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Jloporue apysns!

[MpencraBnsieM BaM yueOHO-MeToaudeckuil KoMILiekT (YMK) «Macmillan Guide to
Science», KOTOPbIN MMOMOXET BaM MPUOOPECTH HABLIKM BJIALEHUS aHTIUACKUM
SI3bIKOM B €CTeCTBEHHO-HAayYHOM 00JIacTH.

Kypc anpecoBaH yyaiuMmcst cTapluxX KJIaccoB 00I1e00pa30BaTeIbHbIX YYpEXIEHUIA
U KOJIIEIDKEH, YBIEKAIOUIMMCS €CTECTBEHHbIMM HayKaMH, a TaKXe CTYIEHTaM
MJIAILUIMX KYPCOB €CTeCTBEHHO-HayUHbIX (DaKyJbTETOB BBICUIMX YY€OHBIX 3aBEIEHMUIA.

Tema Kypca - UCTOpPHUSI 3HAMEHMTBIX OTKPBITHI M BKJAd M3BECTHBIX YYEHBIX B
Hay4HBI nporpecc yenoBevecTBa. Kypc coueraeT MlydeHHe aHIJIMICKOrO A3bIKa €
y4eOHbIM MaTepHAIOM €CTECTBEHHOHAYYHbIX TUCUMILIMH. KoMMyHHKaTHBHAs
HamnpaBJIeHHOCTh Kypca IeJaeT €ro 0COOEHHO aKTyaJlbHbIM, TaK KdK B COBPEMEHHOM
MHUpE UMEHHO BjIaficHUE KOMMYHHUKATHBHBIMM HaBbIKaMH IMO3BOJUT BaM aKTUBHO
0oOLIATBCS ¢ MHOCTPAaHHBIMU KOJIJIETaMH, JIETKO BCTYNaTh B MEXIyHapOIHbIe HayYHbIE
COoOOLIECTBA U CTAHOBUTHCS NMOJHOLIEHHBIMH YYaCTHUKAMH MEXIYHAPOIHbIX
MPOEKTOB.

B KHure mng yyaummxcs deTbipe pasnena. Kaxnobiil pa3nen nmocBsILLIEH OOHON U3
YeThIPEX €CTECTBEHHOHAYYHbIX TUCLHMIUIMH - OMOJOTUH, XUMHUHU, MAaTEMAaTUKE U
(u3uke, U BKIOYaET B ce0s naTh ypokoB (Unit). [TepBbIii ypok Kaxmoro pasgena
HEU3MEHHO COCTOMT M3 KPaTKOro UCTOPHUYECKOro 00630pa JaHHON AUCUMIUIMHBI U
TEKCTa, KOTOPbIH MO3BOJSIET NMPEACTABUTH YPOBEHb W 3HAYMMOCTh JAHHOIN HAayKHU B
Hawy aHU. Crenyrolive YeThipe ypoKa KaXIoro pasieia MocBslueHbl Hanbojee
KPYHbIM HayYHbIM OTKPbITHSIM B JaHHOW objacTu. B menom B kHure 21 ypok - B 21
YPOKE paccKa3bIBAa€TCs O POCCUMCKMUX YUYEHBIX, cTaBlIMX HobGeneBckuMHM naypeataMu,
U o Poccuiickoii akageMHUM Hayk.

Kaxnabiit ypok BkJouyaeT B cebs nBa tekcta (Reading), conpoBoxaaeMbix
aynMo3anucsaMu (Listening). AynHOTEKCThl, O3ByYeHHbIE HOCHUTEISIMH SI3bIKa,
OTHOCATCS K Pa3JIAYHbIM CTHJISIM PEYM U IMO3BOJISIT BaM MOJYYUTh HaBbIKH
ayoIUupOBaHUsl, HEOOXOMMMbIE UIS IOHMMAaHUS KaK HaydyHbIX JOKJIaOOB, TaK U
pa3roBopHoi peun. Kpome Toro, Kaxnbiii ypoK COOEPXKHT yIIpaxXHeHHUs Ha
paclIMpeHHe U 3aKperuieHUue aKTUBHOM JEKCHUKH - KaK OOLIero, Tak M CrielaibHOro
nnaHa (Vocabulary), ¥ Ha nmpoBepKy noHuMaHusi npoydtaHHoro (Comprehension).

OcobeHHO X0Te0Ch Obl OTMETHTH YIIPAaXHEHUS U MaTepHalbl, HalleJeHHble Ha
pa3BUTHE HABbIKOB YCTHOM (Speaking) U muceMeHHo#M (Writing) peun. OcBouB
MaTepUasl Kypca, Bbl CMOXETe BECTH IUCKYCCUH, MPOBOAUTH NMpE3eHTALNH,
COCTaBISITh JOKJAIbl U OTYETHI, MUCATh MUCbMaA, CTaThbH, 3CCE, COYMHEHHS.
I'noccapuii (Glossary) cJIOB U TEpMHHOB, KOTOPbIH Bbl HaliIeT B KOHLIE KHUTH,
MOMOXET BaM MpH paboTe ¢ KYpCOM.

Haneemcs, yuto YMK «Macmillan Guide to Science» 6yneT BaM MHTEpeceH U
MOJIE3€EH.

Asmoper YMK «Macmillan Guide to Science»
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Biology

Discuss these questions with your partner.

What can you see around you that is living?
What can you see that is not living?

What can living things do that non-living
things can’t?

Can you classify living things?

A Vocabulary

Match these words with their definitions.

1 life cycle

2 observation
3 property

4 successor

5 formulate

6 pollen

7 contribution

8 foundation

9 treat
10 classify

11 inheritance

12 natural selection

13 field

14 principle
15 advance
16 scholar
17 genetics

A characteristic

B from birth to death
C develop an idea

D what you see

E sb who follows

F a fine yellow powder
found in flowers

G sth given to help
progress

H what is passed down
from one generation to
the next

I give medical help

J process according to
which only the strongest
species survive

K academic

L put into groups
Mbasic idea

N academic area
O improvement
P basis

Q the study of how
characteristics are
passed from one
generation to another

Reading 1
Biology

An introduction

Biology means the study of life and it is the
science which investigates all living things. For as
long as people have looked at the world around
them. people have studied biology. Even in the
days before recorded history, people knew and
passed on information about plants and animals.
Prehistoric people survived by learning which
plants were good to eat and which could be used
for medicine. Farming would not have developed
if they had not begun to understand which
animals could produce food like milk and eggs.

In the past, more than 2000 vears ago, people in
the Middle East understood the part that insects
and pollen plaved in the life cvcle of plants. The
ancient Egyptians studied the life cycle of insects
and were particularly interested in the changes
they went through as they grew from larvae to
adult insects. The ancient Mesopotamians even
kept animals in what were the earliest zoological
gardens. The ancient Greeks, too, were greatly
interested in understanding the world around
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them. Aristotle recorded his observations of plants
and animals, and his successor, Theophrastus,
wrote the first books on plant life, which made

a very important contribution to the study

of botany.

After the fall of the Roman Empire, the centre of
the scientific world moved to the Middle East.
The Arab scholar Al-Jahiz wrote the Book of
Animals in the 9th century. Ile was just one of a
great number of Arabic, Persian and Turkish
scientists who set out the foundations for the
modern science of biology. Later still, in Europe,
particularly in Germany, scholars such as
Albertus Magnus discussed the properties of life.
Magnus wrote seven books on plants and twenty-
six on animals.

Modern biology really began in the 17th century.
At that time, Anton van Leeuwenhoek, in
IIolland, invented the microscope and William
Iarvey, in England, described the circulation of
blood. The microscope allowed scientists to
discover bacteria, leading to an understanding of
the causes of disease, while new knowledge about
how the human body works allowed others to
find more effective ways of treating illnesses. All
this new knowledge needed to be put into order
and in the 18th century the Swedish scientist
Carl Linnaeus classified all living things into the
biological families we know and use today.

In the middle of the 19th century, unnoticed by
anvone else, the Austrian monk Gregor Mendel,
created his Laws of Inheritance, beginning the
study of genetics that is such an important part of
biology today. At the same time, while travelling
around the world, Charles Darwin was
formulating the central principle of modern
biology — natural selection as the basis of
evolution.

It is hard to believe, but the nature of viruses has
become apparent only within the last half of the
20th century and the first step on this path of
discovery was taken by the Russian botanist
Dmitry Ivanovsky in 1892.

In the 20t century, biologists began to recognise
how plants and animals live and pass on their
genetically coded information to the next
generation. Since then, partly because of
developments in computer technology, there have
been great advances in the field of biology; it is an
area of ever-growing knowledge.

Pronunciation guide

Albertus Magnus /sl'be'tas ‘maegnas/
Al-Jahiz /el 'gahoz/

Aristotle /errstorl/

Carl Linnaeus /ka:l Irnios/

van Leeuwenhoek /vaen 'lervonhuk/
Mesopotamian /messpatamion/
Theophrastus /61ofrazstos/

N B Comprehension

Read the text and decide if the following
statements are true or false.

1 The earliest people must have known T[]
about plants or they would have died. F[ |
2 The Egyptians were interested T[]
in changing the way insects lived. F[]
3 Europeans learnt all they knew T[]
about biology from the Middle East.  F [ |
4 The microscope allowed biologists T[]
to treat illnesses. F[]
5 Darwin's theory was one of the T[]
most important in biology. F[]
6 The study of biology hasn't changed T[]
at all over the centuries. F[]

Before you listen

Discuss these questions with your partner.

Do you know what a germ is?
What can you say about their size and shape?

What do you know about the classification
of germs?

M C Listening 1))

Listen to this lesson about germs.
Circle the correct word or phrase to
make true statements.

1 The teacher believes people rightly /
mistakenly / rarely think all germs are bad.

2 Germs don’t live on microbes / animals /
people.

3 Some / all / few germs are responsible
for illnesses.

4 There are four basic types of fungi /
protozoa / germ.

5 Germs are only round / mostly long and
thin / different shapes.

Macmillan Guide to Science Unit



Biology

Discuss these questions with your partner.
What careers in biology can you think of?
Do you like any of them? Which ones and why?

Are there any areas of biology that you do not
find interesting?

What areas of biology do you consider
the most important for human society
nowadays? Why?

M D Vocabulary

Complete the sentences below with
words from the box.

mammal threatened
species adapt

cell diseases
environment crops
composition building blocks

1 Unfortunately, the growth of cities
often means wildlife is..................
with extinction.

2B ., is an animal that feeds its
babies milk.

3 Farmers that grow ..........cccocveieenenn, like
cereals and vegetables normally have to
work very hard.

4 The smallest, basic structural and functional
unit of lifeis a .....cccecvvrireciinnnennn. .

5 Serious illnesses are Known as ...........ccceeueues
6 What something is made of is its ...................

1 It's amazing how animals can .............ccoeeeeeee
to changes in their living conditions.

8 There are many different ...........cceeeeeeee.
of butterfly.

9 Humankind's actions have often had a
negative effectonthe ....................

10 The most basic parts of something can be
called......cccoovviiiiinnen, .

Reading 2
Biology today

Dear Students,

I am writing this letter to welcome all of vou
who are about to begin vour first vear course in
Biology here at the university. You might think
it is a little early for me to ask vou to think
about what vou will do when vou leave here in
three vears' time. However, our science, like
anyv other, has so many different areas it is
impossible for vou to study them all. The first
thing vou will need to think about is
specialising. This letter is to offer vou some
suggestions to think about for vour future.

As vou know, there are four main areas of
biology that we shall concentrate on in the
coming vears. Biology can be divided into
zoology, the study of animal life, and botany,
the study of plant life. We shall also study
molecular biology, the study of how the
building blocks of living things, the cells, work.
Another topic of interest is genetics, how
biological information is passed on from one
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generation to the next: that is, inheritance. You
should specialise, but vou will also need to
know about all of these four areas of study.
Plants and animals do not live separately from
each other; all living things are made up of cells
and one of the things genetics tells us is how
plants and animals adapt to the conditions
around them.

So what about after the course is over and vou
have graduated in Biologv¥ Can vou have a
career in biologyv® For those who choose to
specialise in genetics or molecular biology
there are important career opportunities in
medicine. At the present time, there is a great
deal of research going on in gene therapy where
biologists are working with doctors and
chemists to find new ways of treating diseases.
Other biologists are looking at wavs of changing
the genetic composition of the plants we grow
for food; of making them more able to fight
diseases and at the same time produce

more food.

We are experiencing a period of climatic change
too, and this is having an effect on the way
animals and plants live. The science of ecology
is becoming more and more important;
biologists who specialise in zoology are working
in many parts of the world. Some are working to
protect species like the tiger, which are
seriously threatened by climate change. Others
are investigating wildlife from the smallest
insects to the largest mammals, trving to
understand how they all live together. Botanists
are looking at the effect new types of food crops
have on the environment and how changes in
that area can affect our general health. There is
even a new area of biology called astrobiology,
which is looking at the possibilities of life on
other planets — but perhaps that is something
for the more distant future.

Whatever vou specialise in, as long as there is
life on this (or anv other) planet, there is work
for a biologist.

Good luck and enjoy vour studies!
Jean Shearer

Professor of Biology

Pronunciation guide

career /kor'/
climatic /klarmeetik/
gene /dzi:n/
genetics /dzonetiks/

inheritance /mhertans/
molecular /moiekjulo’/

species /spi:fi:z/

W E Comprehension

Read the text and answer the questions
in your own words.

1 What four areas can biology be divided into?

2 If you are interested in cells, which area

should you study?

3 How can zoologists help animals in the wild?

4 In what way can botanists protect people and

the environment?

5 What is astrobiology?

Before you listen

Discuss these questions with your partner.

What do you know about climate change?

How do you imagine plants and animals
are affected by global climates
becoming warmer?

M F Listening

o))

Listen to part of a TV programme about

climate change.Then decide if the

following statements are true or false.
The report suggests there are T
reasons for hope as well as worry. FO
In the past, ice ages and droughts T
killed off all life. FOJ
Temperatures are rising at T
five degrees every century. FO
Some plants and animals move T
as climates become warmer. F[
There are mountain animals that T[]
will die if temperatures rise. FJ

Macmillan Guide to Science Unit



Biology

%3 G Speaking

Discuss these questions with
your partner.

How important do you feel the study of
biology is for our world today?

Would you prefer not to study it? Why?

Are there any areas of biology which you
think are more important than others?

Prepare a short presentation
to answer the question:
‘What is biology?’

Use the information in both texts.
Talk about:

® what the study of biology includes
® the four main areas of biology

® where biologists work

@ what biology informs us about

First complete these notes.
Use them in your presentation.

Biology:The study of .........ccoocoviviiininns

There are four main areas:

Molecular biology is about

......................... is about inheritance.

Remember to:

® read the texts again
® select information that is relevant

® add examples where you can

8 Macmillan Guide to Science Unit

Speaking tips
v/ Speak from notes.

v Don'’t write out everything you plan to say;
use key words.

v Introduce each new idea clearly.

r7¥

H Writing

Write a letter to your tutor telling him
or her which areas of Biology you would

like to specialise in and why. Use these
notes to help you.

Dear Mr / Mrs (tutor’s surname),
Writing to tell you choices I have made
Specialise in: (one or two of the main areas)

Reasons for choosing: interested in (plants /
animals / laboratory work / latest ideas /
your own ideas)

Possible career choices: what I hope to do
when I graduate (medicine / ecology /
agriculture / your own idea)

Offer to meet and discuss choices: I would like
your advice and hope we can ...

Yours sincerely,

(your full name: first name + surname)

Write 100-140 words.




Before you read

Discuss these questions with your partner.

- What is a microscope?

What can you do with one?

What kind of scientist uses a microscope?

What other tools/equipment do biologists use?

W A Vocabulary

Choose the correct definition of
these words.

1 state deny
say

suggest

reduce
increase
add

breaking down
growing
sleeping

2 weaken

3 decaying

QWM QWX QWM™

free
imprison
move

4 trap

5 maggot egg of afly
larva of a fly
small fly

6 jar ceramic plate
plastic cup

glass pot

QWM QWX QWM™

1 disprove prove wrong
don’t prove

not approve

8 microorganism germ
small animal

little plant

QWH QWH™

b |

9 vacuum a full space
B an empty space

C a space with gas

Reading 1
Germ theory

In the past, germ theory was something that
caused a lot of discussion and disagreement. Germ
theory, the idea that microorganisms or germs
were the cause of many diseases, was something
that took biologists and the medical profession a
long time to accept. Long before the invention of
the microscope, biologists were uncertain about
the existence of microorganisms, forms of life too
small to be seen with the naked eve. Biologists
knew that small life forms existed, but could not
say where theyv came from. The accepted scientific
theory was what was known as spontaneous
generation (abiogenesis). Quite simply, this stated
that living things appeared from nowhere, as it out
of nothing, for no reason. According to scientists
this happened in things that were decaving; that is,
in what remained of things that were dead.
Spontaneous generation could take place in a dead
animal, for example, when the animal’s tflesh
decaved into maggots. These maggots would then
grow into tlies or other insects. Mud or dead plants
were other places where new life could come into
existence.

