phenomenon of «psychic secretion», which is caused by food stimuli at a 
distance from the animal. By employing the method - developed by his 
colleague D. D. Glinskii in 1895 - of establishing fistulas in the ducts of the 
salivary glands, Pavlov was able to carry out experiments on the nature of these 
glands. A series of these experiments caused Pavlov to reject the subjective 
interpretation of «psychic» salivary secretion and, on the basis of Sechenov's 
hypothesis that psychic activity was of a reflex nature, to conclude that even 
here a reflex - though not a permanent but a temporary or conditioned one - was 
involved.

This discovery of the function of conditioned reflexes made it possible to 
study all psychic activity objectively, instead of resorting to subjective methods 
as had hitherto been necessary; it was now possible to investigate by 
experimental means the most complex interrelations between an organism and 
its external environment.

In 1903, at the 14th International Medical Congress in Madrid, Pavlov read 
a paper on «The Experimental Psychology and Psychopathology of Animals». 
In this paper the definition of conditioned and other reflexes was given and it 
was shown that a conditioned reflex should be regarded as an elementary 
psychological phenomenon, which at the same time is a physiological one. It 
followed from this that the conditioned reflex was a clue to the mechanism of 
the most highly developed forms of reaction in animals and humans to their 
environment and it made an objective study of their psychic activity possible.

Subsequently, in a systematic program of research, Pavlov transformed 
Sechenov's theoretical attempt to discover the reflex mechanisms of psychic 
activity into an experimentally proven theory of conditioned reflexes.

As guiding principles of materialistic teaching on the laws governing the 
activity of living organisms, Pavlov deduced three principles for the theory of 
reflexes: the principle of determinism, the principle of analysis and synthesis, 
and the principle o f structure.

The development of these principles by Pavlov and his school helped 
greatly towards the building-up of a scientific theory of medicine and towards 
the discovery of laws governing the functioning of the organism as a whole.

Experiments carried out by Pavlov and his pupils showed that conditioned 
reflexes originate in the cerebral cortex, which acts as the «prime distributor and 
organizer of all activity of the organism» and which is responsible for the very 
delicate equilibrium of an animal with its environment. In 1905 it was 
established that any external agent could, by coinciding in time with an ordinary 
reflex, become the conditioned signal for the formation of a new conditioned 
reflex. In connection with the discovery of this general postulate Pavlov 
proceeded to investigate «artificial conditioned reflexes»*. Research in 
Pavlov’s laboratories over a number of years revealed for the first time the basic 
laws governing the functioning of the cortex of the great hemispheres. Many 
physiologists were drawn to the problem of developing Pavlov's basic laws
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governing the activity of the cerebrum*. As a result of all this research there 
emerged an integrated Pavlovian theory on higher nervous activity.

Even in the early stages of his research Pavlov received world acclaim and 
recognition. In 1901 he was elected a corresponding member of the Russian 
Academy of Sciences, in 1904 he was awarded a Nobel Prize, and in 1907 he 
was elected Academician of the Russian Academy of Sciences; in 1912 he was 
given an honorary doctorate at Cambridge University and in the following years 
honorary membership of various scientific societies abroad. Finally, upon the 
recommendation of the Medical Academy of Paris, he was awarded the Order of 
the Legion of Honour (1915).

After the October Revolution, a special government decree, signed by 
Lenin on January 24, 1921, noted «the outstanding scientific services of 
Academician LP.Pavlov, which are of enormous significance to the working 
class of the whole world».

The Communist Party and the Soviet Government saw to it that Pavlov and 
his collaborators were given unlimited scope for scientific research. The Soviet 
Union became a prominent centre for the study of physiology, and the fact that 
the 15th International Physiological Congress of August 9-17,1935, was held in 
Leningrad and Moscow clearly shows that it was acknowledged as such.

Pavlov directed all his indefatigable energy towards scientific reforms. He 
devoted much effort to transforming the physiological institutions headed by 
him into world centres of scientific knowledge, and it is generally acknowledged 
that he succeeded in this endeavor.

Pavlov nurtured a great school of physiologists, which produced many 
distinguished pupils. He left the richest scientific legacy - a brilliant group of 
pupils, who would continue developing the ideas of their master, and a host of 
followers all over the world.

In 1881, Pavlov married Seraphima (Sara) Vasilievna Karchevskaya, a 
teacher, the daughter of a doctor in the Black Sea fleet. She first had a 
miscarriage, said to be due to her having to run after her very fast-walking 
husband. Subsequently they had a son, Wirchik, who died very suddenly as a 
child; three sons, Vladimir, Victor and Vsevolod, one of whom was a well- 
known physicist and professor of physics at Leningrad in 1925, and a daughter, 
Vera.

Personals

Sfeghenov, Ivan Mikhaylovich (1829-1905), was a Russian physiologist, 
named by Ivan Pavlov as "The Father o f  Russian physiology". Sechenov 
authored major classic Reflexes o f  the Brain introducing electrophysiology and 
neurophysiology into laboratories and teaching of medicine.

158



A b ra h a m  M aslow

1908 -1970

Life
Bom in Brooklyn, New York, Maslow was the first o f seven children of 

Jewish immigrants from Russia. His parents were uneducated, but they insisted 
that he should study law. At first, Abraham acceded to their wishes and enrolled 
in the City College o f New York. However, after three semesters he transferred 
to Cornell, then back to CCNY. After he married his first cousin, Bertha 
Maslow, he moved to Wisconsin to attend the University o f Wisconsin from 
which he received his B.A. (1930), his M.A. (1932), and his Ph.D. (1934) in 
psychology. While in Wisconsin, Maslow studied with H arry Harlow, who was 
known for his controversial experiments on rhesus monkeys* and attachment 
behavior. A year after graduation, Maslow returned to New York to work with 
E. L. Thorndike at Columbia.

Maslow began teaching full time at Brooklyn College. During this time he 
met many leading European psychologists, including Alfred Adler and Erich 
Fromm. In 1951, Maslow became the chairman of the psychology department 
at Brandeis University, where he began his theoretical work. There, he met Kurt 
Goldstein, who introduced him to the idea o f self-actualization*.

He retired to California, where he died o f a heart attack in 1970, aged 62, 
after years o f ill health.

Work
Maslow hierarchy

Main article: Maslow's hierarchy o f  needs

Diagram o f  Maslow fs hierarchy o f  needs, represented as a  pyramid with more 
primitive needs at the bottom
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Maslow's primary contribution to psychology is his Hierarchy of Needs. 
Maslow contended that humans have a number of needs that are instinctoid, that 
is, liipate. These needs are classified as "conative needs," "cognitive needs," and 
"aesthetic heeds." "Neurotic needs" are included in Maslow's theory but do not 
exist wit&in the hierarchy.

Maslow postulated that needs are arranged in a hierarchy in terms of their 
potency I Although all needs are instinctive, some are more powerful than others. 
The lower the need Is. in the pyramid, the more powerful it is. The higher the 
need is in the pyramid, the weaker and more distinctly human it is. The lower, or 
basid, ' needs on the pyramid are similar to those possessed by non-human 
animals, :but only humans possess the higher needs.

The first four .layers of the pyramid are what Maslow called "deficiency 
needs" of ''E>-rieeds:"the individual does not feel anything if  they are met, but 
feels anxious if  they are not met. Needs beyond the D-needs are "growth needs," 
"being values," or "В-needs." When fulfilled, they do not go away; rather, they 
motivate further.

The base of Are pyramid is formed by the physiological needs, including 
the biological requirements for food, water, air, and sleep.

Once the, physiological needs are met, an individual can concentrate on the 
second level,, the need for safety and security. Included here are the needs for 
structure, order, security, and predictability,

The third level is the need for love and belonging. Included here are the 
needs for friends and companions, a supportive family, identification with a 
group, arid an intimate relationship.

The fourth lepef ls  the esteem needs. This group of needs requires both 
recognition from other people that results in feelings of prestige, acceptance, and 
status/ arid selftestfeeiri that results in feelings of adequacy, competence, and 
confidence. Lack of satisfaction o f the esteem needs results in discouragement 
and feelings of inferiority.

Finally, self-actualization* sits.at the apex of the original pyramid.
In 1970 Mallow publjshed a revision to his original 1954 pyramid, adding 

the cognitive needs(first the need to acquire knowledge, then the need to 
understand th a t: joloteledge) above the need for self-actualization, and the 
aesthetic needs (the needs to create and/or experience beauty, balance, structure, 
etc,) at the top of trie pyramid. However, not all versions of Maslow's pyramid 
include the top twolevels.

Maslow theorized that unfulfilled cognitive needs can become redirected 
into nfeiifbtic Лей}?. •: For example, children whose safety needs are not 
adequately ntet .pfljay grow into adults who compulsively hoard money or 
possessions. Unlike other needs, however, neurotic needs do not promote health 
or growth if they are satisfied.

Maslow also proposed that people who have reached self-actualization will 
sometimes experience a state he referred to as "transcendence," in which they
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become aware of not only their own fullest potential, but the fullest potential of 
human beings at large. He described this transcendence and its characteristics in 
an essay in the posthumously published The Farther Reaches o f  Human Nature.

In the essay, he describes this experience as not always being transitory, but 
that certain individuals might have ready access to it, and spend more time in this 
state. He makes a point that these individuals experience not only ecstatic joy, but 
also profound "cosmic-sadness" (Maslow, 1971) at the ability of humans to foil 
chances of transcendence in their own lives and in the world at large.

Maslow's theory o f human needs draws strongly on the pioneering work of 
Henry M urray (1938). This provides the basis for wide-ranging and 
extensively validated work relating to achievement, affiliation, power and 
ambition."We move toward self actualization". This quote brings in Maslow's 
theory of motivation, tying along with the growth, happiness and satisfaction of 
every person. He believes to be motivated that it is not driven by reducing 
tension or avoiding frustration that people look for a positive view.

Other work
Maslow commented on the work of Alfred Kinsey and noted the bias in 

Kinsey's studies. Maslow had several years earlier written about the volunteer 
error.

Personals

Adler, Alfred (1870- 1937) was an Austrian medical doctor and 
psychologist, founder o f the school o f individual psychology. Adler co-founded 
psychoanalysis with Sigmund Freud and a small group o f Freud's colleagues. He 
was the first major figure to break away from psychoanalysis to form an 
independent school o f psychotherapy and personality theory. He influenced 
notable figures in other schools of psychotherapy such as Rollo May, Viktor 
Frankl, Abraham Maslow and Albert Ellis. His writings preceded and at times 
were surprisingly consistent with later neo-Freudian insights such as evidenced 
in the works o f Karen Homey, Harry Stack Sullivan and Erich Fromm.

Fromm, Erich Pinchas (1900-1980) was an internationally renowned 
Jewish-German-American social psychologist, psychoanalyst, and humanistic 
philosopher. He was associated with what became known as the Frankfurt 
School of critical theory.

Goldstein, K u rt (1878-1965) was a German neurologist and psychiatrist 
who was a pioneer in modem neuropsychology. He created a holistic theory of 
the organism based on Gestalt theory which deeply influenced the development 
of Gestalt therapy. His most important book in German Der Aufbau des 
Organismus (1934) has been published again in English: The Organism (1995) 
with an introduction by Oliver Sacks.
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Maslow's primary contribution to psychology is his Hierarchy of Needs. 
Maslow contended that humans have a number of needs that are instinctoid, that 
is, innate. These needs are classified as "conative needs," "cognitive needs," and 
"aesthetic needs." "Neurotic needs" are included in Maslow's theory but do not 
exist witi&in the hierarchy.

Masjow postulated that needs are arranged in a hierarchy in terms of their 
potency* ^ though $ 1  needs are instinctive, some are more powerful than others. 
The lower the need 14.. in the pyramid, the more powerful it is. The higher the 
need is jh the pyramid; the weaker and more distinctly human it is. The lower, or 
basic, needs on the pyramid are similar to those possessed by non-human 
animals, but only humans possess the higher needs.

jThe; first four .layers of the pyramid are what Maslow called "deficiency 
needs" Or "D-rleeds:" the individual does not feel anything if they are met, but 
feels anxious if. they are hot met. Needs beyond the D-needs are "growth needs," 
"being values," or "В-needs." When fulfilled, they do not go away; rather, they 
mdtiyhtdfufther;; ■ -V.- v

The base of the pyramid is formed by the physiological needs, including 
the biological requirements for food, water, air, and sleep.

Once the physiological needs are met, an individual can concentrate on the 
second leVei, ШС need for safety and security. Included here are the needs for 
structure, order,/security, and predictability.

The third level is the need for love and belonging. Included here are the 
needs for friends and companions, a supportive family, identification with a 
group, .and an intimate relationship,

The fourth level is  the esteem needs. This group of needs requires both 
recognition from other people that results in feelings of prestige, acceptance, and 
status, :and self-esteem that results in feelings of adequacy, competence, and 
confidence. Lack of. satisfaction of the esteem needs results in discouragement 
and feelings o f iirfopprity.

Finally, self-actualization* sits at the apex of the original pyramid.
In' 1970 Maslow published a revision to his original 1954 pyramid, adding 

the cognitive needs (first the heed to acquire knowledge, then the need to 
understand that knowledge) above the need for self-actualization, and the 
aesthetic needs (the. needs to create and/or experience beauty, balance, structure, 
etc.) at the top of the 'pyramid. However, not all versions of Maslow's pyramid 
include the top two levels.

Maslow theorized that unfulfilled cognitive needs can become redirected 
into: neiifotic riepds; For example, children whose safety needs are not 
adecjiiiktely iiiay gfow into adults who compulsively hoard money or 
possessions. Unlike other needs, however, neurotic needs do not promote health 
or growth if  they, are satisfied.

Maslow also proposed that people who have reached self-actualization will 
sometimes experiehge a state he referred to as "transcendence," in which they
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become aware of not only their own fullest potential, but the fullest potential o f 
human beings at large. He described this transcendence and its characteristics in 
an essay in the posthumously published The Farther Reaches o f  Human Nature.

In the essay, he describes this experience as not always being transitory, but 
that certain individuals might have ready access to it, and spend more time in this 
state. He makes a point that these individuals experience not only ecstatic joy, but 
also profound "cosmic-sadness" (Maslow, 1971) at the ability of humans to foil 
chances of transcendence in their own lives and in the world at large.

Maslow's theory o f human needs draws strongly on the pioneering work of 
Henry M urray (1938). This provides the basis for wide-ranging and 
extensively validated work relating to achievement, affiliation, power and 
ambition."We move toward self actualization". This quote brings in Maslow's 
theory of motivation, tying along with the growth, happiness and satisfaction of 
every person. He believes to be motivated that it is not driven by reducing 
tension or avoiding frustration that people look for a positive view.

Other work
Maslow commented on the work of Alfred Kinsey and noted the bias in 

Kinsey's studies. Maslow had several years earlier written about the volunteer 
error.

Personals

Adler, Alfred (1870- 1937) was an Austrian medical doctor and 
psychologist, founder o f the school o f individual psychology. Adler co-founded 
psychoanalysis with Sigmund Freud and a small group o f Freud's colleagues. He 
was the first major figure to break away from psychoanalysis to form an 
independent school o f psychotherapy and personality theory. He influenced 
notable figures in other schools o f psychotherapy such as Rollo May, Viktor 
Frankl, Abraham Maslow and Albert Ellis. His writings preceded and at times 
were surprisingly consistent with later neo-Freudian insights siich as evidenced 
in the works o f Karen Homey, Harry Stack Sullivan and Erich Fromm.

Fromm, Erich Pinchas (1900-1980) was an internationally renowned 
Jewish-German-American social psychologist, psychoanalyst, and humanistic 
philosopher. He was associated with what became known as the Frankfurt 
School o f critical theory.

Goldstein, K u rt (1878-1965) was a German neurologist and psychiatrist 
who was a pioneer in modem neuropsychology. He created a holistic theory of 
the organism based on Gestalt theory which deeply influenced the development 
of Gestalt therapy. His most important book in German Der Aufbau des 
Organismus (1934) has been published again in English: The Organism (1995) 
with an introduction by Oliver Sacks.
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Kinsey, Alfred Charles (1894-1956), was an American biologist and 
professor of entomology and zoology who in 1947 founded the Institute for 
Research in Sex, Gender and Reproduction at Indiana University, now called the 
Kinsey Institute for Research in Sex, Gender and Reproduction. Kinsey's 
research on' human sexuality profoundly influenced social and cultural values in 
the United States arid ,many other countries in the West which went through the 
sexu4:te\mluti0h Stakirig in the 1960s;

M urray, Henry=Henry A. M urray (1893-1988) was an American 
psychologist who taught for over 30 years at Harvard. He was founder of the 
Boston Psychoanalytic Society and developed a theory of personality based on 
"need" and "press". He also is developer of the Thematic Apperception Test 
(TAT) which is widely used by psychologists.

