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ВВЕДЕНИЕ 
 

Целью данного издания является развитие коммуникативных 
умений различных видов речевой деятельности, навыков чтения и 
понимания оригинальных текстов по специальности, а также анно-
тирования и реферирования научной литературы, составления 
презентаций и устных докладов на английском языке. Приложение 
содержит справочный материал, обучающий написанию и оформ-
лению научных статей. Учебное пособие состоит из двух глав, каждая 
из которых включает оригинальные тексты по специальности, а также 
комплекс речевых упражнений, образцы коммуникативных ситуаций 
диалогической и монологической речи, соответствующих принципам 
современной коммуникативной методики. В приложениях пред-
ставлены аудиофайлы с упражнениями для аудирования, тексты для 
самостоятельного чтения, таблицы по грамматике английского языка 
и другая полезная информация. При отборе текстов автор стремился 
к тому, чтобы материал носил общенаучный характер и был 
насыщен лексикой, связанной с научной работой.  

Каждый раздел курса включает профессионально направлен-
ные аутентичные и адаптированные учебные тексты (для изучаю-
щего, ознакомительного, просмотрового и поискового чтения), 
лексико-грамматические комментарии и упражнения. Овладение 
всеми видами чтения литературы по специальности на английском 
языке с целью получения профессионально значимой информации 
представляется необходимым для будущих инженеров, так как 
чтение как вид речевой деятельности широко востребовано при 
решении ряда профессиональных задач. 

В соответствии с действующими учебными планами на пол-
ный курс обучения иностранному языку для студентов очной фор-
мы обучения отводится не менее 108 часов обязательных ауди-
торных занятий, 108 часов самостоятельной работы и консультации 
из расчета один час на каждого студента. За курс обучения студент 
сдает зачет или экзамен. 

Пособие разработано на основании типовой программы обуче-
ния иностранным языкам в неязыковых вузах с учетом современных 
требований гуманитаризации высшего технического образования.  

С аудиофайлами можно ознакомиться в электронной биб-
лиотеке по адресу: http://elib.pnzgu.ru 

Автор выражает огромную благодарность Александре Фэй 
(Alexandra Fay) и Алексис Уоллис (Alexis Wallace), ассистентам 
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преподавателя английского языка программы Fulbright (2019) в 
России, кафедры «Английский язык» Пензенского государствен-
ного университета за тщательное прочтение рукописи и за ценные 
замечания и поправки, внесенные в упражнения к разделам, а также 
за любезно предоставленную возможность записи аудиофайлов. 
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UNIT 1 
 

What Is Scientific Investigation? 
 
 

 
 

What do you know about scientific investigation? Read the following 
quotations and express your own ideas about science. What is your 

field of science? 
 

1. “In science the opinions of a thousand are not worth as much as one 
tiny spark of reason in an individual man.” (Galileo Galilei) 

2. “Our society, in which reigns an eager desire for riches and luxury, 
does not understand the value of science. It does not realize that 
science is a most precious part of its moral patrimony. Nor does it 
take sufficient cognizance of the fact that science is at the base of all 
the progress that lightens the burden of life and lessens its suffering.” 
(Marie Curie) 

3. “Our scientific power has outrun our spiritual power. We have guided 
missiles and misguided men.” (Martin Luther King, Jr.) 

4. “When the number of factors coming into play in a phenomenological 
complex is too large scientific method in most cases fails. One need 
only think of the weather, in which case the prediction even for a few 
days ahead is impossible.” (Albert Einstein) 

5. “The aim of science is to seek the simplest explanations of complex 
facts. We are apt to fall into the error of thinking that the facts are 
simple because simplicity is the goal of our quest. The guiding motto 
in the life of every natural philosopher should be. Seek simplicity and 
distrust it.” (Alfred North Whitehead) 

6. “Science is founded on uncertainty. Each time we learn something 
new and surprising, the astonishment comes with the realization that 
we were wrong before… In truth, whenever we discover a new fact it 
involves the elimination of old ones.” (Lewis Thomas) 

7. “Eureka! (I found it!) but That's funny...” (Isaac Asimov) 
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Exercise 1. Write down 10–12 sentences expressing your ideas about 
science. 
 
Exercise 2. Read the definitions of science and choose the one that 
coincides with your opinion. 
 

1) Science is the study of the nature and behavior of natural things 
and the knowledge that we obtain about them. 

(https://www.collinsdictionary.com/dictionary/english/science) 
2) The systematic study of the nature and behavior of the material 

and physical universe, based on observation, experiment, and 
measurement, and the formulation of laws to describe these facts in 
general terms. 

(https://www.merriam-webster.com/dictionary/science) 
3) (knowledge from) the careful study of the structure and 

behavior of the physical world, especially by watching, measuring, and 
doing experiments, and the development of theories to describe the 
results of these activities: 

 pure/applied science; 
 recent developments in science and technology; 
 Space travel is one of the marvels/wonders of modern science. 

(https://dictionary.cambridge.org/dictionary/english/science) 
 
Exercise 3. Read the text and come up with an appropriate title. 

Science is defined as the observation, identification, description, 
experimental investigation, and theoretical explanation of natural 
phenomena. Webster's New Collegiate Dictionary gives the definition of 
science as "knowledge attained through study or practice" or 
"knowledge covering general truths of the operation of general laws, esp. 
as obtained and tested through scientific method [and] concerned with 
the physical world." 

Here are some other common definitions of science: 
 A branch of knowledge or study dealing with a body of facts or 

truths systematically arranged and showing the operation of general 
laws: for example, mathematical science. 

 Systemic knowledge of the physical or material world gained 
through observations and experimentation  

 Systematized knowledge in general 
 Any of the particular branches of natural or physical sciences 
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 Knowledge of facts or principles; knowledge gained by 
systematic study 

 Skill especially reflecting a precise application of facts or 
principle 

The word Science comes from Latin word "scientia" meaning 
"knowledge" and in the broadest sense it is any systematic knowledge-
base or prescriptive practice capable of resulting in prediction. Science 
can also be understood as a highly skilled technique or practice. 

In more contemporary terms, science is a system of acquiring 
knowledge based on the scientific process or method in order to organize 
a body of knowledge gained through research. 

Science is a continuing effort to discover and increase knowledge 
through research. Scientists make observations, record measureable data 
related to their observations, and analyze the information at hand to 
construct theoretical explanations of the phenomenon involved. 

The methods involved in scientific research include making a 
hypothesis and conducting experiments to test the hypothesis under 
controlled conditions. In this process, scientists publish their work so 
other scientists can repeat the experiment and further strengthen the 
reliability of results. 

Scientific fields are broadly divided into natural sciences (the 
study of natural phenomena) and social sciences (the study of human 
behavior and society). However, in both these divisions, knowledge is 
obtained through observation and must be capable of being tested for its 
validity by other researchers working under similar conditions. 

There are some disciplines like health science and engineering that 
are grouped into interdisciplinary and applied sciences. 

Most scientific investigations use some form of the scientific 
method. The scientific method tries to explain the events of nature in a 
reproducible way, eventually allowing researchers to formulate testable 
predictions. 

Scientists make observations of natural phenomenon and then 
through experimentation they try to simulate natural events under 
controlled conditions. Based on observations, a scientist may generate a 
model and then attempt to describe or depict the phenomenon in terms of 
mathematical or logical representation. 

Scientist will then gather the necessary empirical evidence to 
generate a hypothesis to explain the phenomenon. 

This hypothesis is used to form predictions which in turn will be 
tested by experiment or observations using the scientific method. 
Statistical analysis is commonly used to interpret results of experiments, 
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and evaluations are made to decide whether a hypothesis should be 
accepted, rejected, or merely examined again with modifications. This 
inspires ongoing research and the overall accumulation of knowledge in 
that particular field of science. 

(https://explorable.com/definition-of-science) 
 

Exercise 4. a) Compose 5 questions based on the text. Ask your partner 
your questions. Answer your partner’s questions. 
 

Exercise 5. a) Find the underlined words in the text and try to explain 
their meanings. Use the dictionary if necessary; b) Choose the best 
explanation for the following words. 
 

1) hypothesis 
a) a supposition or proposed 
explanation made on the basis  
of limited evidence as a starting 
point for further investigation. 
b) a proposition made as a basis 
for reasoning, without any 
assumption of its truth 

2) modification 
a) the action of modifying 
something. 
b) a change to something, usually  
to improve it 
 

3) observation 
a) the action or process of 
closely observing or monitoring 
something or someone. 
b) a statement based on 
something one has seen, heard, 
or noticed 

4) identification 
a) the action or process of 
identifying someone or something 
or the fact of being identified. 
b) a person's sense of identity with 
someone or something 

5) investigation 
a) the action of investigating 
something or someone 
b) a formal inquiry  
or systematic study 

6) explanation 
a) a statement or account that 
makes something clear. 
b) a reason or justification given 
for an action or belief 

7) description 
a) a spoken or written account 
of a person, object, or event. 
b) a type or class of people  
or things 

8) empirical 
a) based on, concerned with,  
or verifiable by observation  
or experience rather than theory  
or pure logic. 
b) relying on experience or 
observation alone often without 
due regard for system and theory 
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Exercise 6. a) Match the words with their synonyms; b) Prepare a 
short speech on your major using as many words as possible. 
 

A 
1) method 
2) systematic 
3) prediction 
4) technique 
5) data 
6) engineering 
7) mathematical 
8) logical 

B 
a) regular 
b) method 
c) measured 
d) rational 
e) way 
f) arrange 
g) forecast 
h) information 

 
Exercise 7. Fill in the gaps in the sentences below with the words from 
the list. 
 

measure;  facts;  important;  tool(s);  medicines;  investigation;  
investigators;  both;  experimenting;  focused 

 
1. Research is scholarly inquiry, often it is done primarily by 

research scientists or their research assistants, often using one or more 
specialized ____________. 

2. When meeting someone addressed by someone else as “Doctor 
So-and-so,” their answer to the question, “Are you researcher or a 
physician?” can tell you whether they are a Ph.D. (researcher) or an 
M.D. (physician) “doctor.” (Only MDs are allowed to prescribe 
____________.) 

3. _________ is a type of research, often brought about by some 
unwanted situation (e.g., why a bridge failed under load, or a sudden, 
unexplained death). 

4. Due to the complexity and significance of many investigations, 
they are typically done by trained, experienced professional _________ 
or detectives. 

5. Reliability of results is very ________, so if a study is 
replicated the findings should be similar. 

6. Validity, does a test measure what it was designed to 
__________. For example, do IQ tests really measure 'intelligence'? 

7. Investigation generally implies official/thorough examination 
of _______, possible causes, and results. 
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8. Scientific investigation and research are ____ concepts that 
apply for search for something about which a new fact or knowledge is 
sought. 

9. Kids in their early ages are often fond of ____________ things. 
10. Science can cover a lot of different subjects, so depending on 

the type of science that you are studying, each one will require a unique 
set of skills that you need to learn, and you will also have to study areas 
of knowledge that are _____ on a particular subject. 

 
Exercise 8. Match the definitions to the word-combinations. Work in 
pairs and compare your answers. 
 

 
Formal sciences 
 
Natural sciences 
 
Social sciences 

 the study of mathematics and logic, which 
use an a priori, as opposed to factual, 
methodology 

 the study of human behavior and societies 
 the study of natural phenomena (including 

cosmological, geological, chemical, and 
biological factors of the universe) 

 
Exercise 9. Read the text and answer the following true/false 
questions. 

Scientist vs. scholar 
In English (at least in American English) the word scientist has a 

more narrow meaning than scholar. A scientist can study physics or 
geology, possibly archaeology, but not history or religion. These areas 
are called "humanities" as opposed to "sciences", and a person 
researching, for instance, historical background of the Bible may be a 
Biblical scholar, but not a Biblical scientist.  

Similarly in Russian, Наука includes history, philosophy, art 
studies etc. Ученый (scientist) may study the Bible, or Shakespeare. 

In some sense the American division is rather arbitrary – why is 
political science a science, athough history is not, even though history 
can be much more objective than political science? 

"Scientist" is used when referring specifically to a person who is 
an expert in a science, especially physical or natural sciences. "Scholar" 
is broader, and can be used generally for anyone who has profound 
knowledge of a particular subject. "Scholar" isn't used for sciences 
(chemistry, geography), but can be used for History, Language, etc. 
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True or False? 
1) In English the word scientist has a wide meaning than scholar. 
2) A scientist can study physics or geology, possibly archaeology as 

well as history or religion. 
3) Physics or geology, possibly archaeology are called "humanities". 
4) A person researching historical background of the Bible may be a 

Biblical scholar. 
5) "Scholar" can be used for anyone who has deep knowledge of a 

particular subject. 
6) "Scholar" is used for sciences, but cannot be used for Language. 

 

Exercise 10. a) Look through the text again and find the sentences that 
use the Passive Voice. You may go to Grammar Appendix; 
b) Can you change these sentences from Passive Voice into Active 
Voice? Which sentences are better in Active? Discuss it with your 
partner. 
 

Exercise 11. a) Start your “PROFESSIONAL VOCABULARY”. Think 
of definitions, synonyms and antonyms to explain the meaning of these 
words; 
b) Explain the meaning of the words but don’t name them. Let your 
partner guess the words. 
 

Exercise 12. Read the text and summarize it (5–7 sentences).  
(To summarize – to provide the most important information without 
details and examples). 

Scientific Investigation 
Developments in science and technology are fundamentally 

altering the way people live, connect, communicate and transact, with 
profound effects on economic development. Science and technology are 
key drivers to development, because technological and scientific 
revolutions underpin economic advances, improvements in health 
systems, education and infrastructure. 

Scientific research has an enormous impact on modern society, 
with its effects felt in many aspects of our lives. But scientists are also 
part of that society, and can adapt their research topics and methods to 
reflect its ever-changing priorities. All too often, though, these priorities 
are dictated by governments or by the private sector, while the views of 
members of the public aren't heard. However, it's certainly possible for 
interested individuals to influence the course of scientific research. 
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The Ebola outbreak in West Africa still defies attempts at 
containment. A new climate agreement is still in question while global 
greenhouse gas emissions rise largely unchecked. Millions of people are 
facing a food crisis as funding dries up and extreme weather events 
disrupt farming. The global economy is languishing, inequality is putting 
pressure on social and political systems, and ecosystems are under 
threat. 

Human activity has come to dominate many of the Earth’s life-
support systems, but are societies prepared to address these challenges? 
Are we even able to assess the risks they pose to our wellbeing? Science 
can play an important role, but research programmes must become more 
interconnected if we are to address today’s most pressing developing 
challenges – from improving health, food security and access to clean 
energy and water, to understanding how demographic shifts affect our 
production and consumption patterns. 

As someone who studies the impact of science and technology on 
society, it was clear that whatever issues motivated us to get involved in 
politics, they were going to change dramatically over the next five to ten 
years thanks to science and technology. Digital technologies are already 
making it harder to fund public services, as they enable companies to 
benefit from “stateless profits”, depriving the public purse of much 
needed tax receipts. Artificial Intelligence (AI) and the advent of robots 
is going to rapidly transform industry, healthcare and the job market in 
ways we have never seen before; we need to think deeply about what 
this means for the skills and education we should offer future 
generations. And the way highly paid jobs in the tech industry are 
usually men’s jobs means that the gender pay gap is likely to widen as 
these industries grow in the future. In short, in the 21st century, science 
and technology is one of the most powerful drivers of change and shaper 
of our society. And we cannot govern the country if we don’t understand 
how to govern these technologies. 

(https://www.theguardian.com/science/political-science/ 
2017/sep/25/the-science-and-technology-committee- 

shouldnt-be-filled-with-scientists-female-or-not) 
 

Exercise 13. Read the following text and give the main idea in English. 
 

Развитие Российской науки 
День науки ежегодно отмечается в Российской Федерации  

8 февраля. Именно в этот день в 1724 г. Петр Первый издал указ об 
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основании Академии наук, и теперь эта дата стала праздником всех 
российских учёных. 

Наша страна имеет славные традиции развития научного 
потенциала, что делает Россию одним из мировых лидеров во 
многих областях знаний. Российская наука держит уровень и 
сегодня, а это очень важно, так как от достижений учёных зависит 
экономика, обороноспособность, медицина и промышленность 
нашей страны, а значит, благосостояние и жизнь большинства рос-
сийских граждан. Уже почти тысячу лет у нас в стране развивают 
науку, стараясь не только не отставать от ведущих стран, но и 
выйти в абсолютные мировые лидеры.  

Центрами науки и просвещения на Руси сначала были монас-
тыри. Именно там монахами были написаны работы по математике, 
истории,  лингвистике. Только в XVII в. в России появляются пер-
вые научные центры, самым  известным их них по праву считается 
Славяно-греко-латинская академия, выпустившая из своих стен 
много известных личностей. 

Император Петр Первый поставил цель ликвидировать отста-
вание нашей страны от передовых государств и создал в Санкт-
Петербурге Академию наук, куда пригласил работать учёных со всего 
мира. Особую славу принёс себе в России и во всём мире Михаил 
Ломоносов, который не только создал Московский государствен-
ный университет, но и сам активно изучал химию, географию, 
физику, историю, экономику, лингвистику и многие другие 
дисциплины, где добился огромных успехов. Позже университеты 
открылись во многих крупных городах Российской империи. 

«Золотым веком» российской науки по праву считался XIX в. 
Признанных достижений в области математики добивается  
Н. И. Лобачевский, в химии Д. И. Менделеев и А. М. Бутлеров,  
в  истории Н. М. Карамзин и С. М. Соловьёв, в медицине –  
С. П. Боткин, и многие-многие другие учёные. В начале XX в. 
работали такие исследователи с мировым именем, как И. П. Павлов, 
получивший Нобелевскую премию за исследования в области 
физиологии пищеварения; И. И. Мечников, добившийся её же за 
свои работы в области медицины. 

После революции наука была поставлена на службу государ-
ству, а именно его оборонительной мощи. Некоторые гуманитар-
ные науки сначала были подвергнуты опале, а учёных-философов, 
например, и вовсе выслали из страны на пароходах. Большевики 
поставили перед собой задачу: как можно быстрее восстановить 
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страну и построить мощную промышленность. Коммунистическим 
властям удалось создать эффективную систему организации 
научной деятельности, из-за которой государство быстро стало 
индустриальным, а также передовым в научной сфере. Созданы 
были многочисленные НИИ, действовала Академия наук СССР и ее 
филиалы во многих советских городах. При вузах работали 
кафедры и институты, которые не только выращивали новые 
научные кадры, но и успешно занимались исследованиями. 

Успехи советских учёных были замечены мировым научным 
сообществом, многие из них были награждены Нобелевской  
и другими премиями. Работы И. В. Курчатова, А. Д. Сахарова,  
С. П. Королёва, Л. Д. Ландау, П. Л. Капицы и других советских 
учёных внесли огромный вклад в мировую науку, плоды которого 
мы используем и по сей день. 

Российские исследователи продолжают славные традиции 
прошлого в науке. В РФ действует порядка четырех тысяч различ-
ных научных организаций и обществ, большинство государствен-
ных, которые занимаются научными исследованиями. Самых 
значительных успехов российские учёные добились в физике, био-
логии и химии, в то же время по гуманитарным и общественным 
наукам есть некоторое отставание, которое надеются сократить  
в самое ближайшее время. Вообще, в современной России осо-
бенное внимание уделяют знаниям в сферах безопасности, осво-
ения космоса, военных вооружений, ядерной энергетики, телеком-
муникационных систем и прочих.  

 (http://katehon.com/ru/article/razvitie-rossiyskoy-nauki) 
 
Exercise 14. Prepare a 5 minutes public speech (in Russian) about the 
role of science in our life. Make up an abstract (5–7 sentences) of the 
speech and mark 5 key words. 
 
Exercise 15. After presenting your speech give the key words and 
abstract to other students who will render your speech in English. 

When preparing a speech or a presentation as well use Appendix I. 
 
Exercise 16. a) Scan the text below and take brief notes about what 
these numbers refers to: 1959;800; 8. 

Scan – to read smth. very quickly to find particular information. 
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b) First read the questions and then scan the text to find the answers. 
 

1) When and where Russian Academy of Sciences was organized? 
2) What is known about the membership ofAcademy of Sciences? 
3) What departments does it include? 
4) Who was the first Russian member of Academy? 
5) What can you say about the society’s highest prize? 

 
Academy of Sciences, in full (1917–1925 and since 1991) Russian 

Academy of Sciences, Russian Rossiiskaya Akademiya Nauk, highest 
scientific society and principal coordinating body for research in natural 
and social sciences, technology, and production in Russia. The 
organization was established in St. Petersburg, Russia, on February 8 
(January 28, Old Style), 1724. Membership in the academy is by 
election, and members can be one of three ranks–academician, 
corresponding member, or foreign member. The academy is also 
devoted to training students and to publicizing scientific achievements 
and knowledge. It maintains ties with many international scientific 
institutions and collaborates with foreign academies. The academy 
directs the research of other scientific institutions and institutions of 
higher education. It includes departments of mathematics; physics; 
power engineering, mechanics, and control processes; information 
science and computer technology; chemistry and materials; biology; 
earth sciences; social sciences; and history and philology. Its 
membership is more than 1,500, with some 800 corresponding members, 
500 academicians, and 200 foreign members. 

Founded by Peter I the Great, the academy was opened in 1725 by 
his widow, Catherine I, as the Academy of Sciences and Arts. Later 
known under various names, it held its present name from 1917 to 1925 
and took it once more in 1991. In its early decades, foreign scholars, 
notably the Swiss mathematicians Leonhard Euler and Daniel Bernoulli, 
worked in the academy. The first Russian member was Mikhail 
Vasilyevich Lomonosov, scientist and poet, who was elected in 1742 
and contributed extensively to many branches of science. The society’s 
highest prize, the Lomonosov Gold Medal, bears his name; it was first 
awarded in 1959 and is traditionally given each year to one Russian and 
one foreign scientist. Under the tsars, the academy was headed by 
members of court circles and controlled a small number of institutions. 
After 1917 the academy chose its president and expanded its activities as 
new scientific institutions arose throughout the Soviet Union. By 1934, 
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when it transferred from St. Petersburg to Moscow, it embraced 25 
institutes. Before the dissolution of the Soviet Union in 1991, the 
academy directed more than 260 institutions, including laboratories, 
naval institutes, observatories, research stations, and scientific societies, 
and its branches were spread throughout the Soviet Union. Since 1999 
the date of the academy’s founding, February 8, has been observed as a 
national day of science. 

(https://www.britannica.com/topic/Academy- 
of-Sciences-Russian-organization) 

 
c) Translate the first paragraph of the text into Russian in written form 
using your dictionary (if necessary). 
d) Work in pairs. What information is new to you? Discuss it with the 
partner. 
 
Exercise 17. How is your field of science developing in Russia? What 
do you expect to see in the future? Discuss it with other students. 
 
Exercise 18. Write an essay (about 15 sentences) using the vocabulary 
of this unit. Choose one of the following topics: 

1) What is Science? 
2) Development of Science in Russia. 
3) My Scientific Interests. My Future Investigations in Science. 

 

When preparing an essay you may use Appendix I. 
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DID YOU KNOW? 

 
 100 years ago: The first virus was found in both plants and animals. 
 90 years ago: The Grand Canyon became a national monument & 

Cellophane is invented. 
 80 years ago: The food mixer and the domestic refrigerator were 

invented. 
 70 years ago: The teletype and PVC (polyvinyl-chloride) were 

invented. 
 60 years ago: Otto Hahn discovered nuclear fission by splitting 

uranium, Teflon was invented. 
 50 years ago: Velcro was invented. 
 40 years ago: An all-female population of lizards was discovered in 

Armenia. 
 30 years ago: The computer mouse was invented. 
 20 years ago: First test-tube baby born in England, Pluto’s moon, 

Charon, discovered. 
 10 years ago: First patent for a genetically-engineered mouse was 

issued to Harvard Medical School. 
 5 years ago: The first successful cloning of human embryo. 

 
13 Incredible Science Facts You Probably Didn't Learn  

in High School 
Science just gets better. 

(FIONA MACDONALD 26 OCT 2017 
https://www.sciencealert.com/13-science- 

facts-never-learned-high-school-2017) 
We learn about some awesome science in high school – like 

Einstein's theory of relativity, the Periodic table, and DNA replication. 
 

The knowledge we pick up there sets the foundations for all the 
other amazing things we go on to study. But science definitely doesn't 
end at high school, and it's once you take your learning to the next level 
that things get really interesting. 

In no particular order, here are some mind-bendingly incredible 
facts that we didn't learn at high school, but wish we did. Because I 
certainly would have paid a whole lot more attention if my teacher had 
shared a few of these insights in class. 
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Side note: if you did learn about all of this and more at school, 
then you had a kick-ass teacher and you should probably tell them that. 

1. Water can boil and freeze at the same time 
Seriously, it's called the 'triple point', and it occurs when the 

temperature and pressure is just right for the three phases (gas, liquid, 
and solid) of a substance to coexist in thermodynamic equilibrium.  

2. Lasers can get trapped in a waterfall 
Not only is this an incredible example of total internal reflection, it 

also shows how fibre optic cables work to guide the flow of light. 
3. We've got spacecraft hurtling towards the edge of our Solar 

System really, really fast 
We all know rockets are fast, and space is big. But sometimes 

when we're talking about how long it takes for us to get to distant parts 
of the Solar System (eight months to get to Mars, are you kidding me?) 
it can feel like our spacecraft are just crawling along out there. 

4. An egg looks like a crazy jellyfish underwater 
A cracked egg on land might make a big mess, but 18 metres  

(60 feet) below the surface of the ocean, the pressure on the egg is 2.8 
times atmospheric pressure, and it holds it all together like an invisible 
egg shell. True story. 

5. You can prove Pythagoras' theorem with fluid 
Not buying what your math teacher is selling when they tell you  

a2 + b2 = c2? You can actually prove it with liquid. 
6. This is what happens when a black hole swallows a star 
As the star gets sucked up into the black hole, a huge jet of plasma 

is burped out, spanning hundreds of light-years. "When the star is ripped 
apart by the gravitational forces of the black hole, some part of the star's 
remains falls into the black hole, while the rest is ejected at high speeds", 
explains Johns Hopkins University researcher, Suvi Gezari. 

7. You CAN see without your glasses 
According to Minute Physics, all you need to do is make a pinhole 

with your hand, which will help you focus the light coming into your 
retina. Sure, it won't give you 20/20 vision, but it's a good start if you've 
left your glasses at home. 

8. This is how a face forms in the womb 
Embryonic development is an incredibly complex process that 

scientists are still just beginning to understand. But one thing researchers 
have been able to map out is how the embryo folds to create the 
structures of the human face in the womb. We could watch this all day. 
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9. Popping your knuckles isn't necessarily bad for you 
One researcher popped the knuckles of one hand for 60 years but 

not the other, and found no discernible difference in the amount of 
arthritis between the two of them at the end of his experiment. 

10. A single solar flare can release the equivalent energy of 
millions of 100-megaton atomic bombs 

And they're happening all the time. 
11. Cats always land on their feet, thanks to physics 
As Smarter Every Day demonstrated with this awesome slow-mo 

footage, cats actually use the two halves of their bodies separately to 
ensure rapid rotation (don't try this at home). 

12. You'd be better off surviving a grenade on land rather than 
underwater 

Those balloons? That's what would happen to your lungs if an 
explosion went off near you underwater. 

13. If you spin a ball as you drop it, it flies 
I mean, it really flies. It's thanks to the Magnus effect, which 

occurs when the air on the front side of a spinning object is going the 
same direction as its spin, which means it gets dragged along with the 
object and deflected back. 

Meanwhile, the air on the other side of the ball is moving in the 
opposite direction, so the air flow separates. 

We could keep going... but the best part about science is that it 
discovers new things every day.  

Never stop learning! 
 
 

 
SCIENTISTS AND INVENTORS: FACT OR FICTION? 

 
Did famed mathematician Blaise Pascal invent an adding machine? 

How long was Galileo under house arrest? From atomic bombs to boat 
racing, learn more about notable scientists and inventors in this quiz. 

Only one variant (√) is possible. 
QUESTION 1. Alexander Graham Bell held a boat-racing record. 
 TRUE 
 FALSE 
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QUESTION 2. Richard Abegg is famed for his work in valence. 
 TRUE 
 FALSE 

QUESTION 3. Albert Einstein developed the atomic bomb. 
 TRUE 
 FALSE 

QUESTION 4. Blaise Pascal invented an adding machine. 
 TRUE 
 FALSE 

QUESTION 5. The first woman to win a Nobel Prize was Marie Curie. 
 TRUE 
 FALSE 

QUESTION 6. Clarke’s Third Law is named for the English shoe 
manufacturer. 
 TRUE 
 FALSE 

QUESTION 7. Jacques Cousteau was a famed astronaut. 
 TRUE 
 FALSE 

QUESTION 8. Thomas Edison said, "Genius is one percent inspiration 
and ninety-nine percent perspiration." 
 TRUE 
 FALSE 

QUESTION 9. Galileo was under arrest for eight years. 
 TRUE 
 FALSE 

Now check your answers 
QUESTION 1. Correct Answer: TRUE 
Bell, the inventor of the first patented telephone, developed a hydrofoil 
boat that held the world speed record in 1919. It traveled at 71 miles 
(114 kilometers) per hour. 
QUESTION 2. Correct Answer: TRUE 
The chemist Richard Wilhelm Heinrich Abegg (1869–1910) is best 
known for his description of the role of valence (the combining capacity 
of atoms) in chemical interaction. 
QUESTION 3. Correct Answer: FALSE 
Einstein’s theories allowed scientists to harness the atom for weapons. 
Einstein, however, did not work to develop the bomb, and after World 
War II he tried to prevent the use of atomic weapons. 
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QUESTION 4. Correct Answer: TRUE 
Pascal, the French mathematician and philosopher, invented a 
calculating machine called the Pascaline. 
QUESTION 5. Correct Answer: TRUE 
Marie Curie won a Nobel Prize for physics in 1903. She won a second 
Nobel Prize, for chemistry, in 1911. 
QUESTION 6. Correct Answer: FALSE 
Clarke’s Third Law reads, "Any sufficiently advanced technology is 
indistinguishable from magic." It is named for science-fiction writer 
Arthur C. Clarke, who wrote 2001: A Space Odyssey and many other 
books. 
QUESTION 7. Correct Answer: FALSE 
The French scientist and explorer Jacques Cousteau was a famed 
oceanographer. 
QUESTION 8. Correct Answer: TRUE 
Thomas Edison was called a wizard and a genius for his many 
inventions. Edison received a record 1,093 patents for devices he 
invented. 
QUESTION 9. Correct Answer: TRUE 
During his last eight years, Galileo lived near Florence under house 
arrest for having “held and taught” Copernican doctrine. 
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UNIT 2 
 

Studying Instrument Engineering, 
Information Technologies and Electronics 
 
 

 
 

What do you know about Instrument Engineering, Information 
Technologies and Electronics? Read the following quotations and 

express your own ideas about it. Why have you decided to be 
 a specialist in the field of Instrument Engineering, Information 

Technologies and Electronics? 
 