Macmilian Guide to Science Unit2



Biology

Near the end of the 17th century the Italian
scientist Francesco Redi proved that maggots
come from eggs that flies lav in the flesh of
dead animals. He carried out one of the first
modern scientific experiments in this area. He
put meat into three jars. One jar he kept tightly
closed so that air could not enter. Another he
covered with cloth and the third he left open to
the air. Maggots appeared, but only in the open
jar. However, belief in spontaneous generation
was not destroved by his experiment and
almost 100 vears later, the Englishman John
Needham carried out a similar experiment.
First, he boiled the meat to kill any living
organisms that were already there. He kept the
air from outside out of his jar and not maggots
but microorganisms or germs grew in it.
Needham argued that this proved that life could
be generated spontaneously from dead material.
However, he did not know they were present in
the air already in the jar. When Lazzaro
Spallanzani in Italy repeated Needham'’s
experiment but removed the air from the jar
creating a vacuum with the result that nothing
grew on the meat, people argued that he only
had proved that spontaneous generation could
not take place without air.

The invention of the microscope did little to
weaken the belief in spontaneous generation.
The microscope opened up a new world of
microorganisms to biologists but theyv could not
explain where they came from and so claimed
it was by spontaneous generation.

It was not until the middle of the 19th century
that the French biochemist, Louis Pasteur,
proved to the world that microorganisms were
present in the air and that the idea of
spontaneous generation had no place in biology.
Pasteur changed Redi’s experiment so that the
jar was ‘s’-shaped at the opening. This let the air
in, but trapped anv microorganisms in the ‘s’
bend. The meat in Pasteur’s jars did not generate
microorganisms. Only when Pasteur moved

the jar, allowing the meat to touch the
microorganisms in the trap, did microorganisms
start to grow. In this way he showed that growth
only occurred when there was contact with the
air. This time the scientist’s conclusions could
not be ignored. The idea of spontaneous
generation was finally disproved and from that
time on biologists have recognised that
microorganisms are present in the air.

Pronunciation guide

abiogenesis /erbaiav'dzenasis/

germ /dz3a'm/

Lazzaro Spallanzani /la:zoro spalontfami/
Louis Pasteur /lur pa:sts:/

Needham /ni:dsm/

spontaneous /sponteinios/

W B Comprehension
Read the text and answer the questions

in your own words.

1 Where did biologists believe living
things came from before the days of
the microscope?

2 What was original about Redi’s experiment?

3 What did people say about Spallanzani’s
experiment?

4 What effect did the microscope have on
belief in spontaneous generation?

5 How did Pasteur change Redi’s experiment?

Before you listen .
Discuss these questions with your partner.

How many mammals can you name? Name as
many mammals as you can.

How many insects can you name?

Can you name living things that you can only
see under a microscope?

What do you know about protozoa such
as amoebas?

M C Listening 0)))

Listen to this class discussion
about protozoa and correct the
following statements.

1 The word protozoa means microorganisms.

2 One of protozoa’s ecological functions is to
produce bacteria.

3 Paramecium have a simple internal
organisation and a fixed shape.

4 All protozoa are parasites and live in humans
or animals.

5 Protozoa can only feed by taking in nutrients
through the cell mouth.

|0 Macmillan Guide to Science Unic2



Discuss these questions with your partner.

Are germs dangerous?

How can we get rid of germs?

What dangerous diseases from the past are

now rare?

W D Vocabulary

a. Match these words with
their definitions.

1 application

2 harm
3 inject
4 recovery

5 sample

6 vaccine

7 immunise

8 resistance

9 infecting

A give liquid through
aneedle

B getting better
C hurt
D use

E passing a disease from
one person or animal
to another

F ability to avoid illness

G medicine that prevents
disease

H protect from illness

I something taken to make
tests on

b. Match the words to make phrases.

1 become

2 go

3 make
4 develop
5 die

6 carry

A vaccines

B out a vaccination
programine

C of a disease
D known as
E a recovery

F bad

Reading 2
Louis Pasteur

Pasteur (1822-1893) began his scientific career as
a chemist, but it is because of his applications of
germ theory to the prevention of disease that he
became known as ‘The Father of Microbiology’.
Pasteur did not create germ theory, but he proved
it to be correct. Once he had achieved this, he set
about finding ways to prevent germs, the
microorganisms present in the air, from infecting
food and people.

He completed his famous experiment proving that
microorganisms were present in the air while
working for a wine company. He was trving to
discover why wine sometimes went bad as it was
being made. Once he had found the cause -
microorganisms — he began to develop the process
which carries his name — pasteurisation. It was
perfectly possible to kill all the microorganisms in
food by boiling it, a process known as sterilisation,
but this damaged the taste and the quality of the
food. Pasteur’s process killed not all, but most, of
the microorganisms, with the result that the food
needed to be kept cool and eaten or drunk within
a limited time. Most importantly, the quality of the
food was not harmed by the process. Much of the
food we eat today is pasteurised.

His next achievement was to build on the discovery
of the British scientist Edward Jenner. Many vears
earlier, Jenner had discovered a way of giving
people resistance to the deadly disease smallpox, by

Macmillan Guide to Science Unit2 |



Biology

injecting them with a similar disease that was found
among cows. The process became known as
vaccination. Pasteur applied germ theory to his
work and looked at samples of blood taken from
healthv and infected animals. He grew bacteria in
his laboratory and used it to infect animals. By
chance, some of these germs failed to grow well in
his laboratory; these weak germs were then used to
infect some chickens. Although the chickens
suffered at first, thev made a complete recovery and
could not be infected again. In this way, he
discovered a wav of increasing resistance to disease.
Pasteur developed vaccines for many serious
diseases including cholera and anthrax. At that
time, these illnesses were certain death for anvone
who caught them.

Pasteur’s discoveries revolutionised work on
infectious diseases. Pasteur’s vaccines were different
from Jenner's in one important way. Jenner found a
weak form of smallpox and transferred it to
humans. Pasteur weakened the disease in a
laboratory and immunised people with that
weakened form. His success allowed a colleague to
develop the first vaccine for rabies, which Pasteur
used to save the life of a nine-vear-old boy. By this
act, Pasteur’s position as a hero was assured.

Thanks to the work of Pasteur, we now live longer,
our food stays fresh longer and we are less likely
to die of disease. Indeed, smallpox is no longer
found anvwhere in the world, due to a huge
vaccination programme carried out in the 20th
century. This could never have happened without
the scientific achievements of The Father

of Microbiology.

Pronunciation guide

anthrax /&n6raeks/

cholera /koloro/
pasteurisation /pa:storarzeifon/
vaccine /vaksin/

E Comprehension

Read the text and choose the
correct answer.

1 Pasteur used his work on pasteurisation to
A move his specialisation to microbiology.
B find ways to protect food and people
from infection.
C make a theory of germs.
D prevent microorganisms being in the air.

2 Pasteurisation
A kills only dangerous microorganisms.
B works for a limited time.
C doesn't work with wine.
D kills all the microorganisms.

3 Pasteur’s vaccinated animals
A recovered from the disease.
B died from the disease.
C didn't suffer from the disease.
D didn’t catch the disease.

4 Pasteur became a hero when
A he invented pasteurisation.
B a vaccine saved a boy’s life.
C he discovered vaccines.
D a colleague developed a rabies vaccine.

5 Because of Pasteur,
A we eat less tasty food.
B there are no germs anymore.
C many serious diseases are rare.
D we don’t need to keep food cool.

Discuss these questions with your partner.

What vaccinations have you had?

Do you know of any diseases for which we
cannot be immunised?

What vaccines would you like to
see developed?

M F Listening =)

Listen to the extract from a lecture about
immunisation. Then listen again and fill in
the gaps in the tapescript.

Historically, being immunised against diseases
is a relatively new thing but that doesn’t mean
the idea hadn't been thought of before. If we go
as far back as 429 BC, the historian Thucydides
noted that aftera (1).........cccoooeeennnis plague in
Athens, those who survived did not become
infected again. This was at a time before there
was even recognition of such things as

(2) i, and viruses.

Nowadays, we take it for granted that we will
be vaccinated and avoid diseases like polio
but how many of us actually stop to ask
ourselves what is behind the (3) ..........cccecevnnnnn.
we have? How does vaccination work?
Basically, it is the process by which a person
is exposed, that is, made open to an agent so
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that his or her immune system develops
against that agent. The immune system makes
antibodies which fight against infection.

Once the human immune system is exposed
to a disease, it is able to act against any future
infection. Vaccination exposes a person to an
immunogen ~ something which helps develop
immunity - in a controlled way by using

U C: 3 T dose so he or she
doesn’t become ill while being immunised.

The good thing about a vaccination
programme is that it can limit the spread of a
disease among a population, reducing the risk
for people who have not been vaccinated so
we have something which is known as herd

() T . That means when the
number of non-immune people has dropped to a
certain level, the disease will disappear from the
whole population. This is how nowadays we have
achieved the elimination of many diseases.

M G Speaking

Discuss these questions with
your partner.

How do you think Redi’s work
helped Pasteur?

How do you think Jenner'’s work
helped Pasteur?

Do we need vaccination? Are there any
negative aspects to it?

Task

In groups, discuss the work of
Louis Pasteur.

Talk about:
® germ theory

@ vaccination
e effects of his work today

First complete these notes.
Use them in your presentation.

Pasteur proved that microorganisms were
present ................... . He improved on
Redi’s experiment.

Pasteur built on Jenner’s work. He
developed vaccines for serious ..................

Pasteur’s work means we are more

Remember to:

@ plan what you are going to say

® give examples

Speaking tips

v Emphasise important points by repeating
the idea, not the words.

v Speak clearly and slowly.

¢ Make sure everyone speaks using phrases
like: What do you think, (name)? Would you
like to add to that, (name)?

H Writing
Write a short report explaining what

people used to believe about the origins
of living creatures.

Write about:

spontaneous generation

how living things were created

how deeply people believed this

what proved the idea wrong
Read text | again and use these notes to
write four paragraphs.

PARAGRAPH 1

Introduction Spontaneous generation: What
is it? Why do you think people believed it?
Vocabulary: microorganisms, belief, fact

PARAGRAPH 2

Where did this happen? What did people
see happening? What helped the idea

to survive?

Vocabulary: decaying, proof, appearance

PARAGRAPH 3

What experiments took place? Why were
they not all believed? Which was the most
successful? Why?

Vocabulary: deeply, air, present

PARAGRAPH 4

Conclusion Spontaneous generaration
finaly disproved. Experiments gave proof.
Vocabulary: scientific, conclusions,
disproved

Write 200-250 words.
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What different forms of life exist on Earth?

What effect do human beings have on
the planet?

How do you see the future of our planet?

Suggest some measures to improve it.

A Vocabulary

Complete the definitions below with
words from the box.

/

M coin B evolve
M extinct B impact
M inhabit B layer
B approximately B permanent
M predict
\
I1TO i means to live in a

P9 SX6 1) F P animal or plant no

K o N means to change
physically over a long period of time.

A A(N) i is an effect.

6 AM) coiieerriieriienniieees is a covering.
Y SOOI means lasting forever.
8 means not exactly.
9 Scientists often ...............eeeee. global

change will destroy our Earth.

Reading 1

The biosphere

The biosphere is the laver of the Earth in which
all life exists. The term biosphere was coined in
1875 by the geologist, Eduard Suess, but it was
Vladimir Vernadsky who recognised its ecological
importance in 1929. Ile believed that all living
organisms together with their environments make
up the biosphere. These environments include
the air (the atmosphere), land (the geosphere),
rocks (the lithosphere) and water (the
hvdrosphere). The exact thickness of the
biosphere on Earth is difficult to calculate, but
most scientists would agree that it is from about
5000 metres above sea level to around 9000
metres below sea level. Thus, there is a
14-kilometre zone within which life exists.

The biosphere is important because it is all of life.
Without the biosphere, Earth would be a lifeless
planet like all the others in our solar system.
Also, the biosphere could not exist without water.
Water is essential for all living organisms on Earth
and has plaved a very important role in the
evolution of life on our planet. Life on Earth
began approximately 3.5 billion vears ago in the
oceans. At that time, Earth was very different
from what it is todav.
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Biology

The earliest forms of life were very simple
organisms similar to modern bacteria. Over
millions of vears, more complex organisms
evolved and in time, many different forms of life

began to inhabit the land. the sky and the oceans.

They all depended on each other to survive. The
biosphere is like a ladder. This ladder is known as
the food chain, and all life depends on the first
step of the ladder which is made up of plants.
Animals eat the plants; bigger animals eat

the smaller animals, and so on. In this way,

all organisms are closely connected to

their environment.

The biosphere is what keeps us alive. It gives us
our food, water and the air that we breathe.
Evervthing we need in order to grow and survive
comes directly from the biosphere, so it is
important to protect it; however, humans have
not alwavs done that. Humans have had a huge
impact on the biosphere. Sometimes this has
been good, but at other times it has been very
destructive. The growing human population on
Earth means there is less room for other species
and by destroving their habitats we have made
many tvpes of plants and animals extinct.

As scientists learn more about our world, they
can help us to understand the biosphere, how it
evolved, and even try to predict how the
biosphere will respond to global change and
human activities. Scientists are veryv concerned
about the future, particularly how people will
affect the environment in harmful wayvs. It is very
important to try to prevent any permanent
damage, or we will destrov ourselves.

~
Pronunciation guide
biosphere /baisusfio/
Eduard Suess fedwad sus/
environment /in'varroanmeant/
geosphere /dziosfiof

N B Comprehension

a. Read the text and decide if the
following statements are true or false.

1 The biosphere is made up of all T[]
living things and their environments. F [ |
2 The biosphere is a 5 km layer T[]
around the Earth. F[]

3 The first living creatures on Earth T[]
were in the seas. F[]
4 The only thing the biosphere T[]
provides us with is food. F[]
5 Many types of plants and animals T[]
have disappeared. F[]
6 Scientists can already predict T[]
the future of the biosphere. F[]

b. Read the text and answer the
following questions.

1 What is the biosphere?

2 Why is it so important?

3 What layers does it consist of?
4 What is a food chain?

5 What effect do we have on our planet?

Discuss these questions with your partner.

1 What is extinction?
2 Give examples of extinct animals.

3 Do you know of any animals that are in danger
of becoming extinct?

4 How can they be saved?

C Listening =)

Listen to the discussion between a
teacher and some students about
extinction. Then listen again and fill in the
gaps in the sentences.

1 The Tasmanian tiger looked like a dog

witha ..covviiveniiieen, head.

2 It was called a tiger because it
1T U R on its body.

3The .o, who arrived in Tasmania
killed it.

4 The Tasmanian tiger was
AVEIY . iieiieniiiraciieeaan animal.

5 The last one died in.............cevvnnnenn. -
in a zoo.

6 The Tasmanian tiger was declared extinct
1 | S .
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Discuss these questions with your partner,
Are you interested in science?
What sort of discoveries would you like to make?

What do you imagine the world will be like in
50 years’ time?

N D Vocabulary

Complete the sentences below with

words from the box.
7~ N\

M source B deposits

B commission B contribution

B boundary B doctrine
M ore N required
M crust
\ /

1 Vernadsky's particular beliefs led him to
develop his unique ......c...ccoceeeieenins .

2 Richmineral ........c...ccoveeeeen.e. were found
in the area.
3Uranium .....c.ooeeeeeviennnnn. is mined

in Australia.

4 Vernadsky'’s development of the idea of the
biosphere was an important

......................... to science.
50ilisa....cccccnnnnnnn. of energy.
BA. ., was organised to look into

the position of the mine.

IThe .o, between the two
spheres has been defined.

8 Inthe Earth’s ......c.cocevvvviniinnnnnn there are
many minerals.

9 What are the conditions ..........ccccevvvnnen.e. for
a better future?

Reading 2
Vladimir Vernadsky

Vladimir Ivanovich Vernadsky was a Russian
scientist who was born on 12th March, 1863 in

St Petersburg. His most important contributions
to science were the development of the ideas of
the biosphere (from the Greek word bios
meaning life) and the noosphere (from the Greek
word noos meaning mind).

|16 Macmillan Guide to Science Unit

He graduated from the Physics and Mathematics
Department of St Petersburg University in 1883.
From 1890 to 1911 he taught mineralogy and
crystallography at the University of Moscow. In
1912 he was made a full member of the Russian
Academy of Sciences where he was actively
involved for 33 vears, until his death in Moscow
on 61 January, 1945.