Harlow, H arry Frederick (1905-1981) was an American psychologist 
best known for his matemal-deprivation and social isolation experiments on 
rhesus monkeys, which demonstrated the importance of care-giving and 
companionship in the early stages of primate development. He conducted most 
of his research at the University of Wisconsin-Madison, where he worked for a 
time with humanistic psychologist Abraham Maslow.

Thorndike, Ediyalrd Lee (1874-1949) was an American psychologist who 
spent pearly his entire ehreer at Teachers College, Columbia University. His 
work on animal behaviour and the learning process led to the theory of 
connectioiiism. Among Thorndike's most famous contributions were his 
research on how Cats learned to escape from puzzle boxes and his related 
formulation of the law of effect. The law of effect states that responses that are 
closely followed;' by satisfying consequences become associated with the 
situation, and are more likely tb recur when the situation is subsequently 
encountered. Conversely, if the responses are followed by aversive 
consequences, associations to the situation become weaker.

G REAT MINDS DEALING W ITH  ART AND SCIENCE 

M ikhail Vasilievich Lomonosov 

1711-1765

Lomonosov was bom in the village of Denisovka (the name of which was 
afterwards changed to Lomonosovo in honor of the poet), situated on an island 
not far from Kholmogory, in the Far North of Russia. His father, a fisherman, 
took the boy when he was ten years of age to assist him in his work, but his 
eagerness for knowledge was unbounded. The few books accessible to him he
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almost learned by heart and, seeing that there was no chance of pursuing 
education at home, he resolved to go by foot to Moscow.

An opportunity occurred when he was seventeen, and by the intervention of 
friends he obtained admission into the Slavic Greek Latin Academy*. There 
his progress was very rapid, especially in Latin, and in 1736 he was one of 
sixteen students selected to continue their studies at the newly established 
secular university at the St. Petersburg Academy of Sciences. There again his 
proficiency, especially in physical science, was marked, and he was one of the 
young Russians chosen to complete their education in foreign countries.

Immediately the Academy sent him to Marburg University in Germany to 
study the physical sciences under the guidance of Christian Wolff, famous for 
his versatile interest in the links between physics and philosophy. He also spent 
some time in Freiberg, where he studied mining techniques. He sent several 
scientific papers to St. Petersburg. After five years in Germany, he returned to 
St. Petersburg and began immediately to present papers on physical and 
chemical themes. In 1745 he was elected full professor at the Academy and then 
became rector. Eager to improve Russian education, Lomonosov joined his 
patron Ivan Shuvalov in founding the Moscow State University (later named 
after him) in 1755. In 1764 Lomonosov was appointed to the position of a 
secretary of state.

In 1756, he attempted to replicate Robert Boyle's celebrated experiment of 
1673 and concluded that the phlogiston theory*, commonly accepted at the 
time, is false. Anticipating the discoveries of Antoine Lavoisier, he wrote in his 
diary: "Today I made an experiment in hermetic glass vessels in order to 
determine whether the mass of metals increases from the action of pure heat. 
The experiments —  of which I append the record in 13 pages —  demonstrated 
that the famous Robert Boyle was deluded, for without access of air from 
outside the mass of the burnt metal remains the same".

He regarded heat as a form of motion, suggested the wave theory of light, 
contributed to the formulation of the kinetic theory of gases*, and stated the 
idea of conservation of matter* in the following words: "All changes in nature 
are such that inasmuch is taken from one object insomuch is added to another. 
So, if the amount of matter decreases in one place, it increases elsewhere. This 
universal law of nature embraces laws of motion as well, for an object moving 
others by its own force in fact imparts to another object the force it loses" (first 
articulated in a letter to Leonhard Euler dated 5 July, 1748, rephrased and 
published in Lomonosov's dissertation "Reflexion on the solidity and fluidity of 
bodies", 1760).

Lomonosov was the first person to record the freezing of mercury, and to 
hypothesize the existence of an atmosphere on Venus based on his observation 
o f the transit of Venus of 1761 in a small observatory near his house in 
Petersburg. Believing that nature is subject to regular and continuous evolution, 
he demonstrated the organic origin of soil, peat, coal, petroleum, and amber. In
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1745 he published a catalogue of over 3,000 minerals, and in 1760 he explained 
the formation of icebergs.

Lomonosov was proud to restore the ancient art of mosaics*. In 1754 in his 
letter to Leonard Euler he wrote that his three-years long experimentations on 
the effects of chemistry of minerals on their color led to him became very 
involved into the mosaics art. In 1763 he sets up a glass factory that produced 
the first stained glass mosaics outside of Italy. There were forty mosaics 
attributed to Lomonosov, only twenty-four survived to the present time. Among 
the best is the portrait of Peter the Great and the Battle o f  Poltava, measuring 4,8 
* 0,4 meters.

In 1755 he wrote a grammar that reformed the Russian literary language by 
combining Old Church Slavonic* with the vernacular tongue. To further his 
literary theories, he wrote more than 20 solemn ceremonial odes, notably the 
Evening Meditation on the God's Grandeur. To his later poems he applied an 
idiosyncratic theory that words containing the front vowel sounds E, I, YU 
should be used when depicting tender subjects, and those with back vowel 
sounds O, U, Y - to describe things that may cause fear ("like anger, envy, pain, 
and sorrow"). This theory is a version of what is known as sound symbolism*. 
Lomonosov published his own history of Russia in 1760. Most of his 
accomplishments, however, were unknown outside Russia until long after his 
death.

Upon his demise in St Petersburg in 1765, Lomonosov left no male heirs. 
Among female heirs, a granddaughter married the famous General Raevsky. In 
1948, the underwater Lomonosov Ridge in the Arctic Ocean was named in his 
honour. A  moon crater* also bears his name.

Lomonosov drew admiring attention not only as "the father of Russian 
science" but also as a major modernizer of national poetry. He introduced the 
living word as the vehicle of poetic expression. According to Vissarion 
Belinsky, who wrote in the middle of the nineteenth century: "His language is 
pure and noble, his style is precise and powerful, and his verse is full of glitter 
and soaring spirit." According to Evelyn Bristol: "Lomonosov created a body of 
verse whose excellence was unprecedented in his own language."

Lomonosov's work in science was of an encyclopedic scope; he was 
actively engaged in physics, chemistry, astronomy, geology, meteorology, and 
navigation. He also contributed to population studies, political economy, 
Russian history, rhetoric, and grammar. He brought the most advanced scientific 
theories to Russia, commented on their strengths and weaknesses, and advanced 
original ideas. He sided with Newton's atomistic views on the structure of 
matter; questioned the existence of the heat-generating caloric*, a popular 
crutch of eighteenth-century science; and endorsed and commented on 
Huygens's clearly manifested inclination toward the wave theory of light. He 
raised the question of the scientific validity of the notion of instantaneous action 
at a distance that was built into Newton's notion of universal gravitation,
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conducted experimental research in atmospheric electricity, made the first steps 
toward the formulation of conservation laws, suggested a historical orientation 
in the study of the terrestrial strata*, and claimed the presence of atmosphere 
at the planet Venus. In the judgment of Henry M. Leicester, Lomonosov's 
scientific papers revealed "a remarkable originality and ability to follow his 
theories to their logical ends, even though his conclusions were sometimes 
erroneous."

In a series of odes, Lomonosov combined his poetic gifts with his scientific 
engagement to produce scientific poetry. These odes dealt with scientific themes 
and were dedicated to the popularization of rationalist methods in obtaining 
socially valuable knowledge. "A Letter on the Uses of Glass," one such ode, 
relied on rich and poignant metaphors to portray the invincible power of 
scientific ideas of the kind advanced by Kepler, Huygens, and Newton. This 
poem, an ode in praise of the scientific world outlook, is the first Russian 
literary work to hail Copernicus's heliocentrism*.

The appearance of Lomonosov's papers on physical and chemical themes in 
the St. Petersburg Academy of Sciences journal Novy Kommentary (New 
Commentary) during the 1750s marked the beginning of a new epoch in Russia's 
cultural history. They were the first publications of scientific papers by a native 
Russian scholar to appear in the same journal with contributions by established 
naturalists and mathematicians of Western origin and training. The papers, 
presented in Latin, dealt with major scientific problems of the day and were 
noticed by reviewers in Western scholarly journals.

Few of his Russian contemporaries understood the intellectual and social 
significance of Lomonosov's achievements in science and of his enthusiastic 
advocacy of Baconian views on science as the commanding source of social 
progress. His relations with the members of the St. Petersburg Academy and 
with distinguished members of the literary community were punctuated by 
stormy conflicts, personal and professional. He showed a tendency to magnify 
the animosity, overt or latent, o f German academicians toward Russian 
personnel and Russia's cultural environment. Particularly noted were his 
outbursts against G. F . Muller, A. L. Schlozer, and G. Z. Bayer, the founders of 
the Norman theory of the origin of the Russian state. On one occasion, he was 
sent to jail as a result of complaints by foreign colleagues regarding his abusive 
language at scientific sessions of the Academy. In the face of mounting 
complaints about his behavior, Catherine П signed a decree in 1763 forcing 
Lomonosov to retire; however, before the Senate could ratify the decree, the 
empress changed her mind. Part o f Lomonosov's obstinacy stemmed from his 
desire to see increased Russian representation in the administration of the 
Academy. In fairness to Lomonosov, it must be noted that he had high respect 
for and maintained cordial relations with most German members of the 
Academy.
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Lomonosov went through a series of skirmishes with theologians who 
protected the irrevocability of canonized belief from the challenges launched by 
science, and even wrote a hymn lampooning the theologians who stood in the 
way of scientific progress. While attacking theological zealots, he never 
deviated from a candid respect for religion - and he never alienated himself from 
the church. Small wonder, then, that two archimandrites and a long line of 
priests officiated at his burial rites. After his death, the church recognized him as 
one of Russia's premier citizens, and many learned theologians took an active 
part in building the symbolism of the Lomonosov legend.

In his time, and shortly after his death, Lomonosov was known almost 
exclusively as a poet; only isolated contemporaries grasped the intellectual and 
social significance of his achievements in science. A  good part o f his main 
scientific manuscripts languished in the archives of the St. Petersburg Academy 
until the beginning of the twentieth century. Lomonosov was known for having 
made little effort to communicate with Russian scientists in and outside the 
Academy. On his death, a commemorative session was attended by eight 
members of the Academy, who heard a short encomium delivered by Nicholas 
Gabriel de Clerc, a French doctor of medicine, writer on Russian history, newly 
elected honorary member of the Academy, and personal physician of Kirill 
Razumovsky, president of the Academy. While de Clerc praised Lomonosov 
effusively, he barely mentioned his work in science.

Personals

Belinsky, Vissarion Grigoryevich (1811-1848) was a Russian literary 
critic of Westernizing tendency. He was an associate of Alexander Herzen, 
Mikhail Bakunin (he at one time courted one of his sisters), and other critical 
intellectuals. Belinsky played one of the key roles in the career of poet and 
publisher Nikolay Nekrasov and his popular magazine The Contemporary (also 
known as "Sovremennik").

Catherine П (1729-1796) Russian in fa ll Yekaterina Alekseyevna, byname 
Catherine the Great, Russian Yekaterina Velikaya, original name Sophie 
Friederike Auguste, Prinzessin (princess) von Anhalt-Zerbst German-born 
empress of Russia who led her country into full participation in the political and 
cultural life of Europe, carrying on the work begun by Peter the Great. With her 
ministers she reorganized the administration and law of the Russian Empire and 
extended Russian territory, adding the Crimea and much of Poland.

Euler, Leonard (1707-1783) was a Swiss mathematician. In 1733 he 
succeeded Daniel Bernoulli at the St. Petersburg Academy of Sciences. There he 
developed the theory of trigonometric and logarithmic functions and advanced 
mathematics generally. Under the patronage of Frederick the Great, he worked
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at the Berlin Academy for many years (1744 -  66), where he developed the 
concept of function in mathematical analysis and discovered the imaginary 
logarithms of negative numbers. Throughout his life he was interested in number 
theory. In addition to inspiring the use of arithmetic terms in writing 
mathematics and physics, Euler introduced many symbols that became standard, 
including X for summation; fn for the sum of divisors of и; e for the base of the 
natural logarithm; a, b, and с for the sides of a triangle with A, B, and С for the 
opposite angles; f x )  for a function; я  for the ratio of the circumference to the 
diameter of a circle; and i for V-l.

Kepler, Johannes (1571-1630) was a German mathematician, astronomer 
and astrologer, and a key figure in the 17th century astronomical revolution. He 
is best known for his eponymous laws of planetary motion, codified by later 
astronomers based on his works Astronomia nova, Harmonices Mundi, and 
Epitome o f  Copemican Astronomy.

Muller, G erhardt Friedrich (1705-1783) was a historian and ethnologist 
who studied Russia, Siberia, Mongolia and China in Leipzig, Germany and Saint 
Petersburg, Russia. He was invited to St. Petersburg in 1725 to co-found the 
Imperial Academy of Sciences.

Rayevsky, Nikolay Nikolaevich=General Raevsky (1771-1829) was a 
Russian general and statesman who achieved fame for his feats of arms during 
the Napoleonic wars. His family left a lasting legacy in Russian society and 
culture.

Shuvalov, Ivan Ivanovich (1727 — 1797) was called the Maecenas of the 
Russian Enlightenment and the first Russian Minister of Education. Russia's first 
theatre, university, and academy of arts were instituted with his active 
participation.

Proper Names

Kholmogory is a village, NW European Russia, SE of Arkhangelsk and at 
the mouth of the Northern Dvina River. Known since 1355, Kholmogory was a 
major trade center for Novgorod merchants in the 15th and 16th cent, and 
became a shipping and cattle raising center in the 18th cent. Its significance 
declined with the rise of Arkhangelsk.

Lomonosov Ridge is an underwater oceanic ridge in the Arctic Ocean. It 
spans for 1800 km from the New Siberian Islands over the central part of the 
ocean to the Ellesmere Island of the Canadian Arctic islands. The Lomonosov 
Ridge was first discovered by the Soviet high-latitude expeditions in 1948 and 
named after Mikhail Lomonosov.

Old Church Slavonic is a medieval Slavic language used in the translation 
o f the Bible by Cyril and Methodius and in early literary manuscripts and still
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used as a liturgical language by several churches of Eastern Orthodoxy. Also 
called Church Slavonic, Old Bulgarian.

Slavic Greek Latin Academy was the first higher education establishment 
in Moscow, Russia. Today, it continues as the Moscow Theological Academy 
and Seminary, located in. the Troitse-Sergiyeva Lavra. It is an Eastern 
Orthodox Seminary.

Leonardo da Vinci - scientist and inventor 

1452-1519

beonardo da .Vinci was an Italian polymath, regarded as the epitome of the 
''RenaisSance Man'V displaying skills in many and diverse areas. Whilst most 
famous'for his paintings such as the Мойа Lisa and the Last Supper, Leonardo 
is also1 renowned as a scientist, engineer and inventor. The areas of his scientific 
study included aeronautics, anatomy, astronomy, botany, civil engineering, 
chemistry, , geology, geometry, hydrodynamics, mathematics, mechanical 
engineering, Optics, physics, pyrotechnics and zoology.

■Whilst the full extent of his scientific studies has only become recognized 
in the last lSO ybars, he was, during his lifetime, employed for his engineering 
and slalj of invention: Many of Ins designs, such as the movable dykes to protect 
Venice from  invasion,- proved too costly or impractical. Some of his smaller 
inventions entered ’the world of manufacturing unheralded. As an engineer, 
Lebnafdo: conceived ideas vastly ahead of his own time, conceptually inventing 
a hdfieopter, a tank, the use of concentrated solar power, a calculator, a 
rudimentary theQ ryofplate tectonics* arid the double hull*. In practice, he 
greatly advanced, the state of knowledge in the fields of anatomy, astronomy, 
civil engineering,1 optics, and the study of water (hydrodynamics).Leonardo’s 
most , famous drajxving, the Vitncvian Man, is & study of the proportions of the 
human, bddy, linking! art and science single work that has come to represent 
Renaissance.