1. “If you think of standardization as the best that you know today, but 

which is to be improved tomorrow; you get somewhere.” (Henry 
Ford) 

2. “Quality is not an act, it is a habit.” (Aristotle) 
3. “Engineering is the professional and systematic application of science 

to the efficient utilization of natural resources to produce wealth.” 
(Theodore Jesse Hoover) 

4. “There can be little doubt that in many ways the story of bridge 
building is the story of civilization. By it we can readily measure an 
important part of a people's progress.” (Franklin D Roosevelt) 

5. “Measurement is the first step that leads to control and eventually to 
improvement. If you can’t measure something, you can’t understand 
it. If you can’t understand it, you can’t control it. If you can’t control 
it, you can’t improve it.” (H. James Harrington) 

6. “Information is the oxygen of the modern age. It seeps through the 
walls topped by barbed wire, it wafts across the electrified borders.” 
(Ronald Reagan) 

7. “I do not fear computers. I fear the lack of them.” (Isaac Asimov) 
 

Exercise 1. Write down 10–12 sentences expressing your ideas about  
Instrument Engineering; Information Technologies; Electronics. 
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Exercise 2. Students at your faculty are known to study the following 
programs: 

• Control in Technical Systems; 
• Instrument Engineering – Information-Measuring Technology; 
• Systems, Networks and Devices of Remote Control; 
• Methods and Systems of Information Protection, Information 

Security; 
• Metrology, Standardization and Certification – Technology of 

Product Quality Control, General Quality Management. 
What is your specialty? Why have you chosen it? 
 
Exercise 3. Read the following definitions and choose the best one. 

1. Technical systems are application systems that are installed in 
your system landscape. 

2. Horizontal rows contain names of subsystems that belong to the 
technical system. 

3. Information measure – a system of measurement of information 
based on the probabilities of the events that convey information. 

4. Quality control is a procedure or set of procedures intended to 
ensure that a manufactured product or performed service adheres to a 
defined set of quality criteria or meets the requirements of the client or 
customer. 

5. Total Quality Management is a management framework based on 
the belief that an organization can build long-term success by having all its 
members, from low-level workers to its highest ranking executives, focus 
on quality improvement and, thus, delivering customer satisfaction. 

6. Metrology – the science of weights and measures or of 
measurement. 

7. Standardization is a voluntary, consensual process. 
8. Standardization is the process of developing and implementing 

technical standards. 
 
Exercise 4. Read the text and come up with an appropriate title. 

Because of new computing technologies, machine learning today 
is not like machine learning of the past. It was born from pattern 
recognition and the theory that computers can learn without being 
programmed to perform specific tasks; researchers interested in artificial 
intelligence wanted to see if computers could learn from data. The 
iterative aspect of machine learning is important because as models are 
exposed to new data, they are able to independently adapt. They learn 
from previous computations to produce reliable, repeatable decisions 
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and results. It’s a science that’s not new – but one that has gained fresh 
momentum. 

While many machine learning algorithms have been around for a 
long time, the ability to automatically apply complex mathematical 
calculations to big data – over and over, faster and faster – is a recent 
development.  

While artificial intelligence (AI) is the broad science of mimicking 
human abilities, machine learning is a specific subset of AI that trains a 
machine how to learn. Why is machine learning important? Resurging 
interest in machine learning is due to the same factors that have made 
data mining and analysis more popular than ever. Things like growing 
volumes and varieties of available data, computational processing that is 
cheaper and more powerful, and affordable data storage. 

All of these things mean it's possible to quickly and automatically 
produce models that can analyze bigger, more complex data and deliver 
faster, more accurate results – even on a very large scale. And by 
building precise models, an organization has a better chance of 
identifying profitable opportunities – or avoiding unknown risks. 

What's required to create good machine learning systems? One can 
name: data preparation capabilities; algorithms – basic and advanced; 
automation and iterative processes; scalability; ensemble modeling. 

Who's using it? – Most industries working with large amounts of 
data have recognized the value of machine learning technology. By 
gleaning insights from this data – often in real time – organizations are 
able to work more efficiently or gain an advantage over competitors. 

Financial services – Banks and other businesses in the financial 
industry use machine learning technology for two key purposes: to 
identify important insights in data, and prevent fraud. The insights can 
identify investment opportunities, or help investors know when to trade. 
Data mining can also identify clients with high-risk profiles, or use cyber 
surveillance to pinpoint warning signs of fraud. 

Government – Government agencies such as public safety and 
utilities have a particular need for machine learning since they have 
multiple sources of data that can be mined for insights. Analyzing sensor 
data, for example, identifies ways to increase efficiency and save money. 
Machine learning can also help detect fraud and minimize identity theft. 

Health care – Machine learning is a fast-growing trend in the 
health care industry, thanks to the advent of wearable devices and 
sensors that can use data to assess a patient's health in real time. The 
technology can also help medical experts analyze data to identify trends 
or red flags that may lead to improved diagnoses and treatment. 
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Marketing and sales – Websites recommending items you might 
like based on previous purchases are using machine learning to analyze 
your buying history – and promote other items you'd be interested in. 
This ability to capture data, analyze it and use it to personalize a 
shopping experience (or implement a marketing campaign) is the future 
of retail. 

Oil and gas – Finding new energy sources. Analyzing minerals in 
the ground. Predicting refinery sensor failure. Streamlining oil 
distribution to make it more efficient and cost-effective. The number of 
machine learning use cases for this industry is vast – and still expanding. 

Transportation – Analyzing data to identify patterns and trends is 
key to the transportation industry, which relies on making routes more 
efficient and predicting potential problems to increase profitability. The 
data analysis and modeling aspects of machine learning are important 
tools to delivery companies, public transportation and other 
transportation organizations. 
 
Exercise 5. Compose 5 questions based on the text. Ask your partner 
your questions. Answer your partner’s questions. 
 
Exercise 6. a) Find the underlined words in the text and try to explain 
their meaning. Use the dictionary if necessary; b) Choose the best 
definition for the following words. 
 

1) technology 
a) a manner of accomplishing a 
task especially using technical 
processes, methods, or 
knowledge. 
b) the branch of knowledge that 
deals with the creation and use 
of technical means and their 
interrelation with life, society, 
and the environment, drawing 
upon such subjects as industrial 
arts, engineering, applied 
science, and pure science. 
 

2) algorithm 
a) a set of rules for solving a problem 
in a finite number of steps, as for 
finding the greatest common divisor. 
b) a process or set of rules to be 
followed in calculations or other 
problem-solving operations, especially 
by a computer. 



27 

3) data 
a) the quantities, characters, or 
symbols on which operations 
are performed by a computer, 
which may be stored and 
transmitted in the form of 
electrical signals and recorded 
on magnetic, optical, or 
mechanical recording media. 
b) factual information (such as 
measurements or statistics) used 
as a basis for reasoning, 
discussion, or calculation. 
 

4) to glean 
a) to obtain (information) from 
various sources, often with difficulty. 
b) to gather (grain or the like) after the 
reapers or regular gatherers. 

5) scalability 
a) the capacity to be changed in 
size or scale. 
b) used to describe a business or 
system that is able to grow or to 
be made larger. 

6) modeling 
a) fashion or shape (a three-
dimensional figure or object) in a 
malleable material such as clay or 
wax. 
b) the representation, often 
mathematical, of a process, concept, 
or operation of a system, often 
implemented by a computer program. 
 

7) profitability 
a) the degree to which a 
business or activity yields profit 
or financial gain. 
b) the situation in which a 
company, product, etc. is 
producing a profit. 

8) analysis 
a) detailed examination of the 
elements or structure of something. 
b) a detailed examination of anything 
complex in order to understand its 
nature or to determine its essential 
features : a thorough study. 

 

Exercise 7. Match the words with their synonyms. 
 

          A 
model  
momentum 
to mimic 
iterative 
recent 
to streamline 
transportation 
routes 

     B 
push 
to imitate 
to arrange 
repetitive 
line  
current 
conveyance 
representation
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Exercise 8. Fill in the gaps in the sentences below with the words from 
the list. 
 

information; instrumentation(2); engineer; quality; computers; 
system(4); Electronics(3); technologies; elements; theft(3) 

 
1. Nature of work of an _____________ _______ ranges from 

designing, developing, installing, managing equipment that are used to 
monitor and control machinery. 

2. ___________ at home and elsewhere is only because of the 
science of instrumentation. 

3. Information technology is the use of _________ to store, 
retrieve, transmit, and manipulate information, often in the context of a 
business or other enterprise. 

4. An information technology _____ is generally an information 
______, a communications ______ or, more specifically speaking, a 
computer ______ – including all hardware, software and peripheral. 

5. Instrumentation and Control plays a significant role in both 
gathering ________ from the field and changing the field parameters, 
and as such are a key part of control loops. 

6. _______ comprises the physics, engineering, technology and 
applications that deal with the emission, flow and control of electrons in 
vacuum and matter. 

7. The identification of the electron in 1897, along with the 
invention of the vacuum tube, which could amplify and rectify small 
electrical signals, inaugurated the field of ___________ and the electron 
age. 

8. ________ deals with electrical circuits that involve active 
electrical components such as vacuum tubes, transistors, diodes, 
integrated circuits, optoelectronics, and sensors, associated passive 
electrical components, and interconnection technologies. 

9. Commonly, electronic devices contain circuitry consisting 
primarily or exclusively of active semiconductors supplemented with 
passive ______; such a circuit is described as an electronic circuit. 

10. The _______ profession grew from simple control to 
engineering, to systems engineering. 

11. Some of the most common threats today are software attacks, 
____ of intellectual property, identity _____, _____ of equipment or 
information, sabotage, and information extortion. 
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Exercise 9. Match the explanation to the word-combination. Work in 
pairs and compare your answers. 
 
 
 
Computing technologies 
 
Machine learning  
 
Artificial intelligence 

– an application of artificial intelligence that 
provides systems the ability to automatically 
learn and improve from experience without 
being explicitly programmed. 
 
– the design and construction of computers to 
better help people at work, school, home, etc. 
 
– the theory and development of computer 
systems able to perform tasks normally 
requiring human intelligence, such as visual 
perception, speech recognition, decision-
making, and translation between languages. 

 
Exercise 10. Read the text and answer the following true/false 
question. 

 

Some popular machine learning methods 
Two of the most widely adopted machine learning methods are 

supervised learning and unsupervised learning – but there are also other 
methods of machine learning. Here's an overview of the most popular 
types. 

Supervised learning algorithms are trained using labeled examples, 
such as an input where the desired output is known. For example, a piece 
of equipment could have data points labeled either “F” (failed) or “R” 
(runs). The learning algorithm receives a set of inputs along with the 
corresponding correct outputs, and the algorithm learns by comparing its 
actual output with correct outputs to find errors. It then modifies the 
model accordingly. Through methods like classification, regression, 
prediction and gradient boosting, supervised learning uses patterns to 
predict the values of the label on additional unlabeled data. Supervised 
learning is commonly used in applications where historical data predicts 
likely future events. For example, it can anticipate when credit card 
transactions are likely to be fraudulent or which insurance customer is 
likely to file a claim. 

Unsupervised learning is used against data that has no historical 
labels. The system is not told the "right answer." The algorithm must 
figure out what is being shown. The goal is to explore the data and find 
some structure within. Unsupervised learning works well on 
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transactional data. For example, it can identify segments of customers 
with similar attributes who can then be treated similarly in marketing 
campaigns. Or it can find the main attributes that separate customer 
segments from each other. Popular techniques include self-organizing 
maps, nearest-neighbor mapping, k-means clustering and singular value 
decomposition. These algorithms are also used to segment text topics, 
recommend items and identify data outliers. 

Semisupervised learning is used for the same applications as 
supervised learning. But it uses both labeled and unlabeled data for 
training – typically a small amount of labeled data with a large amount 
of unlabeled data (because unlabeled data is less expensive and takes 
less effort to acquire). This type of learning can be used with methods 
such as classification, regression and prediction. Semisupervised 
learning is useful when the cost associated with labeling is too high to 
allow for a fully labeled training process. Early examples of this include 
identifying a person's face on a web cam. 

Reinforcement learning is often used for robotics, gaming and 
navigation. With reinforcement learning, the algorithm discovers 
through trial and error which actions yield the greatest rewards. This 
type of learning has three primary components: the agent (the learner or 
decision maker), the environment (everything the agent interacts with) 
and actions (what the agent can do). The objective is for the agent to 
choose actions that maximize the expected reward over a given amount 
of time. The agent will reach the goal much faster by following a good 
policy. So the goal in reinforcement learning is to learn the best policy. 

Humans can typically create one or two good models a week; 
machine learning can create thousands of models a week. 

What are the differences between data mining, machine learning 
and deep learning? 

Although all of these methods have the same goal – to extract 
insights, patterns and relationships that can be used to make decisions – 
they have different approaches and abilities. 

Data mining can be considered a superset of many different 
methods to extract insights from data. It might involve traditional 
statistical methods and machine learning. Data mining applies methods 
from many different areas to identify previously unknown patterns from 
data. This can include statistical algorithms, machine learning, text 
analytics, time series analysis and other areas of analytics. Data mining 
also includes the study and practice of data storage and data 
manipulation. 
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The main difference with machine learning is that just like 
statistical models, the goal is to understand the structure of the data – fit 
theoretical distributions to the data that are well understood. So, with 
statistical models there is a theory behind the model that is 
mathematically proven, but this requires that data meets certain strong 
assumptions too. Machine learning has developed based on the ability to 
use computers to probe the data for structure, even if we do not have a 
theory of what that structure looks like. The test for a machine learning 
model is a validation error on new data, not a theoretical test that proves 
a null hypothesis. Because machine learning often uses an iterative 
approach to learn from data, the learning can be easily automated. Passes 
are run through the data until a robust pattern is found. 
 
True or False? 
1) Russia’s industry also produce armaments, including tanks, jet 
fighters, and rockets, which are sold to many countries and contribute 
significantly to Russia’s export income 
2) Russia’s vast size and the great distances that occasionally unite 
sources of raw materials and foodstuffs from consumers place a heavy 
burden on the transport system. 
3) Railways account for about nine-tenths of the country’s freight 
turnover and half of all passenger movement. 
4) The railway network of European Russia is roughly seventeen times 
as dense as that found in the Asian portion of the country. 
5) Today one can say that Russian road system is underdeveloped and 
carries only a tiny fraction of all freight. 
6) Traffic on the Arctic Ocean route is the all-weather. 
7) The Russian telecommunications sector is superior to those of other 
industrialized countries.  
8) Largely through foreign investment, however, the country’s 
telecommunications infrastructure has been greatly improved.  

 
Exercise 11. a) Look through the text again and find the sentences that 
use the Passive Voice. You may go to Grammar Appendix; 
b) Can you change these sentences from Passive Voice into Active 
Voice? Which sentences are better in Active? Discuss it with your 
partner. 
 
Exercise 12. a) Start your “PROFESSIONAL VOCABULARY LIST”. 
Think of definitions, synonyms and antonyms to explain the meaning 
of these words; 
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b) Explain the meaning of the words but don’t name them. Let your 
partner guess the words. 
 
Exercise 13. Read the text and summarize the information from it  
(5–7 sentences).  
(To summarize – to provide the most important information without 
details and examples). 

 

Are you being scanned? How facial recognition technology  
follows you, even as you shop 

As digital billboards record customers’ reactions to advertisements 
tailored to them, just who is safeguarding Australians’ privacy? 

According to experts, FRT is now more accurate than humans at 
identifying faces. If you shop at Westfield, you’ve probably been 
scanned and recorded by dozens of hidden cameras built into the 
centers’ digital advertising billboards. 

The semi-camouflaged cameras can determine not only your age 
and gender but your mood, cueing up tailored advertisements within 
seconds, thanks to facial detection technology. 

Mood is a particularly valuable insight for advertisers, revealing 
shoppers’ general sentiment towards a brand and how they feel in 
particular stores at certain times of the day. Unlike gender and age, 
mood is harder to determine, sitting at around 80% accuracy. 

There are now more than 1,600 billboards installed across 
Australia and New Zealand.  

This means generic information such as a shopper’s age and 
gender is collected rather than the technology using photo-matching 
databases to identify who customers are. A spokesperson would not 
confirm whether or not Westfield would consider using FRT in the 
future. 

Retail companies are increasingly turning to facial detection and 
facial recognition software to attract and engage a distracted audience.  

While facial detection could be considered relatively benign, it is a 
step closer to the more problematic FRT. 

This technology is still in its teething stages within the Australian 
retail sector, but FRT has significant investment and growth potential. 
International companies including Target, 7-Eleven, Walmart, Google 
and Facebook are all experimenting with facial recognition. The global 
FRT market is worth approximately US$3bn (A$4.1bn) and is expected 
to grow to US$6bn by 2021. Target and Walmart say they trialed the 
technology in-store to prevent theft and fraud, while 7-Eleven plan to 
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use it to “identify loyal customers”. Facebook has been using facial 
recognition since December 2017 to help users “manage their identity 
online” while Google has also been using FRT for some time. 

FRT has a number of beneficial uses. In Canada, it has been used 
to help those who have identified themselves as problem gamblers. In a 
number of international airports, the technology is used to speed up 
checking in and security procedures. And in Australia, it has long been 
employed by border security at the arrival gates and in national policing 
efforts to detect suspects from criminal watch lists. 

But there are major concerns about how to protect the privacy of 
those whose data is collected. In January a coalition of 85 civil rights 
groups wrote to Microsoft, Amazon and Google demanding the 
companies commit not to sell face surveillance technology to 
governments. When asked, Microsoft’s president, Brad Smith, rejected 
the idea of an outright ban, saying: “A sweeping ban on all government 
use clearly goes too far and risks being cruel in its humanitarian effect.” 
He was referring to the reported use of the technology to detect rare 
diseases and also reunite missing children in India. 

Australia already falls short when it comes to regulations in this 
area. For instance, under the current regulatory framework, neither 
Westfield nor Quividi need shoppers’ consent or knowledge to monitor 
and record them through facial detection by their Smartscreen billboard 
cameras. Yet throughout Europe, Quividi complies with strict privacy 
laws implemented by the General Data Protection Regulation enforced 
last May, which gave citizens the right to control their personal data and 
be informed about how their information is used. 

There is now a bill attempting to regulate facial recognition in its 
second parliamentary reading. If passed, the bill would allow identity 
information to be exchanged between the commonwealth government, 
state and territory governments and “non-government entities” through 
the creation of a central hub called “the Capability” and the national 
driver licence facial recognition solution. 

The bill is vague, with no date set for its final vote. While 
consumer consent is required in the bill, it fails to explain how it would 
be gathered or what exactly is meant by “non-government entities”. 

(https://www.theguardian.com/technology/2019/feb/24/are- 
you-being-scanned-how-facial-recognition-technology- 

follows-you-even-as-you-shop) 
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Exercise 14. Read the following text and give the main idea in English. 
 

Всемирный день электросвязи и информационного общества 
Всемирный день электросвязи и информационного общества 

отмечается ежегодно 17 мая. Этот день считается профессиональ-
ным праздником всех программистов, системных администраторов, 
интернет-провайдеров, веб-дизайнеров, редакторов интернет-изда-
ний и всех тех, кто работает в сфере информационных технологий. 

Цель этого международного праздника заключается в том, 
чтобы способствовать повышению уровня осведомленности о воз-
можностях, которые может принести обществам и странам исполь-
зование Интернета и информационно-коммуникационных техно-
логий (ИКТ), а также о путях преодоления «цифрового разрыва». 

Начиная с 1969 г. 17 мая отмечался Всемирный день электро-
связи в честь основания Международного союза электросвязи 
(МСЭ) и подписания первой Международной телеграфной конвен-
ции в 1865 г. Этот день был установлен Полномочной конферен-
цией, состоявшейся в Малаге-Торремолиносе (Испания) в 1973 г. 

Всемирный день электросвязи сосредотачивал внимание меж-
дународного общества как на деятельности МСЭ, так и на задачах, 
стоящих перед коммуникациями на международном уровне. МСЭ 
способствовал развитию связи в мире со времен телеграфии до 
современных коммуникаций и информационного пространства. 

В знак признания приложенных усилий по развитию телеком-
муникаций в рамках всемирной встречи на высшем уровне по 
вопросам информационного общества, которая прошла в два этапа: 
в Женеве в 2003 г. и в Тунисе в 2005 г., была принята «Тунисская 
программа для развития информационного общества» и Обращение 
к Генеральной Ассамблее ООН с призывом объявить 17 мая 
Всемирным днем информационного общества. 

«Тунисская программа для развития информационного обще-
ства» должна способствовать популяризации Интернета во всем 
мире, чтобы сделать его общедоступным средством коммуникаций 
во всем мире. Цель этой акции – способствовать ежегодному 
повышению уровня информированности о важности этого гло-
бального инструмента, о возможностях, которые открывает широ-
кое использование ИКТ, а также о путях преодоления «цифрового 
неравенства» на мировом уровне. 

27 марта 2006 г. Генеральная Ассамблея ООН приняла Резо-
люцию, в которой провозгласила 17 мая Всемирным днем инфор-
мационного общества. 
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Члены Генеральной Ассамблеи постановили в 2015 г. про-
вести обзор хода выполнения женевских и тунисских договорен-
ностей. 

В ноябре 2006 г. на Полномочной конференции МСЭ в Анта-
лии (Турция) было принято решение о том, что оба мероприятия 
(Всемирный день электросвязи и Всемирный день информаци-
онного общества) будут отмечаться 17 мая как Всемирный день 
электросвязи и информационного общества. 

В обновленной Резолюции государствам-членам и членам сек-
торов предлагается ежегодно отмечать этот день путем организации 
соответствующих национальных программ с целью: стимулиро-
вания представления идей и обмена идеями по теме, принятой 
Советом; обсуждения различных аспектов этой темы со всеми 
партнерами в обществе; составления отчета, отражающего дис-
куссии в национальном масштабе по проблемам, лежащим в основе 
этой темы, для направления его в МСЭ и остальным членам Союза. 

Темы Всемирного дня электросвязи и информационного об-
щества предыдущих лет: «Защита детей в киберпространстве» 
(2009), «Помогая общаться лицам с ограниченными возможностя-
ми: возможности ИКТ для всех» (2008), «Помогая молодежи 
общаться: возможности ИКТ» (2007). 

(Материал подготовлен на основе информации открытых 
источников) 

 
Exercise 15. Prepare a 5 minute public speech (in Russian) about the 
role of Instrument Engineering, Information Technologies and 
Electronics in our life. 
 
Exercise 16. After presenting your speech give the key words and 
abstract to other students who will translate your speech into English. 

When preparing a speech or a presentation as well use Appendix II.  
 
Exercise 17. a) Scan the text below and take brief notes about what 
these numbers refers to: 1970; 2010; 1980s.;  

 Scan – to read smth. very quickly to find particular information. 
 
b) First read the questions and then scan the text to find answers; 
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1) What are the areas that distinguish the first world from the second and 
third worlds? 
2) Why does the author think that there is an illusion that modern 
technologies emerge exclusively through a process of invention that has 
its roots in science? 
3) Why was the term nanotechnology initially used? 
 

Technology will Determine the Future of the Human Race 
Man's way of life has depended on technology since the begin of 

civilization – the flint stone, the control of fire, the wheel, the printing 
press. In the earliest times significant advances were rare and they were 
separated by long periods of time - but their benefits, and disadvantages, 
were easily understood. 

Modern technology tends to be thought of in terms of the advances 
brought about by computers and electronic communications but it is in 
transport, medicine, energy and weaponry that we have seen the greatest 
impact upon our lives. It is these areas that distinguish the first world 
from the second and third worlds. 

We must wake up to the fact that it is technologists that is 
determining the future of the human race. Advances require vast 
resources and companies that are prepared to take risks, and if Britain is 
to continue to play a crucial role in technology then our establishment 
must realize that applied science is rivaling pure science both in 
importance and in intellectual interest. 

There is an illusion that modern technologies emerge exclusively 
through a process of invention that has its roots in science. In reality they 
frequently come from a series of improvements that make them more 
attractive to the customers. This process of evolution none the less 
requires the most sophisticated knowledge of science and engineering. 
Very often the science and engineering advances made in the course of 
developing a product overwhelm the pure science that gave rise to the 
original concept. 

Technologies are rarely static, they are for ever evolving. Those 
who failed to understand in the 1980s that cars were to become systems 
of interacting computers, rather than mechanical devices, have quite 
simply gone out of business. Because of this relentless change, education 
must be continuous and be broad as well as deep. 

Understanding of scale is imperative. The old idea that quality 
comes with hand-finishing is incorrect in most fields today. Precision 
tools are more accurate, make fewer mistakes and are faster. But they are 
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expensive and only become economical at high volumes. The key is to 
gain markets large enough to justify the expense of designing and 
building them. The situation is complicated by the need to establish 
standards – it is a continuing frustration, for example, that mobile 
telephones do not work everywhere in the world. 

The term nanotechnology was initially used to describe techniques 
that allowed the fabrication of devices, mainly electronic devices, with 
dimensions of only a few nanometres. A nanometre is about five times 
the width of an atom. I worked on these methods at IBM in the 1970s 
and by the bicentennial of the USA we were able to write USA '76 in 10 
nm wide gold lines using letters so small that they occupied an area ten 
million times smaller that a 12 point letter. These experiments 
guaranteed that Moore's law, the law predicts advances that can be made 
by miniaturizing electronics, would remain valid at least until 2010. 

Interest in nanotechnology accelerated in the early eighties with 
the development of the scanning tunneling microscope and the atomic 
force microscope. These instruments made it possible to manipulate 
individual atoms, and this led, unfortunately, to the speculation that 
atomic machines could be made that would replicate in an uncontrollable 
manner ('grey goo'). In the last few years the term nanotechnology 
became so fashionable that the science band-wagon phenomena took 
hold and everyone who thought it feasible to adopt the prefix did so in 
order to make their research eligible for the funds flowing from public 
and private sources. Nanotechnology now encompasses everything from 
the next generation of electronics to self-cleaning glasses, precision 
machining of mechanical parts, and sun-screens that contain nanometre 
size particles. Many of these subjects had adequate and more 
informative names such as thin film technology and precision machining 
but they have all been able to become 'nano' because they deal with 
dimensions of a few nanometres. 

What are the responsibilities of the technologist? Is it acceptable to 
develop weapons of mass destruction, foods that are unhealthy, transport 
systems that lead to decadent lifestyles, or communication systems that 
make it easy to distribute pornography? 

What are the areas where we are likely to see the most significant 
advances in the next ten or twenty years, bearing in mind that 
technologists are famous for over-estimating what will happen in the 
next five years, while underestimating what will happen in twenty years? 
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The Internet was an excellent example of the latter, as was the personal 
computer. 

Who will be the winners in the race to develop future 
technologies? How long will the hierarchy of nations remain the same 
with the USA predominating, followed by Japan, Europe, Singapore, 
Taiwan, Australasia, with the third world far behind? When will China 
and India begin to compete in development as well as the manufacture of 
high technology products? 

(Lord Alec Broers is President of the 
Royal Academy of Engineering and Chairman of the 

House of Lords Science and Technology Committee. He 
was also Vice-Chancellor of Cambridge University 

1996 until 2003.) 
(https://www.bbc.co.uk/radio4/reith2005/lectures.shtml) 

 
c) Translate the first three paragraphs of the text into Russian in 
written form using your dictionary (if necessary); d) Work in pairs. 
Share with your partner what information was new to you. 
 
Exercise 18. What is your future specialty and what are your scientific 
interests? What do you expect to see in this field in the future? Discuss 
it with other students. 

 
Exercise 19. Write an essay (about 15 sentences) using the vocabulary 
from this unit. Choose one of the following topics: 

 
1) Control in Technical Systems; 
2) Instrument Engineering – Information-Measuring Technology; 
3) Systems, Networks and Devices of Remote Control; 
4) Methods and Systems of Information Protection, Information 
Security; 
5) Metrology, Standardization and Certification – Technology of 
Product Quality Control, General Quality Management. 

When preparing an essay you may use Appendix II. 

More information about some specialties you may find in the texts 
from SUPPLEMENTARY READING.  
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DID YOU KNOW? 

In machine learning, a target is called a label. 
In statistics, a target is called a dependent variable. 
A variable in statistics is called a feature in machine learning. 
A transformation in statistics is called feature creation in machine 
learning. 