Through his work in mineralogy, Vernadsky
became interested in the distribution of chemical
elements in the Earth's crust, hvdrosphere and
atmosphere — the field known as geochemistry.
‘ernadsky published many papers on the
geochemistry of various elements, including the
geochemistry of radioactive compounds.

Vernadsky was one of the first scientists to
suggest the possibility of using radioactive
elements as sources of energy, and he organised a
special commission to look for uranium ores in
Russia. In 1916, the first uranium deposits were
discovered. But Vernadsky was aware of the
danger of putting atomic energy into the hands of
man. He said that scientists carried the huge
responsibility of making sure their discoveries did
not lead to destruction.

However, Vernadsky is probably best known for
his development of the idea of the biosphere of
the Earth and his ideas on the evolution of the

biosphere into the noosphere.




Biology

He defined the boundaries of the biosphere by
showing that the biosphere includes all the
hvdrosphere, part of the troposphere - the lowest
aver of the atmosphere where most weather
-hanges take place — and the upper part of the
Earth's crust down to a depth of two or three
kilometres, in short, evervwhere that life exists.
For Vernadsky, the biosphere had existed since
the very beginning of the Earth's history and it
vas constantly evolving. Our present living world
is the product of a long and complex evolution of
the biosphere.

Vernadsky believed that the technological
activities of mankind were a stage in this
evolution. He believed that human reason and
combined scientiftic efforts could overcome the
negative results of technology and could lead to a
.afe future for evervone. This positive
evolutionary stage of the biosphere of the Earth is
for him the noosphere, the sphere of reason.

In his paper, Several Words on the Noosphere
1944, the last paper he published before his
death), Vernadsky outlined the conditions that
were required for the creation of the
noosphere: equality for all people and an end to
wars, poverty and hunger. Today, Vernadskv’s
vision of the world is more important than
ever before.

Pronunciation guide

crystallography /kristologrofi/
geochemistry /dzrokemistri/
mineralogy /mmoraladsi/
noosphere /navosfia/

uranium ores /ju*remom 5:z/

W E Comprehension

Read the text and choose the
correct answer.

1 Vladimir Vernadsky taught at
A St Petersburg University.
B Moscow University.
C the Russian Academy of Sciences.
D both St Petersburg and Moscow University.

2 Vernadsky’s work in mineralogy led to
| Ahis work in publishing.
‘ B discovery of the Earth’s hydrosphere.
C his interest in geochemistry.
D a new field of geochemistry.

3 He was one of the first to suggest using
A atomic energy.
B minerals.
C the biosphere.
D various elements.

4 The biosphere is the layer of Earth where
A only minerals are found.
B living things are found.
C only the troposphere is.
D its history began.

5 According to Vernadsky,

A the noosphere is in the atmosphere.

B the biosphere developed from
the noosphere.

C the biosphere creates a negative
environment.

D the noosphere would create a
better world.

Work in pairs. Make three questions on the text
for your partner to answer. Then change roles.

Discuss these questions with your partner.

What do you know about uranium?

Do you think atomic and nuclear power are
safe? Why / Why not?

Do you know any other radioactive elements?

Give examples of their application.

M F Listening =)

Listen to the class discussion about
uranium. Then decide if the following
statements are true or false.
1 Uranium has been in the Earth’s T[]
crust for a very long time. F
2 Uranium entered a star that T[]
had exploded. F
3 Uranium is lighter than oxygen. T[]
FQ
4 Uranium is a source of energy. T
FL]
5 A small amount of uranium can T[]
produce a great deal of oil. F[]
6 Less carbon dioxide enters the T[]
atmosphere when we use F
nuclear power.
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Biology

Remember to:
. . . ead the texts carefull
Discuss these questions with 3 exts carelty

your partner. locate the information you need

What do you understand by the keep your information in a logical order

term biosphere? discuss all parts of the question

take part fully in the discussion

[
[
[
[
In what sorts of different environments can ®
life exist? °

ask for your partner’s opinions and ideas

Think about humanity. How do we affect . .
. Speaking tips

our environment?

v Briefly introduce your topic.

TaSk v Use terms such as ‘in addition’, 'according

..... to', and ‘furthermore’ to comnect your ideas.
Discuss with your partner the idea of ¥

the biosphere and a noosphere. Do you
believe it is possible for Earth to

develop a noosphere? Say what you H erting
think and find out if your partner

. . Write an article for your school magazine
agrees or disagrees with you.

explaining what the biosphere is, who
Talk about: developed its meaning, and why it is
important that we protect it. Use these

@ what the term biosphere means
notes to help you.

® which environments are contained within it
PARAGRAPH 1

Introduction Briefly explain what the term
biosphere means.
Vocabulary: Greek meaning, sphere of life

@ the importance of the food chain
@ human impact on the biosphere
@ the importance of the biosphere

@ what the noosphere is
PARAGRAPH 2

Read texts | and 2 again and use these | Write about Vernadsky and his role in the
notes to help you. development of the idea of a biosphere.
Include information about the different
environments in the Earth’s biosphere.
Vocabulary: geochemistry, evolution,
The biosphere has four environments: boundaries, hydrosphere, troposphere,
Earth’s crust

Meaning: biosphere comes from the words
......................... and .......ccceveiiiiinnn s

air, known asthe .........cccoveeeeen. .
land, known as the .........ccc.cccceoll . PARAGRAPH 3

rocks, known as the .................o . Write about the impact of human beings on
the biosphere. Give examples of both good
and bad effects.

Vocabulary: technology, scientific effort,
human reason

water, known asthe ...............ccceen e .

The food chain is important
because.........ccocveniiinnnnin, .

Human impact: effect on plants
and animals PARAGRAPH 4
Conclusion What do you think will happen
to the biosphere in the future? Can it

] develop into a noosphere, as Vernadsky
The development of the noosphere is had hoped?

(im)possible because ..............ceeeens .

The biosphere is important
because.........ccceeiiinnnn, .

Write 200-250 words.
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Biology

Discuss these questions with your partner.
Can you draw a cell and label its parts?
What part contains hereditary information?

Have you ever seen a cell under
the microscope?

Do you remember your impressions?

M A Vocabulary

Complete the sentences below with
words from the box.

B chromosomes M single-celled
B multi-celled M tissues
B protoplasm M nucleus
M lifespan B muscle
; M nerve B stem cell

M determined

Ny

) are found in cells and pass
on information.

2 Bacteria are .........coeceeueennnnnn. organisms.

3 organisms consist of more

than one cell.

4 Cells of the same structure and function
that are grouped together form

L is the jelly-like mass that fills

6 The cell's hereditary material is stored
INits ..ovveiiiniiiieas .

7 The natural ........ccoooeeeniiiiinnnn. of a pig is
10-12 years.

8The.covveeiiiiiieeann, tissue stretches or
tightens to move the body.

9 The purpose of the.........ccceoeeeeenni. cell is to
transmit nerve impulses.

10 Every single cell in the body is born
bya. .

11 Genderis ........cccceeeiinnnnnnns by the presence
or absence of certain chromosomes.

Reading 1
Cells

A cell is a tiny unit which constitutes the core of
all living things: human, animal, plant or
microbe. It was an English mathematician and
phyvsicist called Robert Hooke who, in 1665, first
recorded his observations of cells under a
microscope and published them in a book
entitled Micrographia. Hooke noted that there
are single-celled organisms, such as the amoeba,
and multi-celled organisms, such as man. In the
latter tvpe of organism, it was revealed that the
cells are grouped together to form ditferent types
of tissues, and the tissues then form organs.
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Biology

The structure of a cell appears very simple. It is
a jelly-like mass, called protoplasm, enclosed by
a wall, with a central nucleus. Although research
continued into the structure and function of
cells, it was not until the late 19th century that a
process of staining and fixing tissues was
developed. This made it possible for scientists to
preserve the cells for more detailed observation
under a microscope. It was then discovered that
new cells are formed by the division of old ones,
and that each cell has its own lifespan. In other
words, a cell is born (created), feeds, produces
waste, grows, splits to create new cells or
disintegrates and dies. Each cell has a specitfic
function and specific characteristics, for
example, muscle cells stretch and nerve cells
carry information.

Stem cells are central to this infrastructure.
These cells provide a remarkable repair svstem
for the body, as theyv are able to develop into
any tvpe of cell. They can continue to redivide
as often as possible to replace damaged or dyving
cells. The cells created from the division of a
stem cell can remain stem cells, or become any
of the other specific cells (blood cells, brain
cells or other) in the organism. The keyv to the
division process lies in the nucleus. The nucleus
splits into two identical parts in the shape of
rods or threads, which break away in opposite
directions and form new nuclei. At this point
the cell itself divides and two new cells are born.

The rods or threads are called chromosomes.
Each chromosome is made up of links of
protoplasm called genes joined together in a
chain. It is the genes that determine the essence
of each cell and its particular characteristics.
The number of chromosomes found in a
particular organism always remains the same,
but it will vary depending on the species; human
beings have 48, for example, and sugar cane
over 200.
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Pronunciation guide

amoeba /o'mi:ba/
chromosome /krovmosovm/
microbe /maikravb/
microscope /maikraskaup/
nucleus /njuklss/

W B Comprehension

Read the text and answer the questions
in your own words.

1 How do organs form in multi-celled
organisms?

2 What stages/processes does a cell's
lifespan include?

| 3 Why are stem cells important?

4 What happens to the two identical threads or
rods the nucleus splits up into?

5 What are chromosomes?

Discuss these questions with your partner.
What do you know about genetic engineering?

Do you think it is safe?

M C Listening =)

Listen to two students discussing their
homework. Then answer the questions
by writing one or two words in each gap.

1 They will both write a report for
their ..o, class.

2 The boy may write about.........c.....ccevvunnnnnn.

3 It is now possible for scientists to change
information in........ccceeeeeeeenns .

L watermelons have been
produced by scientists in their labs.

5 Scientists can use this new technology to
produce more.........ccceeeeeeennnnne. .

6 Plants can be genetically engineered
tomake .......ceiiiiinin, .




Discuss these questions with your partner.

Do you have plants at home? Do you have a
kitchen garden?

What do you know about selection of plants?

Have you ever conducted an experiment?

M D Vocabulary

Match these words with their definitions.

1 blend A changed
2 altered B children
3 hypotheses C combine
4 ratio D theories

5 offspring E relative amount

6 successive F element
1 particle G think of
8 trace H find

9 come up with I following

Reading 2
Gregor Mendel

Gregor Mendel was born on 20th July, 1822, and
died on 6th January, 1884. Ile was a biologist
and botanist whose scientific research showed
that inheritance proceeds according to certain
scientific laws.

Mendel was a brilliant student and his family
encouraged him to study, but theyv were very
poor so Mendel entered a monastery in 1843.
There he taught Mathematics, Physics and
Greek to high school students. Eight vears later,
in 1851, the monastery sent him to the
University of Vienna where he was able to
continue his education. In 1833, he returned to
the monastery and began teaching and
researching again.

Mendel's theories of heredity based on his work
with pea plants are well known to students of

Biology. But his findings were so different from
the accepted views on heredity at the time that
his work was ignored until long after his death.
Ilis paper, Experiments in Plant Hybridisation,
in which he described how traits were inherited,
has become one of the most intluential
publications in the history of science.

Mendel was the first person to trace the
characteristics of successive generations of an
organism. In Mendel's day, a number of
hyvpotheses had been suggested to explain
heredity. The most popular one was the
so-called blending theory. According to this
theory, inherited traits blended from generation
to generation. For instance, a red rose crossed
with a white rose would, over time, produce a
pink rose. Another theory put forward by
Charles Darwin was called pangenesis. This
stated that there were hereditary particles in our
bodies, and that these particles were affected by
our actions. The altered particles could be
inherited by the next generation. These theories
were disproved by Mendel.

The first thing he noticed when he began his
experiments was that traits were inherited in
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certain numerical ratios. This observation led D A modern science
him to come up with the idea of the dominance E An important paper
of genes and he tested it in peas. For seven
vears he crossed thousands of plants to prove
the Laws of Inheritance. From his experiments,
Mendel developed the basic laws of heredity.
Those laws are the following: that traits do not
combine, but are passed whole from generation
to generation (which disproved the blending
theory and Darwin's theory); each member of
the parental generation passes on only half of its
hereditary information to each offspring (with
certain traits dominant over others); and
different offspring of the same parents receive
different sets of hereditary information.

F Different theories

G Gregor Mendel, the scientist

e € 7

Mendel's research formed the beginnings of the z

modern science of genetics. Genetic theory has SaeigR. TF e x
had a huge impact on our lives. Many diseases,
for example haemophilia, are known to be
inherited, and family histories can be traced to

o Ein e Ly _SeC -

b 787 v~
. 1 > . . ’ P :{Q (e
determine the probability of passing on a / g [ &
hereditary disease. Scientists can now design Ny

plants that are easier to grow, or which can
produce more food. This practical side of the
results of Mendel's research is being used to
improve the way we live.

& . .
Pronunciation guide
haemophilia /hizmafilis/ oz
hybridisation /haibridarzei[an/

pangenesis /paendzenssis/ Before you listen

ratio /reifou/ Discuss these questions with your partner.

Yienna /viens/ .
\. J What does evolution mean?

Do you know anything about Charles Darwin?

. What do you know about natural selection?
Read the text and choose the best title you W about natural selection

for each paragraph. There is one title

which you do not need to use. F Listening ‘)))
.................................... Listen to a talk about Darwin. Then
.................................... decide if the following sentences are true
or false, according to the speaker.
.................................... 1 Darwin wrote two famous books. T[]
F[L]
2 Darwin's theory was very popular T
------------------------------------ in his tlme. F D
The experiment 3 Differences between fossils and T
His studies modern animals helped him form F[]
Genetics today the Theory of Evolution.
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4

5

Natural selection meant the T[]
healthiest specimens would survive FO
An adaptation was inherited T[]
and decreased an organism's F[]

chances of survival.

G Speaking

Discuss these questions with
your partner.

How are characteristics passed on from
generation to generation?

How does modern science change
this? Why?

Task
Prepare a short presentation on the

topic: 'Theories of inheritance’. Use the
information in both texts.

Talk about:

® Mendel's theory

® Mendel's experiment
@ theories that were disproved

® cells, chromosomes and genes

First compiete these notes.
Use them in your presentation.

Mendel's theory: Mendel stated
191 T | .

Mendel's experiment: Mendel conducted
eXPeriments ON ........cccceveeevennenns .

Disproved theories: The theories that
Mendel disproved were ...............coeeeeeee.
and ... .

What are cells? How is genetic information
passed on?

Remember to:

read the texts carefully

underline the parts containing the
information you need

use your own words; do not copy everything
from the texts

stick to the point

Speaking tips
v Refer to your notes.
v Do not read out a long monologue.

v Express yourself clearly and concisely.

N H Writing

Write a letter to a science museum
applying for a part-time job. Use these
notes to help you.

Dear (Sir/Madam),
Writing to apply for a job:

I am writing to apply for the position of

Why you would be suitable: interested in
science (physics / mathematics / biology

/ your own ideas):

I believe I would be suitable for the position

| oY= Yo 15 U=

Intend to study Science at university:

It is my intention to study Science at

university, and I believe this will................

Previous work experience: (laboratory /

library / your own ideas)

Say you are available for an interview:

I am available for an interview ..................

Yours faithfully,

(your full name: first name + surname)

Write 100-140 words.
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Units 1 to 4

m A Use the clues to complete the crossword.

KAcross: 4 forever 7 not exactly 9 say what will happen in the future
10 one particular area

Down
1 live in
2 threadlike
structure with genetic — 1 1 1 D

information ; - -
3 give a general idea of
5 characteristic
6 develop gradually
8 yellow powder from S B —

10
flowers 1 L -
m B circle the correct answer. E C Complete the sentences with these
1Thelife ......oouveeerinnnnn. of insects starts phrases.
when they are larva.
A cycle B field C vacuum coined a term have an impact
2 In the 18t century living things were came up with threatened species
........................ into biologica]. famihes.' ' Earth's crust uranium ore
A treated B stated C classified dominant gene chemical elements
3 The biological information passed on to us
from the previous generation is our 1 Mendel ....cocoeervirieennnnnnn. a theory.
A inheritance B observation C principle 25uess ...ooviiinniiiie, . It was biosphere.
4 Charles Darwin is famous for ..........cccccceeees 3The p a.nda 1S & s e but efforts
the idea of natural selection. are being made to save it.
A disproving B adapting C formulatinc 4 i, is found in the ground.
5Itwas really small —a .......ccoovviinnninnnnnns . 5 When cells are making flowers, the
A pollen B microorganism Ccrop | ... will decide what colour they are.
6 Theylltake a..........cccceeiiinenns of your blood 6 The outer layeris the ............ccooeenee. .
for testing. L . IYoucanfind........occceeeieennnnnns in
A sample B injection C vaccine
the atmosphere.
7 He was immunised to have ..............cccceeeeeeen, . .
: 8 Usually advances in science ............cccc...c....
to diseases. .
A recovery B application C resistance on our lives.