Condensed biography
Leonardo di ser Piero da Vinci (April 15, 1 4 5 2 - May 2, 1519) was bom 

the illegitimate son of Messer Piero, a notary, and Caterina, a peasant woman. 
His early life was spent in the region of Vind, in the valley of the Amo River in 
near Florence, firsify wjtb Bis toother and in later childhood in the household of 
his father, grandfather, and uncle Francesco.

Mis curiosity and interest b  scientific' observation were stimulated by his 
uncle Francesco, while his grandfather's keeping of journals set an example 
which he was to follow for most of his life» diligently recording in his own 
journals both the events of the day', his visual observations, his plans and his

168



projects. The journals o f Leonardo contain matters as mundane as grocery lists 
and as remarkable as diagrams for the construction of a flying machine.

In 1466, Leonardo was sent to Florence to the workshop of the artist 
Verrocchio, in order to learn the skills o f an artist. At the workshop, as well as 
painting and drawing, he learnt the study of topographical anatomy. He was also 
exposed to a very wide range of technical skills such as drafting, set 
construction*, plasterworking*, paint chemistry, and metallurgy.

Among the older artists whose work stimulated Leonardo's scientific 
interest was Piero della Francesca, then a man in his 60s, who was one o f the 
earliest artists to systematically employ linear perspective* in his paintings, 
and who had a greater understanding o f the science of light than any other artist 
of his date. While Leonardo's teacher, Verrocchio, largely ignored Piero's 
scientifically disciplined approach to painting, Leonardo and Ghirlandaio, who 
also worked at Verrocchio's workshop, did not. Two o f Leonardo's earliest 
paintings, both scenes o f the Annunciation show his competent understanding 
of the linear perspective.

Leonardo was profoundly observant of nature, his curiosity having been 
stimulated in early childhood by his discovery of a deep cave in the mountains 
and his intense desire to know what lay inside. His earliest dated drawing, 1473, 
is of the valley of the Amo River, where he lived. It displays some of the many 
scientific interests that were to obsess him all his life, in particular geoiogy and 
hydrology.

As a scientist, Leonardo had no formal education in Latin and mathematics 
and did not attend a university. Because o f these factors, his scientific studies 
were largely ignored by other scholars. Leonardo's approach to science was one 
of intense observation and detailed recording, his tools of investigation being 
almost exclusively his eyes. His journals give insight into his investigative 
processes.

Most o f the journals were written backwards in mirror script, so his ideas 
were not discovered until decades after his death.

Publication
Leonardo illustrated a book on mathematical proportion in art written by 

his friend Luca Pacioli and called "De divina proportione", published in 1509. 
He was also preparing a major treatise on his scientific observations and 
mechanical inventions. It was to be divided into a number of sections or 
"Books", Leonardo leaving some instructions as to how they were to be ordered. 
Many sections for it appear in his notebooks.

These pages deal with scientific subjects generally but also specifically as 
they touch upon the creation o f artworks. In relating to art, this is not science 
that is dependent upon experimentation or the testing of theories. It deals with 
detailed observation, particularly the observation of the natural world, and
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includes a  great deal about the visual effects of light on different natural 
substances such as foliage.

N atural science. Light
, Fdrfaii ajtist wpjMig in the 15th century, some study of the nature of light 

was essential. It was by 'the effective painting of light falling on a surface that 
modelling, or. a 'three dimensional appearance was to be achieved in a two- 
dimensional medium. It was also well understood by artists like Leonardo's 
teacher, Verrocchio, that an appearance of space and distance could be achieved 
in a  background landscape by painting in tones that were less in contrast and 
colours IM t w'ere less- bright than in the foreground of the painting. The effects 
of lighfcbn soUds. wefc achieved by trial and error, few artists except Piero della 
Francesca, having accurate scientific knowledge of the subject.

At the time when Leonardo commenced painting, it was unusual for figures 
to be painted with extreme contrast o f light and shade. Faces, in particular, were 
shadowed in a maimer that was bland and maintained all the features and 
contours clearly visible. Leonardo broke with this.

In the painting generally titled The Lady with an Ermine (about 1483) he 
sets the figure diagonally* to the picture space and turns her head so that her 
face is almost parallel to her nearer shoulder. The back of her head and the 
further shbulder arc deeply shadowed. Around the ovoid solid of her head and 
across her breast arid hand the light is diffused in such a way that the distance 
and position of the light in relation to the figure can be calculated.

Leonardo's treatment of light in paintings such as The Virgin of the Rocks 
and the Mona Lisa was to change forever the way in which artists perceived 
light and used it in their paintings. Of all Leonardo's scientific legacies, this is 
probably the one that had the most immediate and noticeable effect.

Topographic anatomy
Leonardo began the formal Study of the topographical anatomy of the 

human body'when apprenticed to Andrea del Verrocchio. As a student he would 
have Ьёёп tah^ht tb idjra# the human body from life, to memorise the muscles, 
tendons and visible . subcutaneous structure and to familiarise himself with the 
mechanics of the various parts of the skeletal and muscular structure. It was 
common Workshop practice to have plaster casts of parts, o f the human anatomy 
available for students to study arid draw.

His continued investigations in this field are demonstrated by many fine 
drawings ip Ms jpumals. In conjunction with studies of aspects of the body are 
drawings of feces displaying different emotions and many drawings of people 
suffering facial , deformity, either congenital or through illness. Some of these 
drawings, generally referred to as "caricatures", on analysis of the skeletal 
proportions, appear to be based on anatomical studies.
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Dissection
As Leonardo became successful as an artist, he was given permission to 

dissect human coipses at the hospital Santa Maria Nuova in Florence. Later he 
dissected in Milan at the hospital Maggiore and in Rome at the hospital Santo 
Spirito (the first mainland Italian hospital). From 1510 to 1511 he collaborated 
in his studies with the doctor Marcantonio della Torre.

In 30 years, Leonardo dissected 30 male and female corpses o f  different 
ages. Together with Marcantonio, he prepared to publish a theoretical work on 
anatomy and made more than 200 drawings. However, his book was published 
only in 1680 (161 years after his death) under the heading Treatise on painting.

Among the detailed images that Leonardo drew are many studies o f the 
human skeleton. He was the first to describe the double S form of the backbone. 
He also studied the inclination of pelvis and sacrum and stressed that sacrum 
was not uniform, but composed o f five fused vertebrae. He dissected and drew 
the human skull and cross-sections of the brain, transversal, sagittal, and frontal.

Not only interested in structure but also in function, Leonardo was a 
physiologist in addition to being an anatomist. He studied internal organs, being 
the first to draw the human appendix and also drawing detailed images o f the 
lungs*, mesentery*, urinary tract*, sex organs, the muscles o f the cervix*.

Leonardo was one o f the first to draw a scientific representation o f the fetus 
in the intrautero. He studied the vascular system* and drew a disected heart in 
detail. He correctly worked out how heart valves eddy the flow o f blood yet he 
did not fully understand circulation as he believed that blood was pumped to the 
muscles where it was consumed. Leonardo's drawing inspired a British heart 
surgeon to pioneer a new way to repair damaged hearts in 2005.

His study o f human anatomy led also to the design o f the first known robot 
in recorded history. The design, which has come to be called Leonardo's 
robot*, was probably made around the year 1495 but was rediscovered only in 
the 1950s. It is not known if an attempt was made to build the device.

Comparative anatomy
Leonardo not only studied human anatomy, but the anatomy o f many other 

animals as well. He dissected cows, birds, monkeys and frogs, comparing in his 
drawings their anatomical structure with that o f humans. On one page of his 
journal Leonardo drew five profile studies of a horse with its teeth bared in 
anger and, for comparison, a snarling lion and a snarling man.

In the early 1490s Leonardo was commissioned to create a monument in 
honour o f Francesco Sforza. In his notebooks are a  series of plans for an 
equestrian monument. There are also a large number of related anatomical 
studies of horses. They include several diagrams o f a standing horse with the 
angles and proportions anotated, anatomical studies of horses' heads, a dozen 
detailed drawings o f hooves and numerous studies and sketches of horses 
rearing.
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He studied the topographical anatomy of a bear in detail, making many 
drawings of its paws. There is also a drawing of the muscles and tendons of the 
bear's hind feet. Other drawings of particular interest include the uterus of a 
pregnant cow, the hindquarters of a decrepit mule and studies of the musculature 
o f a iiffld iJog.

Botany
The science of:Botany was long established by Leonardo's time, a treatise 

on the subject having been written as early as 300 BCE Leonardo's study of 
plants, resulting in ipany beautiful drawings in his notebooks, was not to record 
in diagrninatic form the parts of the plant, but rather, as an artist and observer to 
record the precise appearance Of plants, the manner of growth and the way that 
individual plants aridjfflbweirs of a single variety differed frdin one another.

Oneisucih study .Shows a page with several species of flower of which ten 
drawings are o f . wild violets. Along with a drawing of the growing plant and a 
detail o f a leaf, Leonardo has repeatedly drawn single flowers from different 
angles, with their heads set different on the stem.

Apaft; ftpm flpwers the notebooks contain many drawings of crop plants 
including several types of grain and a variety of berries including a detailed 
study of ibramble*.':There are also water plants such as irises*, bnllrushes* and 
sedge*. His notebooks also direct the artist to observe how light reflects from 
foliage at differ^tdistances and under different atmospheric conditions.

A number of tjie drawings have their equivalents in Leonardo's painting. 
An elcgaht' study Of a stem of lilies* may have been for one of Leonardo's early 
Annunciation paintings, carried in the hand of the Archangel Gabriel. In both the 
Annunciation pictures the grass is dotted with blossoming plants.

The plants which appear in both the versions of The Virgin of the Rocks 
demonstrate the results of Leonardo's studies in a meticulous realism that makes 
each plant readily identifiable to the botanist.

Gdotogy
LfeCttardp: had a broad understanding of Geology, including the action of 

water in ;Creatmg sedilnentary rock*, the tectonic action* of the earth in 
raising tile s^a bCd aiiid. the action of erosion* in the creation of geographical 
featbres, . ;

In Leonardo's earliest paintings we see the remarkable attention given to 
the small landscapes o f the background, with lakes and water, swathed in a 
misty lig|i,i' In;tM :Mrgpr cif the. Annunciation paihtings is a town on the edge of a 
lake. Although distant, the mountains can be. seen to be scored bjy vertical strata. 
This characteristi'C cM  be observed in other paintings by Leonardo, and closely 
resembles the mountains around Lago di Garda and Lago dlseo in Northern 
Italy. It is a particular feature of both the paintings of The Virgin of the Rocks, 
which also include caverns of fractured, tumbled and water eroded limestone.
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Hydrodynamics
Among Leonardo's drawings are many that are studies of the motion of 

water, in particular the forms taken by fast-flowing water on striking different 
surfaces.

Many o f these drawings depict the spiralling nature of water. The spiral 
form had been studied in the art o f the Classical era and strict mathematical 
proportion had been applied to its use in art and architecture. An awareness of 
these rules of proportion had been revived in the early Renaissance. In 
Leonardo's drawings can be seen the investigation of the spiral as it occurs in 
water.

There are several elaborate drawings o f water curling over an object placed 
at a diagonal to its course. There are several drawings of water dropping from a 
height and curling upwards in spiral forms. One such drawing, as well as curling 
waves, shows splashes and details o f spray and bubbles.

Leonardo's interest manifested itself in the drawing o f streams and rivers, 
the action o f water in eroding rocks, and the cataclismic action of water in 
floods and tidal waves. The knowledge that he gained from his studies was 
employed in devising a range o f projects, particularly in relation to the Amo 
River. None o f the major works was brought to completion.

Astronomy
“The earth is not in the centre o f  the Sun’s orbit nor at the centre o f  the 

universe, but in the centre o f  its companion elements, and united with them. And  
any one standing on the moon, when it and the sun are both beneath us, would 
see this our earth and the element o f  water upon it ju s t as we see the moon, and 
the earth would light it as it lights us. ”

Alchemy
Claims have sometimes been made that Leonardo da Vinci was an 

alchemist*. However, his scientific process was based mainly upon observation. 
His practical experiments are also founded in observation rather than belief. 
Leonardo, who questioned the order of the solar system and the deposit o f 
fossils by the G reat Flood, had little time for the notion that a lead could be 
turned into gold or that a potion* could be created that gave eternal life.

As for alchemists he considered them to be false and having poor 
knowledge to make any scientific research.

Mathematical studies. Perspective.
During the early 15th century, both Brunelleschi and Alberti made studies 

of linear perspective. In 1436 Alberti published "della Pittura" ("On Painting"), 
which includes his findings on linear perspective. Piero della Francesca carried 
his work forward and by the 1470s a number o f artists were able to produce 
works o f art that demonstrated a full understanding of the principles of linear
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perspective*. One of these is Perugino's Marriage o f  the Blessed Virgin which 
is one of the frescoes depicting the Life o f  Christ on the walls of the Sistine 
Chapel,

Leonardo studied linear perspective and employed it in his earlier 
paintings. His use of perspective in the two Annunciations is daring, as he uses 
varipus^features such as the comer of a building, a walled garden and a path to 
contrast enclosure and -spaciousness.

Й 0  ̂ fin ished  Adoration o f the Magi was intended to be a masterpiece 
revealing much of Leonardo's knowledge of figure drawing and perspective. 
There exists a number of studies that he made, including a detailed study of the 
perepectiye, showing the complex background of ruined Classical buildings that 
he :р1адйе0-&г;йке left Of the picture. Leonardo wrote:

Th^rhdrpbieubd0t(diedron, as published in De divina proportione.
While, in Milan in 1496 Leonardo met a traveling monk and academic, 

Luca Pacioli. Under him, Leonardo studied mathematics. Pacioli, who devised 
the double entry* system of bookkeeping, had already published a major 
treatise on Mathematical knowledge, collaborated with Leonardo in the 
production of a book called "De divina proportione" about mathematical and 
artistic proportion. Leonardo prepared a series of drawings of regular solids in a 
skeletal; fc?rin to fee engraved as plates, "De divina proportione" was published in 
1509. :

Practical inventions and projects
Leonardo w^'roaster of mechanical principles. He utilised leverage* and 

cantilevering*, pulleys*, cranks*, gears*, including angle gears* and rack 
and pihion gears*; parallel linkage*, momentum*, centripetal force* and the 
aerofoil#.

Because Leonardo's inventions date from an era before the issue of patents, 
it is impossible to say with any certainty how many or even which of his 
inventions passed into general arid practical use, and thereby had impact over 
the Jives of many people. Among those inventions that are credited with passing 
into genefal ргасбеШ ш е аге the s tru t bridge*, the automated bobbin winder*, 
the machine fdf- tesfirig the tfenisile strength* of wife and the lens-grinding 
machine pictured; at right.

In the lens-grinding machine, the hand rotation of the grinding wheel 
operates an angle-gear, which rotates a shaft, turning a geared dish in which sits
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the glass or crystal to be ground. A single action rotates both surfaces at a  fixed 
speed ratio determined by the gear.

Bridges and hydraulics
Leonardo's study o f the motion of water led him to design machinery that 

utilised its force. Much o f his work on hydraulics* was for Ludovico il Moro* 
Leonardo wrote to Ludovico describing his skills and what he could build.

Among his projects in Florence was one to divert the course o f the Amo, in 
order to flood Pisa. Fortunately, this was too costly to be carried out. He also 
surveyed Venice and came up with a plan to create a movable dyke* for the 
city's protection against invaders.

In 1502, Leonardo produced a drawing o f a single span 240 m (720-foot) 
bridge as part of a civil engineering project for Ottoman Sultan Beyazid II of 
Istanbul. The bridge was intended to span an inlet at the mouth of the 
Bosphorus known as the Golden Horn. Beyazid did not pursue the project, 
because he believed that such a construction was impossible. Leonardo's vision 
was resurrected in 2001 when a  smaller bridge based on his design was 
constructed in Norway. On 17 May 2006, the Turkish government decided to 
construct Leonardo's bridge to span the Golden Horn.