 
"The First Thing we should do is to Standardize the Language" 

The intent of international "standards" is to facilitate consistency 
and common interpretation so it's amusing that documents written using 
British English have to be "translated" into American English when 
they're adopted over there. We need a standard language. Mark Twain 
believed many problems would be overcome by eliminating the 
redundancy in the construction of the English language. After all, do we 
really need 26 letters in the alphabet? In doing so, his resultant language 
sadly typifies the way many people view and understand "standards" 
today! 
 

World Standards Day 
"The International Standards Organization (ISO) and the 

International Electrotechnical Commission (IEC) designated October 14 
as World Standards Day to recognize those volunteers who have worked 
hard to define international standards.......The United States celebrated 
World Standards Day on October 11; Finland celebrated on October 13; 
and Italy celebrated on October 18." 

No further comment about the global state of "standardization" is 
necessary!!! 
 

Understanding the Metric System: 
1 million microphones = 1 megaphone 
1 million bicycles = 2 megacycles 
52 cards = 1 decacards 
1/2 lavatory = 1 demijohn 
2000 mockingbirds = 2 kilomockingbirds 
3-1/3 tridents = 1 decadent 
10 monologs = 5 dialogues 
2 monograms = 1 diagram 
1 millionth of a fish = 1 microfiche 
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10 rations = 1 decoration 
10 millipedes = 1 centipede 

 
 
 

 
GADGETS AND TECHNOLOGY: FACT OR FICTION? 

Is virtual reality only used in toys? Have robots ever been used in 
battle? From computer keyboards to flash memory, learn about gadgets 

and technology in this quiz. Only one variant (√) is possible. 
QUESTION 1. Robots have never been used in battle. 
 Fact 
 Fiction 

QUESTION 2. Holograms are made with cameras. 
 Fact 
 Fiction 

QUESTION 3. Holograms are often found on credit cards. 
 Fact 
 Fiction 

QUESTION 4. It takes very few resources to make a mobile phone. 
 Fact 
 Fiction 

QUESTION 5. Flash memory is most often used in portable devices. 
 Fact 
 Fiction 

QUESTION 6. Virtual reality is only used in toys. 
 Fact 
 Fiction 

QUESTION 7. Digital cameras use film. 
 Fact 
 Fiction 

QUESTION 8. The computer keyboard is an ancient device. 
Correct Answer: Fiction 
 Fact 
 Fiction 

Now check your answers 
QUESTION 1. Correct Answer: Fiction 



41 

Robots are used in many military purposes, including finding and 
destroying explosive devices. Robot planes are also used to attack 
enemy positions without exposing human pilots to danger. 
QUESTION 2. Correct Answer: Fiction 
Holograms are created with lasers. A single beam of light from a laser is 
split into two beams by a special mirror. One shines onto a piece of film, 
the other onto the object to be holographed. 
QUESTION 3. Correct Answer: Fact 
Since they are difficult to copy illegally, holograms are commonly found 
on credit cards, driver’s licenses, and paper money to prove their 
authenticity. 
QUESTION 4. Correct Answer: Fiction 
It takes more than 165 pounds (75 kilograms) of material to make a 
mobile phone. Much of this weight is earth and rock excavated for metal 
ore. 
QUESTION 5. Correct Answer: Fact 
Flash memory cards are small, thin, digital storage devices that are often 
used in digital cameras, phones, and computers to physically transfer 
data between devices. 
QUESTION 6. Correct Answer: Fiction 
Flight simulators are perfect examples of using virtual reality, computer-
simulated reality, as a working tool. 
QUESTION 7. Correct Answer: Fiction 
Digital cameras and cell phones do not use film. They turn images into 
electric signals, which they store on microchips. People can load images 
from a digital camera or a cell phone onto a computer. 
QUESTION 8. Correct Answer: Fiction 
The computer keyboard is a modified version of the typewriter. The 
latter device was patented in 1868, making it a fairly modern innovation. 

 

 
MATHEMATICS AND MEASUREMENT: FACT OR FICTION? 

Does the concept of zero come from Indian mathematics? Is a jiffy a unit 
of measurement? Measure your wits in this mathematics quiz. Only one 

variant (√) is possible. 
QUESTION 1. A nanosecond is a thousand-millionth of a second. 
 TRUE 
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 FALSE 
QUESTION 2. A mathematical surface model illustrates theories or 
formulas. 
 TRUE 
 FALSE 

QUESTION 3. A kilocalorie is equal to 100 calories. 
 TRUE 
 FALSE 

QUESTION 4. A jiffy is a unit of measurement. 
 TRUE 
 FALSE 

QUESTION 5. A nanometer is a very large unit of measurement. 
 TRUE 
 FALSE 

QUESTION 6. A thermometer measures altitudes. 
 TRUE 
 FALSE 

QUESTION 7. A barometer is used to measure alcohol. 
 TRUE 
 FALSE 

QUESTION 8. The smallest composite number is 4. 
 TRUE 
 FALSE 

Now check your answers 
QUESTION 1. Correct Answer: TRUE 

A nanosecond is a fantastically tiny fragment of time. It is one 
thousand-millionth of a second. 
QUESTION 2. Correct Answer: TRUE 

A mathematical surface model is one that follows a mathematical 
formula or definition, or illustrates a mathematical concept. 
QUESTION 3. Correct Answer: FALSE 

A kilocalorie is equal to 1,000 calories. 
QUESTION 4. Correct Answer: TRUE 

In English, ‘in a jiffy’ means very fast. A jiffy has also been defined 
as the time it takes for light to travel along the radius of an electron—
about 33 trillionths of a second! 
QUESTION 5. Correct Answer: FALSE 

A nanometer is a measure of very small objects. The nail on your 
little finger is about 10 million nanometers wide. 
QUESTION 6. Correct Answer: FALSE 
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A thermometer is a glass tube in which the height of a column of 
mercury or alcohol varies with changes in temperature. 
QUESTION 7. Correct Answer: FALSE 

The Earth’s atmosphere is many kilometers high and has weight and 
exerts pressure on anything beneath it. A barometer is an instrument 
used to measure this pressure. 
QUESTION 8. Correct Answer: TRUE 

A composite number is a positive integer than can be divided by 
some number other than 1 or itself. 4 can be divided by 2, but no number 
smaller than 4 can be divided by anything other than itself or 1. 
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  SUPPLEMENTARY READING 

 
 

PART	I	
SPECIALITIES	

 
Text	1	
Archives	

 
Archives are collections of papers, documents, and photographs 

(often unpublished or one-of-a-kind), and sometimes other materials that 
are preserved for historical reasons. Archives, also called records or 
record office, repository for an organized body of records produced or 
received by a public, semipublic, institutional, or business entity in the 
transaction of its affairs and preserved by it or its successors. The term 
archives, which also designates the body of records themselves, derives 
from the French, and it, or a cognate, is used in most continental 
European countries and in the Americas. The terms records and record 
office are used in the United Kingdom and in some parts of the British 
Commonwealth. 

Although the institution of archives and something of archival 
administration may be traced from antiquity, archives and archival 
administration as they are understood today date from the French 
Revolution. With the establishment of the Archives Nationales in 1789 
and of the Archives Départementales in 1796, there was for the first time 
a unified administration of archives that embraced all extant repositories 
and record-producing public agencies. The second result was the implicit 
acknowledgment that the state was responsible for the care of its 
documentary heritage. The third result was the principle of accessibility 
of archives to the public. 

Practice and principle have varied somewhat from country to 
country, but the pattern has generally been a central repository and, if 
conditions warrant them, provincial repositories. France has kept in the 
departmental archives not only the modern archives relating to the area 
but also those from the prerevolutionary period. The Netherlands has a 
central state archives and the provincial archives. The schism following 
World War II gave the Federal Republic of Germany a Bundesarchiv at 
Koblenz and the German Democratic Republic a central archives at 
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Potsdam, but there are also repositories in the several Länder, or states. 
Italy has no single, central institution for state archives but has a series 
of important repositories, united under the ministry of the interior, which 
reflect the earlier divisions of the country. In the United States the 
National Archives was established in 1934 to house the retired records 
of the national government; the Federal Records Act of 1950 authorized 
the establishment also of “intermediate” records repositories in the 
several regions into which the country has been divided by the General 
Services Administration. Under the federal system of government each 
of the states of the United States independently has its own archival 
agency. In Canada, similarly, both the federal Ottawa government and 
the several provinces maintain their own archives. The Australian 
Archives has headquarters in Canberra and branches in all the state 
capitals and in Darwin and Townsville; the states have their own 
archives, usually under the management of state libraries. 

The English Public Record Act of 1838 brought all separate 
collections together and placed them under the Public Record Office 
(later part of the National Archives). England, therefore, is the 
outstanding example of centralization, whereas the more usual practice, 
as already suggested, is decentralization of archives to the domestic 
areas in which they originated. New Zealand’s National Archives is 
similarly centralized, as are the archives of India and Pakistan. Japan has 
no national archives; its records still remain in the custody of ministries. 

The science of records control has had to face at least three central 
issues: (1) the determination of types of records to be removed from 
agencies of origin, (2) the time of disposition, and (3) the manner of 
disposition. Practice has varied, but elimination usually has occurred 
before records have been transferred from the agency of origin. Some 
countries, especially those whose history reaches back many centuries, 
have prohibited the elimination of records made before a specified date. 

In the 20th century, archivists were faced with handling new kinds 
of records, such as photographic records, motion pictures, sound 
recordings, and computer-kept records. Microcopy, or microfilm, the 
legal status of which as record copy usually has had to be determined by 
special legislation, is a practical medium for making additional copies of 
records as security against risk through acts of warfare; as preservation 
against normal deterioration or damage; for use in international 
exchange; in lieu of loan or as a convenience to scholars; for reducing 
costs of repair, binding, and storage; as a means of supplementing by 
collateral materials the main bodies of records; and as a form of 
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publication. Practice as well as belief has varied from country to 
country. As the concepts of social, economic, and cultural history 
developed, as industrialization played an increasingly prominent role in 
national and international affairs, as democratization spread over the 
surface of the globe, so there was an increasing awareness of the 
significance of business archives, institutional archives, and the papers 
of persons not necessarily distinguished. Germany was the first to 
recognize the value of business archives; Belgium, Switzerland, and the 
Netherlands followed shortly; and France, England, Denmark, and the 
United States are examples, in varying degree and nature, of later 
recognition. 

(https://www.britannica.com/search?query=what+is+archives) 
 

Text	2	
Types	of	documents	

 
Documents that have been preserved are either originals, drafts, or 

copies. Originals, of which many survive, are formal documents drawn 
up on the order of the sender or donor, and they were designated to serve 
the recipient or beneficiary as evidence of the transaction recorded. 
Handwritten copies of documents, made either before or after the deed 
was actually executed (sealed), are not classified as originals.  
If made before an “original,” they were in fact rough drafts of it; if made 
afterward, they were copies. The particularly Anglo-Saxon method of 
chirography, however, gave the possibility of producing several 
“originals.” By this process two or more specimens of a document were 
written on the same page of the vellum sheet, and the free space between 
the texts was filled in with the word chyrographum (“handwriting”) or 
other words and symbols. Then the sheet was cut irregularly right 
through these words or symbols; the originals thus separated could later 
be reassembled, an exact fit being complete proof of authenticity. But to 
provide documents having the force of “originals,” copies of the original 
were usually made and formally certified as such, by public notaries, or 
by high ecclesiastical or secular dignitaries. Copies certified in this way 
were accorded the same legal value as the originals. In practice, lack of 
critical judgment on the part of the certifiers often led to the certification 
of forged records. In documents known as transumpts, which recited 
earlier documents or charters as part of their text, it often happened that 
the earlier document was forged, but, being included in the new,  
it received validation. The original documents and copies considered 
above were issued at the request of the recipient or beneficiary or of his 
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legal heir. It also happened quite often that the sender or donor wished 
for various reasons to retain a record of the documents issued by him. 
The chanceries (record offices) of secular rulers or great ecclesiastics 
therefore kept copies of outgoing documents in registers, and often of 
incoming documents, too. The popes were among the first to adopt the 
old Roman practice of keeping registers; although nearly all the earlier 
ones have been lost, an almost uninterrupted series of papal registers is 
extant from the pontificate of Innocent III onward. An important group 
of registers are the rolls kept by the medieval kings of England; the 
earliest extant rolls date from the 12th century. The keeping of registers 
in the chanceries of the French kings began about the year 1200, in 
Aragon about 1215, in Sicily under the Hohenstaufen emperor Frederick 
II (died 1250), and in the German imperial chancery from the early 14th 
century. Another manner of studying documents is in the formula books 
of the various chanceries. Notaries drawing up the various forms of 
medieval documents did not usually compose each new text afresh but, 
rather, copied from books in which such text formulas had been 
collected, a practice that can be traced back to Roman procedure. These 
model texts frequently contained only the legally relevant passages, 
while the individually applicable parts, such as names, figures, and 
dates, were either abridged or totally omitted. During the time of the 
Frankish kings, important collections were made, such as the Formulae 
Marculfi (early 8th century) and the Formulae imperiales (828–832). 
Significant collections of formulas serving as models for papal 
documents have been preserved from the 13th century. 

 
Classification of documents 

 
The documents of the Middle Ages are usually classified under 

two groups: public documents, which are those of emperors, kings, and 
popes, and private documents, which comprise all others. Another way 
of classifying documents is according to whether they are evidentiary or 
dispositive. The former merely record a valid legal act already executed 
orally, while the actual issuing of the latter forms in itself the legal act. 
This distinction, found among Roman documents from the 3rd century 
AD onward, gradually ceased to exist after the early Middle Ages. After 
the collapse of the Carolingian empire in the 9th century, private 
documents lost much of their function and were replaced by simple 
memorandums about legal acts and the witnesses to them. It was not 
until the late 11th and early 12th centuries that sealed charters of high 
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secular or ecclesiastical dignitaries were again gradually considered as 
dispositive. Papal documents can be classified mainly as either letters or 
privileges, and royal documents can be classified as diplomas or 
mandates. Privileges and diplomas give evidence of legal transactions 
designed to be of long duration or even of permanent effect, while 
mandates and many papal letters contain commands. 

 
Physical appearance of documents 

 
Documents were written on a variety of material. In antiquity there 

were documents of stone, metal, wax, papyrus, and, occasionally, of 
parchment, but only papyrus and parchment (and, very occasionally, 
wax) were used during the Middle Ages. From the 12th to the 13th 
centuries, paper also was sometimes available. Papyrus, made from the 
stem of the papyrus plant, was produced mainly in Egypt; after the Arab 
conquest of Egypt in the 7th century, the import of papyrus to Europe 
became difficult. The Merovingian kings wrote their documents on 
papyrus until the second half of the 7th century, and the popes did so 
until far into the 11th century. North of the Alps papyrus had finally 
disappeared by the 8th century, when it was replaced by parchment. 
Parchment was made from animal hides and was thus easier to obtain. In 
southern Europe it was made mainly from sheep and goat hides; the 
insides of the skin were thoroughly smoothed and calcined, while the 
hairy sides were left rougher. In central and northern Europe, parchment 
was usually made from calves’ skins, and both sides of the hides were 
thoroughly smoothed and calcined. Paper came originally from China. 
During the 8th century AD, it spread to the Arab world and from thence 
to Byzantium, where it was manufactured from linen and was used from 
the 11th to the 13th centuries for imperial documents. After that time 
ordinary paper was used in the Byzantine Empire. In the West the use of 
paper, most common at first in southern Italy and Spain, had begun to 
spread by the beginning of the 12th century. Germany and southern 
France began to import paper from Spain and Italy in the 13th century, 
and soon afterward it had reached England by way of Bordeaux. But 
paper did not altogether replace parchment, which long remained in use, 
especially for solemn documents. The medium for writing was ink, 
generally a mixture of oak gall and copper vitriol. Originally black, ink 
made north of the Alps sometimes shows a reddish-brown hue, while 
that made in Italy may contain tinges of brown and yellow. Over the 
centuries most of these colours have lightened as a result of atmospheric 
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conditions. The Byzantine emperors used purple ink for their signatures. 
This custom was occasionally taken over by the Lombard rulers of Italy 
and, later, by the Norman kings of Sicily. 

Throughout the entire Roman Empire, the language used in 
documents was primarily Latin. Greek was also used, and, during the 
latter part of the 6th century AD, it slowly superseded Latin in the East. 
From then onward, Greek was the language of Byzantine documents 
until the end of the Byzantine Empire (1453). In the West, the collapse 
of the empire and the establishment of barbarian kingdoms led to a 
vulgarization of Latin, written as well as spoken. 

Latin has always been used for papal documents and for most 
public and private charters, and it was used for international documents 
well into post-Renaissance times, until it was superseded by French as 
the language of diplomacy. In public and private documents, use of the 
vernacular alongside Latin gradually developed. Apart from its early and 
unique appearance in the documents of the Anglo-Saxons in England, no 
vernacular was used in charters before the 12th century. At the Norman 
Conquest (1066), use of Anglo-Saxon in English documents soon 
stopped, and no more vernacular was used there until some Norman 
French was introduced in the 13th century, and Middle English in the 
15th century. There was an increasing use of the vernacular in Italian 
and French documents from the 12th century and in Germany from the 
13th; but in medieval times Latin was never outstripped by the 
vernacular. 

A correct assessment of the hand in which it was written is vital to 
ascertaining the provenance and authenticity of a document. Thus, the 
knowledge of paleography, different styles of ancient writing, is a skill 
essential to diplomatics. The broad basis of such knowledge begins with 
acquaintance with the general styles of writing current at particular times 
and places. This varied with the way the pen was held; whether the 
writing was cursive or had the letters formed separately; whether it was 
majuscule, all the letters being contained between a single pair of 
horizontal lines, or minuscule, with parts of the letters extending above 
and below the lines. There is a further distinction between what is called 
book hand and the business, or court, hand at one time used for 
documents. 

In Europe the Roman capital letters, distinguished as rustic or 
square, uncial, and Roman majuscule and minuscule cursive, influenced 
all subsequent writing in the West. The Roman curial style (from the 
Curia, or papal court), used in the papal chancery until the 12th century, 
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was a derivation of late Roman minuscule cursive. After the 
disintegration of the Western Empire, the Merovingian Franks used a 
Roman provincial script for their documents. Distinctive forms 
developed elsewhere, in Visigothic Spain and in Ireland. The Irish script, 
a half uncial (uncials are rounded letters) and a minuscule script, spread 
to Anglo-Saxon England and thence to the European continent. Under 
the Carolingian rulers, a particularly clear and attractive minuscule book 
hand (Caroline minuscule) was developed; modifications of this 
gradually became used in documents and eventually spread also to Italy, 
England, and Spain. A “Gothic,” more pointed form of script developed 
since the 11th century in northern France and soon spread all over 
Europe, so that writing became more spidery in appearance. In the early 
years of the Renaissance, Italian scholars such as Poggio (Poggio 
Bracciolini) and Niccolò Niccoli developed a minuscule based on the 
Carolingian, and variants of this style were used by the Venetian Aldus 
Manutius and other pioneers of printing. 

Abbreviations were used in both documents and books. Again, 
their particular characteristics would contribute to a correct assessment 
of the probable date and provenance of a document. Roughly two types 
were used: the suspension, involving the writing of only the first letter or 
syllable of a word; and the contraction, used first for Hebrew and 
Christian sacred names, the writing of only the first and last letter or 
letters of a word or syllable. The Carolingians sometimes used Tironian 
notes, a form of shorthand devised by Tiro, a freedman of the Roman 
orator Cicero. 

From Roman times the two most important methods of validating 
documents were by appending the signature or the seal of the sender or 
promulgator. The practice of using seals for this purpose (and not merely 
to close a document) was carried over from imperial usage and, by the 
8th century, was current among the Lombards and other Germanic tribes 
in western Europe. Until about the 8th century, the signature of the 
Merovingian ruler or his delegate was also required for the validation of 
public documents, but thereafter the seal alone, together with the 
recognition by a high chancery official, was held sufficient, the king’s 
signature dwindling into a monogram or mere stroke (the “stroke of 
execution”). This change was probably accelerated because many 
medieval kings could not write. Thus, in England, King John sealed, and 
did not sign, the Magna Carta. 

Seals were made of wax or of metal; if the latter, they were called 
bulls (hence, the use of this term for a certain group of papal 



51 

documents). The Byzantine emperors used gold seals for their 
documents; Byzantine officials and ecclesiastics used lead and silver for 
their bulls. Papal seals were of lead or gold. Wax seals were increasingly 
used from about the 11th and 12th centuries, and wax was also used for 
the impression when, later, less formal documents were validated by use 
of the signet or privy seal. Seals could be two-sided, suspended from the 
document, or impressed upon it. 

 
Form and content of documents 

 
Normally, each document was divided into three distinct parts: the 

introduction (protocol), the main text (context), and the concluding 
formulas or final protocol. There were various subdivisions, and not all 
the parts here mentioned are necessarily found in every document. The 
introduction comprises, first, the invocation (invocatio) of God, either by 
name or through a symbol such as the cross; second, the superscription 
(intitulatio), giving the name and title of the sender; and third, the 
address (inscriptio), naming those to whom the document is directed, 
usually followed by a formula of greeting (salutatio). The actual text of 
the document can be divided into a number of parts. The first, known as 
the arenga, expresses in general terms the motive for the issue of the 
document. The notification (promulgatio), briefly explaining the legal 
purpose of the document, is followed by the narratio, or exposition of the 
particular circumstances involved. In the dispositio the donor or 
promulgator firmly declares his purpose (“I hereby decree” or “I hereby 
give”); this clause is the vital core of the document, its legal decree of 
enactment. There usually followed the sanctio, a threat of punishment 
should the enactment be violated. The main text concluded with the 
corroboratio, a statement of the means to be used for validation of the 
document. The final protocol consisted of subscriptions or lists of names 
of all those, such as the scribe, who took part in the issue of the 
document and of witnesses to the enactment. The date and place of issue 
are given, and the final sentence, the apprecatio, is a short prayer for the 
realization of the contents of the charter. At the bottom of the document, 
the signs of validation (the recognition, monogram, seal) were then 
added. 

The date given on a document might be either that of legal 
enactment (actum) or that of the issue of the document recording the 
(already performed) legal enactment (datum). The form in which dates 
are given in a document is of particular import in determining its 
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provenance and authenticity. A wide variety of practices were followed 
at different places and times. For instance, days of the month could be 
given according to the old Roman system of calends, ides, and nones; by 
continuous counting throughout the month; or by reference to a saint’s 
day. Years might be computed from the presumed time of the creation of 
the world; by the Roman indiction, a 15-year cycle; by the names of 
officiating Roman consuls; by regnal years of emperor, king, or pope; or 
from the birth of Christ. Moreover, there were also a variety of ways to 
determine when the year began. 

(https://www.britannica.com/topic/diplomatics) 
 

Text	3	
 

Physical science, the systematic study of the inorganic world,  
as distinct from the study of the organic world, which is the province  
of biological science. Physical science is ordinarily thought of as 
consisting of four broad areas: astronomy, physics, chemistry, and the 
Earth sciences. Each of these is in turn divided into fields and subfields. 
This article discusses the historical development–with due attention to 
the scope, principal concerns, and methods–of the first three of these 
areas. The Earth sciences are discussed in a separate article. 

Physics, in its modern sense, was founded in the mid-19th century 
as a synthesis of several older sciences–namely, those of mechanics, 
optics, acoustics, electricity, magnetism, heat, and the physical 
properties of matter. The synthesis was based in large part on the 
recognition that the different forces of nature are related and are, in fact, 
interconvertible because they are forms of energy. 

The boundary between physics and chemistry is somewhat 
arbitrary. As it developed in the 20th century, physics is concerned with 
the structure and behaviour of individual atoms and their components, 
while chemistry deals with the properties and reactions of molecules. 
These latter depend on energy, especially heat, as well as on atoms; 
hence, there is a strong link between physics and chemistry. Chemists 
tend to be more interested in the specific properties of different elements 
and compounds, whereas physicists are concerned with general 
properties shared by all matter. (See chemistry: The history of 
chemistry.) 

The physical sciences ultimately derive from the rationalistic 
materialism that emerged in classical Greece, itself an outgrowth of 
magical and mythical views of the world. The Greek philosophers of the 



53 

6th and 5th centuries BCE abandoned the animism of the poets and 
explained the world in terms of ordinarily observable natural processes. 
These early philosophers posed the broad questions that still underlie 
science: How did the world order emerge from chaos? What is the origin 
of multitude and variety in the world? How can motion and change be 
accounted for? What is the underlying relation between form and 
matter? Greek philosophy answered these questions in terms that 
provided the framework for science for approximately 2,000 years. 

Ancient Middle Eastern and Greek astronomy. Western astronomy 
had its origins in Egypt and Mesopotamia. Egyptian astronomy, which 
was neither a very well-developed nor an influential study, was largely 
concerned with time reckoning. Its main lasting contribution was the 
civil calendar of 365 days, consisting of 12 months of 30 days each and 
five additional festival days at the end of each year. This calendar played 
an important role in the history of astronomy, allowing astronomers to 
calculate the number of days between any two sets of observations. 

Babylonian astronomy, dating back to about 1800 BCE, 
constitutes one of the earliest systematic, scientific treatments of the 
physical world. In contrast to the Egyptians, the Babylonians were 
interested in the accurate prediction of astronomical phenomena, 
especially the first appearance of the new Moon. Using the zodiac as a 
reference, by the 4th century BCE, they developed a complex system of 
arithmetic progressions and methods of approximation by which they 
were able to predict first appearances. The mass of observations they 
collected and their mathematical methods were important contributions 
to the later flowering of astronomy among the Greeks. 

The Pythagoreans (5th century BCE) were responsible for one of 
the first Greek astronomical theories. Believing that the order of the 
cosmos is fundamentally mathematical, they held that it is possible to 
discover the harmonies of the universe by contemplating the regular 
motions of the heavens. Postulating a central fire about which all the 
heavenly bodies including Earth and the Sun revolve, they constructed 
the first physical model of the solar system. Subsequent Greek 
astronomy derived its character from a comment ascribed to Plato, in the 
4th century BCE, who is reported to have instructed the astronomers to 
“save the phenomena” in terms of uniform circular motion. That is to 
say, he urged them to develop predictively accurate theories using only 
combinations of uniform circular motion. As a result, Greek astronomers 
never regarded their geometric models as true or as being physical 
descriptions of the machinery of the heavens. They regarded them 
simply as tools for predicting planetary positions. 
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Eudoxus of Cnidus (4th century BCE) was the first of the Greek 
astronomers to rise to Plato’s challenge. He developed a theory of 
homocentric spheres, a model that represented the universe by sets of 
nesting concentric spheres the motions of which combined to produce 
the planetary and other celestial motions. Using only uniform circular 
motions, Eudoxus was able to “save” the rather complex planetary 
motions with some success. His theory required four homocentric 
spheres for each planet and three each for the Sun and Moon. The 
system was modified by Callippus, a student of Eudoxus, who added 
spheres to improve the theory, especially for Mercury and Venus. 
Aristotle, in formulating his cosmology, adopted Eudoxus’s homocentric 
spheres as the actual machinery of the heavens. The Aristotelian cosmos 
was like an onion consisting of a series of some 55 spheres nested about 
Earth, which was fixed at the centre. In order to unify the system, 
Aristotle added spheres in order to “unroll” the motions of a given planet 
so that they would not be transmitted to the next inner planet. 

Hipparchus (flourished 130 BCE) made extensive contributions to 
both theoretical and observational astronomy. Basing his theories on an 
impressive mass of observations, he was able to work out theories of the 
Sun and Moon that were more successful than those of any of his 
predecessors. His primary conceptual tool was the eccentric circle, a 
circle in which Earth is at some point eccentric to the geometric centre. 
He used this device to account for various irregularities and inequalities 
observed in the motions of the Sun and Moon. He also proved that the 
eccentric circle is mathematically equivalent to a geometric figure called 
an epicycle-deferent system, a proof probably first made by Apollonius 
of Perga a century earlier. 

Among Hipparchus’s observations, one of the most significant was 
that of the precession of the equinoxes–i.e., a gradual apparent increase 
in longitude between any fixed star and the equinoctial point (either of 
two points on the celestial sphere where the celestial equator crosses the 
ecliptic). Thus, the north celestial pole, the point on the celestial sphere 
defined as the apparent centre of rotation of the stars, moves relative to 
the stars in its vicinity. In the heliocentric theory, this effect is ascribed 
to a change in Earth’s rotational axis, which traces out a conical path 
around the axis of the orbital plane. 

Ptolemy's equant modelIn Ptolemy's geocentric model of the 
universe, the Sun, the Moon, and each planet orbit a stationary Earth. 
For the Greeks, heavenly bodies must move in the most perfect possible 
fashion – hence, in perfect circles. In order to retain such motion and 
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still explain the erratic apparent paths of the bodies, Ptolemy shifted the 
centre of each body's orbit (deferent) from Earth – accounting for the 
body's apogee and perigee – and added a second orbital motion 
(epicycle) to explain retrograde motion. The equant is the point from 
which each body sweeps out equal angles along the deferent in equal 
times. The centre of the deferent is midway between the equant and 
Earth. 

Ptolemy's equant modelIn Ptolemy's geocentric model of the 
universe, the Sun, the Moon, and each planet orbit a stationary Earth. 
For the Greeks, heavenly bodies must move in the most perfect possible 
fashion – hence, in perfect circles. In order to retain such motion and 
still explain the erratic apparent paths of the bodies, Ptolemy shifted the 
centre of each body's orbit (deferent) from Earth – accounting for the 
body's apogee and perigee – and added a second orbital motion 
(epicycle) to explain retrograde motion. The equant is the point from 
which each body sweeps out equal angles along the deferent in equal 
times. The centre of the deferent is midway between the equant and 
Earth. 