D Complete the sentences with words derived from the words in red.

1 The scientist recorded his...........cc.ooomrnnnnn. during the experiments. observe

2 Vernadsky was interested inthe .................o.ocee. of various elements in the atmosphere,
hydrosphere, etc. distribute

3 Pasteur's ........ccceevieennnnnnes of germ theory to preventing disease led to pasteurisation. apply

4 Mendel followed the characteristics of an organism through........................... generations.
succession

5 Fortunately the patient made a quick ............ccooeeeeee. . recover
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Before you read

Discuss these questions with your partner.

What do you know about heredity?

What characteristics do you have in common
with people in your family?

MY A Vocabulary

Complete the sentences below with
words from the box.

-
B striking B strand
B substance B bound
B breakthrough B revealed
B compound M organic base
B coils B pattern
[\ _/
| 1 What is the chemical ................c........ used
in paint?

2 A sprung seatismadeup of ............oceeeiniien.
of strong wire.

3 An important discovery that helps us find a
solutionis called a.........cccoeeereiiennnne .

4 A long length of somethingisa......ccccccceenee .

5Wecanfinda..........eoooeevnnnnnnen, if we watch
something and see if it acts in similar ways
over a period of time.

children were.

1 The sheets of paper were...........ccccceeeee
together by string.

|
|
‘ 6 It was quite........coeervneiicnnnnn. how different the

‘ 8 Mendel's discoveries .........cccccceerneenee the
secret of heredity.

9 A combination of two or more elements or
partsiscalleda........cccoooeenunnnne .

|
l
| 10 AM).ccoviiieiieiiiiiieennns is an organic compound
|

Reading 1

The discovery of
the structure and
function of DNA

Look around vou and vou will see people of all
different shapes and sizes, hair and eve colour.
However, despite the differences that seem so
striking, if you compare the genes of any two
human beings theyv will be 99.9% the same. This
similarity means we belong to the same species
while the 0.1% ditference makes us individuals and
means we are different from each other.

What exactly is a gene” To answer that we have to
look at the chromosomes inside the nucleus of a
cell. We get 23 of these from our mothers and 23
from our fathers. Found in almost everv cell in the
body, these chromosomes consist of long strands of
the chemical called deoxyribonucleic acid which is
known as DNA. Each cell contains about two
metres and if vou put all the strands together they
could travel to the Moon and back many times.

Scientists have known that DNA exists since 1869
when the Swiss scientist Johann Friedrich
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Biology

Miescher noticed something he had not seen
before in the nuclei of cells. He called it 'nuelein'.
It was more than 70 vears later that scientists
examined his theory.

It was two researchers at Cambridge University,
England, who, in 1953, finallv revealed the secret
of DNA and its role in the pattern of life. James
Watson, an American zoologist, and Francis Crick,
an English biologist, had already discovered that
DNA was made up of sugar and phosphates in the
form of a chain. The whole structure was bound
together by four compounds called guanine,
adenine, thvmine and cvtosine. Each of these four
nucleotides, as thev were known, had a ditferent
organic base. Thev knew that guanine and adenine
were the larger of the four, and that thvmine and
cvtosine were the smaller; what thev did not know
was how thev all fitted together.

Returning from London one day, Watson hit on
the idea of experimenting with different pairs.
The two men made cardboard models of the four
nucleotides and then tried syvstematically fitting
them together. Watson later described their
breakthrough in this wayv: 'Suddenly I became
aware that an adenine-thvmine pair was identical
in shape to a guanine-cvtosine pair'. Thus the
men had discovered the relationship between the
organic bases, and could see how each of these
pairs of nucleotides formed a single rung on the
so-called DNA ladder (DNA is shaped like a long
ladder that is twisted into a spiral; this structure
is known as the double helix). The discovery was
the kev to a much better understanding of the
process of heredity.

There may be millions of these DNA ladder rungs
linked to form hundreds of thousands of coils
which in turn make up the structure of a single
DNA molecule. In order for a cell to divide, all
these coils have to be unwound. Then all the new
nucleotides have to be linked in the right order
and joined together by enzvmes (enzvmes are
chemicals which we can find in all living
organisms; thev cause changes to take place). The
entire process has to take place at great speed; in
fact, in the time it takes for a cell to divide. Since
bacteria cells split and form new cells in less than
20 minutes, this would mean that the DNA helix
has to unwind verv fast (several hundred turns a
second) and a new chain has to be formed at the
rate of several thousand nucleotides a second. At
such a speed, a car engine would blow apart.

Pronunciation guide

adenine /&danin/

cytosine /sartovsi:n/

deoxyribonucleic /di:oksiraibovnjuklizk/
enzymes fenzaimz/

guanine fgwani:n/

thymine /6armix/

B Comprehension

Read the text and decide if the following
statements are true or false.

1 A particular species shares almost T[]
all its genes. F[]
2 We get equal numbers of T
chromosomes from our parents. FOJ
3 Friedrich Miescher immediately T[]
revealed the importance of DNA. F[]
4 The four compounds of DNA T[]
are not the same size. FO
5 Watson and Crick did the computer T[]
modelling for nucleotide bases. F[]
6 A new helix chain is assembled at T[]
a comparatively slow speed. F[]

Discuss the following with your partner.

How is DNA useful to different people in
different occupations?

Talk about: archaeologists, doctors, the police

M C Listening =)

Listen to a talk. Then complete the
information about DNA.

1 Each strand has about .........ccccceuvennnnne.
billion letters of coding.

2 We inherit the information from our ..............

3 DNA will be useful in the future

6 The police get information from DNA found
ata . .
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Discuss these questions with your partner.

Do you know anything about
genetic engineering?

Do you buy genetically modified food?

Would you like to clone something
or someone?

Have you read any books - scientific or fiction
- about cloning?

Are there any films where the issue of human
cloning comes up?

Is cloning a matter of technology, ethics
or politics?

D Vocabulary

Match these words with their synonyms
and antonyms.

Words
1 endanger 1 identical
2 extract 8 create
3 unique 9 latest
4 extinction 10 brilliant
5 replica 11 improve

6 particular

12 move ahead

Synonyms

A copy G recent

B special H make better
C take out I progress

D threaten ] same

E death K intelligent
F exclusive L make
Antonyms

a survival g fall behind
b original h destroy

c protect i different

d insert j stupid

e general k make worse
f common lold

Reading 2

Cloning

It used to be only in science fiction that the
existence of a race of identical creatures could be
imagined: a group of people with exactly the
same hair colour, the same features and the same
height. However, now this dream — or nightmare —
could actually become reality. In theory, the
process of creating replicas of any living being
seems quite simple. First, a body cell, which
contains the specific genes of a living organism,
splits in two. The resulting new cells, each
containing the same genes, then grow into two
new, identical organisms. This process is known
as cloning, and it can be applied to humans,
animals, insects and plants.

Early experiments with cloning took place using
the tadpoles of frogs. In 1968, Dr J.B. Gurdon of
Oxford University, England, took an unfertilised
frog's egg from a frog — let us call it frog number 1
— and destroved its nucleus. This meant that he
had removed all the genetic information which
related to this frog. He then inserted a new
nucleus extracted from a cell from another frog —
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frog number 2. The tadpole which developed
from the egg produced by frog number 1 was
identical to frog number 2, not to frog number 1!
It was not until 1996, however, in Scotland, that
a group of British researchers led by Ian Wilmut
achieved the successful cloning of an adult
animal. The result was Dolly, who has taken her
place in the history books as the first lamb to be
cloned from the DNA of an adult sheep.

Following the birth of Dolly, both scientists and
ordinary people have begun to think about the
possibilities of cloning. The latest technology now
means that we can remove body cells from the
best of our race, the brilliant scientist, the musical
genius, the child prodigy, and ensure that the same
genes are reproduced in as many babies as we
wish. However, cloning does not mean copving.
The process actually takes its name from the
Greek word clon which means a twig. A twig has
the same genetic information as the tree it comes
trom, but the two look very different. In the same
way, a clone shares the same genes as its donor,
but its behaviour and characteristics will be
different: personality will alwavs be unique.

Science has provided us with knowledge which
seems to have unlimited possibilities. We can not
only make designer human beings, but we can also
use cloning to improve health. For example,
scientists predict that in the future, pigs with
organs that could be used in human transplants,
could be cloned. Cloning could also enable us to
learn more about the embrvo and how organisms
develop. Cloning could put an end to the risk of
extinction of the endangered species on our planet;
if animals can be cloned, thev need never die out.

However, the process is verv controversial. Some
people have asked whether a cloned individual
would really be a human; would it have a soul?
Would there be relationships and responsibilities
between donors and clones? What would be the
position of the children of donors in relation to
clones? These people are concerned that cloning,
or genetic engineering, would interfere with the
laws of religion or nature. Others are concerned
that it might lead to attempts to alter the features
of a particular race and result in a new kind of
ethnic cleansing. The fact is that the new
opportunities offered by science have alwavs
meant that we are faced with new ethical
questions. These questions need to be discussed
and evaluated before we move ahead.

e
Pronunciation guide

cloning /klavni/
embryo /embriov/
replicas /replikoz/
unfertilised /anfs:tolaizd/

E Comprehension

a. Read the text and choose the best title
for each paragraph. There is one title,
which you do not need to use.

CLONING OF LIVING BEINGS
BENEFITS OF CLONING
COPYING AND CLONING
MORE DISADVANTAGES
ETHICAL PROBLEMS
POSSIBLE FUTURE

b. Answer the following questions.

1 When did the first attempt to create a clone
take place? What happened?

2 Who's Dolly? Why is she famous?

3 In what ways is cloning different
from copying?

4 Give one example of how cloning could be
beneficial to humans.

5 What are the disadvantages of cloning from
an ethical point of view?

c.Work in pairs. Think of at least one
more question to the text your partner
should answer. Then change roles.

Before you listen

Discuss these questions with your partner.

What does research involve?

What kind of person would be good at
research in your opinion?
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N F Listening 1))

Listen to a talk about the scientist
Rosalind Franklin and choose the correct
answer.

1 Perhaps Franklin didn't receive the
recognition she deserved because

A she was the only woman.

B women were treated differently in
the past.

C she was only one of the people working
on DNA.

2 Franklin's particular skills were

A being a researcher.

B interpretation and explanation of
scientific results.

C photographing crystals and explaining
the photos.

3 Franklin’s photo revealed

A a new technique of crystallography.
B the basic helix structure.
C the atoms in a crystal.

4 Watson was interested in the photo because

A the structure of DNA had never been
seen before.

B it could be reproduced.

C he wanted to identify the double-helix.

5 Today Franklin is

A regarded by all as a genius.

B recognised as the most important
contributor to DNA.

C somebody whose role in DNA research
is clear.

G Speaking

Give a two-minute presentation on the
benefits and problems of human being
cloning. First read text 2 again and make
notes on the following:

What is cloning?
How is cloning done?

benefits: medicine, saving of endangered
species

problems: donors and clones, children of
donors, religion, ethnic cleansing

Remember to:

® use key words for your notes, not complete
sentences

@ glance at your notes regularly
Speaking tips
v/ Speak in a clear voice.

v/ Maintain eye contact with your audience.

H Writing

Write an essay about the key events
that led to the discovery of the structure
and function of DNA and explain the
possible applications of these findings in
today’s world.

Remember to:
® read the texts again

® select information that is relevant

Include some of these useful phrases in
your writing:

To begin with, ...

Research began with ...

Later on, ...

In addition to that, ...

However, / On the other hand, ...

Finally / In conclusion

PARAGRAPH 1

Introduction
What is DNA?

PARAGRAPH 2

Information about the scientists and their
work (Miescher, Watson, Crick, Wilmut).

PARAGRAPH 3
Cloning (benefits & problems)

PARAGRAPH 4

Conclusion

Write 200-250 words.
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Discuss these questions with your partner.

Can you name any famous chemists?
What are they famous for?
Where do chemists work?

What equipment do they use?

N A Vocabulary

Complete the sentences below with
words from the box.

conservation of mass M matter

combustion B quantity
accurate N breakthrough
alchemists M properties

1 It is a fact that substances cannot change
their ......cccoooiiini .

2 e means that no matter how a
substance is changed, what it is made up of
will always stay the same.

3 When scientists make a.....cc..ccoeuvviiennnnns they
succeed after trying very hard.

4 Without oxygen there cannot be
.......................... - things cannot burn.

5 o is what physical objects are
made of.

6 All classifications in chemistry need
tobe ...cccciiiiiiiniii, .

S, believed that they could
turn iron into gold.

8 Mendeleev's table classifies the elements
found in nature according to their ............... .

Reading 1
Chemistry

An introduction

Chemistry is often said to be the central
science, as it connects all other sciences. While
mathematicians calculate the world, phyvsicists
explain it and biologists sav what lives in it,
chemistry looks at evervthing in the world and
explains how it is made and what it can do.

Chemistry began with fire. Burning changes
things and ancient man must have wondered
what happened to the wood he burnt. It was by
burning things that ancient man discovered iron
and glass, combining different substances in the
fire and seeing how thev combined. Once gold
was found, the false science of alchemy was
born. People believed they could change
ordinary metals like iron into gold. Though the
idea was wrong, the alchemists discovered many
of the chemical processes that are in use today.

The origin of modern chemistry comes from the
work of Antoine Lavoisier, an 18th century
Frenchman who was executed in 1794 during
the French Revolution. He formulated the idea
of the conservation of mass: that is, even though
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substances can be changed, their quantity of
mass remains the same always. Although
Lavoisier was the first to publish his ideas, in
Russia, Mikhail Vasilyevich Lomonosov had
reached the same conclusions some vears
earlier. Both men were interested in the nature
of combustion — what happens when things burn
— and this was the first breakthrough in our
understanding of chemistry.

The second great development in chemistry
came later and concerned the nature of matter
itself: how it was made up and what its parts
were. In the early part of the 19t century, the
British scientist, John Dalton stated that all
matter was made up of atoms of different
elements and that these could not be broken
down into smaller parts. We know now that
atoms exist and that theyv do have parts which
can be broken down, but at the time his ideas
divided chemists into those who accepted his
ideas and those who did not. There was a whole
century of research to be done before the work
of Marie Curie on radioactivity and of Ernest
Rutherford and Niels Bohr on atomic structure
finally proved that Dalton was correct after all.

Even while chemists were divided on atomism,
it became necessary for someone to make sense
of the growing list of elements that were being
discovered. That someone was Dmitri
Mendeleev. He took Dalton’s theory of atomism
and arranged the elements by their atomic
weight and by their chemical properties. So
accurate was his classification of the elements,
that he was able to predict the properties of
undiscovered ones to fill the gaps in the table.
Mendeleev’s table is one of the most useful and
important generalisations of chemistry and of
all science.

These three developments give us the definition
of chemistry. It is the science of the
composition, structure and properties of
substances and how thev can be transformed.

Pronunciation guide
alchemy faelkami/
Antoine Lavoisier /&ntwan lazvua:ze/

Marie Curie /moar1 kjuari/

Rutherford /radofod/

W B Comprehension

Give a title to each paragraph. Read the
text again and complete the summary.
Use words from the text.

Chemistry is the science which

(1) e, all other sciences. Through
chemistry, we can study how things are made
and what they can do.

Alchemists discovered a lot of chemical

) J P before chemistry
developed properly. There are three main
areas of study in modern chemistry. The first
is about how (3)......cceevvvenrennnn.e. change when
something happens to them. The second is
about how things are made, and looks at

the atomic (4) ......ccovvevnvennnnnnnn. of elements.
The third is to look at the (8) ......ccceeneveennnni..
of elements.

Before you listen

Discuss these questions with your partner.

What is the difference between an element
and a compound?

What is the difference between a liquid, a
solid and a gas? Name as many as you can.

C Listening

Listen to a chemist talking about
chemical processes. Then listen again and
complete these notes. Choose from the
words in the box. There are more words
in the box than you need.