War machines
In Leonardo's notebooks there is an array o f war machines which includes a 

tank to be propelled by two men powering crank shafts. Although the drawing 
itself looks quite finished, the mechanics were apparently not fully developed 
because, if  built as drawn, the tank, with a  lot o f effort, might be made to rotate 
on the spot, but would never progress in a forward direction. In a BBC 
documentary, a military team built the machine and found it not working, until 
they changed only one o f the gears. It is believed that Da Vinci deliberately left 
this error in the design, in order to prevent it from being put to practice by 
unauthorized people.

Another machine, propelled by horses with a pillion rider, carries in front 
of it four scythes mounted on a  revolving gear, turned by a  shaft driven by the 
wheels of a cart behind the horses.

Leonardo's notebooks also show cannons which he claimed "to hurl small 
stones like a storm with the smoke of these causing great terror to the enemy, 
and great loss and confusion."

He also designed an enormous crossbow*. Following his detailed drawing, 
one was constructed by the British Army, but could not be made to fire 
successfully.

Leonardo was the first to sketch the wheel-lock musket* c. 1500 AD (the 
precedent o f the flintlock* musket which first appeared in Europe by 1547), 
although the Chinese o f the earlier 14th century had used a flintlock 'steel wheel' 
in order to detonate land mines.
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Flight
In Leonardo's infancy a hawk had once hovered over his cradle. Recalling 

this incident, Leonardo saw it as prophetic.
“An object offers as much resistance to the air as the air does to the object. 

You may see that the beating o f  its wings against the air supports a heavy eagle 
in the highest and rarest atmosphere, close to the sphere o f  elemental fire. Again 
you may. see the air in motion over the sea, f ill  the swelling sails and drive 
heavily laden ships. From these instances, and the reasons given, a man with 
wings large enough and duly connected might learn to overcome the resistance 
o f  the air; and by conquering it, succeed in subjugating it and rising above it. ”

The desire to fly is expressed in the many studies and drawings. His later 
journals contain a detailed study of the flight of birds and several different 
designs for wings based in structure upon those of bats which he described as 
being less heavy because of the impenetrable nature of the membrane. On 
January 3,1496 he unsuccessfully tested a flying machine he had constructed.

One design that he produced shows a helicopter to be lifted by a rotor* 
powered by four men. It would not have worked since the body of the craft itself 
would have rotated in the opposite direction to the rotor.

While he designed a number of man powered flying machines with 
mechanical wings that flapped, he also designed a parachute and a light.

Leonardo's inventions made reality
In the late 20th century, interest in Leonardo's inventions has escalated. 

There have been many projects which have sought to turn diagrams on paper 
into wdtking models. One of the factors is the awareness that, although in the 
15th and 16th centuries Leonardo had available a limited range of materials, 
modern technological advancements have made available a number of robust 
materials of light-weight which might turn Leonardo's dreams into reality. This 
is partici#trly thecase with his designs for flying machines.

A  difficulty encountered in the creation of models is that often Leonardo 
had not entirely thpught through the mechanics of a machine before he drew it, 
of else be, used a soft of graphic shorthand^ simply not bothering to draw a gear 
or a lever at a point where one is absolutely essential in order to make a machine 
function. Matters like this were probably so obvious to a person of Leonardo's 
skills that he didn't need to record them, but to a technical college student, 
creating a model for a display, this lack of refinement of mechanical details can 
cause :0nsiderable: confusion. Thus many models that are created, such as some 
of those on display at Clos Luce, Leonardo's home in France, do not work, but 
would work, with a little mechanical tweaking.
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Personals

Alberti, Leon Battista (1404-1472) was an Italian author, poet, linguist, 
architect, philosopher, cryptographer, and general Renaissance humanist 
polymath. In Italy, his first name is usually spelled "Leon". Alberti’s life was 
described in Giorgio Vasari's Vite.

Beyazid П, Sultan of Istanbul (1447/48—1512) (Ottoman Turkish: 
Bayezld-i sani, Turkish://.Bayezid or Il.Beyazit) was the Sultan o f the 

Ottoman Empire from 1481 to 1512.
Brunelleschi, Filippo (1377-1446) was an Italian architect and engineer 

who was one o f the pioneers o f early Renaissance architecture in Italy. His 
major work is the dome o f the Cathedral o f Santa Maria del Fiore (the Duomo) 
in Florence (1420-36), constructed with the aid of machines that Brunelleschi 
invented expressly for the project.

Francesca, Piero della (1412—1492) was an Italian artist o f the Early 
Renaissance. To contemporaries, he was known as a mathematician and 
geometer as well as an artist, though now he is chiefly appreciated for his art 
His painting was characterized by its serene humanism and its use of geometric 
forms, particularly in relation to perspective and foreshortening. Most o f his 
work was produced in the Tuscan town of Arezzo.

Ghirlandaio, Domenico (1449-1494) was a renowned Florentine 
Renaissance painter, a contemporary o f Botticelli and Filippino Lippi. His many 
apprentices included Michelangelo.

Moro, Ludovico il ("The Moor")=Ludovico Sforza Duke of Milan (1452- 
1508), a member o f the Sforza dynasty o f Milan, Italy, was the second son of 
Francesco Sforza, and was famed as patron o f Leonardo da Vinci and other 
artists. It is said that he was called il Moro because o f his dark skinned 
complexion.

Pacioli, Bartolomeo de=Fra Luca Bartolomeo de Pacioli (sometimes 
Paciolo) (1445-1514 or 1517) was an Italian mathematician and Franciscan 
friar, collaborator with Leonardo da Vinci, and seminal contributor to the field 
now known as accounting. He was also called Luca di Borgo after his 
birthplace, Borgo Santo Sepolcro, Tuscany.

Perugino, P ietro (1446-1524) is a well-known painter of the Umbrian 
school, who developed some o f the qualities that found classic expression in the 
High Renaissance.

Sforza, Francesco I  (1401-1466) was an Italian condottiero, the founder of 
the Sforza dynasty in Milan, Italy. He was the brother o f Alessandro, with whom 
he often fought.

Verrocchio, Andrea del, bom Andrea di Michele di Francesco de' 
Cioni, (1435 -1488) was an influential Italian sculptor, goldsmith and painter 
who worked at the court o f Lorenzo de' Medici in Florence. His pupils included 
Leonardo da Vinci, Perugino, Ghirlandaio and Sandro Botticelli, but he also
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influenced Michelangelo. He worked in the serenely classic style of the 
Florentine Early Renaissance.

Proper Names

Golden H orn (Turkish: Ha-lip, Greek: Xpucrov Kcpap -  Chryson Keras) is 
an inlet o f the Sbsphprus dividing the city of Istanbul and forming a natural 
harbor.

G reat Flood: the Biblical story of Noah. Noah's A rk was a vessel built at 
God's command to save Noah, his family, and a core stock of the world's 
animals from the Great Flood.

Syjhne Ghailei ̂ e  Sktihe Chapel (Italian: Саррейо Sistina)  is a chapel 
in the Apostolic Palace, that was erected in 1473-81 by the architect Giovanni 
dei Bolin fo r Pope Sixtus IV (hence its name). It is the official residence of the 
Рорё, 'in  jthe Vatican City. Its fame rests on its architecture, which evokes 
Soldinon'isTem^ Old Testament, its decoration, frescoed throughout by
the gffeatest. Renaissance artists, including Michelangelo whose ceiling is 
legendary and its purpose, as a. Site o f papal religious and functionary activity, 
notably the, OTnblay©; a t which a new Pope is Selected.

A lbrecht D urer 

1471-1528

Albrecht Durer was bom in Imperial Free City of Niimberg (now in 
Germany) on 21 May 1471. He was the third son of Albrecht Durer and Barbara 
Holfer. He was one of their eighteen children. The Durer family came from 
Hungary, Albrecht Durer senior being bom there, and at this time the family 
name was Ajtos. The name Ajtos means "door" in Hungarian and when Durer 
senior and his brothers came to Germany they chose the name Tiirer which 
sounds like the German "Tiir" meaning door. The name changed to Durer but 
Albrecht Diirer senior always signed himself Tiirer rather than Durer.

Albrecht Diirer senior was a jeweller who had served his apprenticeship 
with Hieronymus Holfer, and then married Holfer's daughter. He was a man of 
gentle and patient character and led an honest and God-fearing life. Albrecht 
Diirer junior wrote about his father that he was friendly towards all and full of 
gratitude to his Maker. He cared little for society and nothing for worldly 
amusements and paid great attention to the religious education of his children 
teaching them to love God and people.
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As a young boy Diirer was educated at the Lateinschule in St Lorenz and 
he also worked in his father's workshop learning the trade of a goldsmith and 
jeweller. By the age of 13 he was already a skilled painter as seen from a self 
portrait which he painted at that time. This was the first of many self-portraits 
which Diirer painted and they provide a wonderful record.

In 1486 Diirer became an apprentice painter and woodcut designer to 
Michael Wolgemut, the leading producer of altarpieces. After an apprenticeship 
of four years, Diirer had learnt all he could from Wolgemut and had reached a 
level of artistic quality exceeding that of his famous teacher. Wolgemut advised 
Diirer to travel to widen his experience and meet other artists. Following 
Wolgemut's advice, Diirer delayed visiting Italy (which Wolgemut himself never 
visited), where there were very different artistic styles, until he had fully 
developed his own style and learnt more techniques from other German artists.

Diirer travelled first to Nordlingen, where he met artists o f the Swabian 
school. The Swabian style had been influenced by Dutch artistic design which 
Diirer had not met before. His next visit was to Ulm where he met more artists 
of the Swabian school. They were delighted with Durer's drawings and with his 
first engravings.

Leaving Ulm, Diirer made his way to Constance which charmed him with 
its fairyland appearance. Basel was the next town which Diirer visited, and he 
found it quite similar to his home town of Niimberg. Finally Diirer returned 
home, making visits to Colmar and Strasbourg on the way.

It had been a long journey of great importance to Diirer which had taken 
nearly four years, but after he returned to Niimberg in 1494 he felt disappointed 
that he had not visited Italy. He had also become convinced that:

... the new art must be based upon science in particular, 
upon mathematics, as the most exact, logical, and graphically 
constructive o f  the sciences.

Italy was not only a country with new ideas to offer Diirer in art, but it was 
also leading the world at this time in the revival of mathematics. Before setting 
out for Italy, however, Diirer married Agnes Frey, the daughter of a learned man 
Hans Frey who had made quite a lot o f money through making jewellery, 
musical instruments, and mechanical devices.

The marriage seems to have been more the idea of the parents of Agnes and 
Albrecht, and the pair was married on 7 July 1494. It was a marriage which 
helped raise Durer's status in Niimberg, as well as provide him with money 
which helped him set up his own studio.

Before the end of 1494, Diirer was on his travels again, leaving Agnes 
behind in Niimberg. First he visited Augsburg where he met strong Italian 
artistic influences for the first time. Travelling through the Tyrol, he reached 
Trento and his first view of Italy.

He travelled on to Verona before reaching Venice which was his main 
objective. In Venice, Diirer, as he had done throughout his journeys, sketched
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scenes, visited galleries and churches, and met with the local artists. One of the 
artists that he met in Venice, Giovanni Bellini, had an important influence on 
Diirer.

Diirer returned to Niimberg in 1495, and although he does not seem to have 
met with any of the major Italian mathematicians on his journeys, he did meet 
Jacopo de Barbari who told him of the mathematical work of Pacioli and its 
importance to the theory of beauty and art. Nor did Diirer meet with Leonardo 
da Vinci while in Italy, but he learnt of the importance which that artist placed in 
mathematics. Back in Niimberg, Diirer began a serious study of mathematics. 
He read Euclid's Elements and the important treatise De architectura (On 
Architecture) by Vitruvius (1st century BC), the famous Roman architect and 
engineer. He also became familiar with the work of Alberti and Pacioli on 
mathematics and art, in particular work on proportion.

It was not only this scientific approach to art that influenced Diirer as he 
began his artistic career in Niimberg, but he also benefited from seeing different 
artistic styles and the different scenery which he had viewed.

In 1495 Diirer was still not well known as an artist in the highest circles but 
news of his skill reached Frederick the Wise, Elector of Saxony, and Diirer was 
commissioned to paint his portrait. Frederick liked his portrait which Diirer 
painted in April 1496 when Frederick had visited Niimberg. Despite Frederick's 
attempts to persuade Diirer to move to Weimar and become Court painter, the 
artist did not wish to leave Niimberg. He was deeply attached to Niimberg, 
painting these views of the city in 1497.

From about 1500 Durer's art showed the influence of the mathematical 
theory of proportion which he continued to spend so much time studying. It is 
claimed that his self-portrait in a wig made in 1500 has the dimensions of the 
head constructed proportionally. For the engraving* Adam and Eve made in 
1504, Diirer described the intricate mler and compass constructions which he 
made to construct the figures. It was not only the mathematical theory of 
proportion which influenced Durer's art at this period, but also his mastery of 
perspective through his study of geometry. This is most clearly seen in his 
woodcuts Life of the Virgin made between 1502 and 1505.

During the ten years after 1496 Diirer went from a relatively unknown 
artist to someone with a wide reputation as both an artist and a mathematician. 
His personal circumstances had changed greatly. His father had died in 1502 and 
Diirer was left to care for his invalid, and nearly blind, mother. He had set up his 
own printing press while he, or often his wife, sold his works to buyers at local 
fairs. It was a difficult life and one in which Durer's health began to suffer. In 
fact he would never regain full health during the rest of his life.

From 1505 to 1507 Diirer made a second visit to Italy, spending much time 
again in Venice. It was a very different visit from his first, with Diirer now 
more interested in his international fame than in learning about art. He was so



conscious o f his fame, and the threat he perceived that he might hold to the 
local artists, that he refused invitations having a fear of being poisoned.

It was not about art that Diirer now wished to learn from the Italians, but 
rather about mathematics. He visited Bologna to meet with Pacioli whom he 
considered held the mathematical secrets of art. He also visited Jacopo de 
Barbari and the great efforts which Diirer made to meet de Barbari shows the 
importance which Diirer more and more attached to mathematical knowledge. 
Diirer returned to Niimberg from this second visit to Italy feeling that he must 
delve yet more deeply into the study of mathematics.

In about 1508 Diirer began to collect material for a major work on 
mathematics and its applications to the arts. This work would never be finished 
but Diirer did use parts of the material in later published work. He continued to 
produce art o f outstanding quality, and he produced one of his most famous 
engravings Melancholia in 1514. It contains the first magic square to be seen in 
Europe, cleverly including the date 1514 as two entries in the middle of the 
bottom row. Also of mathematical interest in Melancholia is the polyhedron in 
the picture. The faces of the polyhedron appear to consist o f two equilateral 
triangles and six somewhat irregular pentagons. An interesting reconstruction of 
the polyhedron is given in, see also for further details.

Diirer worked for Maximilian I, the Holy Roman emperor, from about 
1512. Maximilian, however, had little in the way of wealth to pay for Durer's 
work and he asked the councillors of Niimberg to exempt Diirer from taxes as 
compensation. He then asked the councillors to pay Diirer a pension on his 
behalf, which certainly did not please them. From about 1515 the councillors 
tried to avoid paying this pension. Diirer met Maximilian personally for the first 
time in 1518 and, probably from one sitting in Augsburg, painted Maximilian's 
portrait. The following year Maximilian died and this was the final excuse for 
the councillors to refuse to make any further payment, saying that the new 
emperor Charles would have to agree to the pension.

Although Diirer was fairly well off by this time and the pension was not 
necessary for him, it was more a matter o f prestige to have his pension restored. 
He set off for Antwerp on 15 July 1520 with his wife and their maid to visit the 
Em peror Charles V. Passing through Aachen, Diirer sketched the cathedral at 
Aachen.

Diirer had a second reason for this visit to the Netherlands, for he believed 
that Maximilian's daughter had a book by Jacopo de Barbari on applications of 
mathematics to art, and Diirer had long sought the tmths which he believed this 
work contained. On meeting Maximilian's daughter he offered her the portrait of 
her father which he had painted, but was distressed to find that she did not want 
the portrait. She had already given the book by Jacopo de Barbari to another 
artist so Durer's quest was in vain. He did persuade Charles V to restore his 
pension, however, which was formally agreed on 12 November 1520.
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After returning to Niimberg, Durer's health became still worse. He did not 
slacken his work on either mathematics or painting but most of his effort went 
into his work Treatise on proportion. Although it was completed in 1523, Diirer 
realised that it required mathematical knowledge which went well beyond what 
any reader could be expected to have, so he decided to write a more elementary 
text. He published this more elementary treatise, in four books, in 1525 
publishing the work through his own publishing company.