Greek physics. Several kinds of physical theories emerged in 
ancient Greece, including both generalized hypotheses about the 
ultimate structure of nature and more specific theories that considered 
the problem of motion from both metaphysical and mathematical points 
of view. Attempting to reconcile the antithesis between the underlying 
unity and apparent multitude and diversity of nature, the Greek atomists 
Leucippus (mid-5th century BCE), Democritus (late 5th century BCE), 
and Epicurus (late 4th and early 3rd century BCE) asserted that nature 
consists of immutable atoms moving in empty space. According to this 
theory, the various motions and configurations of atoms and clusters of 
atoms are the causes of all the phenomena of nature. 

In his physics, Aristotle was primarily concerned with the 
philosophical question of the nature of motion as one variety of change. 
He assumed that a constant motion requires a constant cause; that is to 
say, as long as a body remains in motion, a force must be acting on that 
body. He considered the motion of a body through a resisting medium as 
proportional to the force producing the motion and inversely 
proportional to the resistance of the medium. Aristotle used this 
relationship to argue against the possibility of the existence of a void, for 
in a void resistance is zero, and the relationship loses meaning. He 
considered the cosmos to be divided into two qualitatively different 
realms, governed by two different kinds of laws. In the terrestrial realm, 
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within the sphere of the Moon, rectilinear up-and-down motion is 
characteristic. Heavy bodies, by their nature, seek the centre and tend to 
move downward in a natural motion. It is unnatural for a heavy body to 
move up, and such unnatural or violent motion requires an external 
cause. Light bodies, in direct contrast, move naturally upward. In the 
celestial realm, uniform circular motion is natural, thus producing the 
motions of the heavenly bodies. 

Archimedes (3rd century BCE) fundamentally applied 
mathematics to the solution of physical problems and brilliantly 
employed physical assumptions and insights leading to mathematical 
demonstrations, particularly in problems of statics and hydrostatics. He 
was thus able to derive the law of the lever rigorously and to deal with 
problems of the equilibrium of floating bodies. 

Islamic and medieval science. Greek science reached a zenith with 
the work of Ptolemy in the 2nd century CE. The lack of interest in 
theoretical questions in the Roman world reduced science in the Latin 
West to the level of predigested handbooks and encyclopaedias that had 
been distilled many times. Social pressures, political persecution, and the 
anti-intellectual bias of some of the early Church Fathers drove the few 
remaining Greek scientists and philosophers to the East. There they 
ultimately found a welcome when the rise of Islam in the 7th century 
stimulated interest in scientific and philosophical subjects. Most of the 
important Greek scientific texts were preserved in Arabic translations. 
Although the Muslims did not alter the foundations of Greek science, 
they made several important contributions within its general framework. 
When interest in Greek learning revived in western Europe during the 
12th and 13th centuries, scholars turned to Islamic Spain for the 
scientific texts. A spate of translations resulted in the revival of Greek 
science in the West and coincided with the rise of the universities. 
Working within a predominantly Greek framework, scientists of the late 
Middle Ages reached high levels of sophistication and prepared the 
ground for the scientific revolution of the 16th and 17th centuries. 

The problem of projectile motion was a crucial one for Aristotelian 
mechanics, and the analysis of this problem represents one of the most 
impressive medieval contributions to physics. Because of the assumption 
that continuation of motion requires the continued action of a motive 
force, the continued motion of a projectile after losing contact with the 
projector required explanation. Aristotle himself had proposed 
explanations of the continuation of projectile motion in terms of the 
action of the medium. The ad hoc character of these explanations 
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rendered them unsatisfactory to most of the medieval commentators, 
who nevertheless retained the fundamental assumption that continued 
motion requires a continuing cause. 

The most fruitful alternative to Aristotle’s attempts to explain 
projectile motion resulted from the concept of impressed force. 
According to this view, there is an incorporeal motive force that is 
imparted to the projectile, causing it to continue moving. Such views 
were espoused by John Philoponus of Alexandria (flourished 6th 
century), Avicenna, the Persian philosopher (died 1037), and the Arab 
Abū al Barakāt al-Baghdādi (died 1164). In the 14th century the French 
philosopher Jean Buridan developed a new version of the impressed-
force theory, calling the quality impressed on the projectile “impetus.” 
Impetus, a permanent quality for Buridan, is measurable by the initial 
velocity of the projectile and by the quantity of matter contained in it. 
Buridan employed this concept to suggest an explanation of the 
everlasting motions of the heavens. 

During the 1300s certain Oxford scholars pondered the 
philosophical problem of how to describe the change that occurs when 
qualities increase or decrease in intensity and came to consider the 
kinematic aspects of motion. Dealing with these problems in a purely 
hypothetical manner without any attempt to describe actual motions in 
nature or to test their formulas experimentally, they were able to derive 
the result that in a uniformly accelerated motion, distance increases as 
the square of the time. 

Although medieval science was deeply influenced by Aristotle’s 
philosophy, adherence to his point of view was by no means dogmatic. 
During the 13th century, theologians at the University of Paris were 
disturbed by certain statements in Aristotle that seemed to imply 
limitations of God’s powers as well as other statements, such as the 
eternity of the world, which stood in apparent contradiction to scripture. 
In 1277 Pope John XXI condemned 219 propositions, many from 
Aristotle and St. Thomas Aquinas, which had clearly theological 
consequences. Many of these condemned propositions had scientific 
implications as well. For example, one of these propositions states, 
“That the first cause (i.e., God) could not make several worlds.” 
Although it is unlikely that anyone in the Middle Ages actually asserted 
the existence of many worlds, the condemnation led to the discussion of 
that possibility, as well as other important problems such as the 
possibility that Earth moved. 

The Scientific Revolution. During the 15th, 16th, and 17th 
centuries, scientific thought underwent a revolution. A new view of 
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nature emerged, replacing the Greek view that had dominated science for 
almost 2,000 years. Science became an autonomous discipline, distinct 
from both philosophy and technology, and it came to be regarded as 
having utilitarian goals. By the end of this period, it may not be too 
much to say that science had replaced Christianity as the focal point of 
European civilization. Out of the ferment of the Renaissance and 
Reformation there arose a new view of science, bringing about the 
following transformations: the reeducation of common sense in favour 
of abstract reasoning; the substitution of a quantitative for a qualitative 
view of nature; the view of nature as a machine rather than as an 
organism; the development of an experimental method that sought 
definite answers to certain limited questions couched in the framework 
of specific theories; the acceptance of new criteria for explanation, 
stressing the “how” rather than the “why” that had characterized the 
Aristotelian search for final causes. 

Astronomy. The scientific revolution began in astronomy. 
Although there had been earlier discussions of the possibility of Earth’s 
motion, the Polish astronomer Nicolaus Copernicus was the first to 
propound a comprehensive heliocentric theory equal in scope and 
predictive capability to Ptolemy’s geocentric system. Motivated by the 
desire to satisfy Plato’s dictum, Copernicus was led to overthrow 
traditional astronomy because of its alleged violation of the principle of 
uniform circular motion and its lack of unity and harmony as a system of 
the world. Relying on virtually the same data as Ptolemy had possessed, 
Copernicus turned the world inside out, putting the Sun at the centre and 
setting Earth into motion around it. Copernicus’s theory, published in 
1543, possessed a qualitative simplicity that Ptolemaic astronomy 
appeared to lack. To achieve comparable levels of quantitative precision, 
however, the new system became just as complex as the old. Perhaps the 
most revolutionary aspect of Copernican astronomy lay in Copernicus’s 
attitude toward the reality of his theory. In contrast to Platonic 
instrumentalism, Copernicus asserted that to be satisfactory astronomy 
must describe the real, physical system of the world. 

The reception of Copernican astronomy amounted to victory by 
infiltration. By the time large-scale opposition to the theory had 
developed in the church and elsewhere, most of the best professional 
astronomers had found some aspect or other of the new system 
indispensable. Copernicus’s book De revolutionibus orbium coelestium 
libri VI (“Six Books Concerning the Revolutions of the Heavenly 
Orbs”), published in 1543, became a standard reference for advanced 
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problems in astronomical research, particularly for its mathematical 
techniques. Thus, it was widely read by mathematical astronomers, in 
spite of its central cosmological hypothesis, which was widely ignored. 
In 1551 the German astronomer Erasmus Reinhold published the 
Tabulae prutenicae (“Prutenic Tables”), computed by Copernican 
methods. The tables were more accurate and more up-to-date than their 
13th-century predecessor and became indispensable to both astronomers 
and astrologers. 

In 1609 Kepler announced two new planetary laws derived from 
Tycho’s data: (1) the planets travel around the Sun in elliptical orbits, 
one focus of the ellipse being occupied by the Sun; and (2) a planet 
moves in its orbit in such a manner that a line drawn from the planet to 
the Sun always sweeps out equal areas in equal times. With these two 
laws, Kepler abandoned uniform circular motion of the planets on their 
spheres, thus raising the fundamental physical question of what holds the 
planets in their orbits. He attempted to provide a physical basis for the 
planetary motions by means of a force analogous to the magnetic force, 
the qualitative properties of which had been recently described in 
England by William Gilbert in his influential treatise, De Magnete, 
Magneticisque Corporibus et de Magno Magnete Tellure (1600; “On the 
Magnet, Magnetic Bodies, and the Great Magnet of the Earth”). The 
impending marriage of astronomy and physics had been announced. In 
1618 Kepler stated his third law, which was one of many laws concerned 
with the harmonies of the planetary motions: (3) the square of the period 
in which a planet orbits the Sun is proportional to the cube of its mean 
distance from the Sun. 

A powerful blow was dealt to traditional cosmology by Galileo 
Galilei, who early in the 17th century used the telescope, a recent 
invention of Dutch lens grinders, to look toward the heavens. In 1610 
Galileo announced observations that contradicted many traditional 
cosmological assumptions. He observed that the Moon is not a smooth, 
polished surface, as Aristotle had claimed, but that it is jagged and 
mountainous. Earthshine on the Moon revealed that Earth, like the other 
planets, shines by reflected light. Like Earth, Jupiter was observed to 
have satellites; hence, Earth had been demoted from its unique position. 
The phases of Venus proved that that planet orbits the Sun, not Earth. 

The battle for Copernicanism was fought in the realm of 
mechanics as well as astronomy. The Ptolemaic–Aristotelian system 
stood or fell as a monolith, and it rested on the idea of Earth’s fixity at 
the centre of the cosmos. Removing Earth from the centre destroyed the 
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doctrine of natural motion and place, and circular motion of Earth was 
incompatible with Aristotelian physics. 

Galileo’s contributions to the science of mechanics were related 
directly to his defense of Copernicanism. Although in his youth he 
adhered to the traditional impetus physics, his desire to mathematize in 
the manner of Archimedes led him to abandon the traditional approach 
and develop the foundations for a new physics that was both highly 
mathematizable and directly related to the problems facing the new 
cosmology. Interested in finding the natural acceleration of falling 
bodies, he was able to derive the law of free fall (the distance, s, varies 
as the square of the time, t2). Combining this result with his rudimentary 
form of the principle of inertia, he was able to derive the parabolic path 
of projectile motion. Furthermore, his principle of inertia enabled him to 
meet the traditional physical objections to Earth’s motion: since a body 
in motion tends to remain in motion, projectiles and other objects on the 
terrestrial surface will tend to share the motions of Earth, which will thus 
be imperceptible to someone standing on Earth. 

The 17th-century contributions to mechanics of the French 
philosopher René Descartes, like his contributions to the scientific 
endeavour as a whole, were more concerned with problems in the 
foundations of science than with the solution of specific technical 
problems. He was principally concerned with the conceptions of matter 
and motion as part of his general program for science—namely, to 
explain all the phenomena of nature in terms of matter and motion. This 
program, known as the mechanical philosophy, came to be the dominant 
theme of 17th-century science. 

Descartes rejected the idea that one piece of matter could act on 
another through empty space; instead, forces must be propagated by a 
material substance, the “ether,” that fills all space. Although matter tends 
to move in a straight line in accordance with the principle of inertia, it 
cannot occupy space already filled by other matter, so the only kind of 
motion that can actually occur is a vortex in which each particle in a ring 
moves simultaneously. 

According to Descartes, all natural phenomena depend on the 
collisions of small particles, and so it is of great importance to discover 
the quantitative laws of impact. This was done by Descartes’s disciple, 
the Dutch physicist Christiaan Huygens, who formulated the laws of 
conservation of momentum and of kinetic energy (the latter being valid 
only for elastic collisions). 

Optics. The science of optics in the 17th century expressed the 
fundamental outlook of the scientific revolution by combining an 
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experimental approach with a quantitative analysis of phenomena. 
Optics had its origins in Greece, especially in the works of Euclid  
(c. 300 BCE), who stated many of the results in geometric optics that the 
Greeks had discovered, including the law of reflection: the angle of 
incidence is equal to the angle of reflection. In the 13th century, such 
men as Roger Bacon, Robert Grosseteste, and John Pecham, relying on 
the work of the Arab Ibn al-Haytham (died c. 1040), considered 
numerous optical problems, including the optics of the rainbow. It was 
Kepler, taking his lead from the writings of these 13th-century opticians, 
who set the tone for the science in the 17th century. Kepler introduced 
the point by point analysis of optical problems, tracing rays from each 
point on the object to a point on the image. Just as the mechanical 
philosophy was breaking the world into atomic parts, so Kepler 
approached optics by breaking organic reality into what he considered to 
be ultimately real units. He developed a geometric theory of lenses, 
providing the first mathematical account of Galileo’s telescope. 

Descartes sought to incorporate the phenomena of light into 
mechanical philosophy by demonstrating that they can be explained 
entirely in terms of matter and motion. Using mechanical analogies, he 
was able to derive mathematically many of the known properties of 
light, including the law of reflection and the newly discovered law of 
refraction. 

Many of the most important contributions to optics in the 17th 
century were the work of Newton, especially the theory of colours. 
Traditional theory considered colours to be the result of the modification 
of white light. Descartes, for example, thought that colours were the 
result of the spin of the particles that constitute light. Newton upset the 
traditional theory of colours by demonstrating in an impressive set of 
experiments that white light is a mixture out of which separate beams of 
coloured light can be separated. He associated different degrees of 
refrangibility with rays of different colours, and in this manner he was 
able to explain the way prisms produce spectra of colours from white 
light. 

(https://www.britannica.com/science/physical-science) 
  



62 

Text	4	
Systems	engineering	

 
Systems engineering, technique of using knowledge from various 

branches of engineering and science to introduce technological 
innovations into the planning and development stages of a system. 

Systems engineering is not so much a branch of engineering as it is 
a technique for applying knowledge from other branches of engineering 
and disciplines of science in effective combination to solve a 
multifaceted engineering problem. It is related to operations research but 
differs from it in that it is more a planning and design function, 
frequently involving technical innovation. Probably the most important 
aspect of systems engineering is its application to the development of 
new technological possibilities with the specific objective of putting 
them to use as rapidly as economic and technical considerations permit. 
In this sense it may be seen as the midwife of technological 
development. 

The word “systems” is frequently used also in other combinations, 
especially when elements of technological advance are not so important. 
Systems analysis is an example. Systems theory, or sometimes systems 
science, is frequently applied to the analysis of physical dynamic 
systems. An example would be a complex electrical network with one or 
more feedback loops, in which the effects of a process return to cause 
changes in the source of the process. 

In the development of the various engineering disciplines in the 
19th and 20th centuries, considerable overlap was inevitable among the 
different fields; for example, chemical engineering and mechanical 
engineering were both concerned with heat transfer and fluid flow. 
Further proliferation of specializations, as in the many branches of 
electrical and electronic engineering, such as communications theory, 
cybernetics, and computer theory, led to further overlapping. Systems 
engineering may be seen as a logical last step in the process. Systems 
engineers frequently have an electronics or communications background 
and make extensive use of computers and communications technology. 
Yet systems engineering is not to be confused with these other fields. 
Fundamentally a point of view or a method of attack, it should not be 
identified with any particular substantive area. In its nature and in the 
nature of the problems it attacks, it is interdisciplinary, a procedure for 
putting separate techniques and bodies of knowledge together to achieve 
a prescribed goal in an effective manner. 
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In general, a systems engineering approach is likely to differ from 
a conventional design approach by exhibiting increased generality in its 
basic logical framework and increased concern with the fundamental 
objectives to be achieved. Thus, at each stage the systems engineer is 
likely to ask both why and how, rather than merely how. 

In addition to systems engineering, it is important to define 
systems themselves. The systems with which a systems engineer is 
concerned are first of all man-made. Second, they are large and complex; 
their component parts interact so extensively that a change in one part is 
likely to affect many others. Unless there is such interaction, there is 
little for the systems engineer to do, at least at the systems level; he can 
turn immediately to the components themselves. Another important 
characteristic of systems is that their inputs are normally stochastic; that 
is, the inputs are essentially random functions of time, although they 
may exhibit statistical regularities. Thus, one cannot expect to foresee 
exactly what the system will be exposed to in actual operation, and its 
performance must be evaluated as a statistical average of the responses 
to a range of possible inputs. A calculation based on a single precisely 
defined input function will not do. 

Systems may also vary depending on the amount of human 
judgment that enters into their operation. There are, of course, systems 
such as electrical circuits, automated production equipment, or robots 
that may operate in a completely determinate fashion. At the other 
extreme, there are management and control systems, for both business 
and military purposes, in which machines in a sense do most of the work 
but with human supervision and decision making at critical points. 
Clearly these mixed human-machine systems offer the greatest variety 
both of possibilities and problems for the systems engineer. Aspects of 
such systems are treated in the article human-factors engineering. 

Mathematical modelingюThe systems approach stems from a 
number of sources. In a broad sense it can be regarded as simple 
extension of standard scientific methodology. It is a common procedure 
in science (and elsewhere) to list all the factors that might affect a given 
situation and select from the complete list those that appear critical. 
Mathematical modeling, perhaps the most basic tool in systems 
engineering, is a technique encountered in any branch of science that has 
become sufficiently quantitative. Thus, in this broad sense, the systems 
approach is simply the inheritor of a tradition that is generations, if not 
centuries, old. 
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In looking for more recent and more specific sources for the 
systems approach, on the other hand, there are two in particular that 
stand out. First is the general field of communications, particularly 
commercial telephony, where systems engineering first appeared as an 
explicit discipline in its own right. Traces of the systems approach are to 
be found in telephone engineering at least as far back as the beginning 
years of the century, and systems ideas were fairly common in telephony 
by the 1920s and ’30s. When Bell Telephone Laboratories, the research 
arm of the American Telephone & Telegraph Company, was officially 
incorporated in 1925, its two principal engineering divisions were called 
respectively Apparatus Development and Systems Development. A 
complete formal doctrine of the role of systems engineering, however, 
first emerged in the years after World War II as part of an effort to 
redefine the policy and structure of the research and development. This 
doctrine set the engineering effort on a level of logical parity with the 
research and development efforts and made it of almost comparable 
actual size, at least with research. The systems engineer had a multitude 
of functions, with special emphasis on effective utilization of scientific 
and technical advances in planning new communications systems. This 
particular set of ideas, of course, reflected the special needs of 
telephony. Nevertheless, as an example and a point of departure, it had a 
wide effect. It seems to be one of the reasons why so esoteric a subject 
as systems engineering advanced as rapidly as it did. (For a detailed 
discussion of the research and development aspects of systems 
engineering, see the article research and development.) 

Operations research and systems engineering. A second major 
source for systems engineering is operations research, which originated 
in a recognizable form in Britain during World War II and initially was 
concerned with the best employment of military equipment. Typical 
examples included determining the best employment of a given number 
of bombers, the best way of arranging convoys against submarine attack, 
and the best way of using interceptors against a bombing attack. 
Operations research was effective in such cases and has flourished ever 
since in both civilian and military contexts. 

There exists a clear distinction between operations research and 
systems engineering. Because operations research is concerned with the 
best employment of existing equipment, technological uncertainties do 
not arise. Systems engineering, on the other hand, is normally concerned 
with the planning of new equipment, and such uncertainties may be 
important. In practice, nevertheless, systems engineering and operations 
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research have a good deal in common. In particular, they share many of 
the same analytic techniques. This results in large part from the fact that 
a systems engineer is likely to evaluate the effectiveness of a tentative 
design by the same methods an operations research specialist would use 
with actual hardware. 

Another reason for overlap is the fact that the distinction between 
new and existing equipment is not quite clear-cut. Newness in 
equipment is a relative matter. If the new equipment is sufficiently well 
based on existing design techniques and seems to involve few enough 
technical uncertainties, the issue becomes unimportant. The question is 
one of degree and, to an extent, of judgment. 

Most of the present character of systems engineering derives 
historically from the early 1950s. There had been some noteworthy 
events in the years just after World War II, including, for example, the 
introduction of linear programming in 1947 and the founding of various 
organizations for continued development of the field in the late 1940s. 
On the whole, however, this was a period of consolidation of earlier 
advances. Thus, in the communications field the principal systems were 
some long-distance transmission systems that had been initiated before 
the war and had been interrupted by war activities. 

In the 1950s the pace of growth accelerated appreciably. The first 
general textbook on systems engineering appeared in 1957 and was 
followed by a number of other works that treated both industrial and 
military applications. These publications proved sufficient to establish 
systems engineering as an accepted academic discipline, and courses in 
it are now taught in many universities throughout the developed 
countries of the world. Professional societies and journals exist in 
France, India, Japan, Germany, the United Kingdom, and the United 
States. 

Communications and electronics. The development of systems 
engineering after 1950 stemmed, in large part, from the impact of great 
advances in adjacent fields, notably communications and electronics. An 
automatic control system is a good example. A control system has the 
prime characteristic that the components interact extensively and that the 
system as a whole has certain properties – e.g., stability – that cannot be 
said to adhere to any individual component. Thus control systems 
furnished convenient textbook examples for systems engineering. 

The development of information theory as a basic starting point for 
communications engineering, in the years just after World War II, was 
also influential in shaping the evolution of systems engineering. The 
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various subsystems in many complete systems were found to be held 
together by what were, in effect, communication channels. Thus ideas of 
information transfer from one part of the system to another proved 
useful in understanding the operation of the structure as a whole. 

Computers and systems engineering. Systems engineering also 
profited from the advent of computers and the subsequent development 
of powerful, high-level programming languages, which affected the field 
in two principal ways. First, they provided new tools for analyzing 
complex systems by means of extensive calculations or direct 
simulation. In the second place, they could be used to digest large 
amounts of data or as actual constituents of complex systems, especially 
those concerned largely with information transmission. This opened up 
the possibility of processing information as well as simply transmitting it 
in such systems (see also information processing). 

The impact of military weapons problems on systems engineering 
began soon after World War II. A landmark date was 1945, when the 
development of Nike Ajax, a U.S. air defense missile system, was 
initiated. 

In 1945 available rocket propulsion seemed barely sufficient to 
give the missile a satisfactory tactical range. It was discovered that 
achievable range depended on several parameters, such as the weight 
and size of the warhead, fineness of the missile’s aerodynamic design, 
degree of maneuverability provided by the control system, and shape of 
the trajectory and average speed along it. Thus an effective systems 
engineering effort was mounted in which a variety of combinations of 
the missile’s properties were explored, with the objective of achieving 
the best balance between range and other tactical characteristics. 

Control and feedback questions were also important aspects of the 
overall systems problem. The whole system was in fact a gigantic 
feedback loop because the missile was controlled by orders sent it from a 
ground computer, and the computer input included information on what 
the tracking radar observed the missile to be doing. Thus there was a 
closed feedback loop from missile to computer and back to the missile 
again. There were also such subsidiary feedback loops as that of the 
autopilot controlling the attitude of the missile, and the dynamic 
response of the system was further affected by the need to process the 
radar signals to remove radar “jitter.” The analysis of such elaborate 
dynamical systems involving interlaced feedback paths has become an 
important special part of the general systems area. 
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In the 1950s and 1960s systems engineering also grew in other 
directions, largely as a result of weapons systems projects associated 
with the Cold War. Thus the Ajax study was concerned with the 
dynamics of a single isolated missile. On the other hand, the defense 
systems that grew up in the 1950s involved the coordinated operation of 
a large number of missiles, guns, interceptors, and radar installations 
scattered over a considerable area. These were all held together by a 
large digital computer, which thus became the central element of the 
system. The SAGE (semiautomatic ground environment) system in the 
United States is a good example. 

During the same years the systems approach also became 
increasingly identified with management functions. Thus the phrase 
“systems engineering and technical direction” came into use to describe 
the role of a systems engineer responsible for both the initial planning of 
a project and its subsequent management. So-called planning, 
programming, and budgeting (PPB) techniques were developed to 
provide similar combinations of systems engineering and financial 
management. 

In nonmilitary fields systems engineering has developed along 
similar though more modest lines. Early applications were likely to 
stress feedback control systems in large-scale automated production 
facilities, such as steel-rolling mills and petroleum refineries. Later 
applications stressed computer-based management information and 
control systems somewhat like those that had earlier been developed for 
air defense. In more recent years the systems approach has occasionally 
been applied to much larger civilian enterprises, such as the planning of 
new cities. 

Systems Engineering Techniques, Tools, And Procedures. If a 
system is both large and complex in the sense in which these terms have 
been defined, it may be difficult to find out how it works. A large part of 
the content of systems engineering consists of techniques for the 
investigation of such relatively complex situations. 

Modeling and optimization. Perhaps the most fundamental 
technique is the flow diagram, or flowchart, a graphical display 
composed of boxes representing individual components or subsystems of 
the complete system, plus arrows from box to box to show how the 
subsystems interact. Though such a representation is very useful in an 
initial study, it is, of course, essentially qualitative. A more effective 
approach in the long run is construction of a so-called mathematical 
model, which consists of a set of equations, or sometimes simply of 
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tables and curves, describing the interactions within the system in 
quantitative terms. It is not necessary for the mathematical model to be 
exact, as long as it serves its purpose. It frequently consists of piecewise 
linear approximations to basically nonlinear situations (i.e., a series of 
short straight lines that roughly approximate a curve). After the model 
has been constructed and checked, a number of mathematical techniques 
can be employed (including straightforward enumeration and 
computing) to find out what it says about the actual operation of the 
system. Often these calculations will have a probabilistic or statistical 
flavour. 

When the components or subsystems interact significantly, it may 
be possible to achieve essentially the same final level of performance in 
many different ways. Limited performance by one subsystem may be 
offset by superior performance somewhere else. These optimization 
studies, called trade-offs, are important in suggesting how to achieve a 
given result in the most economical manner. They are equally valuable 
in suggesting whether or not the proposed result is in fact a reasonable 
goal to aim for. It may be found, for example, that a modest reduction in 
performance will permit radical savings in overall cost or, conversely, 
that the postulated equipment is capable of much better performance 
than is asked of it, at only nominally greater expense. (It may also turn 
out that the equipment can supply useful functions not originally 
contemplated. Computing systems, for example, can usually perform 
extra chores of record keeping at little increased cost.) For all of these 
reasons, studies of such variables are an important part of systems 
engineering, both in the early exploratory phases of a project and in the 
final design. 

(https://www.britannica.com/topic/systems-engineering) 
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PART	II	
FAMOUS	SCIENTISTS	

 
Text	1	

Albert	Einstein	(lived	1879–1955)	
 

 

 
Albert Einstein rewrote the laws of 

nature. He completely changed the way we 
understand the behavior of things as basic as 
light, gravity, and time. 

 
Although scientists today are comfortable with Einstein’s ideas, in 

his time, they were completely revolutionary. Most people did not even 
begin to understand them. 

If you’re new to science, you’ll probably find that some of his 
ideas take time to get used to! 

Albert Einstein: 
• provided powerful evidence that atoms and molecules actually 

exist, through his analysis of Brownian motion. 
• explained the photoelectric effect, proposing that light comes in 

bundles. Bundles of light (he called them quanta) with the correct 
amount of energy can eject electrons from metals. 

• proved that everyone, whatever speed we move at, measures the 
speed of light to be 300 million meters per second in a vacuum. This led 
to the strange new reality that time passes more slowly for people 
traveling at very high speeds compared with people moving more 
slowly. 

• discovered the hugely important and iconic equation E = mc2, 
which shows that energy and matter can be converted into one another. 

• rewrote the law of gravitation, which had been unchallenged 
since Isaac Newton published it in 1687. In his General Theory of 
Relativity, Einstein: 

showed that matter causes space to curve, which produces gravity. 
showed that light follows the path mapped out by the gravitational 

curve of space. 
showed that time passes more slowly when gravity becomes very 

strong. 
• became the 20th century’s most famous scientist when the 

strange predictions he made in his General Theory of Relativity were 
verified by scientific observations. 
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• spent his later years trying to find equations to unite quantum 
physics with general relativity. This was an incredibly hard task, and it 
has still not been achieved. 

His Beginnings 
Albert Einstein was born on March 14, 1879 in Ulm, Germany. He 

was not talkative in his childhood, and until the age of three he hardly 
talked at all. He spent his teenage years in Munich, where his family had 
an electric equipment business. As a teenager, he was interested in 
nature and showed a high level of ability in mathematics and physics. 

Einstein loved to be creative and innovative. He loathed the 
uncreative spirit in his school at Munich. His family’s business failed 
when he was aged 15, and they moved to Milan, Italy. Aged 16, he 
moved to Switzerland, where he finished high school. 

In 1896 he enrolled for a science degree at the Swiss Federal 
Institute of Technology in Zurich. He didn’t like the teaching methods 
there, so he bunked classes to carry out experiments in the physics 
laboratory or play his violin. With the help of his classmates’ notes, he 
passed his exams; he graduated in 1900. 

Einstein was not considered a good student by his teachers, and 
they refused to recommend him for further employment. 

Einstein 1903 
While studying at the Polytechnic, Einstein learned about one of 

the biggest problems of the day that was baffling physicists. This was 
how to marry together Isaac Newton’s laws of motion with James Clerk 
Maxwell’s equations of electromagnetism. He thought a lot about this 
problem. 