H solid M elements M liquid M bond
M materials B compound M process
B form M atoms M gas

For example, two (1) ......ceeevennnne. :hydrogen
and oxygen. Hydrogen has the atomic number

(@), and oxygen (3) ........cec...... .

Two molecules of hydrogen and one of oxygen
=one(4) ....occeevinieininnnnnnns .

Water can change its (8) .........ccoovvveeennn. but is
still H,O. Some chemical processes appear
complicated as they have different

() I bonding in

different quantities.
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Discuss these questions with your partner.

- What do chemists produce?
Why do doctors need chemists?

Do you think chemists can do anything to
help pollution?

ND Vocabulary

Match these words and phrases with
their definitions.

1 preservation A to take out of

2 oil refining B watch carefully

3 waste C something added to

give taste

4 flavouring D process that keeps
something in the

same condition
5 meet the standard E very small strands
6 monitor F produce
7 cure G making oil purer

8 manufacture H unwanted part of

production process
9 fibre

10 extract

Reading 2
Chemistry today

Careers in chemistry:
what can you do with
a degree in Chemistry?

This leaflet has been written to help vou decide
about vour future. You have studied Chemistry at
university and have decided that vou want to
continue working in the science. What career
opportunities are available” There are two main
areas where vour knowledge of chemistry will be
called upon: medicine and industry.

I be of the right level
J make healthy

Medicine

Many chemists work in medicine. In fact, it is
probable that our hospitals and doctors could not

L e

operate without the support they get from
chemists. Chemists are the people who carry out
the research and develop new medicines. All over
the country, chemists are working on new cures
for diseases. There is alwayvs more work to be
done on antibiotics. Bacteria develop resistance
to these drugs and biochemists need to be
constantly testing how well these medicines are
working as well as looking at new antibiotics to
replace the old ones. There are many illnesses
which have no cure at the present time and a
great deal of research is going on, looking for new
and better treatments for cancer, HIV/AIDS

and malaria.

There are career opportunities within hospitals,
too. Doctors need the support of chemists
analysing samples from patients, conducting tests
and measuring how well patients are responding
to treatment. One quickly developing area is in
the testing and recording of DNA samples.

Industry

Chemists work in the food industry, creating
chemical flavourings and preservatives to improve
the quality of what we eat or to help keep it
fresher for longer. Other people work in quality
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control, sampling and testing the food products to
make sure that they meet the standards we expect
them to have. In recent vears, the European
Union has revised its standards for quality and
health in all food products sold in the EU,
including both those made there and imported.
Chemists have their part to play in monitoring
these products as well as in developing new
methods of meeting these standards.

Another very important industry that our
knowledge of chemistry has created is the oil
refining industry. Oil is taken out of the ground
and put through a chemical process which turns
it into many different products. From oil, we can
make not only petrol, but also plastics, svnthetic
fibres, paint and gases for fuel and other uses. A
major concern in the industry today is the
pollution resulting from these processes.
Industries are trving to reduce the impact of this
by wasting less and by extracting more from the
waste products of the manufacturing process.
Chemists are working to filter harmful waste,
preventing it from going into the atmosphere.

Almost all other industries depend in some way
on the work of chemists. Chemistry has given us
a huge range of plastics and colourings. In fact,
there is a chemical process involved in
evervthing we make. The whole manufacturing
process needs to be designed, managed and
tested for safety bv chemists.

Other choices

Career opportunities for chemists also exist in
journalism, the law and education.

Pronunciation guide
antibiotic /entbarouk/
HIV/AIDS /ettfaivii/ lexdz/

malaria /moleario/

Y E Comprehension
Read the text and answer the questions
in your own words.
1 How do chemists help to treat and

cure diseases?

2 How can chemists support doctors working
in hospitals?

3 What do chemists do to make sure we have
good quality food?

4 What part do chemists play in the
production of plastics?

5 How are chemists working to
reduce pollution?

Discuss this question with your partner.

How is life today different from life
last century when medical drugs
weren't available?

F Listening =)

Listen to a chemist talking about his job.
Then answer the questions.
1 What kind of a business does he work for?

2 How long does it take to test a
new compound?

3 Where does he spend his time working?

4 Can he usually predict the result of
his experiments?

5 What percentage of his experiments fail?
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G Speaking
Discuss these questions with
your partner.

What are the main branches of
modern chemistry?

Do you know any recent inventions in the
field of chemistry?

Would you like to work as a chemist? Why /
Why not?

Would you say it was one of the best jobs
available? Give your reasons.

Working in a group, discuss the
opportunities for chemists in today’s
economy. Use the information in text 2
and any ideas of your own.

Talk about:

® where chemists work
® what they do

@ what they are responsible for

First complete these notes. Use them
in your discussion.

Career opportunities working
in chemistry
Main work areas:

Medicine
Research, development and testing:

Offer support to doctors: ...........c.......
sampling and recording (esp. DNA)

Industry

Developing new products: food ...................
Designing and organising chemical
processes for industry

Monitoring and improving processes (food
production, pollution control)

Conclusion

Remember to:

® read the text again

® add any ideas of your own

@ explain the general idea and then give details

@ allow everybody to speak

Speaking tips

¢ You could choose a secretary to keep notes
of what you discuss and inform you of any
points you forget.

Make sure everyone is given plenty of
opportunity to speak. The secretary could
check this too.

H Writing
Write a short essay with the title:‘What
is chemistry and what does it study?’

Read text | again and use these notes to
write four paragraphs.

PARAGRAPH 1

Introduction (how the essay is organised)
* What do chemists do?

* What are they interested in?

* What are the main areas of the science?
Vocabulary: To begin with, chemists,
chemistry, etc

PARAGRAPH 2

Chemistry studies matter, how matter is
made, what happens when matter changes
Vocabulary: moreover, matter, materials,
structure, transform

PARAGRAPH 3

three important areas in chemistry:

» transformation — how chemical
changes occur

» atomic structure — how materials are
made and how they are different from
each other

» elements of matter — what they are and
what their properties are, classified
by Mendeleev

Vocabulary: furthermore, atom, elements,

properties

PARAGRAPH 4

Conclusion (summarise ideas)
Vocabulary: finally, to sum up, generally,
science

Write 200-250 words.




Discuss these questions with your partner.
In chemistry and physics, what is an atom?
What is smaller than an atom?

What happens if you split an atom?

|

A Vocabulary

Match these words with their definitions.

1 subatomic A part of an atom which has

| no charge
| 2 electron B two or more atoms
3 neutron C smaller than an atom
| 4 molecule D part of an atom that has a
negative charge
5 proton E a theory developed by
physicists to explain
the atom
6 quantum F part of an atom which
mechanics has a positive charge
|
| T carbon G pulled together

8 attracted H a chemical element

I a chemical element that
is lighter than air

9 helium

10 universe J the whole cosmos

—
—e
—_——
it
—————
——

Reading 1
The atom

The ancient Greeks coined the term atomos,
meaning the smallest possible separation of
matter. In ancient times, both the Greeks and
Indians had philosophised about the existence of
the atom but, as mentioned in unit 6, it was first
hvpothesised scientifically by the British chemist
John Dalton (1766-1844) in the early vears of the
19th century, when he suggested it was the
smallest particle that could exist. Since then,
smaller subatomic particles have been discovered
and the part they play as the basic building
blocks of the universe is clear. We now know that
atoms are made up of differing numbers of
electrons, neutrons and protons, and these too
are made up of even smaller particles.

Dalton’s theory about atoms was not immediately
accepted by chemists, though one reason for this
was Dalton’s well-known carelessness in
experimental procedures. However, we know now
that Dalton was correct in almost evervthing he
said in his theorv of the atom. He described an
atom, even though he had never seen one, as a
particle that cannot change its nature. It could,
he observed, combine with the atoms of other
chemical elements to create a compound. Almost
a century later the first subatomic particles were
discovered. By the 1930s, phvsicists were working
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Chemistry

with new ideas which allowed them to investigate
the parts of the atom in great detail. In turn,
these developments helped them to develop
quantum mechanics — the basis of both modern
chemistry and physics.

In chemistry, the atom is the smallest part of an
element that can still be recognised. An example
will explain best of all. Each element is identified
by the number of protons it has. An atom of
carbon has six protons. Those six protons without
the neutrons and electrons, or the electrons
without the other subatomic particles are simply
subatomic particles; they are not carbon. A
carbon atom can be combined with two atoms of
oxvgen to give the compound carbon dioxide, or
CO,. It is this difference in the number of
subatomic particles that makes one atom
different from another.

Subatomic particles also have another purpose. If
there is the same number of electrons and
protons in the atom, then the atom will be
electronically neutral. A ditference between the
two means the atom has an electrical charge, in
other words, it produces electricity. This
electricity means the electrons can become
attracted to each other. In this way, atoms can
bond together to form molecules, and when
enough molecules are joined together we have
matter that we can see.

The most recent theories of the origins of the
universe say that all the atoms in the universe
were formed in the first few minutes of the
universe coming into existence. The most
common element is the simplest, hvdrogen,
which has the atomic number 1. Seventyv-five per
cent of all atoms are hvdrogen atoms. The next
most simple is the next most common, helium,
atomic number 2 making twenty-four per cent of
all atoms. All the other atoms add up to just one
per cent of evervthing that exists in the universe.

¢ )

Pronunciation guide
carbon dioxide /k'aben 'daioksard/

hydrogen /haidrodzon/
hypothesise /harpobesaiz/
molecule /molikju:l/
neutron /nju:tron/

philosophise /frlosofaiz/

\_ V4

N B Comprehension

Read the text and choose the
correct answer.

1 Dalton believed the atom to be
A an element.
B made of smaller particles.
C the smallest possible particle.
D his own idea.

2 Dalton’s theories were
A generally accepted.
B not tested very carefully.
C accepted at once.
D not correct.

3 The number of protons in an element
A is the same as the number of electrons.
B is always six.
C never changes.
D characterises the element.

4 Electrons help
A protons to form elements.
B atoms to be neutral.
C molecules to become atoms.
D atoms to form molecules.
5 Hydrogen is
A the simplest atom there is.
B present in all atoms.
C the oldest atom.
D as common as helium.

Discuss these questions with your partner.

What fuels do people use to make power?

Where does petrol come from?

C Listening w0)))

Listen to the conversation. Then for each

statement below, circle the correct word

or phrase.

1 Most / Some / Plenty of people are already
using hydrogen-powered cars.

2 The waste from these cars is pollution /
water / fumes.

3 It’s expensive because it is new / uses
hydrogen / is not common.

4 Hydrogen is more / less / just as
dangerous as petrol.

5 Hydrogen will be used in gas / solid /
liquid form.
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Before youread

Discuss these questions with your partner.
What do you need to make a fire?
What happens to water at 100°C?

How do we create ice, water and steam? How
can steam be turned back into water?

N D Vocabulary

Choose the correct answer A,B or C
from the list below.

I1Withanair.....c.....ooovveneennee. you can take air
out of a container.

2 Another word for a space, empty or not is

T,

K0 1) IS is a substance that
increases the strength of hydronium if put
in water.

2V 1) J is a substance that

increases the strength of hydroxide ions if
put in water.

5To make a(n) ....cooevvvvvenernnnnnn. means you had
a try.
6 Somebody’s ......cooccciiciinnnnes is the way they

do something.
IWhenalight ........c.occnicnnen , it shines softly.

8 The jar can hold alarge .....c......cccceeene.
of liquid.

9 As the pressure increases, the danger of
explosion increases in ...........cccccceeeenees .

10 Scientists carry out experiments and
....................... how matter changes its form.

1 A pump B mixer C fan

2 A jar B chamber C vacuum
3 A alkali B acid C litmus

4 A alkali B acid C litmus

5 A start B go C attempt
6 A attempt B approach C start

1 A glows B dazzles C sparkles
8 A volume B number C size

9 A ratio
10 A look

B proportion C share

B observe C see

Reading 2
Robert Boyle

My dear Ilooke,

Your letter arrived vesterdav. I think vou are
right to write a book of memories of vour
scientific work. I am delighted that vou have
asked me to remind vou of vour time as

my assistant.

I asked vou once to make an air pump for me. It
was then a new idea and allowed me to create a
vacuum by drawing out the air from a glass jar.
It was then that myv experiments began. Perhaps
this is something I will be remembered for, but I
did not follow the scientific methods of the time.
The traditional wayv to prove a fact was to

argue it logically, and the conclusion must

be the truth. Unfortunately, it was not alwavs
so. My approach was to observe what

actually happened.

I placed a number of different objects into the
vacuum chamber. One of them was a burning
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candle. The flame immediately went out.
Another was a piece of coal, still glowing red
from the fire. Once in the chamber it stopped
glowing. If the air was put back in, and the coal
was still hot, it would begin to glow again. From
these observations I concluded that air was
necessary for combustion to take place; nothing
could burn without air. On another occasion, I
placed my watch into the jar. I could hear it
ticking as I drew the air out. Astonishingly, as
the air was taken out of the chamber, the
ticking became quieter. My conclusion: sound
travels through air. If there is no air, sound
cannot be heard.

As the air pump is actually taking something out
of the jar, I thought, then that air must be made
of something. My conclusion was that a gas is
made up of very small particles. I reached this
conclusion by observing the pressure in the
vacuum jar. As the volume of gas is reduced, so
the pressure increases in proportion. This is
universally true and as vou know, is now known
as Bovle’s Law.

The work I did led me to the conclusion that
chemistry is the science of the composition of
substances. We chemists are here to try to
understand how materials are made. In my
opinion, an element is the one substance which
cannot be broken down any further. We can
discover what elements are in compounds.
When investigating these compounds, |
discovered a way of testing them to find out if
thev are acid or alkali. T call it the litmus test.

I realise that there is much more for us to learn.
I know that we can learn about the chemistry of
the human body by observing how animals’
bodies behave in a vacuum. It is not work that I
have attempted. It would mean I would have to
kill the animals and dissect them afterwards to
make my observations. I still cannot bring
myself to kill an animal, let alone cut it up
afterwards. This is work others will have to do.

Best wishes,

Bovle

Pronunciation guide
alkali /zlkalot/

litmus /Mitmoas/

vacuum /vaekjusm/

E Comprehension

Read the text and decide if the following
statements are true or false.

Boyle reached conclusions T[]
after observation. F[]
He found air needed to be present T[]
to allow combustion. F[]
The pressure in the jar T
never changed. F
He believed chemistry was all T
about combustion. F[]
He observed animals in a vacuum. T[]

FQ

Discuss these questions with your partner.

How do you know a medicine is safe?

How do people test medicines?

F Listening )

Listen to the extract from a talk by a
scientist about the safety testing of
medicines. Then listen again and fill in
the notes.

One tenth of animals used in UK medical
research, are used to test the (1) .......coeveeennn.e.
of medicines.

The authorities may not carry out a safety
study if identical results are (2) ........cc.ccooeeeeee

The liver or the (3) ....ovvvnciiinnieennn, could be
badly affected by new medicines.

Safety testing is used for new chemicals
and (4) oo used in food.

Therefore, tests are for healthy people and
people receiving (5) .......ccceeeienniiiinn. care.
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B G Speaking

Discuss these questions with
your partner.

What important discoveries have chemists
made? Think about medicine, vaccines
and industry.

What practical uses have these discoveries
had?

Prepare a short presentation on Robert
Boyle’s achievements.

Talk about:
@ his experiments on: burning, sound
@ his conclusions on: gases, pressure

@ his approach to science

First complete these notes.
Use them in your presentation.

Experiment to look at burning in a vacuum.
Candle went out. |
| Therefore, ...cooevvviiiiiiiiiiieeienne, . ‘

Experiment to look at sound in a vacuum:
Sound reduced.
Therefore, ....cccocevvviviiiiiicciineanns .

Observations on vacuum:
................................ . Boyle’s Law

Approach to science:

................................ from what happened.
Believe what he saw, not what he wants

to believe.

Remember to:
@ introduce each point
® give clear examples

@ let the audience know when you have finished

Speaking tips
v/ Make your notes as short as possible.
v Speak from memory - don'’t read.

v If you make a mistake, go back and correct it.

H Writing
Write an article for a student magazine

with the title:‘Interesting facts about
the atom’.

Read text | again and make notes under
these headings:

History of discovery

Use the headings in your article. Write
four paragraphs. Use some of these words
and phrases:

e at first

» smallest particle(s)
* a number of

* electrically charged
* bond

* molecule

* hydrogen

Remember to make your article as
interesting as possible!

Write 200-250 words.
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Discuss these questions with your partner.

Do you know whether metals become lighter
or heavier when burnt?