This treatise, Unterweisung der Messung mit dem Zirkel und Richtscheit, is 
the first mathematics book published in German (if one discounts an earlier 
commercial arithmetic book) and places Diirer as one of the most important of 
the Renaissance mathematicians. Durer's sources for this work are discussed in 
where three main sources are suggested the practical recipes of craftsmen, 
classical mathematics from printed works and manuscripts, and the manuals of 
Italian artists. The article gives many details o f the mathematics contained in the 
treatise.

The first of the four books describes the construction of a large number of 
curves, including the Spiral of Archimedes*, the Equiangular or Logarithmic 
Spiral*, the Conchoid*, Durer’s Shell Curves*, the Epicycloid*, the 
Epitrochoid*, the Hypocycloid*, the Hypotrochoid*, and the Lima^on of 
Pascal* (although of course Diirer did not use that name!). Details about Durer's 
descriptions of the curves, in particular one he calls a "muschellini", is given in.

In the second book he gave exact and approximate methods to construct 
regular polygons*. Diirer also gave approximate methods to square the circle* 
using ruler and compass constructions in this book. A method to obtain a good 
approximation to the trisector of an angle by Euclidean construction is also 
given.

Book three considers pyramids*, cylinders* and other solid bodies. The 
second part of this book studies sundials and other astronomical instruments. 
The final book studies the five Platonic solids as well as the semi-regular 
Archimedean solids. Also in this book is Durer's theory of shadows and an 
introduction to the theory of perspective.

In 1527 Diirer published another work, this time on fortifications*. There 
were strong reasons why he produced a work on fortifications at this time, for 
the people of Germany were in fear of an invasion by the Turks. Many cities, 
including Niimberg, would improve their fortifications using the methods set out 
by Diirer in this book. Durer's final masterpiece was his Treatise on proportion 
which was at the proof stage at the time of his death.

Descriptive geometry originated with Diirer in this work although it was 
only put on a sound mathematical basis in later work of Monge. One of the 
methods of overcoming the problems of projection, and describing the 
movement of bodies in space, is descriptive geometry. Durer's remarkable 
achievement was through applying mathematics to art, he developed such 
fundamentally new and important ideas within mathematics itself.
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Personals

Emperor Charles V (1500-1558) was Holy Roman Emperor from 1530 to 
his abdication in 1556. He also ruled as Carlos I  of Spain from 1516 to 1556. 
As the heir o f four o f Europe's leading royal houses, he united in personal union 
extensive realms including the Holy Roman Empire, Aragon, Castile, Naples, 
Sicily, the Burgundian Netherlands, and Spanish colonies in America. Upon his 
retirement, he divided his realms between his son Philip and his brother 
Ferdinand.

Euclid (Greek: ЕПккаС6т](; -- Eukleidis), also known as Euclid of 
Alexandria, "The Father o f Geometry" was a Greek mathematician of the 
Hellenistic period who flourished in Alexandria, Egypt, almost certainly during 
the reign o f Ptolemy I  (323 ВС-283 BC). His Elements is the most successful 
textbook in the history of mathematics. In it, the principles of Euclidean 
geometry are deduced from a small set of axioms. Furthermore, Euclid's method 
of proving mathematical theorems by logical reasoning from accepted first 
principles remains the backbone o f mathematics and is responsible for that 
field's characteristic rigor ( Mathematical rigour is often cited as a kind o f gold 
standard for mathematical proof. It has a history traced back to Greek 
mathematics, where it is said to have been invented.). Although best-known for 
its geometric results, the Elements also includes various results in number 
theory, such as the connection between perfect numbers and Mersenne primes, 
the proof o f the infinitude of prime numbers, Euclid's lemma on factorization 
(which leads to the fundamental theorem of arithmetic on uniqueness of prime 
factorizations), and the Euclidean algorithm for finding the greatest common 
divisor of two numbers. Euclid also wrote works on perspective, conic sections, 
spherical geometry, and possibly quadric surfaces.

Frederick the Wise (1463-1525) Frederick the Wise was the Elector of 
Saxony from 1486-1525. He was perhaps the most important supporter of 
Luther and protected him in his early years. Frederick even had Luther 
kidnapped and taken to his Wartburg castle after he was condemned at the Diet 
of Worms in 1521. Frederick's motivation for protecting Luther was probably 
political rather than theological because he had one o f the largest relics 
collections (over 19,000 pieces) in Germany. Frederick opposed the power of 
the pope and did not want to see one o f the professors of the university he 
founded condemned as a heretic.

Giovanni Bellini (c. 1430 -  1516) was an Italian Renaissance painter, 
probably the best known o f the Bellini family of Venetian painters. His father 
was Jacopo Bellini, his brother was Gentile Bellini, and his brother-in-law was 
Andrea Mantegna. He is considered to have revolutionized Venetian painting, 
moving it towards a  more sensuous and colouristic style. Through the use of 
clear, slow-drying oil paints, Giovanni created deep, rich tints and detailed 
shadings. His sumptuous coloring and fluent, atmospheric landscapes had a
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great effect on the Venetian painting school, especially on his pupils Giorgione 
and Titian.

Jacopo de Barbari is sometimes known or referred to as de’Barbari, de 
Barberi, de Barbari,'Barbaro, Barberino, Barbarigo or Baiberigo, (c. 1440 — 
before 1516) was an Italian painter and printmaker with a highly individual 
Style. He' moved from Venice to Germany in 1500, thus becoming the first 
Italian Renaissance artist of stature to work in Northern Europe. His few 
surviving paintings (about twelve) include the first known example of trompe 
Vq$\1 sinefc antiquity. His twenty-sine engravings and three very large woodcuts 
were also highly fitfineryiai.

Maximilian I  of Habsburg (1459-1519) was Holy Roman Emperor from 
1508 until his death. He expanded the influence of the House o f Habsburg 
through both war and marriage. He is often referred to as "The Last Knight".

Michael Wolgemut (formerly spelt Wohlgemuth) (1434 - 1519), German 
painter and printmaker, was born and died in Nuremberg; The importance of 
Wolgemut as ail: ̂ f is t rests, not: only on his own individual works, but also on 
the fact that he-was . the head of a large workshop, in which many different 
branches tof Ше fine arts were carried on by a great number of pupil-assistants, 
including Albrecht Diirer, who completed an apprenticeship with him between 
1486-9. In his atelier large altar-pieces and other sacred paintings were 
executed, and also elaborate carved painted wood retables, consisting of 
crowded; subjects iD'high relief, richly decorated with gold and colour.

Vjtruvius=Marcus Vitruvius Pollio, fl. late 1st cent. B.C. and early 1st 
cent. A.D., Roman writer, engineer, and architect for the Emperor Augustus. In 
his one extant wOfk): De architectura (c.40 B.C., tr. 1914), he discussed in 10 
encyclopedic chapters aspects of Roman architecture, engineering, and city 
planning. Vitfuvius also included a section on human proportions. Because it is 
the only antique treatise on architecture to have survived, De architectura has 
been aft invaluable,; source of information for scholars. The rediscovery of 
VitruviUs during the Renaissance greatly fueled the revival of classicism during 
that md- subseqUent:!periods.'Numerous architectural treatises were based in part 
or inspired by:; Vitruvius, beginning with Leon Battista Alberti's De re 
aedifaatoria(l$&5):
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G lo ssary

acceleration: in physics, acceleration is defined as the rate of change of 
velocity, or, equivalently, as the second derivative of position. It is thus a vector 
quantity with dimension length/time2. In SI units, acceleration is measured in 
metres/second2 ( т -s'?). The term "acceleration" generally refers to the change in 
instantaneous velocity.

aerofoil (in American English, or aerofoil in British English) is the shape of a 
wing or blade (of a .propeller, rotor or turbine) or sail as seen in cross-section. 
An airfoil shaped body moved through a fluid produces a force perpendicular to 
the motion called lift. Subsonic flight airfoils have a characteristic shape with a 
rounded leading edge, followed by a sharp trailing edge, often with asymmetric 
camber. Airfoils designed with water as the working fluid are also called 
hydrofoils.

alchemist: in the history of science, alchemy (Arabic: al-khimia)
refers to : tioth an early form o f the investigation of nature and an early 
philosophical and spiritual discipline, both combining elements of chemistry, 
metallurgy, physics, medicine, astrology, semiotics, mysticism, spiritualism, and 
art all as parts of one greater force. Alchemy has been practiced in 
Mesopotamia, Ancient Egypt, Persia, India, and China, in Classical Greece and 
Rome, in the Muslim civilization, and then in Europe up to the 19th century—in 
a complex network of schools and philosophical systems spanning at least 2500 
years.

alkaloid is a naturally occurring amine produced by a plant, but amines 
produced by animals and fungi are also called alkaloids. Many alkaloids have 
pharmacological effects on humans and other animals. The name derives from 
the word alkaline; originally, the term was used to describe any nitrogen- 
containing base. Alkaloids are usually derivatives of amino acids, and many 
have a bitter taste. They are found as secondary metabolites in plants (e.g. 
potatoes and tomatoes), animals (e.g. shellfish) and fungi. Many alkaloids can 
be purified from crude extracts by acid-base extraction. Alkaloid is used in 
quinine While many alkaloids are poisonous, some are used medicinally as 
analgesics (pain relievers) or anaesthetics, particularly morphine and codeine, 
and for other uses.

artificial conditioned reflexes and natural reflexes: formerly we made a 
distinction between "natural" and "artificial" conditioned reflexes, "natural" 
reflexes being those which appeared to be formed spontaneously as a result of 
the natural association of, for example, the sight and smell o f food with the 
eating of food itself, or of the procedure of introducing acid or some rejectable
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substance with the acid or the rejectable substance itself, while "artificial" 
reflexes were those which could be formed as a result o f artificially associating 
with the food or rejectable substance stimuli which in the ordinary with food or 
the rejectable course of events have nothing in common substance. At the 
present time, however, we know that there is not the slightest difference in 
properties between all these reflexes.

atom (Greek Птдцод or atomos meaning "indivisible") is the smallest particle 
still characterizing a chemical element. An atom consists of a dense atomic 
nucleus of positively-charged protons and electrically-neutxal neutrons, 
surrounded by a much larger electron cloud consisting of negatively-charged 
electron. An atom is electrically neutral if it has the same number o f protons as 
electrons. The number of protons in an atom defines the chemical element to 
which it belongs, while the number of neutrons determines the isotope of the 
element.

biometric: biostatistics or biometry is the application of statistics to a wide 
range of topics in biology. It has particular applications to medicine and to 
agriculture. Note on terminology. Although the terms "biostatistics" and 
"biometry" are sometimes used interchangeably, "biometry" is more often used 
of biological or agricultural applications and "biostatistics" of medical 
applications; In older sources "biometrics" is used as a synonym for "biometry", 
but this term has now been largely usurped by the information technology 
industry.

bobbin winder: a bobbin is a spindle or cylinder, with or without flanges, on 
which Wife, yam, thread or film is wound. Bobbins are typically found in sewing 
machines; cameras, and within electropic equipment. As used in spinning, 
weaving, knitting, sewing, Or lacemaking, the bobbin provides temporary 
storage for yam andj'may be made of plastic, metal, bone or wood.

bramble refers to thorny plants of the genus Rubus, in the Rose family 
(Rosaceae). Brambles include blackberries, loganberries, and other closely 
related plants. Bramble fruit is the fruit o f any plant of the Genus Rubus, such 
as the blackberry or the raspberry. The word comes from Germanic *bram-bezi, 
whence also German Brombeere and French framboise.

Branly Coherer: in 1892 a French inventor Edouard Branly created a tube 
containing loose zinc and silver filings, with contact plugs on each end. The 
shavings would stick together after the first spark was received; a method of 
separating them for the next signal was necessary. Alexander Popov, a Russian, 
came up with the idea of using a vibrator and the hammer of an electric bell to 
strike the tube and cause the filings to separate.
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bullrushes

1) In British English, bulrush is sometimes incorrectly the common name for 
Typha, called "cattail" in American English.

Typha is a genus o f about eleven species of monocotyledonous flowering 
plants in the monogeneric family, Typhaceae. The genus has a largely 
Northern Hemisphere distribution, but is essentially cosmopolitan

2)In American English, a bulrush is any one of several plants in the family 
Cyperaceae, typically o f the genus Scirpus, Bolboschoenus, от 
Schoenoplectus.

The plant genus Scirpus consists o f a large number o f aquatic, grass-like 
species in the family Cyperaceae (the sedges), many with the. common names 
club-rush or bulrush (see also bulrush for other plants so-named). Other 
common names are deergrass or grassweed.

3)Cyperuspapyrus, a monocot belonging to the sedge family Poales.

Papyrus sedge, also known as Bulrush or Paper reed (Cyperus papyrus) is 
a monocot belonging to the sedge family Cyperaceae. It is a herbaceous 
perennial native to Africa.

caloric: a hypothetically indestructible, uncreatable, highly elastic, self
repellent, all-pervading fluid formerly thought responsible for the production, 
possession, and transfer o f heat.

cantilevering : a cantilever is a beam supported on only one end. The beam 
carries the load to the support where it is resisted by moment and shear stress. 
Cantilever construction allows for overhanging structures without external 
bracing. Cantilevers can also be constructed with trusses or slabs.

centripetal force is the external force required to make a body follow a circular 
path at constant speed. The force is directed inward, toward the center of the 
circle. Hence it is a force requirement, not a particular kind of force. Any force 
(gravitational, electromagnetic, etc.) can act as a centripetal force. The term 
centripetal force  comes from the Latin words centrum ("center") and petere 
("tend towards", "strive for sth."), and can also be derived from Isaac Newton's 
original definitions described in Philosophiae Naturalis Principia Mathematica.

cerebrum is the largest and uppermost portion o f the brain. The cerebrum 
consists of the cerebral hemispheres and accounts for two-thirds o f the total 
weight o f the brain. One hemisphere, usually the left, is functionally dominant,
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controlling language and speech. The other hemisphere interprets visual and 
spatial information.

cervix (from Latin "neck") is the lower, narrow portion of the uterus where it 
joins with the top end of the vagina. It is cylindrical or conical in shape and 
protrudes through the upper anterior vaginal wall. Approximately half its length 
is visible with appropriate medical equipment; the remainder lies above the 
vagina beyond view. It is occasionally called "cervix uteri", or "neck of the 
uterus".

child development is the study or examination of processes and mechanisms 
that operate during the biological and psychological process of growth of a child 
to adolescence, from dependency to increasing autonomy. Pediatrics is the 
branch of medicine relating to the care of children. Age-related development 
terms are: Infant or baby (ages 0 -1 .5 ) (including neonate or newborn), toddler 
(ages 1.5 - 4); child; preadolescence up to adolescence and puberty.

cinchonine a colorless, crystalline, slightly water-soluble alkaloid, Q 9H22N2O, a 
stereoisomer of, cinchonidine, obtained from the bark of various species of 
cinchona and used chiefly as a quinine substitute.

classical language should have a broad influence over an extended period of 
time, even after it is no longer a colloquial mother tongue in its original form. If 
one language uses roots from another language to coin words (in the way that 
many European languages use Greek and Latin roots to devise new words such 
as "telephone" etc.), this is an indication that the second language is a classical 
language. Also, the writing system of such a classical languages will often have 
spread to be used by other languages.

conchoid is a way of deriving a new curve based on a given curve, a fixed point, 
and a positive constant k. Curves generated this way are sometimes called 
general conchoid because this method is a generalization of conchoid of 
Nicomedes (a curve with polar coordinates,

r =b+ a  sec &

studied by the Greek mathematician Nicomedes in about 200 BC, also known as 
the cochloid. It is the locus of points a fixed distance away from a line as 
measured along a line from the focus point (MacTutor Archive). Nicomedes 
recognized the three distinct forms seen in this family for 0<«/£ < 1 , alb = 1 , 
and « /£  > 1 . (For * =  ° , it obviously degenerates to a circle.) The conchoid of 
nicomedes was a favorite with 17th century mathematicians and could be used 
to solve the problems of cube duplication, angle trisection, heptagon 
construction, and other Neusis constructions).