In 1902 he obtained the post of an examiner in the Swiss Federal 
patent office. In 1903 he wedded his former classmate Mileva Maric. He 
had two sons with her but they later divorced. After some years Einstein 
married Elsa Loewenthal. 

Early Scientific Publications 
Einstein made most of his greatest scientific breakthroughs while 

he was working at the patent office. The University of Zurich awarded 
him a Ph.D. in 1905 for his thesis “A New Determination of Molecular 
Dimensions.” 

1905: The Year of Miracles 
In 1905, the same year as he submitted his doctoral thesis, Albert 

Einstein published four immensely important scientific papers dealing 
with his analysis of: 

Brownian motion 
the equivalence of mass and energy 
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the photoelectric effect 
special relativity 
Each of these papers on their own was a huge contribution to 

science. To publish four such papers in one year was considered to be 
almost miraculous. Einstein was just 26 years old. 

Mass Energy Equivalence 
Einstein gave birth in 1905 to what has become the world’s most 

famous equation: 
E = mc2 
The equation says that mass (m) can be converted to energy (E). A 

little mass can make a lot of energy, because mass is multiplied by c2 

where c is the speed of light, a very large number. 
 

 

A small amount of mass can 
make a large amount of energy. 
Conversion of mass in atomic 
nuclei to energy is the principle 
behind nuclear weapons and is 
the sun’s source of energy. 

The Photoelectric Effect 
If you shine light on metal, the metal may release some of its 

electrons. Einstein said that light is made up of individual ‘particles’ of 
energy, which he called quanta. When these quanta hit the metal, they 
give their energy to electrons, which allows these electrons to escape 
from the metal. 

Einstein showed that light can behave as a particle as well as a 
wave. The energy each ‘particle’ of light carries is proportional to the 
frequency of the light waves. 

Einstein’s Special Theory of Relativity 
In Einstein’s third paper of 1905 he returned to the big problem he 

had heard about at university – how to resolve Newton’s laws of motion 
with Maxwell’s equations of light. His approach was the ‘thought 
experiment.’ He imagined how the world would look if he could travel 
at the speed of light. 

He realized that the laws of physics are the same everywhere, and 
regardless of what you did – whether you moved quickly toward a ray of 
light as it approached you, or quickly away from the ray of light – you 
would always see the light ray moving at the same speed – the speed of 
light! 
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This is not obvious, because it’s not how things work in everyday 
life, where, for example, if you move towards a child approaching you 
on a bike he will reach you sooner than if you move away from him. 
With light, it doesn’t matter whether you move towards or away from 
the light, it will take the same amount of time to reach you. This isn’t an 
easy thing to understand, so don’t worry about it if you don’t! (Unless 
you’re at university studying physics.) Every experiment ever done to 
test special relativity has confirmed what Einstein said. 

If the speed of light is the same for all observers regardless of their 
speed, then it follows that some other strange things must be true. In 
fact, it turns out that time, length, and mass actually depend on the speed 
we are moving at. The nearer the speed of light we move, the bigger 
differences we seen in these quantities compared with someone moving 
more slowly. For example, time passes more and more slowly as we 
move faster and faster. 

Einstein Becomes Known to the Wider Physics Community 
As people read Einstein’s papers and argued about their 

significance, his work gradually gained acceptance, and his reputation as 
a powerful new intellect in the world of physics grew. In 1908 he began 
lecturing at the University of Bern, and the following year resigned from 
the Patent Office. In 1911 he became a professor of physics at the Karl-
Ferdinand University in Prague, before returning to Zurich in 1912 to a 
professorship there. 

Working on the general theory of relativity, in 1911 he made his 
first predictions of how our sun’s powerful gravity would bend the path 
of light coming from other stars that passed close to the sun. 

The General Theory of Relativity – Einstein Becomes Famous 
Worldwide 

 

A very, very rough 
approximation: the earth’s mass 
curves space. The moon’s speed 
keeps it rolling around the curve 
rather than falling to Earth. If you 
are on Earth and wish to leave, you 
need to climb out of the gravity well

 

Einstein published his general theory of relativity paper in 1915, 
showing, for example, how gravity distorts space and time. Light is 
deflected by powerful gravity, not because of its mass (light has no 
mass) but because gravity has curved the space that light travels through. 
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In 1919 a British expedition traveled to the West African island of 
Principe to observe an eclipse of the sun. During the eclipse they tested 
whether light from far away stars passing close to the sun was deflected. 
They found that it was! Just as Einstein had said, space truly is curved. 

On November 7, 1919, the London Times’ headline read: 
Revolution in science – New theory of the Universe – Newtonian 

ideas overthrown. 
Honors and More Honors 
Albert Einstein was awarded the Nobel Prize in Physics in 1921. 

People are sometimes surprised to learn the award was not made for his 
work in special or general relativity, but for his overall services to 
theoretical physics and one of the works from his miracle year in 1905, 
specifically the discovery of the law of the photoelectric effect. 

The Royal Society of London awarded him its prestigious Copley 
Medal in 1925 for his theory of relativity and contributions to the 
quantum theory. The Franklin Institute awarded him the Franklin medal 
in 1935 for his work on relativity and the photoelectric effect. 

Universities around the world competed with one another to award 
him honorary doctorates, and the press wrote more about him than any 
other scientist – Einstein became a celebrity. 

Einstein’s Later Years 
Einstein made his greatest discoveries when he was a relatively 

young man. 
In his later years he continued with science, but made no further 

groundbreaking discoveries. He became interested in politics and the 
state of the world. 

Einstein had been born German and a Jew. He died an American 
citizen in 1955. Einstein was in America when Hitler came to power. He 
decided it would be a bad idea to return to Germany and renounced his 
German citizenship. Einstein did not practice Judaism, but strongly 
identified with the Jewish people persecuted by the Nazi Party, favoring 
a Jewish homeland in Palestine with the rights of Arabs protected. 

It was Einstein’s wish that people should be respected for their 
humanity and not for their country of origin or religion. Expressing his 
cynicism for nationalistic pride, he once said: “If relativity is proved 
right the Germans will call me a German, the Swiss will call me a Swiss 
citizen, and the French will call me a great scientist. If relativity is 
proved wrong, the French will call me Swiss, the Swiss will call me a 
German, and the Germans will call me a Jew.” 

(https://www.famousscientists.org/albert-einstein/) 
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Text	2	
Alexander	Graham	Bell	

 

 

Alexander Graham Bell invented the telephone. 
Remarkably, he only worked on his invention because 
he misunderstood a technical work he had read in 
German. His misunderstanding ultimately led to his 
discovery of how speech could be transmitted 
electrically. 

Alexander Graham Bell was born March 3, 1847 in Edinburgh, 
Scotland, UK. His mother’s name was Eliza Grace Symonds. 

His father, Alexander Melville Bell, was a professor of speech 
elocution at the University of Edinburgh. His father also wrote definitive 
books about speech and elocution, which sold very well in the UK and 
North America. 

The young Alexander was home-schooled until he was 11, 
following which he attended Edinburgh’s Royal High School for four 
years: he enjoyed science, but did not do well academically. 

Although his schoolwork was poor, his mind was very active. One 
day, he was playing at a flour mill owned by the family of a young 
friend. Bell learned that de-husking the wheat grains took a lot of effort 
and was also very boring. He saw that it would be possible for a machine 
to do the work, so he built one. He was only 12 at the time. The machine 
he built was used at the mill for several years. 

Aged 15, he joined his grandfather who had moved to London, 
England. His grandfather home-schooled him, which seemed to bring 
out the best in Bell again. When he was 16, he enrolled at Weston House 
Academy in Elgin, Scotland, where he learned Greek and Latin and also 
earned some money teaching elocution. 

While he was 16, he and his brother tried to build a talking robot. 
They built a windpipe and a realistic looking head. When they blew air 
through the windpipe, the mouth could make a small number of 
recognizable words. 

For the next few years, Bell moved to a new school most years, 
either teaching elocution or improving his own education. 

To Canada 
While Bell moved around a lot, he continued to carry out his own 

research into sound and speech. He worked very hard indeed, and by the 
time he was 20 he was in very poor health and returned to his family 
home, which was now in London. 
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By mid-1870, when Bell was 23, both of his younger brothers had 
died of tuberculosis. Bell’s parents were terrified that Alexander, whose 
health was fragile, would suffer a similar fate. He was now their only 
surviving child. 

Bell’s father had gone to Canada when he was younger and found 
that his poor health had improved dramatically. He now decided that 
what was left of his family should move to Canada, and by late 1870, 
they were living in Brantford, Ontario. Thankfully, Alexander Graham 
Bell’s health began to improve. 

While living in Brentford, Bell learned the Mohawk language and 
put it in writing for the first time. The Mohawk people made him an 
Honorary Chief. 

And the United States 
When he was 25, Bell opened his School of Vocal Physiology and 

Mechanics of Speech in Boston, MA, where he taught deaf people to 
speak. At age 26, although he did not have a university degree, he 
became Professor of Vocal Physiology and Elocution at the Boston 
University School of Oratory. 

The Invention of the Telephone 
While he was moving jobs and locations around the UK and North 

America, Bell had developed an overriding desire to invent a machine 
that could reproduce human speech. 

Speech had become his life: his mother had gone deaf, and Bell’s 
father had developed a method of teaching deaf people to speak, which 
Bell also taught. His research into mechanizing human speech had 
become a relentless obsession: in the UK it had driven him almost to 
collapse. 

When Bell was only 19 years old, he had described his work in a 
letter to the linguistics expert Alexander Ellis. Ellis told Bell his work 
was similar to work carried out in Germany by Hermann von Helmholtz. 

A Mistake Puts Bell on the Right Track 
Bell eagerly read Helmholtz’s work, or tried to read it. It was in 

German, which he did not understand. Instead, he tried to follow the 
logic of the book’s diagrams. Bell misunderstood the diagrams, 
believing that Helmholtz had been able to convert all of the sounds of 
speech to electricity. 

In fact, Helmholtz had not been able to do this – he had only 
succeeded with vowel sounds – but from then on, Bell believed it could 
be done! 

Aged 23, Bell built a workshop in the new family home in Ontario 
and experimented there with converting music into an electrical signal. 
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In Boston, aged 25, Bell continued his experiments through the 
night while working in the day. In summer, he would return to his 
workshop in Ontario and continue his experiments. 

Financial Backing for a Voice Telegraph 
In 1874 Bell was 26. The first electrical telegraph lines had been 

built forty years earlier, in the 1830s. These allowed electrical clicks 
(Morse code) to be instantly transmitted over great distances. Bell 
wanted to transmit human speech instead of clicks, and he was getting 
close to doing it. 

He had found that human speech came in wave like patterns. He 
now hoped to produce an electrical wave that would follow the same 
patterns as someone’s speech. 

He won financial backing from Gardiner Hubbard and Thomas 
Sanders, two wealthy investors. Hubbard also brought in Anthony 
Pollok, his patent attorney. The money enabled Bell to hire Thomas 
Watson, a skilled electrical engineer, whose knowledge would 
complement Bell’s. 

Patenting the Telephone 
Aged 27, in 1875, Bell and his investors decided the time had 

come to protect his intellectual property using patents. 
Bell had a patent written for transmission of speech over an 

electrical wire. He applied for this patent in the UK, because in those 
days UK patents were granted only if they had not first been granted in 
another country. Bell told his attorney to apply in the USA only after the 
patent had been granted in the UK. 

By 1876, things in the USA had become murkier. In February of 
that year, Elisha Gray applied for a US patent for a telephone which used 
a variable resistor based on a liquid: salt water. 

In the transmitter, the liquid resistor transferred to an electric 
circuit the vibrations of a needle attached to a diaphragm which had been 
made to vibrate by sound. The electrical resistance of the circuit changed 
in tandem with the needle’s position in the liquid and so sound was 
converted into an equivalent electrical signal. The receiver converted the 
electrical signal back into sound using a vibrating needle in liquid 
connected to a diaphragm which vibrated to recreate the sound that had 
been transmitted. 

On the same day, Bell’s attorney filed his US patent application. 
It was only in March 1876 that Bell actually got his invention to 

work, using a design similar to Gray’s. Hence Gray lay claim to have 
invented the telephone. 
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On the other hand, Bell had established the concept before Gray, 
and in all demonstrations of a working phone Bell gave or developed 
commercially he used his own setup rather than a water based variable 
resistor. In fact, in 1875, Bell had filed a patent for a liquid mercury 
based variable resistor, predating Gray’s liquid variable resistor patent. 

Bell had to fend off around 600 lawsuits before he could finally rest 
in bed at night as the legally acknowledged inventor of the telephone. 

“Mr. Watson, come here. I want to see you.” THE FIRST 
WORDS SPOKEN IN A TELEPHONE CALL: ALEXANDER 
GRAHAM BELL 

Inventor 
By summer 1876, Bell was transmitting telephone voice messages 

over a line several miles long in Ontario. 
Making Money 
Near the end of 1876, Bell and his investors offered to sell their 

patent to Western Union for $100,000. Western Union ran America’s 
telegraph wires, and its top people believed the telephone was just a fad. 
They thought it would not be profitable. 

How spectacularly wrong they were! 
By 1878, Western Union’s opinion had altered dramatically. They 

now thought that if they could offer $25 million to get the patent, they 
would have gotten it cheaply. 

Unfortunately for Western Union, in 1877, the Bell Telephone 
Company had been launched. And the rest, as they say, is history. 

Not Just the Telephone 
Alexander Graham Bell had a restless mind. The telephone made 

him wealthy and famous, but he wanted new challenges, and he 
continued inventing and innovating. 

The Photophone, or Optical Telephone 
Today, it is standard practice to transmit huge amounts of data 

using photons of light through optical fiber. 
In 1880, Bell and his assistant Charles Summer Tainter transmitted 

wireless voice messages a distance of over 200 meters in Washington 
D.C. The voice messages were carried by a light beam, and Bell 
patented the photophone. This was two decades before the first radio 
messages were sent without wires and a century before optic fiber 
communications became commercially viable. 
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The receiver of Bell’s photophone. In Bell’s opinion, the 

photophone was his best invention. 
The Metal Detector 
In 1881, after President James Garfield was shot, Bell invented the 

metal detector to locate the bullet precisely. The rudimentary metal 
detector worked in tests, but the bullet in the President’s body was too 
deep to be detected by the early detecting equipment. 

National Geographic Society 
In 1888 Bell was one of the founders of the National Geographic 

Society. In 1897, he became its second president. 
The End 
Alexander Graham Bell died aged 75 on August 2, 1922 in Nova 

Scotia, Canada. He had been ill for some months with complications 
from diabetes. He was survived by his wife, Mabel, and two daughters – 
Elsie and Marian. 

Every phone in North America was silenced during his funeral in 
his honor. 

The unit of sound intensity, the bel, more usually seen as the 
smaller unit, the decibel, was named after Bell: it was conceived of in 
the Bell Laboratories. 

(https://www.famousscientists.org/alexander-graham-bell/) 
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Text	3	
 

 
André Marie Ampère 
(lived 1775–1836) 

André-Marie Ampère made the revolutionary discovery that a wire 
carrying electric current can attract or repel another wire next to it that’s 
also carrying electric current. The attraction is magnetic, but no magnets 
are necessary for the effect to be seen. He went on to formulate 
Ampere’s Law of electromagnetism and produced the best definition of 
electric current of his time. 

Ampère also proposed the existence of a particle we now 
recognize as the electron, discovered the chemical element fluorine, and 
grouped elements by their properties over half a century before Dmitri 
Mendeleev produced his periodic table. 

The SI unit of electric current, the ampere, is named in his honor. 
Beginnings 
André-Marie Ampère was born into a well-to-do family in the city 

of Lyon, France, on January 20, 1775. His father was Jean-Jacques 
Ampère, a businessman; his mother was Jeanne Antoinette Desutières-
Sarcey, the orphaned daughter of a silk-merchant. André-Marie’s parents 
already had a daughter, Antoinette, born two years before André-Marie. 

It was an intellectually exciting period in French history; Antoine 
Lavoisier was revolutionizing chemistry; and Voltaire and Jean-Jacques 
Rousseau, the leaders of the French Enlightenment, were urging that 
society should be founded on science, logic, and reason rather than the 
religious teachings of the Catholic Church. 

When André-Marie was five years old, his family moved to a 
country estate near the village of Poleymieux about six miles (10 km) 
from Lyon. His father had grown so wealthy that he no longer needed to 
spend much time in the city. A second daughter Josephine was born 
when André-Marie was eight. 

An Unusual Education 
The education André-Marie received was rather unusual. His 

father was a great admirer of Jean-Jacques Rousseau, one of the leaders 
of the French Enlightenment. He decided to follow Rousseau’s approach 
for André-Marie’s education. This meant no formal lessons. 

André-Marie could do as he pleased, learning about anything he 
felt like. He was also allowed to read anything he wanted to from his 
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father’s large library. A recipe for disaster, you may think? In fact, it 
worked! And it worked exceptionally well. André-Marie developed an 
insatiable thirst for knowledge, going as far as learning entire pages of 
an encyclopedia by heart. 

Although a child of the French Enlightenment, André-Marie did 
not reject the church, and he remained a practicing Catholic throughout 
his life. 

“My father… never required me to study anything, but he knew 
how to inspire in me a great desire for knowledge. Before learning to 
read, my greatest pleasure was to listen to passages from Buffon’s 
natural history. I constantly requested him to read me the history of 
animals and birds…” 

Mathematics 
Aged 13, André-Marie began a serious study of mathematics using 

books in his father’s library. He submitted a paper about conic sections 
to the Academy of Lyon, but it was rejected. 

The rejection spurred him into working harder than ever. His 
father bought him specialist books to help him improve. He also took his 
son into Lyon, where Abbot Daburon gave him lessons in calculus – the 
first formal lessons André-Marie ever had. 

Physics 
Having taken his son for formal mathematics lessons, his father 

also took him to Lyon’s college to attend some physics lectures, which 
resulted in André-Marie beginning to read physics books as well as 
mathematics books. 

Revolution Followed by Tragedies 
Life so far had been peaceful and enjoyable for André-Marie, but a 

period of tragedy was beginning to unfold. 
In 1789, when André-Marie was 14, the French Revolution began. 
In 1791, while André-Marie continued his home-studies on their 

country estate, the revolutionaries gave his father the legal role of Justice 
of the Peace. 

In 1792, André-Marie’s older sister Antoinette died. 
In 1793, the Jacobin faction of the revolution guillotined his father. 

(The great chemist Antoine Lavoisier was guillotined by revolutionaries 
in 1794.) 

Mercifully, André-Marie, studying mathematics and science on the 
family estate, survived the revolution’s reign of terror. He was 
devastated by his father’s death and abandoned his studies for a year. 
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Becoming a Mathematician and Scientist 
In late 1797, aged 22, André-Marie Ampère opened up shop as a 

private mathematics tutor in Lyon. He proved to be an excellent tutor, 
and soon students were flocking to him for help. 

His tutoring work came to the attention of Lyon’s intellectuals, 
who were impressed by Ampère’s knowledge and his enthusiasm. 

In 1802, he became a school teacher in the town of Bourg 40 miles 
(60 km) from Lyon. A year later he returned to Lyon to work in another 
teaching position. 

In 1804, he moved to the French capital, Paris, tutoring university 
level classes at the École Polytechnique. His work impressed other 
mathematicians so much that he was promoted to full professor of 
mathematics in 1809, despite having no formal qualifications. 

André-Marie Ampère’s Contributions to Science 
Electromagnetism and Electrodynamics 
In 1800, while Ampère worked as a private tutor in Lyon, 

Alessandro Voltahad invented the electric battery. One result of this was 
that for the first time ever, scientists could produce a steady electric 
current. 

In April 1820, Hans Christian Oersteddiscovered that a flow of 
electric current in a wire could deflect a nearby magnetic compass 
needle. Oersted had discovered a link between electricity and magnetism – 
electromagnetism. 

In September 1820, François Arago demonstrated Oersted’s 
electromagnetic effect to France’s scientific elite at the French Academy 
in Paris. Ampère was present, having been elected to the Academy in 
1814. 

Ampère was fascinated by Oersted’s discovery and decided he 
would try to understand why electric current produced a magnetic effect. 

“Ever since I first heard of Oersted’s great discovery… of the 
action of electric current on a magnetized needle, I have thought about it 
constantly. All my time has been dedicated to writing a great theory 
about these phenomena… and attempting the experiments indicated by 
this theory, all of which succeeded.” 

Ampère began by repeating Oersted’s work, and before the end of 
September 1820, had made a discovery of his own: he found that if 
electric current flows in the same direction in two nearby parallel wires, 
the wires attract one another; if electric currents flow in opposite 
directions the wires repel one another. 
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Ampère found that parallel wires with currents flowing in the 
same direction attract each other. Currents in opposite directions 
repel each other. 

Ampère had discovered something amazing: he had produced 
magnetic attraction and repulsion in the complete absence of any 
magnets. All of the magnetism was generated electrically. He called this 
new field electrodynamics. (Today electrodynamics and 
electromagnetism are regarded as the same field.) 

Ampère’s Law 
Ampère then brilliantly found an equation connecting the size of a 

magnetic field to the electric current that produces it. This equation, 
known as Ampère’s circuital law, is highly mathematical, requiring 
university level mathematics to use and understand. It is shown below in 
differential form relating the magnetic field (B) to the current density (J). 

 
This equation applies to situations where the electric current is 

constant. Over 40 years later, James Clerk Maxwell modified this 
equation so it would also apply to situations in which the current is not 
constant. In this form it became one of his four famous equations 
establishing that light is an electromagnetic wave. 

The Electron 
To explain the relationship between electricity and magnetism, 

Ampère proposed the existence of a new particle responsible for both of 
these phenomena – the electrodynamic molecule, a microscopic charged 
particle we can think of as a prototype of the electron. Ampère correctly 
believed that huge numbers of these electrodynamic molecules were 
moving in electric conductors, causing electric and magnetic 
phenomena. 

Discovery of Fluorine 
Ampère did not restrict his interests to mathematics and physics; 

they were wide ranging and included philosophy and astronomy. He was 
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particularly interested in chemistry. In fact, preceding his work in 
electromagnetism, he made significant contributions to chemistry. 

Ampère discovered and named the element fluorine. In 1810, he 
proposed that the compound we now call hydrogen fluoride consisted of 
hydrogen and a new element: the new element had similar properties to 
chlorine he said. He and Humphry Davy, who was British, entered into 
correspondence (even though France and Britain were at war). Ampère 
proposed that fluorine could be isolated by electrolysis, which Davy had 
previously used to discover elements such as sodium and potassium. 

It was only in 1886 that French chemist Henri Moissan finally 
isolated fluorine. He achieved this using electrolysis, the method 
Ampère had recommended. 

Organizing the Chemical Elements 
In 1816, 53 years before Dmitri Mendeleev published his periodic 

table, Ampère proposed that the chemical elements – 48 were known at 
that time – should be grouped according to their properties. He made a 
number of mistakes but successfully grouped: 

the alkali metals: sodium and potassium 
the alkali earth metals: magnesium, calcium, strontium, and 

barium 
the halogens: chlorine, fluorine, and iodine 
He was also moving in the right direction by identifying 

similarities in: 
the noble metals: rhodium, palladium, iridium, platinum, and gold 

(unfortunately, Ampère excluded silver from this group, grouping it 
instead with mercury, lead, and bismuth) 

first series transition elements: iron, cobalt, nickel, copper, 
(although uranium was incorrectly included) 

transition elements: niobium, molybdenum, chromium, and 
tungsten 

Ampère did not name the groups as they are named above, such as 
the noble metals and transition elements – these are modern names. 

Mendeleev had an advantage over Ampère in that 65 elements 
were known to him, allowing him to see patterns more easily. 
Importantly, Mendeleev also paid attention to atomic weights, while 
Ampère did not. To be fair to Ampère, we need to remember that  
J. J. Berzelius published the first reasonably accurate list of atomic 
weights in 1828, 12 years after Ampère’s elements work. 

“…it seemed to me that one should make an effort to banish 
artificial classifications from chemistry and begin to assign to each 
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element the place it must occupy in the natural order by comparing it in 
succession to others…” 

The Ampere 
The SI unit for electric current is the ampere or amp (symbol A), 

named in Ampère’s honor. It was Ampère who first defined electric 
current as a ‘circulation of electric fluid in a closed circuit.’ 

Some Personal Details and the End 
In 1799, aged 24, Ampère married 25-year-old Catherine-

Antoinette Carron, who was usually called Julie. A year later, their son 
Jean-Jacques was born – he was named in memory of Ampère’s beloved 
father. Tragedy struck Ampère when, after less than four years of 
marriage, Julie died in 1803 of abdominal cancer. 

Ampère got married again in 1806, to Jeanne-Françoise Potot. The 
couple quickly realized their marriage had been a mistake. Their 
daughter Albine was born in 1807, and the couple legally separated in 
1808. Albine came to live with her father and his younger sister 
Josephine. 

In 1824, Ampère was appointed to the Chair of Experimental 
Physics at the Collège de France in Paris, which he occupied for the rest 
of his life. 

Ampère’s son, Jean-Jacques, became a notable professor of 
linguistics and a member of the French Academy. He and his father were 
known to have rather explosive arguments with one another, both having 
quick tempers. 

At the age of 61, Ampère caught pneumonia. He died in the 
French Mediterranean city of Marseilles on June 10, 1836. 

He was buried in Marseilles, but his remains were later moved to 
the Montmartre Cemetery in Paris. Many other illustrious people are 
buried in Montmartre Cemetery, including the composers Hector Berlioz 
and Jacques Offenbach; the artist Edgar Degas; the author Émile Zola; 
the physicist Léon Foucault; the mathematician Stanislaw Ulam; and 
Ampère’s son, Jean-Jacques, who is buried next to his father. 

(https://www.famousscientists.org/andre-marie-ampere/) 
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Text	4	
Marie	Curie	

 

 
Marie Curie discovered two new chemical 

elements – radium and polonium. She carried out 
the first research into the treatment of tumors with 
radiation, and she was the founder of the Curie 
Institutes, which are important medical research 
centers. 

She is the only person who has ever won Nobel Prizes in both 
physics and chemistry. 

Marie Curie’s Early Life and Education 
Maria Salomea Sklodowska was born in Warsaw, Poland on 

November 7, 1867. At that time, Warsaw lay within the borders of the 
Russian Empire. Maria’s family wanted Poland to be an independent 
country. 

Marie’s mother and father – Bronislawa and Wladyslaw – were 
both teachers and encouraged her interest in science. 

When Marie was aged 10, her mother died. Marie started attending 
a boarding school, then moved to a gymnasium – a selective school for 
academically strong children. Aged 15, Marie graduated from high 
school, winning the gold medal for top student. She was passionate 
about science and wanted to continue learning about it. 

Problems 
Two obstacles stood in Marie’s way: 
her father had too little money to support her ambition to go to 

university 
higher education was not available for girls in Poland 
Marie’s sister Bronya faced exactly the same problems. 
To overcome the obstacles they faced, Marie agreed to work as a 

tutor and children’s governess to support Bronya financially. This 
allowed Bronya to go to France and study medicine in Paris. 

For the next few years of her life, Marie worked to earn money for 
herself and Bronya. In the evenings, if she had time, she studied 
chemistry, physics, and mathematics textbooks. She also attended 
lectures and laboratory practicals at an illegal free “university” where 
Poles learned about Polish culture and practical science, both of which 
had been suppressed by the Russian Tsarist authorities. 

In November 1891, aged 24, Marie followed Bronya to Paris. 
There she studied chemistry, mathematics, and physics at the Sorbonne, 
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Paris’s most prestigious university. The course was, of course, taught in 
French, which Marie had to reach top speed in very quickly. 

At first she shared an apartment with Bronya and Bronya’s 
husband, but the apartment lay an hour away from the university. Marie 
decided to rent a room in the Latin Quarter, closer to the Sorbonne. 

This was a time of hardship for the young scientist; winters in her 
unheated apartment chilled her to the bone. 

Top Student Again 
In summer 1893, aged 26, Marie finished as top student in her 

master’s physics degree course. She was then awarded industrial funding 
to investigate how the composition of steel affected its magnetic 
properties. The idea was to find ways of making stronger magnets. 

Her thirst for knowledge pushed her to continue with her 
education: she completed a master’s degree in chemistry in 1894,  
aged 27. 

Homesick 
For a long time, Marie had been homesick. She dearly wished to 

return to live in Poland. After working in Paris on steel magnets for a 
year, she vacationed in Poland, hoping to find work. She there were no 
jobs for her. 

A few years earlier she had been unable to study for a degree in 
her homeland because she was a woman. Now, for the same reason, she 
found she could not get a position at a university. 

Back to Paris and Pierre 
Marie decided to return to Paris and begin a Ph.D. degree in 

physics. 
Back in Paris, in the year 1895, aged 28, she married Pierre Curie. 

Pierre had proposed to her before her journey back to Poland. Aged 36, 
he had only recently completed a Ph.D. in physics himself and had 
become a professor. He had written his Ph.D. thesis after years of delay, 
because Marie had encouraged him to. 

Pierre was already a highly respected industrial scientist and 
inventor who, at the age of 21, had discovered piezoelectricity with his 
brother Jacques. 

Pierre was also an expert in magnetism: he discovered the effect 
now called the Curie Pointwhere a change of temperature has a large 
effect on a magnet’s properties. 

Pierre and Marie Curie in their laboratory 
Marie Curie’s Scientific Discoveries 
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The Ph.D. degree is a research based degree, and Marie Curie now 
began investigating the chemical element uranium. 

Why Uranium? 
In 1895, Wilhelm Roentgen had discovered mysterious X-rays, 

which could capture photographs of human bones beneath skin and 
muscle. 