What do you think causes this change?

A Vocabulary

Complete the definitions below with
words from the box.

g N\

M released M reaction

| M state M concept
M distinguished B demonstrate

B flammable B contribute

M trace B dominant
\ J/
| 1To i, means to show.
\
‘ 2A is the condition of

something at a particular time.

\ SA . is a process in which a
‘ chemical change happens.

4 Somebody.......ccccoeiieiiiinnnn. is well regarded
in their field.
SA e is an idea.
6Tobe..cccoevviviceiennennen. is to be set free.
T matter is matter that
can burn
8TOo i means to help somebody

or something be successful.

9TO oo something back means to
discover how it developed.

10 Something that is ..........cccceeeeeeennnie. is very
important, successful or powerful.
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Reading 1

The Law of
Conservation of Mass

The Law of Conservation of Mass is one of the
most important concepts in chemistry. The law
states that matter can neither be created nor
destroved. This means that in any chemical
reaction, the mass of the reacting substances at
the start of the reaction will be the same as the
mass of the products at the end of the reaction.
Matter can change its form in a reaction, for
example from a liquid state to a gas, but the
mass will remain the same.

The Law of Conservation of Mass is also known
as the Lomonosov-Lavoisier Law because, as we
saw in unit 6, both of these scientists contributed
to its development. Lomonosov first described
the law in a letter to a friend and then published
his ideas in a dissertation dated 1760. Lavoisier
reached the same conclusions much later, in
1789, and was the first to formulate the law in
clear scientific terms. For this reason the law
takes its name from both these brilliant men.

The idea of conservation of mass, however, can
be traced back as far as ancient Greece. In the
5th century BC, Anaxagoras, a philosopher and



scientist, said that nothing comes into existence
or is destroved and that evervthing is a mixture
of pre-existing things. Over the course of
history, many other distinguished scientists also
expressed their views on the conservation

of mass.

The dominant theory in the 18th century was
the phlogiston theory. According to this theory,
all flammable materials (that is, materials that
can burn) contain a substance called phlogiston,
which is released during the burning process.
That means that when flammable materials
burn, the new substance, without phlogiston,
should weigh less than the original substance.
But this theory was wrong. Experiments showed
that some metals actually increased in weight
when they burnt. Lomonosov’s experiment in
1756 demonstrated that the increase in weight
was due to air. Many vears later, Lavoisier
proved that oxvgen was required for combustion
(burning); without it, the mass of burnt matter
remained the same.

The Law of Conservation of Mass was not
discovered in the usual scientific wav. Lavoisier
did not reach his conclusions by generalising
from a large number of similar cases because, at
that time, there was not enough scientific
information for him to do so. Instead, Lavoisier
assumed that his theorv was true and then he
set about proving it. His belief was justified
because he did indeed prove the Law of
Conservation of Mass.

The fact that the total amount of matter in
chemical reactions is alwavs conserved and
never disappears even though the matter mayv be
in an altered form, is not only important for
science, but also for other fields of human
knowledge, particularly philosophy. It has led us
to think about the nature of existence, and
where we trulv come from.

Pronunciation guide
Anaxagoras /onoksaegoras/
distinguished /drstimgwi[t/
flammable /flaemabol/
phlogiston /flov'dziston/

substance /sabstons/

Chemistry

B Comprehension
Read the text. Match the questions below
about the Law of Conservation of Mass
with the paragraphs. There is one
question which you do not need to use.
PARAGRAPH 1 ......c.ocvvvveirrnnnnen.
PARAGRAPH 2 ..........ccovvvniirunnnnn.
PARAGRAPH 3 .......cccoiiieiivinennnns
PARAGRAPH 4 .........cccccceeineeee
PARAGRAPHS .........ccoivveiiennn,
PARAGRAPH6 ...........ocvviirennnnnnn

A How was it discovered?

B Which theory did it replace?

C Can we create or destroy matter?
D What is the name of the law?

E What has it made us consider?

F What is mass?

G How long ago had other philosophers
thought about it?

Discuss these questions with your partner.
How important is it to study the past?

- Do you know of any philosopher-scientists
from the past?

M C Listening )

Listen to a class discussion about some
famous people from the past. Then tick
the statements that are true.

1 In ancient times there were no strict
separations between philosophy
and science. U

2 Thales rightly believed water was
the basis of all composition in nature.
3 Thales’ importance lies in his use
of science rather than mythology.

4 Empedocles’ theory of the four
elements included earth and water.

5 Anaxagoras agreed with Empedocles’
theory. ]

6 Anaxagoras also claimed things kept
the same form.
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Discuss these questions with your partner.

Can you say what the chemical composition of
water is?

Do you know what part oxygen plays
in breathing and what part it plays
in combustion?

ﬁ D Vocabulary

Choose the correct answer.

1 The word propose means
A observe
B accept
C suggest

2 The word absorb means
A take in
B remove
C lose

3 The word compose means
A dry
B make
C boil

4 The word reflect means
A show
B prevent
C help

5 The word mechanism means
A workings
B parts
C machinery

6 The word respiration means
A breathing in
B breathing out
C breathing in and out

1 The phrase in line with means
A wishing to do something
B be different from
C according to

8 The word contain means
A to have inside
B to protect
C to create
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Reading 2
Antoine Lavoisier

Lavoisier discovered oxvgen and its role in
combustion and respiration (breathing); he
disproved the phlogiston theory which was
popular at the time; he drew up a list of 33
elements or substances that could not be broken
down further and formed the basis of the modern-
dav list of elements. Added to that, he proposed
the Law of Conservation of Mass.

His father was a lawver, and in line with his
tamily’s wishes, Lavoisier completed a law degree,
but his main interest was in science. In 1764, at
the age of 21, he published his first paper on
chemistry, and in 1768 when he was just 25 vears
old he was made a member of the French
Academy of Sciences, one of the most important
scientific institutions in the world.




(3) oo

Lavoisier, too, was fascinated by combustion and
disagreed with the phlogiston theory, which he
set out to disprove. Ile did this by carefully
weighing the reacting materials and the products
that were made in a chemical reaction. This was
a very important step in the development of
chemistry, and is now known as quantitative
chemistry, that is, chemistry that involves
accurate measuring. In order to accurately
measure changes in mass that happened during
his experiments, Lavoisier developed a balance
that could weigh to 0.0005g. Measurement was
important because Lavoisier strongly believed
that matter was conserved through any reaction
and this belief led to the development of the Law
of Conservation of Mass.

Through this, he discovered that it did not
support the phlogiston theory because after
burning, the mass of the material was greater
than it had been at the start. If the elements had
really contained phlogiston and lost it during the
reaction, theyv should have weighed less, not
more. Further experiments were required to find
out what was happening in these reactions, and
Lavoisier discovered that air was absorbed as
these elements burnt. He realised that something
(later identified as oxvgen) was taken in during
combustion rather than being given out (the
phlogiston theory).

One of these was that respiration was caused by
chemical reactions with oxvgen in the air. By
carefully composing and decomposing water, he
discovered that it is made up of oxvgen and
hvdrogen. e gave names to elements which
reflected their functions. For example, he came
up with the name oxygen because it means
acid-former, and that is what oxvgen does. This
system of chemical nomenclature is still largely
in use todav.

Pronunciation guide

fascinate /fzsmert/
nomenclature /nov'menklatfo/
quantitative fkwonttotrv/

Chemistry

E Comprehension

Read the text and then use the sentences
below to complete the text. There is one
sentence which you do not need to use.

A Many scientists of the day were studying
combustion, and the mechanisms of
this process.

B Lavoisier was born into a wealthy and
aristocratic family.

C Known as ‘The Father of Modern Chemistry’,
Antoine Lavoisier (1743-1794) made many
important contributions to science.

D The method of quantitative chemistry
helped him to understand many
chemical processes.

E Thus it appeared that oxygen was one of the
most important elements.

F He examined his idea of the conservation of
mass by studying the combustion of
phosphorous and sulphur.

Discuss these questions with your partner.

Do you know how scientists name
different elements?

Which languages do most scientific words
come from?

If you discovered an element, what would you
name it?

F Listening ()

Listen to a teacher explaining how
chemical elements got their names to a
class of high school students. Then
choose the correct answer.

1 Chlorine comes from a word meaning
A silver

B fair

C green

2 An element that can be seen in the dark is
A platinum

B phosphorus

C oxygen
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3 Four elements were named after a village in
A Sweden
B Russia
C France

4 Iridium received its name from
A mythology
B a range of colours

C arainbow

5 The name for gold and its chemical symbol
A are from two different languages.
B are both taken from mythology.

C mean the same thing.

N G Speaking

Discuss with your partner which you
think are the most important scientific
discoveries of the past. Say what you
think and find out if your partner agrees
or disagrees with you.

Talk about:
@ the contributions of ancient scientists
® the work of Lomonosov

® the work of Lavoisier

Read texts | and 2 again and use these
notes to help you.

Ancient scientists: Names? Theories?
Lomonosov: Ideas / Concepts?

Lavoisier: Discoveries?

Remember to:
@ use some of your own ideas
® explain things clearly

® consider your partner’s opinion

Speaking tips
v/ Remember it is a two-way discussion.
v’ Ask questions to check you have understood.

v’ Don't interrupt your partner too often.
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Helpful phrases:
To begin with, I would suggest ...
Would you go along with that?
No, I rather think that ...
Well, you certainly have a point, but ...
Yes, I see where you're coming from.
Don’t you also think ... ?
That’s absolutely right.
May I just break in there?
What about ... ?

Last but not least ...

W H Writing

Write a short essay to answer this
question:‘What are the main differences
between the phlogiston theory and the
Law of Conservation of Mass?’

Read texts | and 2 again and use these
notes to write four paragraphs.
PARAGRAPH 1

Introduction Name the two concepts. Say
when (18" century) and where (Europe)
they were being discussed.

Vocabulary: During the ... , a subject of
much discussion ...
PARAGRAPH 2

The phlogiston theory. Its main ideas
about mass.

Vocabulary: flammable, release, lighter

PARAGRAPH 3

The Law of Conservation of Mass. The main
idea behind it (matter is neither created or
destroyed). The people who worked to
prove it (Lomonosov, Lavoisier).

Vocabulary: quantitative chemistry, mass of
the material, combustion, oxygen

PARAGRAPH 4

Conclusion The progress of science
through experimentation (phlogiston theory
versus the conservation of mass).

Vocabulary: experiments brought about ...

Write 200-250 words.




Units 5to 8

6 a kind of paper that shows if something is

B Al Find the word or phrase in each acidic or not

group that does not fit. T take in liquid for example

1 DNA nucleus, strand, interpreter, 8 matter or material
filter m C Circle th
2 chemistry conservation of mass, matter, Ircle the correct answer.
combustion, helix 1 The scientists made a remarkable...................
3 atom electron, X-ray, neutron, proton and solved the problem.
4 Law of matter, flavouring, A breakthrough
Conservation chemical reaction, B search
of Mass mass of the product C monitor
5 elements hydrogen, alkali, carbon, 2 In the Science class, the students were asked
helium 1{= JUUTRPP a frog
A break
BN A7 Now write five sentences using one B dissect
word from each category. C manage
® B Read the clues to help you find eight 3 Another word for amountis......cc..cccvvvveennn. .
words in the wordsearch connected with A waste
chemistry and physics. B state
e C quantity
._d_w_iii_h_a_n__l_iﬂii a 4 If something follows a.............ccevreunnnnn. then it
k| i/ d g c|le x s t r e o/ q b acts in a similar way over a period of time.
| NN SN S S S S SR SUI— S SN SESUS S— S S—
vi ik s/ w r b e w s b j n n s Aconcept.
—tt 1+ B proportion
|e|v|wje/bijdgjujedis/ko] C pattern
ujnjijviejrisiebjecis/ulvE | 5 is a part,
s|v t|lu k|i|/l t w|s b/ umu b A component
m| o|/l e|c u/ lje/ t k b/ p/ d e Bpre.servatlve
_ kGl C ratio
e |l z| z j hii|la u a|t s|b
/Tt t—T+t—T—T— 711711 6 She attended a(n) .......cccevnvervnnnnenes to meet
ljuju/ j/h/ezju/n/b t/ioja other scientists and discuss her theory.
g/ m e x|t r e/ w c/ a o o|le r A conference
— . 1.1 <1 1 T 1T 1 /1T B seminar
r e t|la i/l e/ r e vm n p g .
I A [ S S S AN S St S N N C experiment
t r|le 1l i t mu s/ i i|/i|i|  a . .
_—— TThe Qlr ..covvvviiieeeenennnnns removed the air.
g clame t iomn sicgoli | &pump
w| r b/ j g cl e x d g c|le/d n B chamber
T C vacuum
) L35 (o T means to make or build.
1 the workings of a process
A attract
2 space, Earth, the cosmos B construct
3 smaller than an atom C attempt
4 two or more atoms
5 the amount that something can hold
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Unit

Discuss these questions with your partner.

Do you think chemistry is a difficult subject?
Give reasons.

Which chemical elements have you heard of?

Can you explain what the periodic table is
used for?

A Vocabulary

Circle the correct word in the
definitions below.

1 If you are curious / strange / odd, you want
to find out information about something.

2 When a proper / strict / formal attempt is
made, it is done officially.

3 If something occurs gradually / suddenly /
rarely, it happens over some time.

4 When two things relate / interact /
determine, they react to one another.

5 The word specific / detailed / thorough
means exact.

6 If there is reappearance / occurrence /
repetition, the same thing is done
many times.

T A shell / nucleus / atom is the hard outer
part of something that protects what
is inside.

8 If somebody predicts / notices / impresses
something, they say what they think will
happen in the future.

9 If you are discovered / based / impressed
by someone, you admire them.
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Reading 1

The periodicity
of elements

The history of the periodicity of elements began
with the first ideas concerning substances and
particles. It had been noticed by the earliest
thinkers that things (different substances) are
different from each other, and that each can be
reduced to very small parts of itself (the
beginnings of the atomic theory).

Over the course of history, more and more
elements were discovered, and scientists were
naturally curious about the relationships between
them. Lavoisier divided the elements known in the
1700s into four classes, the first formal attempt at
grouping the elements. In 1869, unknown to each
other, Julius Mever and Dmitri Mendeleev devised
periodic tables in which the elements were
arranged by atomic weight. However, on the basis
of his table, Mendeleev was able to do something
that Mever could not; he predicted the properties
of elements that had not been discovered vet.
Chemists were highly impressed when these
elements were later discovered.




Mendeleev noticed that when all the elements were
arranged in order of their atomic weight, a certain
repetition of properties was obvious. He had
organised the chemical elements according to their
atomic weights because he believed that the
properties of the elements would gradually change
as the atomic weight increased, but in composing
his periodic table, he found that the properties of
the elements suddenly changed at very clear
stages, or periods. To show where the changes
were happening, Mendeleev grouped the elements
in a table that had both rows and columns.

The modern periodic table of elements is based on
Mendeleev’s, but instead of being arranged by
atomic weight. the modern table is arranged by
atomic number (the number of protons in the
nucleus of the atom). Rows in the periodic table
are known as periods. The chemical properties of
the elements in each period slowly change, but at
the end of each row, a sudden change in these
properties is observed. The columns in

the periodic table are known as groups.

Elements within the same group have many
similar properties.

The periodicity that Mendeleev discovered is
directly related to the arrangement of an atom'’s
electrons around its nucleus. Electrons are located
in specific electron shells (in simple terms this
means that the electrons make a kind of shell
around the nucleus of the atom) and each shell can
contain only a certain number of electrons. The
first shell can hold two electrons, the second shell
can hold up to eight electrons, and so on. For
example, neon has ten electrons, two in the first
shell, and eight in the second shell. Next is sodium,
with eleven electrons, and here is one of the places
in the table where a sudden change occurs. Sodium
has three shells because it has eleven electrons, two
in the first shell, eight in the second, and one in the
third. This extra shell is the reason for the big
change in chemical properties. It is the electrons in
the outer shell that determine the chemical
properties of the elements because it is these atoms
which interact with other atoms.

Pronunciation guide
Julius Meyer /dzuliss ‘maio/
periodicity /prorro'disati/

sodium /sacdiem/

Chemistry

B Comprehension

Read the text and decide if the following
statements are true or false.

1 Substances are the smallest parts

of matter. F[]

2 Two scientists created periodic T[]
tables in the same year. F[

3 Modern periodic tables use T[]
atomic weight. F[]
4 Protons are found in shells. T[]
F[]

5 Sometimes we can find ten electrons T [ ]
in the second shell. F[]

6 The chemical make-up of an element T ]
depends on the outer shell. F[]

Discuss these questions with your partner.
Are chemical experiments interesting? Why?
Which kind do you enjoy the most?