confirmation bias in psychology and cognitive science, confirmation bias is a 
tendency to search for or interpret new information in a way that confirms one's 
preconceptions and avoid information and interpretations which contradict prior 
beliefs. It is a type o f  cognitive bias and represents an error o f inductive 
inference, or as a form of selection bias toward confirmation o f the hypothesis 
under study or discontinuation of an alternative hypothesis. Confirmation bias is 
an area o f interest in the teaching o f critical thinking as the skill is misused if  
rigorous critical scrutiny is applied only to evidence challenging a preconceived 
idea but not to evidence supporting the same preconception.

conservation of matter=the law o f conservation o f mass/matter, also known as 
law o f mass/matter conservation (or the Lomonosov-Lavoisier law), states that 
the mass o f a closed system of substances will remain constant, regardless o f the 
processes acting inside the system. An equivalent statement is that matter 
changes form, but cannot be created nor destroyed. This implies that for any 
chemical process in a closed system, the mass of the reactants must equal the 
mass of the products.

crank is a bent portion o f an axle, or shaft, or an arm keyed at right angles to the 
end of a shaft, by which motion is imparted to or received from it; also used to 
change circular into reciprocating motion, or reciprocating into circular motion. 
Familiar examples o f a crank for manual use include the crank on a manual 
pencil sharpener and the crankset that drives a bicycle via the pedals.

crossbow is a weapon consisting o f a bow mounted on a stock that shoots 
projectiles. A mechanism in the stock holds the bow in its fully-drawn position 
until it is shot by releasing a trigger. Crossbows played a significant role in the 
warfare of North Africa, Europe and Asia. Crossbows are used today primarily 
for target shooting and hunting.

cultural-historical psychology is a trend in psychological research founded by 
Lev Vygotsky in the end of the 1920s and developed by his students and 
followers in Eastern Europe and worldwide. Cultural-historical psychology 
emerged as a response to Cartesian dualism between mind and body in 
psychology o f that time as a deliberate attempt to establish a new paradigm in 
psychological research that would overcome the narrow objectivism of 
behaviourism and subjectivism of introspective psychology of Wundt, James, 
and others. It focuses on human development to make genetic claims about the 
function o f mind in activity. These claims could be part of, or a basis for, a 
return to the unity o f human sciences.

cultural mediation is one o f the fundamental mechanisms o f distinctly human 
development according to cultural-historical psychological theory introduced by 
Lev Vygotsky and developed in the work of his numerous followers worldwide.
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cylinder: in mathematics it is a quadric surface, with the following equation in 
Cartesian coordinates:

This equation is for an elliptic cylinder, a generalization of the ordinary, 
circular cylinder (a = b). Even more general is the generalized cylinder: the 
cross-section can be any curve.

The Cylinder is a degenerate quadric because at least one of the coordinates (in 
tins case z) does not appear in the equation. By some definitions the cylinder is 
not considered to be a quadric at all. In common usage, a cylinder is taken to 
mean a finite section of a right circular cylinder with its ends closed to form two 
circular surfaces.

developmental psychology also known as Human Development, is the
scientific study of progressive psychological changes that occur in human beings 
as they age. Originally concerned with infants and children, and later other 
periods of great change such as adolescence and aging, it now encompasses the 
entire life span. This field examines change across a broad range of topics 
including motor skills and other psycho-physiological processes, problem 
solving abilities, conceptual understanding, acquisition of language, moral 
understanding, and identity formation.

diagonally: a diagonal can refer to a line joining two nonadjacent vertices of a 
polygon pr polyhedron, or in contexts any upward or downward sloping line. 
The word "diagonal" was originally from the Greek 8iayomo<; (diagonios), used 
by both Strabo nd Euclid to refer to a line connecting two vertices of a rhombus 
or cuboid, and is formed from dia- ("through", "across") and gonia ("angle", 
related to gony "knee."), later adopted into Latin as diagonus ("slanting line"). In 
mathematics, in addition to its geometric meaning, a diagonal is also used in 
matrices to refer to a set of entries along a diagonal line.

differential calculus is a field in mathematics, is the study of how functions 
change when their inputs change. The primary object of study in differential 
calculus is the derivative. The derivative of a function at a chosen input value 
describes the behavior of the function near that input value.

double-entry bookkeeping (or double-entry accounting) is a system in 
accountancy which is the basis of the standard system used by businesses and 
other organizations to record financial transactions. It was firstly described by 
the Italian mathematician Luca Pacioli, in its Summa de arithmetica, 
geometrica, proportioni et proportionalita (Venice, 1494). Its premise is that a
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business's (or other organization's) financial condition and results of operations 
are best recorded in accounts. Each account maintains a "history" of changes in 
monetary values about a particular aspect of the business.

This system is called double-entry because each transaction is recorded in at 
least two accounts. Each transaction results in at least one account being debited 
aiid at:Jlfeast,;one account being credited, with the total debits of the transaction 
equal td  the total credits.

double hull js a ship hull design and construction method where the bottom and 
sides of the Ship have two complete layers of watertight hull surface: one outer 
layiir Jp ^ W g  the nprtfial hull of the ship, and a second inner hull which is 
somewhat further into the ship, perhaps a few feet, which forms a redundant 
barrier to  seawater in case the outer hull is damaged and leaks.

Durer's Shell Cnrves=Diirer's conchoid is the class of curve which appears in 
Durer's work Instruction in Measurement with Compasses and Straight Edge 
(1525) and arose in investigations of perspective. Diirer constructed the curve by 
drawing lines QRP and P'QE  of length 16 units through and R(r»Q),
where 9+r = 13. The locus of ?  and p ‘ is the curve, although Diirer found only 
one of the two branches of the curve. The envelope of the lines S^Pand P'QS 
is a parabola, and the curve is therefore a glissette of a point on a line segment 
sliding between a parabola and one of its tangents. Diirer called the curve 
"muscheffini," which means conchoid. However, it is not a true conchoid and so 
is sometimes called Durer's shell curve.

dynamical system: the dynamical system concept is a mathematical 
formalization for any fixed "rule" which describes the time dependence of a 
point's position in its ambient space. Examples include the mathematical models 
that describe the swinging of a clock pendulum, the flow of water in a pipe, and 
the number of fish each spring in a lake.

education encompasses teaching and learning specific skills, and also 
something less tangible but more profound: the imparting of knowledge, 
positive judgement and well-developed wisdom. Education has as one of its 
fundamental aspects the imparting of culture from generation to generation (see 
socialization). Education means 'to draw out', facilitating realisation of self
potential and latent talents of an individual. It is an application of pedagogy, a 
body of theoretical and applied research relating to teaching and learning and 
draws on many disciplines such as psychology, philosophy, computer science, 
linguistics, neuroscience, sociology and anthropology.

electromagnetic waves were first predicted by James Clerk Maxwell and 
subsequently confirmed by Heinrich Hertz. Maxwell derived a wave form of the
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electric and magnetic equations, revealing the wave-like nature of electric and 
magnetic fields, and their symmetry. Because the speed of EM waves predicted 
by the wave equation coincided with the measured speed of light, Maxwell 
concluded that light itself is an EM wave.

electromagnetism is the physics of the electromagnetic field: a field which 
exerts a force on particles that possess the property of electric charge, and is in 
turn affected by the presence and motion of those particles.

embryology is the study of the development of an embryo. An embryo is 
defined as any vertebrate in a stage before birth or hatching. Embryology is 
more specific as it only encompasses the modem definition: an animal that is 
undergoing early development including the formation of primitive organ 
systems, the creation of fundamental tissues, and cleavage; especially involving 
the development of human individuals from the moment the blastocyst is 
implanted until the end of the eight week after conception. Past the eight week, 
the developing animal is called a fetus.

engraving is the practice of incising a design onto a hard, flat surface, by 
cutting grooves into it. The result may be a decorated object in itself, as when 
silver, gold or steel are engraved, or may provide an intaglio printing plate, of 
copper or another metal, for printing images on paper, which are called 
engravings. Engraving was a historically important method of producing images 
on paper, both in artistic printmaking, and also for commercial reproductions 
and illustrations for books and magazines. It has long been replaced by 
photography in its commercial applications and, partly because of the difficulty 
o f  lehttimg the technique, is much less common in printmaking, where it has 
been largely replaced by etching (etching is the process of using strong acid to 
Cut into the unprotected, parts of a metal surface to create a design in intaglio in 
the metal (the original process - in modem manufacturing other chemicals may 
be used on other types of material). As an intaglio method of printmaking, it is, 
along with engraving, the most important technique for old master prints, and 
remains widely used today) and other techniques.

epicycloid: in geometry, an epicycloid is a plane curve produced by tracing the 
path of a chosen point of a circle — called epicycle -  which rolls without slipping 
around a fixed circle. It is a particular kind of roulette. The epicycloid was 
named by Ole Roemer in 1674. He discovered that cog-wheels with 
epibycloidal teeth turned with minimum friction. These results were duplicated 
by Girard Desargues, Phillippe de la Hire and Charles Stephen. The double 
generation theorem of the curve was first noted by Daniel Bernoulli in 1725. 
Many others also worked with the epicycloid, such as Durer, Huygens, Leibniz, 
de L'Hospital, Jakob Bernoulli, Euler, Edmund Hailey and Sir Isaac Newton. 
The epicycloid curve is o f special interest to astronomers, who find it in various
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coronas. Sir Isaac Newton discussed the measuring of the curve length of the 
epicycloid in his Principia. The more complicated spherical epicycloids, in 
which a moving circle is inclined at a constant angle to the plane of the fixed 
circle, were interests of the Bemoullis, Pierre Louis M. de Maupertuis, Francois 
Nicole, Alexis Claude Calirault and others.

epitrochoid is the roulette traced by a point ^attached to a circle of radius 6 
rolling around the outside of a  fixed circle of radius *. These curves were studied 
by Durer (1525), Desargues (1640), Huygens (1679), Leibniz, Newton (1686), 
LHospital (1690), Jakob Bernoulli (1690), la Hire (1694), Johann Bernoulli 
(1695), Daniel Bernoulli (1725), Euler (1745,1781). An epitrochoid appears in 
Diirer's work. Instruction in Measurement with Compasses and Straight Edge 
(1525); He called epitrochoids spider lines because the lines he used to construct 
the curves looked like a spider.

equiangular, logarithmic spiral or growth spiral is a special kind of spiral 
curve which often appears in nature. The spiral has been produced for thousands 
o f уёадёin the shape of the nautulis shell, the arrangement o f sunflower seeds in 
the sunflower/among various other natural phenomena. The logarithmic spiral 
was first described by Descartes and later extensively investigated by Jakob 
Bernoulli, who called it Spira mirabilis, "the marvelous spiral".

The logarithmic spiral is a spiral whose polar equation is given by

r = a b& (1 )

where r  is the distance from the origin, 6>is the angle from the x-axis, and a  and 
b are arbitrary constants. The logarithmic spiral is also known as the growth 
spiral, equiangular spiral, and spira mirabilis. It can be expressed parametrically 
as

x  — r  cos 0  = a  cos 0 e b& ( 2 )

у  ~ r  sin 0  = a  sin 0 e  b@

erosion is displacement of solids (soil, mud, rock and other particles) by the 
agents of ocean currents, wind, water, or ice by downward or down-slope 
movement in response to gravity or by living organisms (in the case of 
bioerosion).

fistula: in medicine, a fistula (pi. fistulas or fistulae) is an abnormal connection 
or passageway between two epithelium-lined organs or vessels that normally do 
not connect. It is a  very serious and painful disorder.
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FitzGerald-Lorentz Contraction hypothesis, the more formal name for length 
contraction was proposed by George FitzGerald and independently proposed 
and extended by Hendrik Lorentz to explain the negative result o f the 
Michelson-Morley experiment, which attempted to detect Earth's motion relative 
to the iuminiferous aether.

flintlock is the general term for any firearm based on the flintlock mechanism. 
Introduced about 1630, the flintlock rapidly replaced earlier firearm-ignition 
technologies, such as the matchlock and wheellock mechanisms. It continued to 
bein common use for over two centuries, replaced by percussion cap and, later, 
cartridge-based systems in the early-to-mid 19th century.

fortification are military constructions and buildings designed for defense in 
warfare. Humans have constructed defensive works for many thousands of 
years, in a variety of increasingly complex designs. The term is derived from the 
Latin Уойи ("strong") and facere ("to make").

gears is a, component within a transmission device that transmits rotational force 
to another gear or device. A  gear is different from a pulley in that a gear is a 
round wheel which has linkages, "teeth," that mesh with other gear teeth, 
allowing force to be fully transferred without slippage. Depending on their 
construction and arrangement, geared devices can transmit forces at different 
speeds, torques, or in a different direction, from the power source.

genotypic: genotype describes the genetic constitution o f an individual, that is 
the specific allelic makeup of an individual, usually with reference to a specific 
character under consideration. For instance, there are three possible genotypes 
for the human albino gene, and it has two allelic forms, dominant A and 
recessive a. Thus the three possible genotypes are AA (homozygous dominant), 
Aa (heterozygous), and aa (homozygous recessive).

geothermal: in geplogy, geothermal refers to heat sources within the planet. 
Strictly speaking, geo-thermal necessarily refers to the Earth but the concept 
may be applied to other planets.

gravity =gravitation is a natural phenomenon by which all objects attract each 
other. In everyday life, gravitation is most familiar as the agency that endows 
objects with weight. In scientific terminology gravitation and gravity are 
distinct. "Gravitation" is the attractive influence that all objects exert on each 
other, while "gravity" specifically refers to a force which all massive objects 
(objects with mass) are theorized to exert on each other to cause gravitation.

greenhouse effect is the process in which the emission of infrared radiation by 
the atmosphere warms a planet's surface. The name comes from an analogy with
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the wanning o f air inside a greenhouse compared to the air outside the 
greenhouse. The Earth's average surface temperature is about 33°C warmer than 
it would be without the greenhouse effect. The greenhouse effect was discovered 
by Joseph Fourier in 1829 and first investigated quantitatively by Svante 
Arrhenius in 1896. In addition to the Earth, Mars and especially Venus have 
greenhouse effects.

heliocentrism: in astronomy, heliocentrism is the theory that the sun is at the 
center o f the Universe and/or the Solar System. The word is derived from the 
Greek (Helios = "Sun" and kentron = "Center"). Historically, heliocentrism is 
opposed to geocentrism and currently to modern geocentrism, which places the 
earth at the center.

heredity (the adjective is hereditary) is the transfer o f characteristics from 
parent to offspring through their genes, or the transfer of a title, style or social 
status through the social convention known as inheritance (for example, a 
Hereditary Title may be passed down according to relevant customs and/or 
laws).