The following year, Henri Becquerel had discovered that rays 
emitted by uranium could pass through metal, but Becquerel’s rays were 
not X-rays. 

Marie decided to investigate the rays from uranium – this was a 
new and very exciting field to work in. Discoveries came to her thick 
and fast. She discovered that: 

Uranium rays electrically charge the air they pass through. Such 
air can conduct electricity. Marie detected this using an electrometer 
Pierre and his brother had invented. 

The number of rays coming from uranium depends only on the 
amount of uranium present – not the chemical form of the uranium. 
From this she theorized correctly that the rays came from within the 
uranium atoms and not from a chemical reaction. 

The uranium minerals pitchblende and torbernite have more of an 
effect on the conductivity of air than pure uranium does. She theorized 
correctly that these minerals must contain another chemical element, 
more active than uranium. 

The chemical element thorium emits rays in the same way as 
uranium. (Gerhard Carl Schmidt in Germany actually discovered this a 
few weeks before Marie Curie in 1898: she discovered it independently.) 

By the summer of 1898 Marie’s husband Pierre had become as 
excited about her discoveries as Marie herself. He asked Marie if he 
could cooperate with her scientifically, and she welcomed him. By this 
time, they had a one-year old daughter Irene. Amazingly, 37 years later, 
Irene Curie herself would win the Nobel Prize in Chemistry. 

“My husband and I were so closely united by our affection and our 
common work that we passed nearly all of our time together.”  

Discovery of Polonium, Radium and a New Word 
Marie and Pierre decided to hunt for the new element they 

suspected might be present in pitchblende. By the end of 1898, after 
laboriously processing tons of pitchblende, they announced the 
discovery of two new chemical elements which would soon take their 
place in Dmitri Mendeleev’s periodic table. 
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The first element they discovered was polonium, named by Marie 
to honor her homeland. They found polonium was 300 times more 
radioactive that uranium. They wrote: 

“We thus believe that the substance that we have extracted from 
pitchblende contains a metal never known before, akin to bismuth in its 
analytic properties. If the existence of this new metal is confirmed, we 
suggest that it should be called polonium after the name of the country 
of origin of one of us.” 

The second element the couple discovered was radium, which they 
named after the Latin word for ray. The Curies found radium is several 
million times more radioactive than uranium! They also found radium’s 
compounds are luminous and that radium is a source of heat, which it 
produces continuously without any chemical reaction taking place. 
Radium is always hotter than its surroundings. 

Together they came up with a new word for the phenomenon they 
were observing: radioactivity. Radioactivity is produced by radioactive 
elements such as uranium, thorium, polonium and radium. 

A Ph.D. and a Nobel Prize in Physics! 
In June 1903, Marie Curie was awarded her Ph.D. by the 

Sorbonne. 
Her examiners were of the view that she had made the greatest 

contribution to science ever found in a Ph.D. thesis. 
Six months later, the newly qualified researcher was awarded the 

Nobel Prize in Physics! 
She shared the prize with Pierre Curie and Henri Becquerel, the 

original discover of radioactivity. 
The Nobel Committee were at first only going to give prizes to 

Pierre Curie and Henri Becquerel. 
However, Pierre insisted that Marie must be honored. 
So three people shared the prize for discoveries in the scientific 

field of radiation. 
Marie Curie was the first woman to be awarded a Nobel Prize. 
“Consequently the atom of radium would be in a process of 

evolution, and we should be forced to abandon the theory of the 
invariability of atoms, which is at the foundation of modern chemistry. 

Moreover, we have seen that radium acts as though it shot out into 
space a shower of projectiles, some of which have the dimensions of 
atoms, while others can only be very small fractions of atoms. If this 
image corresponds to a reality, it follows necessarily that the atom of 
radium breaks up into subatoms of different sizes, unless these 
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projectiles come from the atoms of the surrounding gas, disintegrated by 
the action of radium; but this view would likewise lead us to believe that 
the stability of atoms is not absolute.” 

MARIE CURIE, 1904 
Tragedy and Progress 
The money from their Nobel Prizes made life easier for Marie and 

Pierre. For the first time, they could afford a laboratory assistant. Pierre 
took the Chair of Physics at the Sorbonne. The university also agreed to 
provide a new, well-equipped laboratory for the couple. In 1904, Marie 
and Pierre had a second daughter, Eve. 

And then their happy life together came to an end. In 1906, Pierre 
was killed when he was hit by a horse-drawn carriage in the street. 

Although distraught over her loss, Marie accepted the offer from 
the Sorbonne to replace Pierre as the Chair of Physics. 

Again, she was breaking the mold: she had been first woman to 
win a Nobel Prize, now she was the first female professor at the 
University of Paris. 

Nobel Prize for Chemistry 
In 1910, Marie isolated a pure sample of the metallic element 

radium for the first time. She had discovered the element 12 years 
earlier. 

In 1911, she was awarded the Nobel Prize for Chemistry for the 
“discovery of the elements radium and polonium, the isolation of radium 
and the study of the nature and compounds of this remarkable element.” 

Again, Marie Curie had broken the mold: she was the first person 
to win a Nobel Prize in both physics and chemistry. In fact, she is the 
only person ever to have done this. 

The Coming of War – Helping the Wounded 
During World War 1, 1914 – 1918, Marie Curie put her scientific 

knowledge to use. With the help of her daughter Irene, who was only  
17 years old, she set up radiology medical units near battle lines to allow 
X-rays to be taken of wounded soldiers. By the end of the war, over one 
million injured soldiers had passed through her radiology units. 

One of the Greats 
Marie Curie was now recognized worldwide as one of science’s 

“greats.” She traveled widely to talk about science and to promote The 
Radium Institute which she founded to carry out medical research. 

Marie was one of the small number of elite scientists invited to one 
of the most famous scientific conferences of all-time – the 1927 Solvay 
Conference on Electrons and Photons. 
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Healing the World – The Radium Institute 
Marie Curie became aware that the rays coming from radioactive 

elements could be used to treat tumors. She and Pierre decided not to 
patent the medical applications of radium, and so could not profit from it. 

In her later years, Marie Curie’s dearest wish was to explore the 
use of radioactivity in medical applications. To do this, she established 
the Radium Institute. 

At $120,000 per gram, radium was horrendously expensive – 
millions of dollars in today’s money. Marie Curie could only afford 1 
gram of it for use in cancer therapies. 

Pierre Curie voluntarily exposed his arm to the action of radium 
during several hours. This resulted in a lesion resembling a burn that 
developed progressively and required several months to heal. Henri 
Becquerel had by accident a similar burn as a result of carrying in his 
vest pocket a glass tube containing radium salt. He came to tell us of this 
evil effect of radium, exclaiming in a manner at once delighted and 
annoyed: “I love it, but I owe it a grudge.” 

MARIE CURIE, 1867 TO 1934 
In 1920, Marie gave an interview about her work at the Radium 

Institute to the American journalist Marie Mattingly Meloney, who was 
usually called “Missy.” 

Missy asked if there was any way she could help the Institute. 
Marie told her that American chemical companies had now isolated 50 
grams of radium. Her Institute desperately needed one more gram for 
medical research, but could not afford it. 

Missy returned to the USA and became Chair of the Marie Curium 
Radium Fund, with the aim of getting Marie Curie her 1 gram of radium. 

Money was raised in small donations all over the country until 
$100,000 had been collected. The Standard Chemical Company of 
Pittsburgh then agreed to supply a gram of radium at the reduced price 
of $100,000. 

On May 20th, 1921, President Warren G. Harding presented Marie 
with the radium in a lead-lined steel box at the White House. 

Since then, the Radium Institute (now the called the Curie 
Institute) has gone from strength to strength. Three of its workers have 
been awarded Nobel Prizes: Irene and Frederic Joliot-Curie won the 
chemistry prize in 1935 and Pierre-Gilles de Gennes won the physics 
prize in 1991. Irene was Marie and Pierre’s daughter. She shared the 
prize with her husband Frederic. The Curie Institute continues to do 
important research work today. 
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The End 
Marie Curie died aged 66 on July 4, 1934, killed by aplastic 

anemia, a disease of the bone marrow. The radioactivity she was 
exposed to during her career probably caused the disease. 

Scientists are now much more cautious in their handling of 
radioactive elements and X-rays than they were in the first few decades 
after their discovery. Marie Curie’s own books and papers are so 
radioactive that they are now stored in lead boxes, which may only be 
opened by people wearing protective suits. 

(https://www.famousscientists.org/marie-curie/) 
 

Text	5	
 

Benjamin Franklin 
(lived 1706–1790) 

 
Benjamin Franklin lived his life in the spirit of a 

renaissance man: he was deeply interested in the world 
around him, and he excelled in several widely differing 
fields of human endeavor. 

He had a profound effect on our understanding of 
electricity and shaped the language we use when we talk about it, even 
today. 

Here we shall concentrate on his life as a scientist and an inventor, 
only briefly touching on his other achievements. 

Benjamin Franklin’s Early Life and Education 
Benjamin Franklin was born on January 17, 1706, in Boston, 

Massachusetts. His father, Josiah, was a tallow chandler, candle maker, 
and soap boiler who had moved to the American Colonies from England. 
His mother, Abiah Folger looked after the home and was the mother of 
ten children, including Benjamin, who was the eighth child in the family. 
She was born in Nantucket, Massachusetts. 

Benjamin had only two years of formal education, which finished 
when he was ten years old, because his family could not afford the fees. 
His informal education then accelerated, because his mind was too 
restless to stop learning. 

He had to work in his father’s business, but in his spare time he 
read everything he could, about every subject under the sun. 

When he was twelve, Benjamin began working as an apprentice in 
a printing shop owned by one of his elder brothers, James. When his 
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brother started printing a newspaper, Benjamin wrote to it in the name of 
“Mrs. Dogood” in defense of freedom of speech. 

Aged 17, Benjamin Franklin left for Philadelphia, escaping from 
his apprenticeship, which was against the law. He was, however, free. 
After a few months in Philadelphia he left for London, England, where 
he learned more about printing, before returning to Philadelphia at the 
age of 20 to continue his printing career. 

Benjamin Franklin – Publisher 
By the age of just 23, Franklin had become the publisher of the 

Philadelphia Gazette. 
Aged 27, in December 1732, the first editions of the publication 

that would make him a wealthy man rolled off his printing press: Poor 
Richard’s Almanac, which Franklin would publish annually for the next 
25 years. It was a general interest pamphlet offering interest and 
amusement for its readers, including: ‘how to’ guides, practical tips, 
stories, astrological forecasts, and brain teasers. 

With each year he published the Almanac, his financial position 
grew more secure, and Franklin’s fertile mind began looking for new 
outlets. 

He continued reading as much as he could, increasing his 
knowledge of science and technology until he was in a position to begin 
innovating himself. 

Franklin was an original thinker, scientist and inventor. Dating his 
inventions is not always easy, because Franklin did not patent them. He 
said that anyone who wanted to make money from his ideas was free to 
do so. This means the dates of his inventions are approximate. 

Bifocal Spectacles 
Franklin wore spectacles for most of his life. He felt limited by 

them, because any lens that was good for reading blurred his vision 
when he looked up. Working as a printer, this became infuriating. 

He defeated the problem in about 1739, aged 33, with his 
invention of split-lens bifocal spectacles. Each lens now had two 
focusing distances. Looking through the bottom part of the lens was 
good for reading, while looking through the upper part offered good 
vision at a greater distance. 

The Franklin Stove 
As Franklin read more about science, he learned more about heat 

transfer. He looked at the design of a typical stove and concluded that it 
was inefficient. Much more heat was lost up the flue than necessary. 
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He decided to redesign the stove using the concept of heat-
exchange/heat recovery. 

The idea was that hot gases which would normally simply go up 
the flue would exchange their heat with cold air from the room, heating 
it up, and so heating the room up. 

In 1741, the Franklin Stove came on to the market, allowing 
homeowners to get more heat into their homes for each unit of fuel they 
burned. 

Cold air (blue) gains heat from contact with the hot stove. As 
this warming air continues on its path, it gains more heat through 
contact with metal, the other side of which is in contact with the hot 
smoke (red) going to the flue. 

Franklin wrote: 
The use of these fireplaces in very many houses, both of this and 

the neighboring colonies, has been, and is, a great saving of wood to the 
inhabitants. 

American Philosophical Society 
In 1743, Franklin founded the American Philosophical Society. (In 

those days, scientists were called philosophers.) The Society offered a 
scientific forum for new ideas, including Franklin’s electrical theories. 

The Size of the Units of Matter 
Electricity 
In summer 1743, Franklin visited his hometown of Boston. 

Always seeking new knowledge, he visited a science show. There he 
saw Dr. Archibald Spencer, who had arrived from Scotland, 
demonstrating a variety of scientific phenomena. The electrical part of 
the show intrigued Franklin most: it featured the effects of static 
electricity. 

Franklin left the show determined to learn more about electricity. 
It seemed to him that Dr. Spencer didn’t really understand it. This, of 
course, was true: nobody understood it! It was more a source of 
entertainment than a science. 

In 1747, Franklin got hold of a long glass tube for the efficient 
generation of static electricity from Peter Collinson in London. 

Soon, Franklin was spending much of his time studying electricity. 
He wrote: 

“For my own part, I never was before engaged in any study that so 
totally engrossed my attention and my time as this has lately done.” 

Shaping our understanding of electricity 
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Franklin’s observations soon began to shape the world’s 
understanding of electricity and shape the language we use even today 
when we talk about it. 

He identified that there was an electrical fluid that could flow from 
A to B. To describe the process he coined the terms positive 
and  negative to describe the difference between A and B after the 
electrical fluid had flowed. Of course, today we would call the electrical 
fluid electrons, but remember: this was 1747; J. J. Thomson’s discovery 
of the electron lay 150 years in the future! 

Franklin found that an excess of fluid led to positive charge (okay, 
we’ll have to pretend that electrons are positively charged for this) and a 
deficit of fluid led to negative charge. 

Franklin was the first to write that electric charge cannot be 
created; it can only be ‘collected.’ This is a fundamental law of physics – 
the Law of Conservation of Electric Charge. It means that you cannot 
create (or destroy) electric charge. 

Franklin was also the first person to use the words electrical 
battery. His meaning was not the same as ours though. His battery was 
made of capacitors (known as Leyden jars) wired together in series to 
store more charge than one alone could. This enabled Franklin to 
produce a bigger discharge of static electricity in his experiments. 

In 1751, Franklin published the fruits of his labors in a book called 
Experiments and Observations on Electricity, which was widely read in 
Britain and then Europe, shaping a new understanding of electricity. 

In 1752, Franklin carried out his most famous scientific work, 
proving that lightning is electricity. He did this using one of his own 
discoveries: that static electricity discharges to a sharp, pointed object 
more readily than to a blunt object. 

Here are his own words on the subject: 
“As electrified clouds pass over a country, high hills and high 

trees, lofty towers, spires, masts of ships, chimneys, etc, as so many 
prominences and points, draw the electrical fire, and the whole cloud 
discharges there… 

“If these things are so, may not the power of points be of use to 
mankind, in preserving houses, churches,… from the stroke of lightning, 
by directing us to fix on the highest parts of those edifices, upright rods 
of iron made sharp as a needle… and from the foot of those rods a wire 
down the outside of the building into the ground…? 
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Benjamin Franklin’s Proposed Sentry Box 
“I would propose an experiment… On the top of some high tower 

or steeple, place a kind of sentry-box big enough to contain a man and 
an electrical stand. From the middle of the stand, let an iron rod rise and 
pass bending out of the door, and then upright 20 or 30 feet, pointed very 
sharp at the end. If the electrical stand be kept clean and dry, a man 
standing on it when such clouds are passing low might be electrified and 
afford sparks, the rod drawing fire to him from a cloud. If any danger to 
the man should be apprehended (although I think there would be none) 
let him stand on the floor of his box, and now and then bring near to the 
rod a loop of wire that has one end fastened to the leads he his holding 
by a wax handle; so the sparks, if the rod is electrified, will strike from 
the rod to the wire and not affect him.” 

King Louis XV saw a translation of Experiments and Observations 
on Electricity, and he asked French scientists to test Franklin’s lightning 
rod concept. In Paris in May 1752 Jean Francois Dalibard used 
Franklin’s idea to confirm by experiment that lightning was indeed 
electrical. 

Franklin himself carried out similar work in 1752, using a kite 
with a metal key connected to a Leyden Jar to prove his theory. He 
didn’t write about this experiment, however, until 1772. 

The significance of the lightning rod experiments was that they 
established the study of electricity as a serious scientific discipline. 

Franklin had shown how to prove that electrical phenomena, such 
as lightning, were a fundamental force of nature. Electricity would never 
again be thought of as just an interesting plaything for scientists and 
showmen to conjure up using glass rods. 

Very soon, in 1753, when he was aged 47, the transformation in 
science that Franklin had brought about was recognized. Britain’s Royal 
Society honored his electrical work with its highest award, the Copley 
Medal – the equivalent of a modern Nobel Prize. 
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The Lightning Rod 

 
A building protected by a lightning rod. A cable carries 

electricity from lightning to ground. 
Even today, we still use Benjamin Franklin’s lightning rod. 
Like his other ideas, he did not patent it: he profited from the 

lightning rod intellectually, not financially. 
Since the time he invented it, it has saved societies all over the 

world great amounts of time and money by protecting buildings from 
damage. It has also, of course, saved countless lives. 

Refrigeration 
In 1758, working with John Hadley in Cambridge, England, 

Franklin investigated the principle of refrigeration by evaporation. 
In a room at 18 °C (65 °F) the scientists repeatedly wetted a 

thermometer with ether, then used bellows to quickly evaporate the 
ether. 

 
They were finally able to achieve a temperature reading on the 

thermometer of –14 °C (7 °F). 
We now know the reason for the refrigeration effect. We have 

learned that molecules in a liquid have a range of energies. Some have 
high energy, and some have low energy. Molecules carrying the most 
energy escape from the liquid most easily – they evaporate. This leaves 
the lower energy molecules in the liquid. The result is that the 
temperature of the liquid falls. 

Of his discovery, Franklin said: 
“One may see the possibility of freezing a man to death on a warm 

summer’s day.” 
In fact, the principle of cooling by evaporation had been publicly 

demonstrated by William Cullen in Edinburgh, Scotland in 1756. Cullen 
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had used a pump to lower the pressure above ether in a container. The 
reduced pressure caused the ether to evaporate rapidly through boiling, 
absorbing heat from the air around it, and causing ice to form on the 
container sides. 

Meteorology 
By observing storms and winds, Franklin discovered that storms 

do not always travel in the direction of the prevailing wind. This was an 
important discovery in the development of the scientific discipline of 
meteorology. 

More than a Scientist and Inventor 
Franklin lived in turbulent times, which culminated in the United 

States’ Declaration of Independence in 1776: Franklin was one of the 
five men who drafted it. He had previously acted as British postmaster 
for the colonies; he was the American Ambassador in France from 
1776–1785; and the governor of Pennsylvania from 1785–1788. 

Benjamin Franklin died on April 17, 1790, at the age of 84. He 
was killed by pleurisy – a lung inflammation. 

His wife, Deborah, had died sixteen years earlier. Franklin was 
survived by his daughter, Sarah, who looked after him in his later years 
and his son, William. William left America to live in Britain in 1782. 

Today, the Benjamin Franklin Medal, named in Franklin’s honor, 
is one of the most prestigious awards in science. Its winners include 
Alexander Graham Bell, Marie and Pierre Curie, Albert Einstein and 
Stephen Hawking. 

(https://www.famousscientists.org/benjamin-franklin/) 
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PART	III	
SCIENTIFIC	WORLD	TODAY	

 
Text	1	

Prince	Philip	says	engineers	are	key	to	global	population	solutions	
 

 

 
It will be up to engineers to find solutions 

to the problems posed by the world's 
growing human population, the Duke of 

Edinburgh has told the BBC. 
 

The duke told Radio 4's Today programme that "everything that 
wasn't invented by God was invented by an engineer". 

He was discussing the merits of British engineering with Today's 
guest editor, former BP chief executive Lord Browne. 

Prince Philip said engineering had contributed to the post-war 
recovery and would help solve future problems. 

'Completely skint' 
In the interview, the duke said his interest in the subject began 

when he was a naval officer "surrounded by engineering" on warships. 
After World War Two, he said, "we were completely skint, 

seriously badly damaged and the only way we were going to recover a 
sort of viability was through engineering". 

In 1976 Prince Philip initiated the Fellowship of Engineering, now 
the Royal Academy of Engineering, which promotes excellence and 
education in the field. 

Prince Philip, seen here in 1949, said his interest in engineering 
began during his career as a naval officer 

Asked about the future, the duke said: "The human population of 
the world is growing and is occupying more space, and it has got to be 
accommodated somehow or other. 

"What I think most people would like to see is that it 
accommodates a certain amount of the natural world as well as the 
human world and everything that we require to keep it going. 

"But somehow or other that balance to try and fit as many people 
on to this globe as comfortably as possible without them doing too much 
damage – I think ultimately it's going to be engineers who are going to 
decide that." 

'Jealousy and anxiety' 
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He also said it was "curious" that there was no Nobel Prize for 
engineering. 

He suggested it may be because of a historical divide between 
scientists and engineers. 

There was "a certain amount of jealousy and a certain amount of 
anxiety" as to who was "better", he said. 

Lord Browne, who is chairman of the Queen Elizabeth Prize for 
Engineering Foundation, said he wanted the £1m award to be seen as a 
Nobel-style prize for engineering. 

(http://www.bbc.com/news/uk-35211130) 
 
 

Text	2	
Airbus	warns	over	GKN	takeover	bid	

	

 

Airbus has warned it would be 
"practically impossible" to give new 

business to engineering giant GKN if it 
was bought by turnaround specialist 

Melrose. 
 

GKN makes wing components and other key aircraft parts for 
Airbus, which is its biggest customer. 

However, it is fighting off a hostile bid from Melrose, saying it 
fundamentally undervalues the firm. 

GKN employs more than 59,000 people, with 6,000 in the UK. 
Tom Williams, Airbus's chief operating officer at its commercial 

aircraft division, said: "The nature of our industry is one that requires a 
commitment to long-term investment and strategic vision. 

"The industry does not lend itself to shorter term financial 
investment which naturally reduces R&D budgets and limits vital 
innovation. 

"It would be practically impossible for us to give any new work to 
GKN under such ownership model when we don't know who will be the 
long-term investor." 

His comments were first reported by the Financial Times. 
Earlier this week, GKN rejected what Melrose called its "final" 

offer. Melrose said the bid valued the company at £8.1bn. 
GKN chairman Mike Turner said: "The comments from Airbus 

that stress the need for long-term investment and strategic vision in our 
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industry emphasise our firmly held belief that Melrose is not an 
appropriate owner of GKN. 

"Its management lacks the relevant experience and its short-term 
business model is inappropriate for GKN's customers and investors." 

Christopher Miller, chairman of Melrose, said his company 
"invests in its businesses for the long term". 

He added: "Under Melrose, shareholders and customers will be 
able to enjoy a considered and longer-term process of value creation, 
investment and business enhancement, which is clearly not an option 
under continued GKN ownership." 

Analysis: By Rob Young, business reporter 
The intervention by Airbus, GKN's biggest customer, is as 

dramatic as it is unusual. 
The takeover bid by the turnaround specialists Melrose is 

described as hostile, because it was not sought by GKN's management. 
But it is Melrose that is experiencing hostility on several fronts. 

The board of GKN, MPs, pension fund trustees and now a key 
customer have all very publicly questioned Melrose's attempt to buy one 
of Britain's oldest engineering giants. 

Airbus's decision to wade in raises new concerns for GKN 
shareholders. They have two weeks to decide whether to back the bid or 
send Melrose packing. The share price of GKN suggests this is far from 
a done deal 

(http://www.bbc.com/news/business-
43414637?intlink_from_url=http://www.bbc.com/news/topics/crr7mlg0

dd1t/engineering&link_location=live-reporting-story) 
 

 
Text	3	

Engineering	push	in	valleys	schools	is	a	Welsh	first	
 

 

A five-year project to encourage pupils 
in the south Wales valleys to study 

engineering has been launched by the 
Royal Academy of Engineering. 

 
It is the first time the UK body, which promotes excellence in the 

industry, has operated such a programme in Wales. 
It began with 130 primary and secondary school pupils taking part 

in activities and challenges. 
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The aim is to encourage STEM subjects – science, technology, 
engineering and mathematics. 

Media captionThese primary school pupils explain why they'd like 
to become engineers one day 

Activities include "engineering in movies" as well as the 
opportunity to meet businesses to discuss apprenticeship and job 
opportunities. 

The RAE said it was keen to build on the region's "long history of 
engineering" and support the untapped engineering potential within 
students from the area. 

It added it wanted to build a skills base to support many of the new 
engineering companies investing in south Wales. 

The project will provide free STEM "enhancement and enrichment 
opportunities" to eight secondary schools and five primary schools to 
"create an engineering ethos". 

The RAE will also work with colleges, businesses and the 
government. 

It has previously run similar engineering education projects in 
Barrow-in-Furness, Stoke-on-Trent, and Lowestoft in Suffolk. 

The Barrow-in-Furness project has been a "huge success", 
according to the organisation. 

Since 2008, it has helped provide more than 56,000 STEM 
"engagement opportunities" for students in the area. 

The academy said a recent review showed participation in core 
STEM subjects required for a career in engineering had seen a sharp 
rise, and outpaced the national average across England. 

The founder and chief executive of DBD international, Andrew 
Carlick, is one of the business leaders involved with the south Wales 
project. 

He has more than 25 years experience in the nuclear industry and 
the company's worked on Wylfa and the Trawsfynydd nuclear power 
stations. 

Mr Carlick will be talking about careers in engineering when he 
returns to his old school, Afon Taf High, to speak to pupils. 

There is estimated to be a need for about 20,700 more engineers in 
Wales by 2020, with many currently working in the industry 
approaching retirement. 

The Welsh Government has a target of creating 100,000 
apprenticeships over the next five years. 
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The number of engineering apprentices from the south Wales 
valleys – just over 500 - is the highest for three years. 

The latest figures for 2016-17 were published last month and 
show: 

 24,115 were signed up on apprenticeship programmes from 
foundation level to higher level ones 

 1,770 were in engineering with construction, management, 
business administration and healthcare and public services being the 
other main areas 

 Only 155 of those are women and the Valleys project aims to 
join other programmes in trying to encourage more women to study 
STEM subjects 

 Overall, women make up the majority of apprentices with 
14,675 compared to 9,445 men 

 8,050 of those women as in healthcare and public services which 
shows there are still significant gender divisions when it comes to 
professions even at trainee levels where significant efforts have been 
made to overcome perceptions and barriers 

 Apprentices still tend to be younger, however, there are now 
3,270 aged between 40-49, another 1,515 between 50-59 and 145 over 60 

(http://www.bbc.com/news/uk-wales-
43317511?intlink_from_url=http://www.bbc.com/news/topics/crr7mlg0

dd1t/engineering&link_location=live-reporting-story) 
 
 

Text	4	
How	women	can	change	the	world	in	'year	of	engineering'	

 

 

This year is the UK's 'Year of 
Engineering', aiming to tackle the 
engineering skills gap and widen 
the pool of young people joining 

the profession. Here, Karen 
Holford, deputy vice-chancellor  

of Cardiff University and recently 
awarded a CBE for services to 

engineering and advancement of 
women in science, explains how 
engineers can change the world. 

Slowly but surely, the numbers of girls taking up engineering is 
rising. 
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At Cardiff University, we are ahead of the game, with 23 % of our 
engineering undergraduates being women, compared to the typical 
figure of 13 %. 

Last year saw a one percentage point increase in girls studying 
science, technology and engineering (Stem) subjects at A-level, from  
34 % to 35 %. 

In Chemistry, girls now make-up more than half of students, while 
the number of girls taking up apprenticeships has also risen by 6 %. 

Yet still more needs to be done to attract youngsters to engineering 
careers, and specifically girls, who, after all, out-perform boys in Stem 
subjects at GCSE. 

Teenagers, more often than not, want to change the world and 
create a fairer society. 

So we need to tell them and their parents – that's what engineers do. 
We're the ones concerned with water security, clean energy and 

combating global warming. 
We install solar panels in remote African health posts so people 

have access to electricity and solar fridges to store life-saving vaccines. 
We design better sanitation systems for refugees, clever bike lights 

to make cycling safer and innovative tools to help disabled people live 
fuller lives. 

Plus, of course, we also design and build amazingly fast Formula 
One racing cars – fun and altruistic too, as these designs often end up 
improving fuel economy in conventional transport. 

It is from these cars that my own love of engineering was born. 
Growing up in the Forest of Dean, my parents both loved motor 

sports and frequently took myself and my three sisters to watch F1 and 
motorcycle racing at Silverstone. 

I loved the speed and beauty of the machines, the noise of the 
engines, the excitement of the race strategy and, above all, the team 
spirit. 

Image captionKaren Holford is advancing women in science and 
engineering 

Despite being discouraged at school from following a career in 
engineering, when I left aged 18, I applied for an undergraduate 
apprenticeship with Rolls-Royce. 

The company then paid for me to study a four-year degree in 
mechanical engineering at Cardiff University while learning on the job. 

This gave me a brilliant start to my career and some incredible 
experiences, including during the Falklands War of 1982, where we 
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worked non-stop stripping and rebuilding Pegasus engines for the 
Harrier Jump Jets, which were used extensively in the campaign. 

After completing my PhD, also at Cardiff University, I then 
worked at Newport's AB Electronic Products Technology Centre, 
designing innovative car systems, including a new pressure sensor for 
BMW's anti-lock braking system. 

It's because I have had such an interesting career, that I am so 
passionate about trying to recruit other women and girls. 