Do you know the English names for any
laboratory equipment?

M C Listening )

Listen to the conversation between a Chemistry
teacher and a class of students. Then listen
again and choose the best answer A, B or C.

1 To ensure safety in a lab students should
A have short hair.
B wear special shoes.
C protect their clothes and eyes.

2 If somebody spills a chemical on their skin, they
A will definitely need a first aid kit.
B should place it under cold, running water.
C should use the emergency cupboard.

3 Check chemical labels twice because
A it’s easy to choose the wrong one.
B the names are basically numbers.
C the formulae depend on letters.

4 Dangerous substances
A are only bases and acids.
B can burn you.
C are easier to spill.

5 Another rule in the lab is
A avoid running unless necessary.
B the teacher must present all
experiments alone.
C clean and tidy up at the end of class.
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Discuss these questions with your partner.

Do you know of any famous people who had to
struggle to succeed?

What did they achieve?

Do you think you could be so strong?

D Vocabulary

Complete the sentences below with
words from the box.

B hardship B enroll
B resign B appoint
B confirmed B resulted
solution B expand
density B uniform
1 They are going to ..........cccuuuneene anew

professor in the Chemistry department.

2 Many famous people in the past suffered

alotof .o, to achieve their goals.

3 The experiment proved that the gases had
- reaction, that is the
same reaction.

4 Most schools expect youto ......ccccccoee.
before you begin your studies.

S5The..ccceeciiiiiiiiinennes of a substance is how
thick and compact it is.

6 If metal is heated you will see it .................. .

TItwWas a..ccoeveeeernnnniennnn. made up of water
and salt.

8 If somebody is unhappy in their job, they
(1T | SN .
9 The experiment in the lab

........................... in a huge explosion.

10 The outcome of the experiment
........................... his theory.
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Reading 2
Dmitri Mendeleev

Dmitri Ivanovich Mendeleev was born in
Tobolsk, in Siberia, on 7th February, 1834. As a
child he showed a great interest in Mathematics
and Phyvsics and was a talented student. Despite
the hardships experienced by his family while he
was growing up. his mother was determined to
see him educated and to help him achieve his
dreams. After the family moved to St Petersburg,
she managed to enrol him as a student science
teacher on a full scholarship. Despite many more
problems, Mendeleev earned his degrees and
eventually, in 1863, was appointed Professor of
Chemistry at the Technological Institute and the
University of St Petersburg.

Probably his greatest scientific achievement was
the discovery of the periodic law and the
development of the periodic table of elements.
l1e left gaps in his table for undiscovered
elements and predicted the properties of the
elements that would fit these gaps. His
predictions were confirmed when, during his
lifetime, three predicted elements; gallium,




germanium and scandium, which he had named
eka-aluminium, eka-silicon and eka-boron
respectively, were discovered. These discoveries
gave him great respect among members of the
scientific community.

However, Mendeleev made other important
contributions to science. e was involved in many
areas including hvdrodynamics, agricultural
chemistry, mineral recovery, meteorology and
chemical technology. One particular contribution
involved solutions. Ile spent a lot of time studving
how the nature of solutions could be determined,
adding greatly to our understanding in that field.
In addition, he was involved in phyvsical chemistry,
looking at the expansion of liquids because of heat.
Ile spent time in Paris with IHenri Victor Regnault
studving the densities of gases and came up with a
formula to explain how gases are uniform when
expanding; in other studies he defined the absolute
boiling point of a substance. His studies of gases at
high and low pressures moreover, allowed him to
develop an accurate barometer and while working
for the Russian navy, he came up with
pyrocollodion, a smokeless powder based on
nitrocellulose. The list of his achievements

is endless!

Despite his international reputation as one of
the world’s most important scientists, the Tsar at
the time did not approve of Mendeleev’s politics,
resulting in his resignation from the University
of St Petersburg in 1900. Ile died on 20th
January, 1907, from pneumonia.

ORNTD CHCTEMHN BJEMEHTOBD.
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Chemistry

Pronunciation guide

eka-boron /ekoboron/
germanium /dz3:memiam/
nitrocellulose /naitrav'seljulovs/
pneumonia /njumavnia/
pyrocollodion /parrarks lovdian/
Regnault /re'no:/

Read the text and answer the questions
in your own words.

What position did Mendeleev achieve at the
University of St Petersburg?

Why did Mendeleev leave gaps in the
periodic table of elements?

How were Mendeleev’s predictions
proven correct?

What contribution did Mendeleev make in
the area of solutions?

What did Mendeleev’s formula concerning
gases explain?

Discuss these questions with your partner.
What do you know about atoms and electrons?

What do you know about chemical reactions?

N F Listening 1))

Listen to a teacher explaining to a class
how electrons work. Then complete each
sentence with one word.

1 Mendeleev didn’t know about

2 The periodic table arranged by Mendeleev
was based on atomic.........c....eceennenn.e .

3 Electrons are located in .....................
around the nucleus of an atom.

4 Valence electrons determine the
......................... properties of an element.

5 Lithiumand ...........ccc.eeeene, have only one
valence electron.

6 Lithium and boron have............c..ceeeeenn.
electron shells.
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M G Speaking

Discuss these questions with
your partner.

Besides the nucleus and electrons, what
else is found in an atom?

Do you think scientists will discover any
more elements?

Prepare a short presentation to answer
the question: ‘What is the periodic
table?” Use the information in both texts.

Talk about:

@ who devised the periodic table

@ what is contained in the periodic table
@ the role of electrons

@ how the modern periodic table works

First complete these notes. Use them
in your presentation.

Periodic table: An arrangement of..............

DI oT-T-T=Te N o RN .
Electrons determine ........ccoceeevevecnniienrenens .

The modern periodic table is arranged

Remember to:

@ read the texts very carefully

@ make sure you understand the
scientific processes

® try to use your own examples and explain
them clearly

Speaking tips

v Use time markers such as ‘firstly’, ‘next’
and ‘then’.

v Don't speak too quickly; take your time.

v’ Refer to your notes.
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N H Writing

Write a magazine article for your school
magazine about the history of the
periodicity of elements. Use these notes
to help you.

PARAGRAPH 1

Introduction

Briefly explain what periodicity is, and
where the concepts of electrons and atoms
were first developed.

Vocabulary:

In ancient times ... , during the 18th
century ...
PARAGRAPH 2

Write about the work of Mendeleev;
arrangement by atomic weight.

Vocabulary:
organised according to ... , grouped by ...

PARAGRAPH 3

The role of electrons; how electrons are the
basis of the modern periodic table.

Vocabulary:

the function of ... ,is based on ...

PARAGRAPH 4
Conclusion

If you think new elements will be discovered
in the future; the expansion of the
periodic table.

Vocabulary:

In the years to come, I would imagine ...

Write 200-250 words.



Discuss these questions with your partner.

Do you know how chemical reactions occur?

What conditions are important to the speed of

the reaction?

Can any conditions be altered during

the reaction?

What are the three different states of matter?

—

Match these words with their definitions.

1 rate

2 consumed
3 rot

4 collide

5 catalyst

6 bounce

7 instant
compressed

9 force

10 sufficient

decay

spring back like a ball
moment

as if eaten up

the speed at which
something happens
within a particular
period of time

one moving object
crashes into another

strength and power
enough

pushed hard together

a substance that
without being affected
increases speed of
chemical reaction

Reading 1
Chemical kinetics

Chemical kinetics is the study of rates of chemical
reactions. In the world around us billions of
chemical reactions occur; some are incredibly slow
while others are amazingly fast. It can take vears
for wood to rot, while the lighting of a match takes
just an instant. Chemical kinetics attempts to
understand the factors that control the rates of
chemical reactions. These factors are
concentration, pressure, surface area, the nature of
the reacting substances, temperature and catalysts.

In general, increasing the concentration of the
reacting substances increases the reaction rate.
This is because molecules must collide in order to
react. The more concentrated the reacting
substances, the more molecules there will be in
any given volume, and therefore, the greater the
number of molecular collisions.

If the substances involved in the reaction are
gases, pressure will have an effect on reaction rate.
Solids and liquids can not be compressed, but gases
can, so pressure acts as a kind of concentration for
gases. The volume of a gas decreases as the
pressure increases. For a given amount of gas,
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increasing the pressure means we are forcing the
same number of gas molecules to occupy a smaller
volume. In the smaller volume, the molecules will
collide more often, which means there will be a
greater number of successful collisions in a

given period of time. Reaction rate increases

with pressure.

If a chemical reaction takes place at a boundary
between two states {gas, liquid or solid), the
surface area will affect the reaction rate. Only the
molecules at the surface area are available to react,
s0 increasing the surface area increases the
number of molecules that are able to react, and
this leads to a higher reaction rate.

Some substances are naturally more reactive than
others. For example, if the metals magnesium, zinc
and copper are dropped into hvdrochloric acid in
separate test tubes, three very different results are
obtained. The magnesium is consumed within
seconds, the zinc is consumed but takes much
longer, and the copper shows no reaction.
Therefore, magnesium is more reactive than zinc
and copper.

Temperature affects the rate of a chemical reaction
in two wavs. Firstly, molecules move faster in a hot
svstem than in a cold one, so they will collide
more often if thev are moving faster. Secondly,
increasing the temperature increases reaction rate
through its effect on the collision energy (known as
activation energy) of the molecules. Molecules
must collide with sufficient force in order to
combine and produce a chemical reaction. Higher
temperatures give molecules the energy to collide
forcefully. If theyv collide with less than a certain
amount of energy, they simply bounce off of each
other unchanged.

Finally, a catalvst is a substance that increases the
rate of a chemical reaction without being
consumed in the reaction. It increases the reaction
rate by reducing the activation energy, that is, the
minimum amount of energy that the reacting
molecules must have in order to react.

Pronunciation guide
catalyst /kaetalist/
hydrochloric /haidrovklork/
magnesium /ma gnu:zism/
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¥ B Comprehension

Read the text and choose the
correct answer.

1 The rate of a chemical reaction
A depends on different factors.
B is very fast for metals.
C is always the same.

2 In order for a chemical reaction to occur
A the volume of a gas must increase.
B solids must be compressed.
C molecules must collide.

3 Higher concentrations of reacting substances
will lead to
A more chemical reactions.
B increased pressure.
C reactive products.

4 The metal zinc
A is more reactive than magnesium.
B reacts more slowly than magnesium.
C is less reactive than copper.

5 Higher temperature can make molecules
A travel faster with no increase in energy.
B travel at the same speed, but with
more energy.
C travel faster, and with more energy.

Discuss these questions with your partner.
What is salt made up of?

What state does salt exist in?

M C Listening )

Listen to two students talking about
chemical reactions. Then listen again and
decide if the following statements are
true or false.
A chemical reaction begins T
with reactants. F[]
Weight is released in a chemical T
reaction. F[]
Salt is a metal. T[]
F[]
Sodium and chlorine are solids. T[]
F[]
In a chemical reaction combined T[]
substances make new ones. F[]




Discuss these questions with your partner.
What is a chain made up of?

- What do you think a chain reaction is?

M D Vocabulary

Complete the sentences below with
words from the box.

4 N\
M thermal explosion M expertise
B by-product M field
M analysis B external

B transformation Bl phenomenon

M primary M sequence

M reactive B additional
\ /
TAM) ccooeiiiiiiiiicciians is what is produced as a

secondary result of a process.
2 means outer.

3AM) e is an area where a
particular force has an effect.

4 s means added to.

5 1s the process of examining
something in order to understand it.

BAM) oo, is a series of events, one

TAM) oo, is a complicated
chemical process involving heating which
leads to exploding.

SAM) .ceeriiiiiee, is any state or process
understood according to the senses rather
than by reasoning.

9 Repairing the nuclear reactor is our
............................. concern at the moment.

10 The surgeon’s medical ...........cccccoumiuennenns
saved the man’s life.

11 Not all chemical substances are .....................

12 Howis the ....c.ccocoveniiiinicnncnn. of wood into
ash explained?

Chemistry

Reading 2
Nikolay Semyonov

Nikolay Semyonov, a phyvsicist and chemist, and a
leader of the Soviet nuclear weapons programme,
was born on 15th April, 1896, and died on 25th
September, 1986 in Moscow. His primary
scientific contributions are related to the
quantitative theoryv of chemical chain reactions,
the theory of thermal explosion, and the burning
of gaseous mixtures.

He was a Physics graduate of Petrograd

(St Petersburg) University, and in 1920 he was
put in charge of the electron phenomena
laboratory of the Phvsico-Technical Institute in
Petrograd. It was at this time, while working with
Pvotr Kapitsa, that he discovered a wav to
measure the magnetic field of an atomic nucleus.
In 1931, he became Director of the Institute of
Chemical Physics of the USSR Academy of
Sciences, and from 1944 he was a professor at the
Moscow State Universitv.
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For his work on the mechanism of chemical
transformation, he was awarded the 1956 Nobel
Prize for Chemistry. Semyonov's work on the
mechanism of chemical transformation includes
an important analysis of the application of the
chain theory (a sequence of reactions where a
reactive product or by-product causes additional
reactions) to ditferent reactions, particularly
combustion processes.

In chemistry and physics, a chain reaction is a
reaction that, once started, continues without
turther outside influence. Proper conditions for a
chain reaction depend not only on various
external factors, such as temperature, but also on
the quantity and shape of the substance in the
reaction. A chain reaction can be of various
tvpes, but nuclear chain reactions are the best
known, and it was in this particular area that
Semyonov contributed his expertise to the
nuclear weapons programme. He also made
valuable contributions to the field of molecular
physics and electron phenomena.

Semyonov published his work in three important
books. The first was Chemistry of the Electron,
published in 1927. This was followed by
Chemical Kinetics and Chain Reactions in 1934,
which was the first book in the USSR to propose
a theory of chain reactions in chemistry. Further
studies in chemical kinetics led to the
publication, in 1954, of Some Problems of
Chemical Kinetics and Reactivity, which was
translated into many languages.

Semyvonov received many awards and honours in
his lifetime, including five Orders of Lenin. He
was a member of the Chemical Society in
London, Foreign Member of the Royval Society
and Foreign Member of the American, Indian,
German, and Hungarian Academies of Sciences.
He held honorary doctorates from the University
of Oxford and Brussels Universitv.

Pronunciation guide

chain reaction /tfem rrekfon/
gaseous /gasios/

laboratory /loborot’ri/

phenomena /fonomms/

thermal explosion /63:msl 1ks'plavzen/
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E Comprehension

Read the text and choose the best title
for each paragraph. There is one title
which you do not need to use.

PARAGRAPH 1 .iicivinrieriiccniesiansiesraninnans
PARAGRAPH 2 ..cciviciiiiinicinninriannienranianass
PARAGRAPH 3 ...cicicrimrnieranemianniesraninnnss
PARAGRAPH 4 .....icciiciiinmnicnrinrientiaienns
PARAGRAPH 5 ...coiiciiciiieiniiinrinnrinnenans
PARAGRAPH 6 .i.ccviciiciriecninsrierisarinsnnes
A Scientific career

B Lifetime recognition

C Basic facts

D Famous author

E The highest honour

F The combustion process

G Explanation of a scientific process

Discuss these questions with your partner.

- How much do you know about atomic science?
What do you think of it?

BV F Listening =)

Listen to a lecture on atomic and nuclear
energy and keep notes. Then answer the
questions in your own words.




1 Where is energy contained?
2 What is nuclear fission?

3 What is used to split an atom?
4 What is nuclear fusion?

5 When a uranium atom is split into two, what
particles are released?

6 How could a nuclear winter affect life
on Earth?

M G Speaking

Discuss with your partner the dangers
of nuclear war. Say what you think and
find out if your partner agrees or
disagrees with you.

Talk about:

® the main idea behind nuclear energy

® nuclear fission
® nuclear fusion
® the future

~

Read texts | and 2 again and your
notes from listening exercise F. Use the
following notes as well to help you.

The main idea: chemical kinetics and
chain reactions

Nuclear fusion: what happens?

The future: what might happen?

Remember to:
® try to use your own examples
® explain yourself clearly

® listen to your partner

Speaking tips

v’ Use expressions such as ' agree / disagree',
'In my opinion'.

v Invite your partner to speak by asking 'What
do you think?'

v’ Don't say everything at once — remember, it
is a discussion not a lecture.

Chemistry

B H Writing

Write a report on the topic: 'Factors
affecting chemical reaction rates.'

Read texts | and 2 again and use these
notes to write six sections. Use the title
headings below for your sections.