Hertzian waves: in 1887, Heinrich (Rudolph) Hertz verified James C. 
Maxwell's 1864 theory that electrical disturbances should propagate through 
space at the speed of light as waves and that other properties of those waves 
should be the same as the properties of light. He verified Maxwell’s theory by 
means of an extraordinary series o f experiments at the school where he 
transmitted sufficient energy from a  VHF spark transmitter that he built to cause 
an RF arc to form across terminals o f resonant loop receiving antenna some 
distance away.

heuristic is a replicable method or approach for directing one's attention in 
learning, discovery, or problem-solving. It is originally derived from the Greek 
"heurisko" (еОрижса), which means "I find". (A form of the same verb is found 
in Archimedes' famous exclamation "eureka!" — "I have found [it]!") The term 
was introduced in the 4th century AD by Pappus of Alexandria.

hexagram is a six-pointed geometric star figure, {6/2}, the compound o f two 
equilateral triangles. The intersection is a  regular hexagon. While generally 
recognized as a symbol o f Jewish identity it is used also in other historical, 
religious and cultural contexts, for example in Islam, and Eastern Religions as 
well as in Occultism. In mathematics, the G2 root system is in the form of a 
hexagram.

hierarchy of method: a hierarchy is a system o f ranking and organizing things 
or people, where each element o f the system (except for the top element) is
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subordinate to a single other element. The term came to refer to similar 
organizational methods in more general settings.

higher mental functions ^complex, or "higher," mental activity, such as 
thought, reason, and abstraction, is consciously controlled by the human brain. 
Higher mental functions require the prior ability to categorize objects and events 
according to sensory signals reaching the brain. The neuronal group selection 
theory postulates that this ability arises from a kind of Darwinian selection 
operating in somatic time on groups of interconnected neurons.

human computer: before mechanical and electronic computers, the term 
"computer", in use from the mid 17th century, literally meant "one who 
computes": a person performing mathematical calculations. Teams of people or 
human computers were used to undertake long and often tedious calculations. 
The WOrk was divided so that this could be done in parallel.

hydraulic engineering is a sub-discipline of civil engineering concerned with 
the flow and conveyance of fluids, principally water. This area of engineering is 
intimately related to the design of bridges, dams, channels, canals, levees, 
elevators, and to both sanitary and environmental engineering.

hydrodynamics is a study of fluids in motion. The study is based upon the 
physical conservation laws of mass, momentum, and energy. The mathematical 
statements of these laws may be written in either integral or differential form.

bypoCycloid: in. geometry, a hypocycloid is a special plane curve generated by 
the trace o f a fixed point on a small circle that rolls within a larger circle. It is 
comparable to the cycloid but instead of the circle rolling along a line, it rolls 
within a.Ci'rcle. ,

hypotrochoid is a roulette traced by a point ^attached to a circle of radius 5 
rolling around the inside of a fixed circle of radius *, where ^is a distance Afrom 
the center of the interior circle. The parametric equations for a hypotrochoid are

x  = («-A )cos^ + A c o s J ^ ^ y - (1)

у  = ( a - 6) s in f-Л  sin  ̂ -  Гj, (2)

infinitesimal calculus is the body of rules and processes by means of which 
continuously varying magnitudes are dealt with in mathematical analysis. The 
name "infinitesimal" has been applied to the calculus because most of the 
leading results were first obtained by means of arguments about "infinitely 
small" quantities; the "infinitely small" or "infinitesimal" quantities were
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vaguely conceived as being neither zero nor finite but in some intermediate, 
nascent or evanescent, state.

infrared radiation (IR) radiation is electromagnetic radiation of a wavelength 
longer than that o f visible light, but shorter than that o f radio waves. The name 
means "below red" (from the Latin infra, "below"), red being the color of visible 
light with the longest wavelength. Infrared radiation has wavelengths between 
about 750 nm and 1 mm, spanning three orders o f magnitude.

irises is a genus o f between 200-300 species of flowering plants with showy 
flowers which takes its name from the Greek word for a rainbow, referring to 
the wide variety o f  flower colors found among the many species. As well as 
being the scientific name, iris is also very widely used as a common name and 
refers to all Iris species as well as some closely related genera. It is the state 
flower o f Tennessee.

integral calculus is a branch o f calculus concerned with the theory and 
applications o f integrals. While differential calculus focuses on rates o f change, 
such as slopes of tangent lines and velocities, integral calculus deals with total 
size or value, such as lengths, areas, and volumes.

internalization: in sciences such as psychology and sociology, internalization is 
the process o f acceptance of a set o f norms established by people or groups 
which are influencial to the individual. The process starts with learning what the 
norms are, and then the individual goes through a process of understanding why 
they are of value or why they make sense, until finally they accept the norm as 
their own viewpoint.

invariant theory: in mathematics, invariant theory refers to the study of 
invariant algebraic forms (equivalently, symmetric tensors) for the action of 
linear transformations. This was a major field of study in the latter part o f the 
nineteenth century, when it appeared that progress in this particular field (out of 
any number o f  possible mathematical formulations of invariance with respect to 
symmetry) was the key algorithmic discipline.

kinetic theory or kinetic theory o f  gases attempts to explain macroscopic 
properties o f gases, such as pressure, temperature, or volume, by considering 
their molecular composition and motion. Essentially, the theory posits that 
pressure is due not to static repulsion between molecules, as was Isaac Newton's 
conjecture, but due to collisions between molecules moving about with acertain 
velocity. Kinetic theory is also known as kinetic-molecular theory or collision 
theory.
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limagon of Pascal is a snail-shaped curve (Нтазоп is French for "snail"), named 
by the French mathematician Gilles Roberval after Etienne Pascal, the father of 
Blaise Pascal. It had been discovered earlier, however; Albrecht Durer gave a 
method for drawing it as early as 1525 in his Underweysung der Messung. 
The limagon of Pascal is a special case of an epitrochoid in which the rolling 
circle and the rolled circle have the same radius, and is also the catacaustic (see 
caustic curve) and the pedal curve of the circle. It has the quartic Cartesian 
equation

(x2 + y1 - 2r x f  = + P2)

where' r  is the radius of the rolling circle or the rolled circle and A: is a constant.

luminiferous ether: in the late 19th century, luminiferous aether (or ether),
meaning light-bearing aether, was the term used to describe a medium for the 
propagation of light. The word aether stems via Latin from the Greek aD&rjp, 
from a  foot meaning to kindle, bum, or shine. It signified the substance thought 
in ancient times to fill the upper regions of space, beyond the clouds. Later 
theories; including special relativity were formulated without the concept of 
aether. Today the aether is regarded as a superseded scientific theory.

language and thought: a variety of different authors, theories and fields purport 
influences between language and thought. Many point out the seemingly 
common-sense realization that upon introspection we seem to think in the 
language we speak* A number of writers and theorists have extrapolated upon 
this idea,

learning is the acquisition and development of memories and behaviors, 
including skills, knowledge, understanding, values, and wisdom. It is the goal of 
education, and the product of experience. Learning ranges from simple forms 
such as habituation to more complex forms such as play (activity), seen only in 
large vertebrates*

learning disabilities: in the United States and Canada, the term learning 
disability (LD) refers to a group of disorders that affect a broad range of 
academic and functional skills including the ability to speak, listen, read, write, 
spell, reason and organize information. A learning disability is not indicative of 
low intelligence. People with learning disabilities sometimes have difficulty 
achieving at his or her intellectual level because of a deficit in one or more of 
the ways the brain processes information.

Leonardo's robot refers to a humanoid automaton designed by Leonardo da 
Vinci around the year 1495. The design notes for the robot appear in 
sketchbooks that were rediscovered in the 1950s. It is not known whether or not



an attempt was made to build the device. The robot is a knight, clad in German- 
Italian medieval armor, that is apparently able to make several human-like 
motions. These motions included sitting up, moving its arms, neck, and an 
anatomically correct jaw. It is partially the fruit o f Leonardo's anatomical 
research in the Canon o f Proportions as described in the Vitruvian Man.

leverage: in physics, a lever (from French lever, "to raise", c.f. a levant) is a 
rigid object that is used with an appropriate fulcrum or pivot point to multiply 
the mechanical force that can be applied to another object. This is also termed 
mechanical advantage, and is one example o f the principle o f moments. A lever 
is one of the six simple machines.

lily: the genus Lilium  are herbaceous flowering plants normally growing from 
bulbs, comprising a genus o f about 110 species in the lily family, Liliaceae.

linear perspective was devised by the Renaissance artists to show depth to help 
accurately to draw buildings, both exterior and interior, and other box like 
forms. They observed three-dimensional physical space, and the means by 
which the artists represented that space on a on two-dimensional surface. This 
system, called "perspective," produced a  greater sense o f  "realism," and a 
correspondence between the physical reality of nature and the representional 
reality created by the artist. This was all made possible through mathematics.

Leonardo da Vinci built his understanding o f perspective not only upon the rigid 
formulations of rays o f light, but what he directly observed. His understanding 
of perspective thus took in not only the light, but the air it traveled through. He 
believed that the way an object's color seemed to change with distance, and the 
way an object's borders become indistinct with distance are primary parts of 
perspective. Leonardo believed that understanding perspective was crucial to 
painting and drawing.

Lorentz force: in physics it is the force exerted on a charged particle in an 
electromagnetic field. The particle will experience a force due to electric field o f 
qE, and due to the magnetic field qv x B. Combined they give the Lorentz force 
equation (or law):

F  =  ?(B +  v x B ) ,

where

F  is the force (in newtons)
E is the electric field (in volts per meter)
В is the magnetic field (in webers per square meter, or equivalently, 
teslas)
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q  'is the electric charge of the particle (in coulombs) 
v is the instantaneous velocity of the particle (in meters per second) 
and x  is the cross product.

Thus, a positively charged particle will be accelerated in the same linear 
orientation as the E field, but will curve perpendicularly to both the 
instantaneous velocity vector v and the В field according to the right-hand rule 
(i,e> i l  ;the thumb of the right hand points along v and the index finger along B, 
then the middle finger points along F).

Lorentz-Lorenz formu!a= Loren tz-Lorenz equation, also known as the 
Clausius-Mossotti equation and the Maxwell equation, relates the refractive 
index; of a dilute gas to its temperature, pressure, and molar refractivity. The 
index o f refraction «.is given by

where" 4  is the molar refractivity, p  is the pressure of the gas, R  is the universal 
gas Constant, and Г  is the (absolute) temperature.

Lorentz Institute or Instituut-Lorentz in Dutch, was established in 1921 and is 
the oldest institute for theoretical physics in The Netherlands. Together with the 
experimental physics groups in the Kamerlingh Onnes Laboratory and the 
Huygens Laboratory, it makes up the Leiden Institute of Physics. The Instituut- 
Lorentz participates in two research schools, the Casimir Research School 
(jpinfiyiwdth Delft University of Technology) and the Dutch Research School of 
Theoretical Physics

Lorentz transformation is a set of equations in relativity physics that relate the 
space and time coordinates of two systems moving at a constant speed relative 
to each other, developed in 1904 by Hendrik Antoon Lorentz. Required to 
describe phenomena approaching the speed of light, these transformations 
express the concepts that space and time are not absolute; that length, time, and 
mass depend on the Observer's relative motion; and that the speed of light in a 
vacuum is constant and independent of the motion of the observer or the source.

luminiferous ether: in the late 19th century, luminiferous aether (or ether), 
meaning light-bearing aether, was the term used to describe a medium for the 
propagation of light. The word aether stems via Latin from the Greek aDOfjp, 
from a root meaning to kindle, burn, or shine. It signified the substance thought 
in ancient times to fill the upper regions of space, beyond the clouds. Later



theories including special relativity were formulated without the concept of 
aether. Today the aether is regarded as a superseded scientific theory.

lung is the essential respiration organ in air-breathing vertebrates, the most 
primitive being the hmgfish. Its principal function is to transport oxygen from 
the atmosphere into the bloodstream, and to excrete carbon dioxide from the 
bloodstream into the atmosphere. This exchange o f gases is accomplished in the 
mosaic of specialized cells that form millions o f tiny, exceptionally thin-walled 
air sacs called alveoli. The lungs also have non respiratory functions. Medical 
terms related to the lung often begin with pulmo-, from the Latin pulmonarius 
("of the lungs"), or with pneumo- (from Greek Jtveofico "lung").

magnum opus (sometimes Opus magnum, plural magna opera), from the Latin 
meaning great work, refers to the best, most popular, or most renowned 
achievement of an author, artist, or composer, and most commonly one who has 
contributed a very large amount o f material.

Maxwellian theory assumes that applying Hamilton's principle to suitably 
chosen field energy densities (with appropriate medium constants) is all that is 
necessary to obtain satisfactory mathematical expressions of electromagnetic 
phenomena. That is to say, if  one adopts Hamilton's principle as the fundamental 
formula of electromagnetism, every problem in field theory reduces to finding 
an appropriate expression for the field's potential and kinetic energies. As a 
result, where modem theory introduces the electron, Maxwellian theory 
introduced new forms o f energy.

mechanics is the branch o f  physics concerned with the behaviour o f physical 
bodies when subjected to forces or displacements, and the subsequent effect of 
the bodies on their environment.

Mendel's Laws of Inheritance=Mendelian inheritance (or Mendelian 
genetics or Mendelism) is a set o f primary tenets relating to the transmission of 
hereditary characteristics from parent organisms to their children; it underlies 
much o f genetics. They were initially derived from the work o f Gregor Mendel 
published in 1865 and 1866 which was "re-discovered" in 1900, and were 
initially very controversial. When they were integrated with the chromosome 
theory o f  inheritance by Thomas Hunt Morgan in 1915, they became the core of 
classical genetics.

mesentery is, in anatomy, the double layer o f peritoneum that connects a part of 
the small intestine to the posterior wall of the abdomen. Its meaning, however, is 
frequently extended to include double layers of peritoneum connecting various 
components o f the abdominal cavity.
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metacognition refers to thinking about cognition (memory, perception, 
calculation, association, etc.) itself or to think/reason about one's own thinking. 
Metacognition involves two types of knowledge: 1 ) explicit, conscious, factual 
knowledge; and 2) implicit/unconscious knowledge. Metacognition also refers 
to a level of thinking that involves active control over the process of thinking 
that is used in learning situations. Planning the way to approach a learning task, 
moiiitoyhtg comprehension, and evaluating the progress towards the completion 
of a task: these are skills that are metacognitiv.e in their nature.

metaphysics is a branch of philosophy concerned with the ultimate nature of 
existence. It perpetuates the Metaphysics o f Aristotle, a collection of treatises 
placed after the Physics [Gr. metaphysics=after physics] and treating what 
Aristotle called the First Philosophy. The principal area of metaphysical 
speculation is generally called ontology and is the study of the ultimate nature of 
being. However, philosophical theology and cosmology are also usually 
considered branches of metaphysics.

Michelson-Morley experiment is one of the most important and famous 
experiments in the. history of physics, was performed in 1887 by Albert 
Michelhon and Edward Morley at what is now Case Western Reserve 
University. It is generally considered to be the first strong evidence against the 
theory of, a luminiferous aether. Primarily for this work, Albert Michelson was 
awarded the Nobel Prize in 1907.

modern synthesis: the m odern evolutionary synthesis refers to a set o f ideas 
from several biological specialities that were brought together to form a unified 
theory of evolution accepted by the great majority of working biologists. This 
synthesis Was produced over a period of about a decade (1936-1947) and was 
closely connected with the development from 1918 to 1932 of the discipline of 
population genetics, which integrated the theory o f natural selection with 
Mendelian genetics.

momentum: in classical mechanics, momentum (pi. momenta; SI unit kg m/s) 
is the'product of the mass and velocity of an object. It is sometimes referred to 
as linear momentum to distinguish it from related subject of angular momentum.

moon crater: Lomonosov is a lunar crater that is located just behind the 
western limb of the Moon. It is almost attached to the east-northeastern outer 
rim of the larger Joliot crater, and overlays the southern rim of the Maxwell 
crater. Attached to the southern rim of Lomonosov is the smaller Edison crater.

Morse code is a method for transmitting telegraphic information, using 
standardized sequences of short and long elements to represent the letters, 
numerals, punctuation and special characters of a message. The short and long
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elements can be formed by sounds, marks or pulses, in on off keying and are 
commonly known as "dots" and "dashes" or "dits" and "dahs".

International Morse code is composed o f six elements:

1 . short mark, dot or 'dit' (■)
2. longer mark, dash or ’dah' (-)
3. intra-character gap (between the dots and dashes within a character)
4. short gap (between letters)
5. medium gap (between words)
6. long gap (between sentences -  about seven units o f time)

These six elements serve as the basis for International Morse code and therefore 
can be applied to the use o f Morse code world-wide.

mosaics is the art o f decoration with small pieces o f colored glass, stone or other 
material. It may be a technique o f decorative art, an aspect o f interior decoration 
or of cultural and spiritual significance as in a cathedral. Small tiles or fragments 
of pottery (known as tesserae, diminutive tessellae) or o f colored glass or clear 
glass backed with metal foils are used to create a pattern or picture.

natural selection is the process by which favorable traits that are heritable 
become more common in successive generations o f a population of reproducing 
organisms, and unfavorable traits that are heritable become less common. 
Natural selection acts on the phenotype, or the observable characteristics o f an 
organism, such that individuals with favorable phenotypes are more likely to 
survive and reproduce than those with less favorable phenotypes. I f  these 
phenotypes have a genetic basis, then the genotype associated with the favorable 
phenotype will increase in frequency in the next generation. Over time, this 
process can result in adaptations that specialize organisms for particular 
ecological niches and may eventually result in the emergence o f new species.