In Wales, in particular, the opportunities are growing all the time. 
Not only do we have a booming electronics and software industry, 

we have Aston Martin creating 750 skilled engineering jobs. 
We have a vibrant renewables industry, plus a nuclear power 

station on Anglesey and hopefully the tidal lagoon in Swansea. 
Image copyrightGETTY IMAGESImage captionA female 

electronic engineer testing computer motherboard in a laboratory 
Yet still the message is struggling to get through. 
UK-wise, just one in ten engineers is female, the lowest rate in 

Europe, and anecdotally, this seems even worse in Wales – perhaps 
because the industry has for so long been associated with the macho 
dirty world of coal and steel. 

We also have work to do in our schools – Welsh schools are below 
the average of 72 countries in science and maths. 

Fundamentally, this needs to change, because it is hurting the 
Welsh economy. 

In 2016, we had a shortfall of 600 Stem academic positions – posts 
which could easily be filled by talented women. 

Across the UK, extra female scientists could be worth £2bn to the 
economy. 

There are things we can do, however. 
In 2015–2016, I co-authored a report called Talented Women for a 

Successful Wales, advising the Welsh Government on how to recruit, 
retain and promote women in Stem. 

Problems start young – with girls not being given toy trains and 
cars to play with. 

At secondary school, some teachers lack critical skills – teaching 
physics, for instance, when they don't have an A-Level in it themselves. 

Companies, too, need to embrace flexible working for men and 
women to ensure the burden of childcare is shared equally and women 
aren't out of the workplace. 
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Personally speaking, the fact my husband looked after our two 
children when they were young is the main reason why my career has 
flourished. 

This week, I begin my role as an ambassador for the UK's 2018 
Year of Engineering. 

I hope my appointment can shed more light on engineering in 
Wales and champion it as a great career for all, but especially girls. 

(http://www.bbc.com/news/uk-wales-42661662) 
 
 

Text	5	
Wales	needs	2,500	engineers	by	2020,	professionals	say	

 
A shortage of engineering graduates 

could leave the sector in Wales behind 
if more do not enter the profession, the 
Royal Academy of Engineering says. 

 
The body estimates Wales will need an extra 2,500 graduates by 

2020 to keep up with those approaching retirement. 
Professionals say engineering needs to attract more women into 

the trade in order to alleviate the problem. 
The shortage of engineers has been described as a "very real 

threat" to the UK industry. 
If we can provide the skills then actually Wales is a very attractive 

place for engineering companies to come and base their industries Rhys 
Morgan, Royal Academy of Engineers 

There are more than 20,000 businesses in the Welsh engineering 
sector, but the numbers have dropped in the last four years along with 
the number of employees, which have dropped to just over 200,000, with 
around 35,000 of those engineers. 

However in the past year the sector has grown by over 2 %. 
The Engineering Education Scheme Wales (EESW), which is 

hosting an event at the Celtic Manor Hotel in Newport on Monday to 
raise interest in science and engineering, hopes to encourage the students 
to take up careers in the discipline. 

Rhys Morgan from the Royal Academy of Engineering said the 
results could be serious if the shortage is not tackled. 
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"We are in this global market now for skills, and with increasing 
global manufacturing supply chains actually it's a very real threat to the 
UK industry. 

"One benefit is being in Europe, the UK and Wales are very close 
to the markets and so actually is able to deliver more quickly. 

"If we can provide the skills then actually Wales is a very 
attractive place for engineering companies to come and base their 
industries." 

One solution is to raise the number of women entering the 
profession. 

Currently only 10% of the engineering workforce is female. 
Boys dominate the STEM (science, technology, engineering and 

maths) subjects at both A-level and degree level. 
Events such at the EESW aim to change this balance as well as 

encourage a higher overall uptake of the subjects, with a particular focus 
on engineering and manufacturing. 

Students attending will have worked on a real engineering 
challenge with companies, who are also taking part in the day-long 
event. 

First Minister Carwyn Jones will also attend and take part in prize-
giving for pupils who have joined the F1 challenge, which involves 
designing and manufacturing model racing cars. 

(http://www.bbc.com/news/uk-wales-26912408) 
 
 

Text	6	
Rolls‐Royce	aircraft	engine	fix	will	take	'some	years'	

 
 

An engine fault that grounded 
planes at British Airways and other 
airliners will take "some years" to 
fix, Rolls-Royce has said. 

 
 

The aerospace giant said parts in its Trent 1000 engines were 
wearing out faster than expected but that it "had a solution" to the 
problem. 

It came as Rolls-Royce reported better-than-expected results for 
2017, following a record loss in 2016. 
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However, it signalled job losses ahead as the firm continues to cut 
costs. 

In December, Air New Zealand became the latest airliner to 
ground some of its flights because of problems with its Rolls-Royce 
engines. 

It said there had been "two recent events" involving Trent 1000 
engines, one which required the plan to return to the airport after  
take-off. 

In December, Air New Zealand became the latest airliner to 
ground some of its flights because of problems with its Rolls-Royce 
engines. 

Japan's ANA and Virgin Atlantic have also had problems. 
Rolls-Royce said up to 500 Trent 1000 engines - used on Boeing 

787 planes – and some Trent 900 engines had technical problems. 
Boss Warren East told BBC Radio 4's Today programme: "First 

you have to realise that all mechanical things wear out over time, and 
some of the parts in our Trent engines are wearing out faster than we 
originally forecast. 

'We have a plan' 
"We're having to manage the operational impacts because it's quite 

disruptive for our customers." 
He added: "We have a solution, we have a plan, it will take some 

years to fully implement the modifications in all the engines which are in 
service." 

The firm reported better than expected earnings for 2017, with 
profits before tax of £4.9bn. 

It follows a £4.6bn loss in 2016 – the largest in Rolls-Royce's 
history – due to settling corruption cases and currency hedges going 
wrong, among other factors. 

The news pushed shares in the company up by more than 14 %. 
The firm attributed its performance to stronger sales of aero and 

diesel engines, as well as a £2.6bn accounting boost from the recent 
strengthening of the pound. 

Job losses? 
However, it said its 2018 figures could be impacted by the cost of 

carrying out the Trent engine repairs, and also that it would push ahead 
with a plan to "simplify its staff structure" to cut costs. 

This would see it reduce its number of business divisions from five 
to three. 
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Mr East suggested corporate roles would be affected but stressed 
the revamp was not set to affect engineers or technologists. 

It comes after around 600 managers have left the group since 2015 
under a previous overhaul. 

"It is too early to comment on specific numbers of job losses, but 
what I have been talking about for some time is we need to simplify our 
operation," Mr East said. 

(http://www.bbc.com/news/business-
43313866?intlink_from_url=http://www.bbc.com/news/topics/ 
crr7mlg0dd1t/engineering&link_location=live-reporting-story) 

 
 

Text	7	
Drive	to	rebuild	'forgotten'	early	car	

 
 

When James Skeoch designed 
and built one of Scotland's first 
affordable cars, he must have 

dreamed of huge success. 

 
With a price-tag of just £180, the first Skeoch Utility Car was the 

cheapest on display at the Scottish Motor Show in 1921. 
It sold within 10 minutes and a further nine were quickly snapped 

up by customers keen to join the automobile revolution. 
But within months Skeoch's business was in ruins. His uninsured 

workshop in Dalbeattie, Dumfries and Galloway, burned to the ground. 
Since then the Skeoch Utility Car has been largely forgotten by all 

but keen historians of Scotland's motor industry. 
Now, almost 100 years later, plans are are being drawn up to 

recreate the so-called "cycle car" in the town where it was manufactured. 
The Skeoch car was the cheapest on show at the Scottish Motor 

Show in 1921 and apparently sold within 10 minutes 
The ambitious project has been taken on by a group of mainly 

retired local men, known as Dalbeattie Men's Shed. 
Using some of the original parts and working from the original 

drawings, they hope to build a working Skeoch car in time to mark its 
centenary. 
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Motoring enthusiast Martin Shelley approached the Men's Shed 
with the idea for the project after reading about the group on the BBC 
Scotland website last year. 

Burnside Motor Works in Dalbeattie, where the Skeoch was 
manufactured, was devastated by fire in December 1921 

The group, which meets in a workshop in Dalbeattie twice a week, 
was named Shed of the Year for its efforts to "help as many local people 
as possible". 

"Using the Dalbeattie Men's Shed's energy, enthusiasm and skills 
to recreate the car seemed like a match made in heaven," Mr Shelley 
said. 

He said "cycle cars" were first invented in the early 1900s and they 
got their name after using motorcycle engines and wheels. 

They became increasingly popular after World War One, when 
soldiers returned home from the front line, having become used to 
driving. 

The Skeoch radiator badge was among the original parts found in 
the home of Mr Skeoch's son following his death last Dalbeattie Men's 
Shed have also been given an original engine and gearbox with which to 
build a Skeoch car 

Mr Shelley said: "After World War One, the ordinary working 
man was much more used to the idea of riding a motorcycle or driving a 
car so they knew about the technology and now they wanted to try and 
build their own cars. 

"In the early 20s, there was a huge flowering of people making 
these cars. As it turned out, Skeoch in Dalbeattie were the only people in 
Scotland to ever attempt to make these things commercially." 

The original drawings and parts - including the radiator badge - 
were found in the Wishaw home of Ron Skeoch, James Skeoch's son, 
after he died last year. 

Mr Shelley said he hoped they could be used to capture the "spirit" 
of the 1920s vehicle. 

"You could make a replica of the car which would pass muster, 
using a modern engine and a modern gear box and using modern parts. 
But the spirit of the car is very much based on the parts that were 
available in 1920," he said. 

"This project will be very like the original car and that to me is 
what the joy of the whole thing is." 

Fiona Sinclair hopes to be able to sit in one of her grandfather's 
cars. "It's going to be something for posterity," said Geoff Allison of 
Dalbeattie Men's Shed 
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The granddaughter of James Skeoch, Fiona Sinclair, is also 
involved in the project. 

She never knew her grandfather – he died in 1954 – but she hopes 
that her mother – Skeoch's daughter – will get the chance to ride in one 
his cars. 

"I think it's going to mean a lot to my family," she said. "It's tragic 
that the fire put an end to his ambition. 

"I'm actually rather hoping I can physically get to sit in the car, I'm 
not quite sure I could be trusted with driving it. 

"It's only got two gears apparently but I think it would be rather 
wonderful. What I really hope is that my mother gets the opportunity to 
actually sit in the car as well." 

The project is "immensely exciting", said Geoff Allison, the 
secretary of the Dalbeattie Men's Shed, which has members with 
engineering and mechanical skills. 

"It's engineering-rich, it's Dalbeattie-rich, it's community-rich, it 
fills so many of our requirements," he added. 

"It's big, it's going to be eye-catching, it's going to be something 
for posterity. It's got a lot to recommend it." 

(http://www.bbc.com/news/uk-scotland-south-scotland-
43168686?intlink_from_url=http://www.bbc.com/news/topics/ 
crr7mlg0dd1t/engineering&link_location=live-reporting-story) 

 
 

Text	8	
Elon	Musk:	The	man	who	sent	his	sports	car	into	space	

 

 

The Falcon Heavy's boosters 
burned for 154 seconds before 
they were jettisoned into space. 
Free from the main body of the 

rocket, they spun 180 degrees and 
arced back towards the earth, 

burning their engines again as 
they descended to Cape 

Canaveral, to land, smoothly, 
improbably upright, within a 

second of one other 
 

Meanwhile, the main rocket pushed on, preparing to bring the 
world an even less credible sight. Four minutes into the flight, the nose 
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cone broke apart to reveal its payload: a cherry-red electric sports car, 
with the top down, in space – a PR stunt for the ages. 

It was all brought to you by Elon Musk, the South African-born 
billionaire entrepreneur and founder of Paypal, electric car company 
Tesla, and SpaceX, the manufacturer of the Falcon Heavy. The partly-
reusable Heavy is the most powerful rocket on earth, and, if Mr Musk is 
to be believed, a stepping stone to a rocket to Mars. 

The sports car in the nosecone was one of Mr Musk's own Tesla 
Roadsters. Its stereo was programmed to play David Bowie's Space 
Oddity on repeat as it travels for millions of years through space.  
Or until the battery dies, anyway. 

"It's kind of silly and fun," he conceded, "but silly and fun things 
are important." 

In the 12 years since Mr Musk sold online payments firm Paypal 
for $1.5bn, he has evolved in the public imagination into a kind of mad 
genius figure – part industrialist, part scientist, part playboy, part 
superhero. He has dated and married famous actresses, including Talulah 
Riley and Amber Heard, and had a rumoured fling with Cameron Diaz. 
Robert Downey Jr took inspiration from him to play Tony Stark in Iron 
Man. 

He has cornered private space flight and the electric car industry, 
ventured into solar energy and artificial intelligence, and promised 
super-high speed magnetic train travel, in a tube, underground. Oh, and 
he plans to colonise Mars. 

Most take Mr Musk's more wild ambitions and boasts with a 
galaxy-sized pinch of salt. His companies have missed deadline after 
deadline and recorded massive losses. But climate change campaigners 
have hailed the unexpected popularity of Tesla's electric cars, and the 
launch of the Falcon Heavy capped a string of successes for SpaceX. 

It all began in Pretoria, South Africa. As a young boy, he was 
obsessed with science fiction novels and more or less anything you 
could run a current through. His parents, Maye, a model, and Errol, an 
engineer, separated when he was eight. His younger brother and sister 
would stay with their mother, so he volunteered to go with their father. It 
did not go well. He later recalled returning home after vicious bullying 
at school, "and it would just be awful there as well". 

At 17, he moved to Canada to study physics and economics at 
Ontario's Queen's University. From Canada he migrated to the US in 
1992, transferring to the University of Pennsylvania, and from 
Pennsylvania to a PhD in energy physics at Stanford in California, After 
two days, he quit. 
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Instead he founded Zip2, an online newspaper platform, with his 
younger brother Kimbal. In 1999 they sold the company to Compaq for 
$300m, and Mr Musk ploughed his share into an online bank, X.com. 
X.com became Paypal, and in 2002 Paypal sold to eBay for $1.5bn. 
Aged 31, Mr Musk netted $165m. 

By that time, Mr Musk was two years into a marriage to Justine 
Wilson, an aspiring fantasy writer he met in Ontario. Mr Musk asked her 
out for ice cream. She agreed but then blew him off. He showed up in 
the student centre, where she was studying, with two cups of ice cream. 

"He's not a man who takes no for an answer," Ms Wilson recalled 
in Marie Claire magazine. 

He is said to be a relentless worker. When he founded Zip2, he 
reportedly worked all day, slept in the office, and showered over the 
road at the YMCA. Asked in 2010 what advice he would give 
entrepreneurs, he suggested they should "put in 80 to 100-hour weeks 
every week". 

"If other people are putting in 40-hour work weeks, and you're 
putting in 100-hour work weeks, you'll achieve in four months what 
takes them a year," he said. 

As they danced at their wedding, Justine later recalled, he told her: 
"I am the alpha in this relationship". He was a controlling husband, she 
said, pushing her to dye her hair more and more blonde. "I am your 
wife," she recalled saying, "not your employee." "If you were my 
employee," he would reply, "I would fire you." 

Their first son, Nevada, died at 10 weeks from Sudden Infant 
Death Syndrome – a tragedy that Mr Musk refused to talk about, she 
said. They went on to have five more children - twins and a set of triplets – 
via IVF, but she struggled with depression over the death of their first son. 

Eight years after they married, they divorced, in a messy, multi-
million dollar separation. Six weeks later, he texted her to say he was 
engaged to Talulah Riley, a British actress 14 years his junior. 

"I will never be happy without having someone," he told Rolling 
Stone. "Going to sleep alone kills me." 

He and Ms Riley married in 2010. They divorced in 2012 and 
remarried in 2013. In 2014 he filed for, then withdrew, a second divorce 
and in 2016 she filed for divorce and it took. 

After the sale of Paypal in 2002, Mr Musk ploughed his $165m 
into three new companies: Tesla, SpaceX, and a solar energy company 
called Solar City. Tesla was a quixotic venture, a niche electric car 
company in a nation addicted to gas. 
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With Mr Musk as CEO, the company set out a top-down plan – 
first, market a high-performance sports car, a machine that would set 
Tesla apart from a stereotype of small, underpowered electric vehicles. 
Then a luxury sedan, and finally a low-cost, mass-market electric car. 

A $456m loan from the US government saved Tesla from near-
bankruptcy in 2008, and in 2010 it became the first American car 
company to float on the stock market since Ford in 1956. In 2017, it 
surpassed Ford and General Motors to become, briefly, the most 
valuable car company in the country. It was the market betting on a 
greener future, and not a reflection of Tesla's bottom line. 

Serious production delays on its low-cost Model 3 have 
compounded years of losses. On Wednesday, the day after its Roadster 
went interstellar, Tesla Inc landed with a bump. It reported a $675.4m 
(£487m) loss in the last quarter of 2017, more than five times worse than 
the previous year, although revenue climbed 44% to $3.3 billion. 

"We were in a deeper level of hell than we expected, still a few 
levels deeper than we would like to be," said Mr Musk on a conference 
call with analysts. It was a characteristic take for a man preoccupied 
with human extinction. 

A few hours earlier, he had announced on Twitter that the 
company's cosmic Roadster was en route to the asteroid belt, having 
overshot the trajectory for its planned Mars orbit. Then astronomers took 
a closer look at the data and concluded the car wouldn't make it that far. 
Not for the first time, SpaceX revised its projections. 

Over the past five or so years, Mr Musk has outlined varying plans 
and deadlines for his ultimate goal of sending humans to colonise the 
Red Planet. Late last year, he said he expected SpaceX to send a cargo 
mission in 2022, to lay groundwork, followed by a manned mission  
in 2024. The practical difficulties and dangers of sending humans 140 
million miles to Mars are huge. Nasa has been more circumspect, putting 
its estimate for a manned mission somewhere in the mid-2030s. 

But the successes of SpaceX's more prosaic work – resupply 
missions to the space station, commercial satellite launches, Nasa and 
Air Force contracts – have propelled it to near the top of the list of the 
world's most valuable privately-held companies, with a $21.2bn 
valuation. 

The company has pioneered new reusable rocket technology, 
wowing the world, as on Tuesday, with the sight of pencil-like rockets 
gracefully descending to land with pinpoint accuracy, on land and at sea. 
It has undercut Nasa and major established rivals such as Boeing to 
provide (relatively) cheap space flight. 
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And as SpaceX looks to the heavens, another of Mr Musk's companies is 
going underground. In October, the Boring Company won permission 
from the US government to dig a 10-mile test tunnel under Maryland. 

Mr Musk hopes it will one day house the "Hyperloop", an 
electromagnetic bullet train he has boasted will carry passengers at up to 
760mph (1223km/h). In July, he tweeted that he had won "verbal 
government approval" to build a Hyperloop between New York and DC 
that would reduce the journey time from three hours to 29 minutes. 
Officials said no such approval had been given. 

The Hyperloop idea has its fair share of critics. Thom Neff, a civil 
engineer, put it succinctly when he told Wired last year, "I would put 
what Mr Musk is saying today in the bullshit category." A working 
Hyperloop is, without doubt, a long way off. 

But to those who admire him, Mr Musk is a visionary, an 
irrepressible Howard Hughes-like figure revolutionising industry after 
industry. His two latest ventures, Neuralink and OpenAI, take him into 
the world of artificial intelligence. 

His madcap ideas to save humanity from itself have even earned 
him the honour of a parody Twitter account, "Bored Elon Musk". On 
Tuesday, after one of Mr Musk's companies blasted a sports car into 
space and another reported record losses, his bored alter-ego put out a 
single tweet. "Classic Tuesday," it said. 

(http://www.bbc.com/news/science-environment-42992143? 
intlink_from_url=http://www.bbc.com/news/topics/ 

crr7mlg0dd1t/engineering&link_location=live-reporting-story) 
 
 

Text	9	
University	application	rates		

from	18‐year‐olds	in	poorest	areas	fall	
 

 

 
University applications from 
18-year-olds who live in the 

poorest parts of Scotland have 
fallen for the first time in a 
decade, according to a new 

report. 
 

Data from admissions body Ucas showed a drop in the number of 
applications was sharpest among those from disadvantaged areas. 
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Higher Education Minister Shirley-Anne Somerville conceded 
there was "more work to do". 

But Scottish Conservative spokeswoman Liz Smith said the drop 
was "worrying". 

Widening access to universities is a priority for the Scottish 
government. 

The number of applications to universities from 18-year-olds in 
the most disadvantaged parts of Scotland fell from 1,970 last year to 
1,900 this year, by the January 15 deadline. 

The total number of applications from Scottish students aged 18 
or under fell from 18,710 in 2017 to 18,000 in 2018. 

The report from Ucas also noted that the application rate for 
people living in the most advantaged areas in Scotland had actually 
increased. 

Analysis by Jamie McIvor, BBC Scotland education 
correspondent 

It's not so much the level of the drop in the number of applicants 
from disadvantaged areas that's significant – more the fact there's been a 
drop at all. 

It's the first time for a decade the numbers have moved in this 
direction and this drop demonstrates just how hard it is to make 
progress. 

Universities already run a number of schemes to help attract 
applicants from disadvantaged areas and recently they produced an 
action plan. 

For instance, they will pay less attention to exam grades when it 
comes to deciding who should be offered a place and look more at the 
individual's qualities, experience and potential. 

But there are other factors to consider too, including raising 
attainment in schools and encouraging youngsters and parents who come 
from backgrounds where university may not seem like a natural option. 

It may seem trite to say this, but persuading a youngster with no 
friends or relations who have been to university that it may be a place for 
them is not always easy. 

Role models and outreach schemes can be hugely important. 
It is worth bearing in mind that ultimately what matters is how 

many youngsters from disadvantaged areas get into university - not how 
many apply. It is still possible the number who actually get in this year 
will rise. 

But the long term targets won't be met unless applications rise too. 
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International students 
The figures also showed a 1 % rise in the total number of 

applications to Scottish universities, with a 1 % decrease in the overall 
number applying to UK institutions. 

Meanwhile, the number of applications to Scotland from 
international students from outside of the EU increased by 13 %. 

Ms Somerville said: "While it is good to see Scotland's 
universities outperforming those across the UK, it is also vitally 
important that we continue to drive forward our ambition to widen 
access to university for people from our most deprived communities. 

"In 2017, we saw a 13% increase in the number of people from 
the most deprived communities getting places to study at university. 

"Today's application rate shows that there is more work to do if 
we are to see a similar increase in 2018." 

She added: "Universities must do all they can to promote the 
opportunities available for learners from our most deprived backgrounds 
and to make them aware where there is still a chance to apply before the 
30 June deadline. 

"It is equally important that universities push ahead with the 
implementation of minimum entry thresholds so that the potential of 
those who do apply is recognised fairly within the application process." 

'Particularly worrying' 
But Tory education spokeswoman Ms Smith, said Scotland's future 

prosperity and the success of its young people depended on a thriving 
university sector. 

She said: "Given the financial constraints under which universities 
are operating and the resulting pressure to increase the number of fee-
paying students, it is perhaps not surprising to see the growth in the 
number of international applicants. 

"At the same time, it appears that the number of Scots domiciled 
students applying to university has started to flatline. 

"It is particularly worrying to see a drop in the number of students 
applying for Stem (science, technology, engineering and mathematics) 
courses and a drop in the number of Scottish students applying to 
university from disadvantaged backgrounds." 

Scottish Labour's Iain Gray told BBC Radio Scotland's Good 
Morning Scotland programme: "If you come from one of the more 
affluent families as a youngster you are three times more likely to go to 
university – so the gap is still enormous and it is very worrying this year 
to see the trend has reversed and indeed that gap has widened at least 
when it comes to applications for university. 
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"It is the case that people from poorer families are less likely to 
apply to university, if they apply they are less likely to be successful and 
if they are successful and go to university they are still less likely to see 
the course through." 

Student support 
The National Union of Students Scotland described the figures as 

"deeply concerning". 
Education spokeswoman Jodie Waite said: "The Scottish 

government has, rightly, made widening access a priority. But we know 
that some institutions just aren't pulling their weight. That needs to 
change. We need to see concerted action – from all institutions – to 
boost admissions from those from poorer backgrounds. 

"We know that the current system of student support is broken - 
forcing the poorest higher education students into the most debt, and 
giving further education students no guarantee of support. 

"That's why, as part of this budget, we're calling on the Scottish 
government to commit substantial new investment to deliver a world-
class financial support system to match our world-class education 
system." 

(http://www.bbc.com/news/uk-scotland-42938097?intlink_ 
from_url=http://www.bbc.com/news/topics/crr7mlg0dd1t/ 

engineering&link_location=live-reporting-story) 
 
 

Text	10	
Why	are	there	so	few	female	engineers?	

 
Fewer than one in 10 engineers in the UK is 

female - the lowest percentage in Europe, 
according to the Women's Engineering 

Society. Latvia, Bulgaria and Cyprus lead 
with nearly 30 %. Here, two pioneering 
female engineers at Oxford University 

explain what drives them. 
 

Priyanka Dhopade was named as one of the top 50 Women in 
Engineering Under 35 in 2017, as chosen by the Women's Engineering 
Society. She grew up in Canada, where she studied for a degree in 
aerospace engineering. She completed a PhD at UNSW Canberra in 
Australia, before moving to Oxford in 2013. 
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As a child I was very interested in aeroplanes, and how things fly 
in space – I wanted to be an astronaut. My parents suggested 
engineering, because it's quite practical. I could use my enthusiasm and 
my skills to do something that's real that matters. 

Environmental goals 
My research looks at the thermodynamics and the fluid dynamics 

of jet engine internal flows. I do a lot of computational fluid dynamics to 
look at the transfer of heat inside an engine and use those predictions to 
help design innovative cooling systems for modern jet engines. What 
that does is it helps to make the engine more efficient and safer as well, 
and reduces the environmental impact in terms of emissions and fuel 
consumption. If we help to make jet engines more efficient, that's going 
to have a huge environmental impact. 

Not just hard hats 
The stereotype of an academic is someone who sits at their desk 

and doesn't talk to anybody and just scribbles away in their notebook. 
But I talk to so many experimentalists and work with them to help 
design these massive test facilities so that we can look at different 
aspects of the jet engine. I work with industry sponsors and get their 
input on the real problems that they are facing. I spend some time on the 
computer as well. I think that's also another thing that people don't realise, 
that in our modern digital world - engineering, a lot of it, is computer-
based. It's not about wearing a hard hat and being on-site – although those 
roles are still available for those who are attracted to them. 

Rewarding career 
I try not to think about it on a daily basis because I'm quite busy 

and I'm doing interesting things, but, occasionally, I look around and see 
that I'm the only woman in the room full of 30 or 40 men and I do find it 
a bit odd. The cultural, historical connotations of engineering, 
particularly in Britain, seem to be quite different from other countries, 
certainly in the culture that I grew up in, which is South Asian. The 
connotation of an engineering career is something quite prestigious, and 
boys and girls are encouraged to do it, because it's seen as a stable, 
rewarding career, financially as well. So I find it a bit odd coming to 
Britain and seeing that people aren't as enthusiastic – it's not as 
prestigious or as respected a profession. And, not seeing enough women 
doing it – it breaks my heart. 

Encouraging women 
I think there's so many problems that need to be solved and the 

problems are quite diverse, so the solutions also need to be diverse. We 
need to be involving as many different members of society as possible, 
not just women but also different ethnicities and different socioeconomic 
classes and disabilities – it has to be a combined effort. Making parents 
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and teachers aware that engineering is an interesting, rewarding, 
successful career choice for girls would go a long way towards 
increasing the intake of girls. But, at the same time, we have to do things 
to improve the environment for when they do become engineers. 

Role models 
My earliest role model was my dad, who was a mechanical 

engineer. Growing up I didn't really have any other engineering role 
models but when I became a graduate student and started to feel more 
and more that I was a minority in terms of gender, I started to seek out 
role models. Now I know all of these amazing female engineers who are 
definitely huge role models to me, like Dame Ann Dowling, Professor 
Eleanor Stride at Oxford and Professor Alison Nobel at Oxford. I think 
they don't get as much visibility as they deserve. For young girls to look 
up to someone like Dame Ann Dowling and say, 'I want to be like her' – 
that would make such a huge difference. 

Gladys Ngetich grew up in Kenya, where she studied engineering. 
She came to Oxford as a Rhodes Scholar, and is now studying for her 
PhD.d 

My father was an engineer in Kenya. During holidays he would 
come home with spanners and engineering tools trying to fix things here 
and there. I think I was introduced to that engineering environment when 
I was very young. 

Aerospace dreams 
I'm looking at improving or coming up with new efficient 

advanced cooling technologies for jet engines. We are filing a patent. 
That's actually one of my dreams. To work and to come up with 
something which is significant, that is going to have uses in the world in 
terms of making intercontinental travel safe and efficient so we use less 
fuel, we have less emissions, and just generally helping people all over 
the world. 

Filing a patent 
Aerospace is male-dominated. Personally, it's not been a big 

problem for me because I was born after four boys and so most of my 
childhood I spent with boys. I've had role models all through my levels 
of education – grammar school, high school, undergrad and now in 
Oxford. I think my biggest role model is my supervisor. He's helped me 
to write a paper and file a patent. I feel I have already achieved more 
than I was expecting. In five years, I'm not sure where I will be, but it 
will either be industry, maybe in Oxford, or I will be teaching. 

(http://www.bbc.com/news/science-environment-42655179? 
intlink_from_url=http://www.bbc.com/news/topics/crr7mlg0dd1t/ 

engineering&link_location=live-reporting-story 



120 

APPENDIX I 
 

 
         Audio Files 

 
 

UNIT	1.	WHAT	IS	SCIENTIFIC	INVESTIGATION?	
 

Text	1	

Exercise 1. Listen and take down the steps of scientific 
investigation mentioned  in the text. 

1. ___________________________ 
2. ___________________________ 
3. ___________________________ 
4. ___________________________ 

 

Exercise 2. Listen and take down English equivalents to the 
following words and word combinations: 

Прогнозы (научные)_______________________ 

Доказательство _________________________ 

Научное исследование _________________ 

Наблюдение _____________________ 

Гипотеза ________________________ 

Утверждение ____________________ 

 

Exercise 3. Listen and answer the questions. 

1) What does scientific investigation typically begin with? 
2) What is a hypothesis? 
3) What is a prediction? 
4) Does evidence prove that your hypothesis is true? 
5) Why is communicating important? 
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Text	2	
 

Exercise 1. Read the comments before listening.  
Comments: 
The ultimate goal – final goal; end state; endgame; end result. 
Insight – understanding; vision; comprehension; knowledge; 

intuition; picture. 
To supervise – to oversee; to monitor; to control; to direct; to 

observe. 
To ignite – to fire up; to light up; to switch on; to turn on. 

 
Exercise 2. Make a list of fields where scientists work. 
__________________   _____________________ 
__________________   _____________________ 
__________________   _____________________ 
__________________   _____________________ 
 

Exercise 3. Listen and answer the questions. 
1) Where can a scientist work? 
2) What examples have been mentioned in the text? 

 
 

Text	3	
 

Exercise 1. Read the comments before listening.  
Comments: 
Intangible – non-material; immaterial; elusive; unreal. 
Trait – attribute; feature; characteristic; quality. 
Voracious – ravenous; hungry; greedy; starving. 
Conversely – in contrast; on the other hand; vice versa; at the 

same time. 
To emerge – to come out; to arise; to appear; to happen. 
To redact – to edit; to write up; to publish; to modify. 
To revise – to amend; to review; to re-examine. 

 

Exercise 2. Listen and answer the questions. 
1) What is the workplace of a scientist like? 
2) What does mathematicians deal with? 
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Exercise 3. Listen and check if the statements are true or false. 
Correct the false ones. 

1) A scientist can be found in government facilities, company 
labs, in space, on ships, underground, in hospitals and so on. 

2) But scientist cannot be found in any industry, there are no 
scientists working in their particular field. 

3) Mathematicians are not considered natural scientists. 
4) The general population, not involved in either science or 

mathematics, would never tend to categorize both in the one field. 
5) The majority of mathematicians would not consider themselves 

as scientists. 
6) Scientists cannot hypothesize and conditionally accept the 

results of the hypothesis. 
 
 

UNIT	2.	Studying	Computer	Engineering	
 

Text	1	
 

Exercise 1. Read the comments before listening.  
Comments: 
Extensive – wide; large; broad; huge. 
Seamlessly – completely; perfectly; exactly; totally; absolutely; 

very well. 
To ntegrate – to join; to include; to add. 
To enhance – to improve; to increase; to raise. 

 
Exercise 2. a) Make a list of words connected with computer 
engineering; 

_______________________   ____________________ 
_______________________   ____________________ 
_______________________   ____________________ 
_______________________   ____________________ 
_______________________   ____________________ 
_______________________   ____________________ 
 

b) After listening underline the words in your list that have been 
mentioned in the text. 
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Exercise 3. Listen and answer the questions. 
1) What career paths does computer engineering offer? 
2) Why does computer engineering blend together computer 

science and electrical engineering? 
3) What do computer engineers develop? 

 
 

Text	2	
 

Exercise 1. Read the comments before listening.  
Comments: 
Avenue – way; road; path; route; course. 
Skill – proficiency; ability; competence; talent. 
Embedded – built-in; incorporated; included. 
App – operation; follow-up; software; program. 
Employer – owner; head; chief; governor. 
Insatiable – ravenous; greedy. 

 
Exercise 2. Read the following text and give the main idea in English. 
Listen and check if the statements are true or false. Correct the false 
ones. 

1) A computer engineers work with hardware and software 
2) Computer engineers are not allowed to focus on innovation. 
3) Hardware engineers focus their skills on computer systems and 

components. 
4) Software engineers create, test and debug programs and 

applications that run on computers, mobile devices and more. 
5) There are limited career options for those who wish to enter the 

computer engineering profession. 
6) Today there is no need for trained, skilled and qualified 

computer engineering professionals. 
 

Text	3	

Exercise 1. Listen and finish the ideas. 
1) Computer engineers specialize in areas like digital systems, 

_________________________ etc. 
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2) Professionals employed in the computing industry have 
___________.  

3) Graduates of computer engineering find employment in a 
variety of settings, such as _______________________. 
 

Exercise 2. Listen an dmatch A and B. 
                  A 
 Computer Design and 
Engineering  
 Computer Architecture 
Information Technology  
 Communications Systems 
Engineer  

B 
 Design new computer circuits, 
microchips, and other electronic 
components.  
 Develop and manage information 
systems that support a business or 
organization. 
 Design new computer instruction 
sets and combine electronic or 
optical components to provide 
powerful but cost-effective 
computing.  
 Design, integrate, and deploy 
digital and optical communication 
systems

 

Exercise 3. Listen and answer the questions. 
1) What areas docomputer engineers specialize in? 
2) Do professionals in the computer engineering field need to 

have a degree? 
3) Where graduates of computer engineering may work? 
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APPENDIX II 
 

 

 
Speech Structure – How to 

organize your speech 

 
Most good writing, we are told, must have structure. A good speech  

is no exception. By providing your speech with a beginning, a middle, 
and an end, you will lay the foundations for a successful speech that 

fulfills all of your aspirations. 

1. Opening 

The first thirty seconds of your speech are probably the most 
important. In that period of time you must grab the attention of the 
audience, and engage their interest in what you have to say in your 
speech. This can be achieved in several ways. For example you could 
raise a thought-provoking question, make an interesting or controversial 
statement, recite a relevant quotation or even recount a joke. Once you 
have won the attention of the audience, your speech should move 
seamlessly to the middle of your speech. 

2. Body 
The body of your speech will always be the largest part of your 

speech. At this point your audience will have been introduced to you and 
the subject of your speech (as set out in your opening) and will hopefully 
be ready to hear your arguments, your thoughts or even your ramblings 
on the subject of your speech. 

The best way to set out the body of your speech is by formulating 
a series of points that you would like to raise. In the context of your 
speech, a "point" could be a statement about a product, a joke about the 
bridegroom or a fond memory of the subject of a eulogy. 

The points should be organized so that related points follow one 
another so that each point builds upon the previous one. This will also 
give your speech a more logical progression, and make the job of the 
listener a far easier one. 

Don't try to overwhelm your audience with countless points. It is 
better to make a small number of points well than to have too many 
points, none of which are made satisfactorily. 
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3. Closing 

Like your Opening, the Closing of your speech must contain some 
of your strongest material. You should view the closing of your speech 
as an opportunity. It is an opportunity to: 

– Summarize the main points of your speech 
– Provide some further food for thought for your listeners 
– Leave your audience with positive memories of your speech 
– End with a final thought/emotion (e.g. With well wishes to the 

Bride and Groom, With fond memories of a departed friend, With 
admiration for winners and losers at an awards ceremony). 

 
Speech Delivery Tips 

 Make sure that your appearance is well presented 
 Speak clearly, and adjust your voice so that everyone can hear 

you. 
 Don't shout for the sake of being loud 
 It is common to speak rapidly when nervous, try to take your time 

speaking 
 Effectively used, a pause in your speech can be used to emphasize 

a point, or to allow the audience to react to a fact, anecdote or joke 
 Make eye contact with your audience. This helps to build trust and 

a relationship between the speaker and the listeners 
 Do not fidget or make other nervous gestures with your hands 
 Do not keep your hands in your pockets 
 Do use hand gestures effectively 
 Be yourself, allow your own personality to shine in your speech 
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Аннотация 

 
Аннотирование – вторичная обработка письменной информа-

ции. Аннотация (Abstract or Summary) – краткая справка о статье, 
книге и т.п. с точки зрения содержания. Материал излагается  
в сжатой форме. 

Требования к аннотации: 
1. Лаконичность языка, т.е. использование простых предложе-

ний (глаголы употребляются всегда в настоящем времени в дейст-
вительном или страдательном залоге. Модальные глаголы 
отсутствуют). 

2. Строгая логическая структура текста аннотации. 
3. Обязательное введение в текст английских безличных кон-

струкций, с помощью которых происходит введение и описание 
текста оригинала. 

Clichés for annotation writing 

In English In Russian 
1. The title of the article is… 
2. As the title implies the article 
describes… 
3. The article (paper, book, etc.) 
deals with… 
4. The article provides the reader 
with some data on/ material, 
information on… 
5. It is especially noted that… 
6. A mention should be made 
that…  
7. It is spoken in detail… 
8. …are noted.  
9. It is reported… 
10. The text gives valuable 
information on … 
11. Much attention is given  
to… 
12. It gives a detailed analysis 
of… 
13. It draws our attention to… 
14. It should be stressed that…  

1. Название (заглавие) текста … 
2. Согласно названию, в статье 
описывается… 
3. Статья касается… 
 
4. Статья даёт читателю 
информацию о… 
 
5. Особенноотмечается… 
6. Упоминается… 
 
7. Подробно говорится о… 
8. … упоминаются. 
9. Сообщается… 
10. Текст даёт ценную 
информацию… 
11. Большое внимание 
уделяется… 
12. Она (статья) даёт подробный 
анализ  
13. Она привлекает внимание к… 
14. Следует подчеркнуть… 
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15. …are discussed.  
16. The article is of great  
help to …  
17. The article is of interest to… 
18. First/firstly… 
19. Moreover, in addition/ 
next… 
20. As a result… 
21. In conclusion… 
22. Finally/on the whole… 

15. …обсуждаются. 
16. Эта статья окажет большую 

помощь… 
17. Эта статья представляет 

интерес для… 
18. Во-первых… 
19. Кроме того… 
20. В результате… 
21. В итоге, в результате… 
22. В заключение… 

  



129 

 
Writing Your Essay 

 
An essay is a piece of writing that gives the author's own argument. 

Here is the structure of ESSEY: 
 

1) Introduction 

The introduction states the purpose of the following writing. It 
describes the scope of the document and gives the brief explanation or 
summary. It may also explain certain elements that are important to the 
essay if explanations are not part of the main text.  

 

2) Body 

The body explains and develops the main idea. Each main idea 
that you wrote down in your diagram or outline will become one of the 
body paragraphs. If you had three or four main ideas, you will have three 
or four body paragraphs. 

Each body paragraph will have the same basic structure. 
a) Start by writing down one of your main ideas, in sentence form. If 
your main idea is “reduces freeway congestion,” you might say this: 

Public transportation reduces freeway congestion. 
b) Next, write down each of your supporting points for that main idea, 
but leave four or five lines in between each point. 
c) In the space under each point, write down some elaboration for that 

point. Elaborationcan be further description or explanation or 
discussion. 

Supporting Point 
Commuters appreciate the cost savings of taking public 

transportation rather than driving. 
Elaboration 
Less driving time means less maintenance expense, such as oil 

changes. 
Of course, less driving time means savings on gasoline as well. 
In many cases, these savings amount to more than the cost of 

riding public transportation. 
Once you have fleshed out each of your body paragraphs, one for 

each main point, you are ready to continue 
(http://lklivingston.tripod.com/essay/body.html) 
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3) Conclusion 
The conclusion brings closure to the reader, summing up points or 

providing a final perspective on your topic.All the conclusion needs is 
three or four strong sentences which do not need to follow any set 
formula. 

The introduction and conclusion complete the paragraphs of your 
essay. 

Tips for effective writing 

 Start writing early – the earlier the better. Starting cuts down on 
anxiety, beats procrastination, and gives you time to develop your 
ideas. 

 Keep the essay question in mind. Don’t lose track of the question or 
task. Keep a copy in front of you as you draft and edit and work out 
your argument. 

 Don’t try to write an essay from beginning to end (especially not 
in a single sitting). Begin with what you are ready to write – a plan, a 
few sentences or bullet points. Start with the body and work 
paragraph by paragraph. 

 Write the introduction and conclusion after the body. Once you 
know what your essay is about, then write the introduction and 
conclusion. 

 Use 'signpost' words in your writing. Transition signals can help 
the reader follow the order and flow of your ideas. 

 Integrate your evidence carefully. Introduce quotations and 
paraphrases with introductory phrases. 

 Revise your first draft extensively. Make sure the entire essay flows 
and that the paragraphs are in a logical order. 

 Put the essay aside for a few days. This allows you to consider your 
essay and edit it with a fresh eye. 
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APPENDIX III 
  

 
 

Table of English Irregular Verbs 
 

Base form Past simple Past participle Перевод 

A 

abide abode / abided abode / abided 
выносить, 
терпеть 

arise arose arisen 
возникать, 
появляться, 
подниматься 

awake awakened / awoke awakened / awoken 
будить, 

проснуться 

B 

backslide backslid 
backslidden /  

backslid 

отказываться  
от прежних 
убеждений 

be was, were been быть 

bear bore born / borne родить 

beat beat beaten / beat бить 

become became become 
становиться, 
делаться

begin began begun начинать 

bend bent bent сгибать, гнуть 

bet bet / betted bet / betted держать пари 

bid bade / bid bidden / bid предлагать цену

bind bound bound связать 

bite bit bitten кусать 
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bleed bled bled кровоточить 

blow blew blown дуть 

break broke broken ломать 

breed bred bred 
выращивать, 
воспитывать 

bring brought brought приносить 

broadcast 
broadcast /  
broadcasted 

broadcast / 
 broadcasted 

распространять, 
разбрасывать 

browbeat browbeat 
browbeaten /  

browbeat 
запугивать 

build built built строить 

burn burned / burnt burned / burnt гореть, жечь 

burst burst burst 
взрываться, 
прорываться 

bust busted / bust busted / bust разжаловать 

buy bought bought покупать 

C 

can could could мочь, уметь 

cast cast cast 
бросить, кинуть, 
вышвырнуть 

catch caught caught 
ловить, хватать, 

успеть 

choose chose chosen выбирать 

cling clung clung цепляться, льнуть

clothe clothed / clad clothed / clad 
одевать  

(кого-либо) 

come came come приходить 

cost cost cost 

стоить, 
обходиться  

(в какую-либо 
сумму) 
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creep crept crept ползать 

cut cut cut резать, разрезать 

D 

deal dealt dealt иметь дело 

dig dug dug копать 

dive dove / dived dived 
нырять, 

погружаться 

do did done 
делать, 

выполнять 

draw drew drawn рисовать, чертить

dream dreamed / dreamt dreamed / dreamt грезить, мечтать 

drink drank drunk пить 

drive drove driven управлять (авто) 

dwell dwelt / dwelled dwelt / dwelled 
обитать, 

находиться 

E 

eat ate eaten есть, кушать 

F 

fall fell fallen падать 

feed fed fed кормить 

feel felt felt чувствовать 

fight fought fought 
драться, 
сражаться, 
бороться 

find found found находить 

fit fit fit 
подходить по 

размеру 

flee fled fled 
убегать, 
спасаться 
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fling flung flung 
бросаться, 
ринуться 

fly flew flown летать 

forbid forbade forbidden запрещать 

forecast forecast forecast 
предсказывать, 
предвосхищать 

foresee foresaw foreseen предвидеть 

foretell foretold foretold 
предсказывать, 
прогнозировать 

forget forgot forgotten забывать 

forgive forgave forgiven прощать 

forsake forsook forsaken покидать 

freeze froze frozen замерзать 

G 

get got gotten / got 
получать, 
достигать 

give gave given давать 

go went gone идти, ехать 

grind ground ground молоть, толочь 

grow grew grown расти 

H 

hang hung / hanged hung / hanged 
вешать, 

развешивать 

have, has had had иметь 

hear heard heard слышать 

hew hewed hewn / hewed рубить 

hide hid hidden 
прятаться, 
скрываться 

hit hit hit 
ударять, 
поражать 
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hold held held 
держать, 

удерживать, 
фиксировать 

hurt hurt hurt 
ранить, 

причинить боль 

I 

inlay inlaid inlaid 
вкладывать, 
вставлять, 
выстилать 

input input / inputted input / inputted входить 

interweave interwove interwoven воткать 

K 

keep kept kept держать, хранить

kneel knelt / kneeled knelt / kneeled 
становиться  
на колени 

knit knitted / knit knitted / knit вязать 

know knew known 
знать, иметь 
представление  
(о чем-либо) 

L 

lay laid laid класть, положить

lead led led 
вести, 

руководить, 
управлять 

lean leaned / leant leaned / leant 
опираться, 

прислоняться 

leap leaped / leapt leaped / leapt прыгать, скакать 

learn learnt / learned learnt / learned учить 

leave left left 
покидать, 
оставлять 

lend lent lent 
одалживать, 
давать взаймы 
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let let let 
позволять, 

предполагать 

lie lay lain лежать 

light lit / lighted lit / lighted 
освещать, 
зажигаться, 
загораться 

lose lost lost терять 

M 

make made made 
делать, 

производить, 
создавать 

may might might 
мочь, иметь 
возможность 

mean meant meant 
значить, иметь 

ввиду 

meet met met встречать 

miscast miscast miscast 
неправильно 
распределять 

роли 

misdeal misdealt misdealt 
поступать 

неправильно 

misdo misdid misdone 
делать что-либо 
неправильно  
или небрежно 

misgive misgave misgiven 
внушать 
недоверия, 
опасения 

mishear misheard misheard ослышаться 

mishit mishit mishit промахнуться 

mislay mislaid mislaid 
класть не  
на место 

mislead misled misled 
ввести  

в заблуждение 
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misread misread misread 
неправильно 
истолковывать 

misspell misspelled / misspelt misspelled / misspelt 
писать  

с ошибками 

misspend misspent misspent 
неразумно,  
зря тратить 

mistake mistook mistaken ошибаться 

misundersta
nd 

misunderstood misunderstood 
неправильно 
понимать 

mow mowed mowed / mown косить 

O 

offset offset offset 
возмещать, 

вознаграждать, 
компенсировать 

outbid outbid outbid перебивать цену 

outdo outdid outdone превосходить 

outfight outfought outfought побеждать в бою 

outgrow outgrew outgrown вырастать из 

output output / outputted output / outputted выходить 

outrun outran outrun 
перегонять, 
опережать 

outsell outsold outsold 
продавать лучше 
или дороже 

outshine outshone outshone затмевать 

overbid overbid overbid повелевать 

overcome overcame overcome компенсировать 

overdo overdid overdone пережари(ва)ть 

overdraw overdrew overdrawn превышать 

overeat overate overeaten объедаться 

overfly overflew overflown перелетать 



138 

overhang overhung overhung нависать 

overhear overheard overheard подслуш(ив)ать 

overlay overlaid overlaid покры(ва)ть 

overpay overpaid overpaid переплачивать 

override overrode overridden 
отменять, 

аннулировать 

overrun overran overrun 
переливаться 
через край 

oversee oversaw overseen надзирать за

overshoot overshot overshot расстрелять 

oversleep overslept overslept 
проспать, 
заспаться 

overtake overtook overtaken догонять 

overthrow overthrew overthrown свергать 

P 

partake partook partaken 
принимать 
участие 

pay paid paid платить 

plead pleaded / pled pleaded / pled 
обращаться  
к суду 

prepay prepaid prepaid платить вперед 

prove proved proven / proved доказывать

put put put 
класть, ставить, 
размещать

Q 

quit quit / quitted quit / quitted 
выходить, 
покидать, 
оставлять 

R 

read read read читать 
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rebind rebound rebound перевязывать 

rebuild rebuilt rebuilt перестроить

recast recast recast 
изменять, 

перестраивать

redo redid redone 
делать вновь, 
переделывать

rehear reheard reheard 
слушать 
вторично 

remake remade remade переделывать 

rend rent rent раздирать 

repay repaid repaid отдавать долг 

rerun reran rerun 
выполнять 
повторно 

resell resold resold перепродавать 

reset reset reset возвращать 

resit resat resat пересиживать 

retake retook retaken забирать 

retell retold retold пересказывать 

rewrite rewrote rewritten перезаписать 

rid rid rid избавлять 

ride rode ridden ездить верхом 

ring rang rung звонить 

rise rose risen подняться 

run ran run бегать 

S 

saw sawed sawed / sawn пилить 

say said said сказать, заявить 

see saw seen видеть 
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seek sought sought искать 

sell sold sold продавать 

send sent sent посылать 

set set set 
сажать, ставить, 
устанавливать, 

садиться (о солнце) 

sew sewed sewn / sewed шить 

shake shook shaken трясти 

shave shaved shaved / shaven бриться 

shear sheared sheared / shorn стричь 

shed shed shed проливать 

shine shined / shone shined / shone 
светить, сиять, 

озарять 

shoot shot shot 
стрелять, давать 

побеги 

show showed shown / showed показывать 

shrink shrank / shrunk shrunk 
сокращаться, 
сжиматься 

shut shut shut 
закрывать, 

запирать, затворять 

sing sang sung петь 

sink sank / sunk sunk 
тонуть, погружаться 

(под воду) 

sit sat sat сидеть 

slay slew / slayed slain / slayed убивать 

sleep slept slept спать 

slide slid slid скользить 

sling slung slung бросать, швырять 

slink slunk slunk 
красться, идти 
крадучись 
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slit slit slit 
разрезать, рвать  

в длину 

smell smelled / smelt smelled / smelt пахнуть, нюхать 

sneak snuck / sneaked snuck / sneaked 
красться, 

увиливать, избегать

sow sowed sown / sowed сеять 

speak spoke spoken говорить 

speed sped / speeded sped / speeded ускорять, спешить 

spell spelled / spelt spelled / spelt 
писать или читать 

по буквам 

spend spent spent 
тратить, 

расходовать 

spill spilled / spilt spilled / spilt 
проливать, 
разливать 

spin spun spun прясть 

spit spit / spat spit / spat плевать 

split split split расщеплять 

spoil spoiled / spoilt spoiled / spoilt портить 

spread spread spread 
распространять(ся), 
простирать(ся) 

spring sprang / sprung sprung 
отскочить, прыгать, 
скакать, возникать 

stand stood stood стоять 

steal stole stolen воровать, красть 

stick stuck stuck уколоть, приклеить 

sting stung stung жалить 

stink stunk/stank stunk вонять 

strew strewed strewn / strewed усеять, устлать 

stride strode stridden 
шагать, наносить 

удар 
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strike struck struck 
ударить, бить, 
бастовать 

string strung strung нанизать, натянуть 

strive strove / strived striven / strived стараться 

sublet sublet sublet 
передавать  
в субаренду 

swear swore sworn клясться, присягать

sweep swept swept 
мести, подметать, 

сметать 

swell swelled swollen / swelled разбухать 

swim swam swum плавать, плыть 

swing swung swung 
качать, раскачивать, 

вертеть 

T 

take took taken брать, взять 

teach taught taught учить, обучать 

tear tore torn рвать 

tell told told рассказать 

think thought thought думать 

throw threw thrown кидать, бросать 

thrust thrust thrust колоть, пронзать 

tread trod trodden / trod ступать 

U 

unbend unbent unbent 
выпрямляться, 
разгибаться 

underbid underbid underbid снижать цену 

undercut undercut undercut сбивать цены 

undergo underwent undergone 
испытывать, 
переносить 
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underlie underlay underlain лежать в основе 

underpay underpaid underpaid 
оплачивать 

слишком низко 

undersell undersold undersold продавать дешевле 

understand understood understood 
понимать, 
постигать 

undertake undertook undertaken предпринять 

underwrite underwrote underwritten подписываться 

undo undid undone 
уничтожать 
сделанное 

unfreeze unfroze unfrozen размораживать 

unsay unsaid unsaid 
брать назад свои 

слова 

unwind unwound unwound развертывать 

uphold upheld upheld поддерживать 

upset upset upset опрокинуться 

W 

wake woke / waked woken / waked просыпаться 

waylay waylaid waylaid подстерегать 

wear wore worn 
носить (одежду), 
снашиваться 

weave wove / weaved woven / weaved ткать 

wed wed / wedded wed / wedded 
жениться, выдавать 

замуж 

weep wept wept плакать, рыдать 

wet wet / wetted wet / wetted мочить, увлажнять 

win won won победить, выиграть 

wind wound wound 
заводить 

(механизм) 
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withdraw withdrew withdrawn 
взять назад, 
отозвать 

withhold withheld withheld 
воздерживаться, 
отказывать 

withstand withstood withstood противостоять 

wring wrung wrung скрутить, сжимать 

write wrote written писать 
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Степени сравнения прилагательных и наречий 
 

Односложные, 
двусложные 

Сравнительная степень Превосходная степень 
- er -est 

strong – сильный
late – поздно  
heavy – тяжелый

stronger – сильнее 
later – позже 
heavier – тяжелее 

(the) strongest – 
сильнейший, самый 
cильный;  
(the) latest – позже всего, 
позже всех  
(the) heaviest – самый 
тяжелый 

Многосложные more – более; lеss – менее; 
muchmore (less) – намного 
больше (меньше) 

(the) most – самый 

talented – 
талантливый 

more talented – более 
талантливый 
much more talented – 
намного талантливее 

(the) most talented (of) – 
самый талантливый (из) 

interesting – 
интересный 

less interesting – менее 
интересный 
much less interesting – 
намного менее интересный

(the) least interesting – 
самый неинтересный (из) 

 Особые случаи  
good – хороший 

better – лучше 
(the) best – наилучший, 
самый лучший well – хорошо 

bad – плохой 
worse – хуже 

(the) worst – наихудший, 
самый худший badly – плохо 

many 
(books) 

много more – больше 

(the) most – больше всех, 
наибольший,  
самый большой much 

(water) 

little – 
маленький 

less – меньше 
(the) least – меньше всех, 
наименьший, самый 
маленький 

old – старый 
elder – старший 
older – более старый 

(the) oldest – самый старый 
(the) eldest – самый 
старший 

far – далекий, 
далеко 

further – дальнейший the furthest – самый 
отдаленный 

farther – более отдаленный the farthest – самый 
отдаленный 
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ПОРЯДОК СЛОВ В АНГЛИЙСКОМ ПРЕДЛОЖЕНИИ 
 

   Определение   

        

Обстоя-
тельство 

 Подле-
жащее 

 Сказуе-
мое 

 Допол-
нение 

Обстоя-
тельство 

 
Last week my friend gave them  

a book. 
 

На прошлой 
неделе 

мой друг дал им книгу.  

     
 It is the best 

device 
 at our 

laboratory. 
 Это лучший 

прибор 
 в нашей 

лаборатории. 
     

In our reading 
hall 

you can read newspapers every day. 

В нашем 
читальном 

зале 

вы можете 
читать 

газеты каждый день. 

     
During the 

term 
the 

students 
attend lectures and 

seminars. 
 

В течение 
семестра 

студенты посещают лекции и 
семинары. 
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Active Voice 

 
 
 

Passive Voice 
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Infinitive and Gerund 
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APPENDIX IV 
 

 

 
Phonetics 

 
English Vovels 

 

 
 

English Consonants 
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Phonetic Symbols 
used in the dictionary 
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Вниманию авторов! 
 

Издательство ПГУ выпускает учебную, научную и художественную 
литературу, презентационную и акцидентную продукцию, а также полноцветные 
юбилейные и мемориальные издания в соответствии с ГОСТ 7.60–2003. 

Издательство ПГУ принимает к изданию рукописи, подготовленные  
с использованием текстового редактора Microsoft Word for Windows версий 2003 и 
выше. Формат – А4, основной шрифт – Times New Roman, 14–16 pt через 
одинарный интервал (минимальный размер шрифта в таблицах и сносках – 12,5 pt). 
Тип файла в электронном виде – doc, docx.  

Работа должна содержать индекс УДК, аннотацию.  
Аннотация (ГОСТ 7.86–2003, ГОСТ 7.9–1995) включает характеристику 

основной темы, проблемы объекта, цели работы и ее результаты. В аннотации 
указывают, что нового несет в себе данный документ в сравнении с другими, 
родственными по тематике и целевому назначению. Аннотация может включать 
сведения о достоинствах произведения. Текст аннотации начинают фразой, в 
которой сформулирована главная тема документа. Заканчивается аннотация 
читательским адресом. 

Рисунки и таблицы должны быть размещены в тексте после ссылки на них 
(растровые рисунки предоставляются в виде отдельных файлов в формате jpg, ВМР 
 с разрешением 300 dpi, векторные рисунки в формате Corel Draw с минимальной 
толщиной линии 0,75 рt. Рисунки должны быть доступны для правки!). Рисунки 
должны сопровождаться подрисуночными подписями, на все рисунки и таблицы в 
тексте должны быть ссылки.  

Формулы в тексте выполняются только в редакторе формул MathType версия 
5.0 и выше. Символы греческого и русского алфавита должны быть набраны прямо, 
нежирно; латинского – курсивом, нежирно; обозначения векторов и матриц – прямо, 
жирно; цифры – прямо, нежирно. Наименования химических элементов набираются 
прямо, нежирно. Эти же требования необходимо соблюдать и в рисунках.  

В списке литературы нумерация источников должна соответствовать  
очередности ссылок на них в тексте ([1], [2], …). Номер источника указывается в 
квадратных скобках. Требования к оформлению списка литературы на русские и 
иностранные источники (ГОСТ 7.1–2003): для книг – фамилия и инициалы автора, 
название, город, издательство, год издания, том, количество страниц; для 
журнальных статей, сборников трудов – фамилия и инициалы автора, название статьи, 
полное название журнала или сборника, серия, год, том, номер, страницы; для 
материалов конференций – фамилия и инициалы автора, название статьи, название 
конференции, город, издательство, год, страницы. 

К материалам должна прилагаться следующая информация: фамилия, имя, 
отчество, контактные телефоны. 

Контакты Издательства ПГУ: (8412) 56-47-33, 36-84-91. E-mail: iic@pnzgu.ru 
 

 