Newton's law of cooling states that the rate o f  heat loss o f  a  body is 
proportional to the difference in temperatures between the body and its 
surroundings. The law is

Q = h - A ( T0- T a)

paedology (paidology, pedology) is the study o f  children's behavior and 
development, not to be confused with pedagogy, which is the art or science of 
teaching.

parallel linkage: in mechanical engineering, a system of solid, usually metallic, 
links (bars) connected to two or more other links by pin joints (hinges), sliding
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joints, or ball-and-socket joints so as to form a closed chain or a series of closed 
chains.

perihelion motion is a secular change of longitude of perihelion, of 
interplanetary dust particles is investigated under the action o f solar gravity and 
solar electromagnetic radiation.

phenotypic; the phenotype (from Ancient Greek: pheno- "appearing, seeming" 
and ■•type "sort, kind") of an individual organism describes one of its traits or 
characteristics that is measurable and that is expressed in only a subset of the 
Individuals within that population. Examples include "blue eyes", or "aggressive 
behavior". Some phenotypes are controlled entirely by the individual's genes. 
Others are controlled by genes but are significantly affected by extragenetic or 
environmental factors. Still other phenotypes are entirely extragenetic, for 
example, a person's language or physical traits that were altered by surgery.

philosophy of Rationalism: in epistemology and in its broadest sense, rationalism 
is "any view appealing to reason as a source of knowledge or justification". In more 
technical terms it is a method or a theory "in which the criterion of truth is not 
sensoiy but intellectual aiid deductive". Different degrees of emphasis on this 
method or theory lead to a range of rationalist standpoints, from the moderate 
position "that reason has precedence over other ways of acquiring knowledge" to 
the radical position that reason is "the unique path to knowledge".

philosophy of science is the study o f  assumptions, foundations, and 
implications of science. The philosophy of science may be divided into two 
areas: Epistemology of science and metaphysics of science.

phlogiston theory (from the Ancient Greek phlogios: "fiery") is an obsolete 
scientific theory, stated initially in 1667 by Johann Joachim Becher, whereby in 
addition to the classical four elements of the Greeks, there was an additional 
fire-like element called “phlogiston” that was contained within combustible 
bodies, and released*: to lesser or greater degrees, during combustion. The theory 
was an attempt to explain oxidation processes, such as combustion and the 
rusting of metals.

plasterworking: Plaster of Paris, or simply plaster, is a type of building 
material based on calcium sulfate hemihydrate, nominally CaSO40.5H2O. It is 
created by heating gypsum to about 150 °C.

2CaS04-4H20  2CaS04-H20  + 3H20  (released as steam).

A large gypsum deposit at Montmartre in Paris is the source of the name. When 
the dry plaster powder is mixed with water, it re-forms into gypsum. Plaster is
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used as a building material similar to mortar or cement. Like those materials 
plaster starts as a dry powder that is mixed with water to form a paste, which 
then hardens. Unlike mortar and cement, plaster remains quite soft after drying, 
and can be easily manipulated with metal tools or even sandpaper. These 
characteristics make plaster suitable for a finishing, rather than a load-bearing 
material.

plate tectonics (from Greek tsk to v ,  tekton "builder" or "mason") is a theory of 
geology that has been developed to explain the observed evidence for large scale 
motions o f the Earth's lithosphere. The theory encompassed and superseded the 
older theory o f continental drift from the first half o f the 20th century and the 
concept of seafloor spreading developed during the 1960s.

potion=the ph ilo sopher's  stone  (Latin: lapis philosophorum\ Greek: 
chrysopoeia) is a legendary substance, supposedly capable o f turning 
inexpensive metals into gold; it was also sometimes believed to be a means of 
making people younger. For a long time it was the "holy grail" o f Western 
alchemy. In the view o f spiritual alchemy, making the philosopher's stone would 
bring enlightenment upon the maker and conclude the Great Work.

pyram id  is any three-dimensional structure where the upper surfaces are 
triangular and converge on one point. The base o f pyramids are usually 
quadrilateral or trilateral (but generally may be o f any polygon shape), meaning 
that a pyramid usually has four or three sides. The measurements o f these 
triangles uniformly classify the shape as isosceles and sometimes equilateral.

A pyramid's design, with the majority of the weight closer to the ground, means 
that less material higher up on the pyramid will be pushing down from above. 
This allowed early civilizations to create stable monumental structures. For 
thousands o f years, the largest structures on Earth were pyramids: first the Red 
Pyramid in the Dashur Necropolis and then the Great Pyramid o f Khufu, the 
only remaining Wonder of the World. The largest pyramid ever built, by 
volume, is the Great Pyramid o f Cholula, in the Mexican state o f Puebla. This 
pyramid is considered the largest monument ever constructed anywhere in the 
world, and is still being excavated.

propagation  can refer to: wave propagation, the motion of waves; radio 
propagation, the application o f  wave propagation to radio communications; in 
chemistry it is a description o f the catalytically-driven process of polymer 
elongation.

qu an tu m  th eo ry  is the theoretical basis o f modem physics that explains the 
nature and behavior of matter and energy on the atomic and subatomic level. In 
1900, physicist Max Planck presented his quantum theory to the German
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Physical Society. Planck had sought to discover the reason that radiation from a 
glowing body changes in color from red, to orange, and, finally, to blue as its 
temperature rises. He found that by making the assumption that energy existed 
in individual units in the same way that matter does, rather than just as a 
constant electromagnetic wave - as had been formerly assumed and was 
therefore quantifiable, he could find the answer to his question. The existence of 
these units became the first assumption of quantum theory.

quinine is a natural white crystalline alkaloid having antipyretic (fever- 
reducing), anti-smallpox, analgesic (painkilling), and anti-inflammatory 
properties and a bitter taste. It is a stereoisomer o f quinidine.

pulleys: ; a pulley (also called a sheave) is a wheel with a groove along its edge 
for holding a rope or cable or belt. Pulleys are used to change the direction of an 
applied force, transmit rotational motion, or realize a mechanical advantage in 
either 0 linear or rotational system of motion.

rack and pinion is a pair of gears which convert rotational motion into linear 
motion. The .circular pmiow engages teeth on a flat bar - the rack. Rotational 
motion applied to the pinion will cause the rack to move to the side, up to the 
lim it of jits travel: Alternatively the rotation of a pinion mounted on a locomotive 
or a railcar will engage a rack between the rails and pull a train along a steep 
slope. .

radio receiver: in radio terminology, a receiver is an electronic circuit that 
receives a radio signal from an antenna and converts the signal into sound, 
pictures, navigational-position information, etc. Radio and radio receiver are 
often used specifically for receivers whose output consists only of sound, 
although other types of receivers, such as television receivers, are technically 
radio receivers as well;

relativity of simultaneity is the concept that simultaneity is not absolute, but 
dependent on the position of an observer. That is, according to the special theory 
o f relativity formulated by Albert Einstein in 1905, it is impossible to say in an 
absolute sense whether two events occur at the same time if those events are 
separated in space. Where the event occurs in a single place—for example, in a 
car crash— all observers wherever they are can agree that one car crashed with 
the other at the same time. But where the events are separated in space, such as 
one car crashing in America and another in Australia, the question of whether 
such events are simultaneous is relative; some may calculate the two accidents 
as happening "at the same time" and others, looking at the events from a 
different position, will calculate the American crash as occurring first, and still 
others can calculate the Australian crash as occurring first. Einstein’s special 
theory demonstrates that there are occasions when there is no "correct" answer,
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where no observer has a  privileged status, and all the observers can claim to be 
"correct" even i f  their calculations are incompatible with each other.

rhesus monkeys=the Rhesus Macaque (Macaca mulatto), often called the 
Rhesus Monkey, is one of the best known species of Old World monkeys. It is 
a typical macaque, common throughout Afghanistan to northern India and 
southern China. Rhesus Macaques are sexually dimorphic. Adult male Rhesus 
Macaques measure approximately 53 centimeters on average and weigh an 
average of 7.7 kilograms. Females are smaller, averaging 47 centimeters in 
length and 5.3 kilograms in weight. They are brown or grey in color and have 
pink faces which are typically bereft o f fur. Their tails are o f medium length and 
average between 20.7 and 22.9 centimeters. They typically have a lifespan of 
about 25 years.

rotor is the rotating part o f a helicopter which generates lift, either vertically in 
the case o f a main rotor, or horizontally in the case of a tail rotor.

science of conditioned reflexes: conditioned reflex is a learned response 
performed by a trained animal to a signal that was previously associated with an 
event o f consequence for that animal. Conditioned reflex (CR) Was first used by 
the Russian physiologist I. P. Pavlov to denote the criterion measure of a 
behavioral element o f learning, that is, a new association between the signal and 
the consequential event, referred to as the conditioned stimulus (CS) and 
unconditioned stimulus (US), respectively. In Pavlov's classic experiment, the 
conditioned stimulus was a bell and the unconditioned stimulus was sour fluid 
delivered into the mouth of a  dog restrained by harness; the conditioned stimulus 
was followed by the unconditioned stimulus regardless of the dog's response. 
After training, the conditioned reflex is manifested when the dog salivates to the 
sound of the bell.

sedimentary rock is one of the three main rock groups (the others being 
igneous and metamorphic rock). Rock formed from sediments covers 75-80% of 
the Earth's land area, and includes common types such as chalk, limestone, 
dolomite, sandstone, and shale.

segregation distortion gene produces a distortion in normal segregation in 
favor o f itself, so that chromosomes bearing this gene are over-represented in an 
organism's offspring. This phenomenon in general is also called meiotic drive.

self-actualization was invented by Kurt Goldstein, a mentor to Maslow - is the 
instinctual need o f humans to make the most of their abilities and to strive to be 
the best they can. Self Actualization is the intrinsic growth of what is already in 
the organism, or more accurately, o f what the organism is.
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seJf-reguIation=self control is perceived in a few ways. One of which is 
philosophical and might be described as the exertion of one's own will on their 
personal self - their behaviors, actions, thought processes. Much of this comes 
from the perception of self and the ability to set up boundaries for that self. Self- 
control cati be expanded into several different areas, ranging from respect to 
willpower.. Self-control is therefore centered in the ability of a person to exert 
their vrill over the inhibitions of their body or self,

semiotics^senriotic studies, or semiology is the study of signs and symbols, 
both individually and grouped into sign systems. It includes the study of how 
meaning ;is constructed and understood. This discipline is frequently seen as 
havirig important anthropological dimensions. However, some semioticians 
focus Oh the logical dimensions o f the science. They examine areas belonging 
also to the natural sciences - such as how organisms make predictions about, and 
adapt to, their semiotic niche in the world.

set construction is a process by which a set designer works in collaboration 
with the director of the production to create the set for a theatrical production. 
Hie set designer produces a scale model, scale drawings (including, but not 
limited to: a groundplan, elevation, and section of the complete set as well as 
several more detailed drawings of ihdividual scenic elements) paint elevations (a 
scale painting supplied to the scenic painter of each element requiring painting), 
and research about props, textures, etc.

solar radiation is radiant energy emitted by the sun from a nuclear fusion 
reaction that creates electromagnetic energy. The spectrum of solar radiation is 
close tbi that of a black body with a temperature of about 5800 K. About half of 
the radiation is in the visible short-wave part o f the electromagnetic spectrum. 
The other half is mostly in the near-infrared part, with some in the ultraviolet 
part of the spectrum.

solid state theory: solid-state physics, the largest branch of condensed matter 
physics, is the study of rigid matter, or solids. The bulk of solid-state physics 
theory and reseafbh ig focused on crystals, largely because the periodicity of 
atoms in a crystal— ь its defining characteristic —facilitates mathematical 
modeling, and also because crystalline materials often have electrical, magnetic, 
optical, or mechanical properties that can be exploited for engineering purposes. 
The framework of most solid-state physics theory is the Schrodinger (wave) 
formulation of non-r#lativistic quantum mechanics.

sound symbolism or phonosemantics is a branch of linguistics and refers to the 
idea that vocal sounds have meaning. In particular, sound symbolism is the idea 
that phonemes (written between slashes like this /b/) carry meaning in and of 
themselves.
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special relativity is a theory proposed by Albert Einstein that describes the 
propagation of matter and light at high speeds. It was invented to explain the 
observed behavior o f  electric and magnetic fields, which it beautifully reconciles 
into a  single so-called electromagnetic field, and also to resolve a number of 
paradoxes that arise when considering travel at large speeds. Special relativity 
also explains the behavior o f fast-traveling particle, including the fact that fast- 
traveling unstable particles appear decay more slowly than identical particles 
traveling more slowly.

squaring the circle is a problem proposed by ancient geometers. It is the 
challenge to construct a square with the same area as a given circle by using 
only a finite number o f  steps with compass and straightedge. More abstractly 
and more precisely, it may be taken to ask whether specified axioms of 
Euclidean geometry concerning the existence of lines and circles entail the 
existence o f such a square. In 1882, the task was proven to be impossible, as a 
consequence o f the fact that pi (7t) is a transcendental, rather than algebraic 
irrational number; that is, it is not the root of any polynomial with rational 
coefficients. It had been known for some decades before then that i f  n  were 
transcendental then the construction would be impossible, but that я  is 
transcendental was not proven until 1882. Approximate squaring to any given 
non-perfect accuracy, on the other hand, is possible in a finite number o f steps, 
as a consequence o f  the fact that there are rational numbers arbitrarily close to я.

Stefan-Boltzmann law is also known as Stefan's law. It states that the total 
energy radiated per unit surface area o f a black body in unit time (known 
variously as the black-body irradiance, energy flux density, radiant flux, or 
the emissive p o w e r) ,/ , is directly proportional to the fourth power o f the black 
body's thermodynamic temperature T  (also called absolute temperature).

strut bridge: a s tru t is a structural component designed to resist longitudinal 
compression. Struts provide outwards-facing support in their lengthwise 
direction, which can be used to keep two other components separate, performing 
the opposite function o f a tie. They are commonly used in architecture and 
engineering.

tectonic action: plate tectonics (from Greek текхсоу, tekton "builder" or 
"mason") is a theory o f geology that has been developed to explain the observed 
evidence for large scale motions o f the Earth's lithosphere. The theory 
encompassed and superseded the older theory o f continental drift from the first 
half o f the 20th century and the concept o f seafloor spreading developed during 
the 1960s.

tensile strength outs> <*r S y  measures the force required to pull something such 
as rope, wire, or a structural beam to the point where it breaks.
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terrestrial strata are depositional units or layers of sediment distinguished by 
composition or appearance, (singular: "stratum"), (2)  individually sampled 
subareas in a ''stratified-random1' probabilistic sampling scheme.

thermodynamics is a branch of science concerned with the nature of heat and 
its conversion to mechanical, electric, and chemical energy. Historically, it grew 
out of efforts to construct more efficient heat engines-devices for extracting 
useful work from expanding hot gases.

time dilation is the phenomenon whereby an observer finds that another's clock 
which: is physically identical to their own is ticking at a slower rate as measured 
by their own clock. This is often taken to mean that time has "slowed down" for 
the other dock, but that is only true in the context of the observer's frame of 
reference; Locally, time is always passing at the same rate. The time dilation 
phenomenon applies to any process that manifests change over time.

In Albert Einstein's theories of relativity time dilation is manifested in two 
circumstances:

• In special, relativity, clocks that are moving with respect to an inertial 
system of observation (the putatively stationary observer) are found to be 
running slower. This effect is described predsely by the Lorentz 
transformation.

In general relativity, clocks at lower potentials in a gravitational field -  such as 
in close proximity to a planet -  are found to be running slower. This 
gravitational time dilation is only briefly mentioned in this article but is 
described elsewhere.

vascular system = the circulatory system (or cardiovascular system) is an 
organ system that moves nutrients, gases and wastes to and from cells, and helps 
stabilize body temperature and pH to maintain homeostasis. While the most 
primitive animal phyla lack circulatory systems, some invertebrate groups have 
open Circulatory system. Vertebrates have a closed circulatory system.

vivisection refers to the dissection of, or any cutting or surgery upon, a living 
organism. More generally, it is used to describe any invasive experiment upon 
living animals.

wheel-lock musket wheellock or wheel lock, is a mechanism for firing a 
firearm; It was the next major development in firearms technology after the 
matchlock and the first self-igniting firearm. The mechanism is so-called 
because it uses a rotating steel wheel to provide ignition. Developed around AD 
1500, it was used alongside the matchlock and was later superseded by the

210



snaphance (1560s) and the flintlock (c. 1600). musket is a muzzle-loaded, 
smoothbore long gun, which is intended to be fired from the shoulder.

Zeeman effect: the atomic energy levels, the transitions between these levels, 
and the associated spectral lines discussed to this point have implicitly assumed 
that there are no magnetic fields influencing the atom. If there are magnetic 
fields present, the atomic energy levels are split into a larger number of levels 
and the spectral lines are also split. This splitting is called the Zeeman Effect.
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