REPORT:
Factors affecting reaction rates

By: (Your name)

Date: (The date)

INTRODUCTION
Say what the report is about, and briefly list
the areas you will discuss.

SECTION 1
Concentration Vocabulary: collide

SECTION 2
Pressure Vocabulary: compress, force

SECTION 3
Surface area Vocabulary: reaction rate,
molecules

SECTION 4
Reactivity Vocabulary: metals, consumed

SECTION 5
Temperature Vocabulary: hot system,
activation energy, bounce off

SECTION 6
Catalysts Vocabulary: increase rate,
minimum energy

CONCLUSION
Sum up by giving an outline of the six
main areas.

Write 200-300 words.
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Discuss these questions with your partner.
What does physics study?
How old is the science of physics?

Can you name any famous physicists?

Na Vocabulary

Choose the correct answer A, B or C.
1 Scientists use................... to

make measurements.

A calculations

B estimations

C equations

2 The molecules arein................. .

A movement

B motion
C activity

FAM) cooeeviiiiieaas is a mathematical
statement that shows two expressions
are equal.

A estimation
B calculation

C equation

4 A machine is a mechanical ................ .
A gadget
B device

C appliance
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Reading 1
Physics

An introduction

Ever since humankind first looked at the stars
moving about the sky, they have wondered how
and why thev do that. People have alwayvs
wondered why things behave the way they do.
For thousands of vears people have been asking
questions like why things fall to the ground, not
away from it. Why are some types of stone hard
and others soft? Why does the Sun come up in
the east and go down in the west? These are all
questions that physics can answer.

In the beginning, people answered questions like
these in philosophical or religious ways. In early
descriptions of the world, philosophers such as
Aristotle reported what they believed to be true,
rather than what they saw to be true. Others,
however, such as astronomers from India, Egvpt
and China, or the Greek thinker, Archimedes,
were able to use calculations to predict the
movements of the Sun and the Moon or to
describe and build machines.




The works of Eastern scholars reached Europe
in the 12th and 13th centuries. There were
studies of planetary motion by Indian
astronomers, the theories of light from Buddhist
and Persian thinkers and especially the work of
the Persian philosopher Nasir al-Din al-Tusi on
the planetary svstem. Eventually, these ideas
pushed Europe into a scientific revolution.
Galileo laid the foundations for this with his
work on dynamics, that is, how things move.
Nicolas Copernicus and then Johannes Kepler
described the solar system with the Sun at its
centre. Later, building on their work, Isaac
Newton set out his Laws of Motion and modern
physics was born.

The next great area of investigation was
electricity and in the 19th century Michael
Faraday first demonstrated an electromagnetic
motor. Later, it was improved by James Clerk
Maxwell, whose equations were also used to
describe light. In proving Maxwell’s equations,
Heinrich Hertz discovered radio waves and
Wilhelm von Rontgen, X-ravs. Maxwell's work
was also the starting point for Einstein’s Theory
of Relativity. At the same time, other scientists
were working on thermodynamics, that is, the
study of changes of heat in matter. Phvsicists
such as Robert Bovle, James Prescott Joule and
many others set out the theories that allow us
today to make use of engines and other
mechanical devices. Rontgen'’s discovery of
X-ravs and the work of Pierre and Marie Curie
on radioactivity led to the development of the
science of nuclear phvsics.

In the first half of the 20th century,
developments in phvsics were concerned with
the structure of atoms. The parts of the atom
were identified — its nucleus, protons and
electrons. Eventually in the 1940s, scientists in
the USA were able to split a nucleus and the
result was the world’s first nuclear explosion.
Also at that time, scientists such as Max Planck
were looking at the relationship between matter
and wave motion. The field of quantum
mechanics, which explains not only how atomic
particles move, but how the universe does, came
into being. Without phvsics to describe the way
things behave, we would have none of the
technology and machinery we take for

granted today.

Physics

Pronunciation guide

Buddhist /budist/

Copernicus /kavp3s:nikas/

Joule /dzul/

Nasir al-Din al-Tusi /nasir el din el tusi/
Persian /p3:3on/

Rontgen /ra:ntgon/

thermodynamics /63" movdarnaemiks/

N B Comprehension

Read the text and choose the best title
for each paragraph. There is one title
which you do not need to use.

PARAGRAPH 1 .........ccociviviiiciiiiiieees
PARAGRAPH 2 ........ccoooviiiiveieeninieeeee,
PARAGRAPH 3 .......coociiiimineceeienreeenn,
PARAGRAPH 4 .........cccciivviiviiinieennnns
PARAGRAPHS5 .......cccoviiviiiiireiiieeene,
A Early ideas about physics

B Mechanical devices

C Ideas that created the modern world
D What we can learn from physics

E Atomic physics

F The origins of modern physics

Discuss these questions with your partner.

Have people always believed that the Earth
goes round the Sun?

Why do you think people would doubt this?

C Listening =)

Listen to a radio programme about
Copernicus. Then listen again and
complete these notes.

Copernicus provided a heliocentric
) TN theory of the solar system.

People used to believe the Sun went round
the (2)..ccovievieiiicn, .

Copernicus led the way for science to
[ ) PP existing theories.

Copernicus held that the Earth is not the
centre ofthe (4) ......ccevveeennrnnnnnnn, .

He also explained the phenomenon of
(B) e and gave the correct order
of the planets.
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Before youread =

Discuss these questions with your partner.
What is lightning?
When do you see it?

Which travels faster, sound or light?

a. Match these words with their definitions.

dark matter carry out

survey show

reveal to increase in speed
spark investigation
accelerate quick flash
three-dimensional F best

leading having height, width
and depth
perform hypothetical, invisible

material which does not
take in or give out light

b. Complete the sentences below with
words from the box.

dark matter leading
accelerate perform
three-dimensional survey
spark reveal

The scientist wanted to ........cccceeeniiiennn. a

dangerous experiment in the laboratory.

You have to wear these .........ccoevvunennene.
glasses to watch this film.

He'sa .oooovvvviinccnnannn, heart surgeon; the
operation is bound to be successful.

Usually trains .........coeeeeeenneeees after pulling
out from the station.

The company carried out a very interesting
....................... the results of which were
published in the newspaper.

Rub the two stones together until there is a

What do you know about ...........cccuuuiie ?It’s
difficult to explain.

He’s innocent and I'll do whatever it takes to
....................... the truth.
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Reading 2

Physics - the new
science fiction

A speech by Professor Martin Brimble, who is
retiring from his post as Professor of Physics at
the University of Solihull after more than 30 vears
has revealed not what we know about the
universe, but what we still don’t know.

Science reporter Bob Hatton reports.

You would expect that after 30 vears as Professor of
Physics at one of the country’s leading research
centres, Professor Brimble would know quite a lot
about the way the universe works. So what was
most surprising was his detailed survey of the great
unsolved problems facing physicists today.

For simplicity, he divided his talk into three
parts. First, he talked about those things which
happen in the world - and they happen every
day - but for which there is no scientific
explanation. He wasn't talking about ghosts or
magic, naturally, but there are events which
phyvsicists have observed and which their
theories and experiments have not vet been able
to explain. Then, there are theories and ideas




which scientists haven’t been able to prove right
or wrong because no one has been able to
perform an experiment to test the theory. And
as if that weren’t enough, there are ideas which
they know work and the science is right, but
they are still waiting for the technology to

be invented.

Well, what happens that can’t be explained?
One phenomenon is ball lightning. This is said
to be just like ordinary lightning, but instead of
being a spark jumping from point A to B, it
forms a ball of light, about the size of a
basketball. Scientists have been tryving to
explain it since 1904, but without success. Their
efforts have been unsuccessful partly because of
the fact that some phyvsicists don’t even believe
the phenomenon exists. Another such
phenomenon is the accelerating universe.
Physicists know that everything in the universe
is moving away from everyvthing else faster and
faster. Thev’ve even measured the acceleration.
But what they don’t know is why it’s happening.
One idea is that it’s something to do with dark
matter, but that’s another problem. Because it is
dark matter, we can't see it and many physicists
will say they don’t even know where to look for
it — if it exists at all. The truth is there just isn’t
enough matter in the universe to keep it in one
piece. Research is going ahead, but answers may
take a long time to come.

Some things cannot be tested because thev're
just too big to test. These are ideas that sound
like science fiction, but are actually theories
that may be true because other theories could
be wrong. For example, time travel: some say it’s
possible, but to do it, would need more energy
than there is in the universe.

And we'll have to wait for a three-dimensional
microchip to be made before we can build the
fastest possible computer. So according to
Professor Brimble we’ve got a lot to look forward
to in the future!

Pronunciation guide

microchip /maikract[ip/
Solihull /soclihel/

Physics

N E Comprehension

Read the text and decide if the following
statements are true or false.

Professor Brimble spoke about T
how much physics has taught us. F[
The universe is moving fast in T
one direction. F[
There are theories in physics T[]
which have not been tested. F[
Some physicists say there is T[]
no such thing as ball lightning. F{
Physicists are very close to finding T[]
dark matter. F{]

Discuss these questions with your partner.

What do you know about the Big Bang?

Does it seem like a good explanation to you
for the creation of the universe?

F Listening =)

Listen to a teacher and a student
discussing her project about the Big
Bang. Then listen again and answer
the questions.

1 When did the Big Bang occur?

2 In what two ways is the phrase
Big Bang used?

3 In which direction is all matter
moving nowadays?

4 At one time, in the distant past in what form
was all matter?

5 What chain of events did the Big Bang
set off?

6 After the Big Bang, why did hydrogen atoms
fuse together?

1 Can you describe the beginnings of
simple galaxies?
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M G Speaking

Discuss these questions with
your partner.

What do you find the most fascinating
about physics?

Which areas would you like to know
more about?

Discuss with your partner whether you
think physics will be able to find answers
to the unsolved problems in text 2. Say
what you think and find out if your
partner agrees or disagrees with you.

Talk about:
@ ball lightning

@ the accelerating universe

@ time travel

Read text 2 again and use these notes
to help you.

Ball lightning: Prove it is real? Possible
causes (electromagnetism and
air temperature?)

Accelerating universe: Find dark matter,
find another possibility, check
measurements

Time travel: New source of energy,
impossible for philosophical / religious
reasons, theory is wrong

Test theories? Find new theories?
\, ’

Remember to:
® explain your ideas
® give reasons for your ideas

@ listen to other points of view
Speaking tips

v/ Ask questions to find out reasons.
v’ Give your partner time to speak.
v/ Be prepared to change your mind.

v/ Useful words and phrases:
primarily; without a doubt; it cannot be
denied; quite probably; there’s a slight
possibility; highly unlikely; would you agree?;
I'd have to disagree with you there.
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H Writing

Write a short essay to answer
this question:

‘What are the main differences in
theories of physics before and after the
scientific revolution?’

Read text | again and use these notes to
write four paragraphs.

PARAGRAPH 1

Introduction Scientific revolution changed
way of looking at the world. First describe
way of thinking before science. Then look at
what modern scientists have achieved.

Vocabulary: first, then, explain, reasons

PARAGRAPH 2

Ancient world. Thinkers affected by religion
and superstition. Believed ideas without
analysing them. Others found proof in
calculation and observation. Some found
right answers for wrong reasons. Thinkers
described world they lived in.

Vocabulary: philosophy, religion,
mathematics, ideas moved slowly,
description

PARAGRAPH 3

Modern world more open to change. Accept
what they see, not what they want to see.
Modern physicists had advantage of
knowing about mistakes of the past.
Scientists look for answers to problems. Aim
is to improve the world.

Vocabulary: proof, building on ideas,
development
PARAGRAPH 4

Conclusion Same in need for observation
and proof. Different in acceptance of belief
and wish to change world.

Vocabulary: finally, summary, analysis,
belief

Write 200-250 words.




Discuss these questions with your partner.

What household appliances use electricity?
Where does electricity come from?

What does a magnet do?

A Vocabulary

Choose the correct word to complete
the sentences.

‘ | is something through which
electricity can pass.

‘ 2 An electrical ............ccoeeeeee. supplies power
in our home.

3 The electromagnetic field ...................... a
force on the particles.

ATO ccoiiviiiieiiinns power you need a way to
‘ control electricity.

5 Normally, electricity is carried through
homes by .......cccvveennnnnn. .

6ls6o'clocka ...ccccunnununnnnnnn. time for
your meeting?

1 A A conductor B A magnet C Static

2 A bulb B current C particle

3 A put B exerted C applied

4 R attract B exert C generate
5 A wires B charges C forces

6 A comfortable B fitting C convenient

Physics

Reading 1

Electricity and
magnetism

Electromagnetism is evervwhere. It is a field that
exists throughout space. When particles are
electrically charged, the electromagnetic field
exerts a force on them. These particles then move
and exert a force on the electromagnetic field. By
generating these fields when and where we want
them and by controlling these forces we have
electricity. This gives us the power we use in the
modern world. All our TVs, phones, street lights
and cars depend on electromagnetism.

So what is electromagnetism? Actually, it is two
things. but thev are so closely connected that it is
convenient for us to think of them as one, as two
sides of the same coin. There are two types of field:
electric and magnetic. Electricallv-charged particles
result in an electric field. static electricity. When
there is a conductor, a material which will allow
electric field to pass through it, then we can create
an electric current. In our homes, the conductors
are the wires that run through our house to the
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light bulbs or the TV. A magnetic field results from
the motion of an electric current and is used to
generate the electricity we use.

In the 19th century, James Clerk Maxwell, the
Scottish physicist, produced the equations that
proved the two forces acted as one. One effect of
this was for physicists all over the world to hurry
back to their libraries and laboratories to rewrite
the theories on the motion of objects. Maxwell’s
equations showed that what phyvsicists had
believed for centuries was in fact not correct. It was
not until Einstein, in the 20th century, that the
theory of motion was put right — at least for now.

How do we know the two things are one? Well,
sailors had known for centuries that lightning
affected the magnetic compasses on their ships. No
one, however, made the connection between
lightning and electricity until Benjamin Franklin,
the American politician and scientist, flew a kite in
a thunderstorm to attract the lightning. In other
parts of the world, physicists were experimenting
with magnets and electricity. Most passed a
current across a magnetic needle and watched it
move. The Frenchman, Andre Marie Ampere
eventually applied mathematics to
electromagnetism. It is from his work that we have
our modern understanding of electromagnetism.

One piece of the jigsaw remained. No one had
discovered a way of generating electricity. True,
there were batteries, Alessandro Volta invented the
Voltaic pile in 1800, but it was of limited use.
Certainly no battery could provide enough
electrical power to operate a machine. For that the
world would have to wait for Michael Faraday to
find a way of creating an electrical current, when
and where it was needed.

Pronunciation guide
Ampere /empea/
Voltaic Pile /voltenk parl/

B Comprehension

Read the text and choose the
correct answer.

1 We can make electricity by
A exerting a force.
B creating electromagnetic fields.
C charging particles.
D moving particles.
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2 Electrical and magnetic fields
A are opposites.
B are two very different things.
C are very closely related.
D need a conductor.

3 Maxwell’s equations
A corrected the theory of motion.
B caused scientists to rethink.
C rewrote older theories.
D have completely ensured the theory of
motion Now.

4 Our modern knowledge of electromagnetism
comes from
A Ampere.
B lightning.
C Benjamin Franklin.
D experiments with magnets.

5 The electric battery
A could operate a machine.
B could create an electric current.
C was invented by Faraday.
D was invented in 1800.

Discuss these questions with your partner,

Can you think of some different ways of
generating electricity?

What are the advantages and disadvantages
of each?

C Listening =)

Listen to the extract from a lecture on
generating electricity. Then listen again and
complete the table.

Ways of generating electricity
Advantages Disadvantages

Fuel

Wind power




Discuss these questions with your partner.

What do you think is the most important
invention

B of all time?
B in the last century?

C in the last 20 years?

a. Match these words with their

definitions.

loop not proud

entirely round shape

device machine

modest completely

coach vehicle pulled by horse
status revolve, go round
rotate position

b. Match the words to make phrases.

1 receive experiments
attend ajob
offer electricity
be on a tour
go to work
carry out an education
set of something
build lectures
generate a device
make use low born

c. Match the adjectives to the nouns.

leading motor
scientific current
electrical field
electrical physicist
magnetic community

Physics

Reading 2
Michael Faraday

Faraday (1791-1867) was unusual among
famous men in the 19th century. His family did
not have a high status in Victorian society. He
was born in London to a poor family. He
received little more than a primary school
education, but educated himself. He did not
have the support and encouragement of famous
teachers. Instead, he worked making and
repairing the covers of books in the davtime
and attending public lectures at the Roval
Institution in the evenings.

One series of lectures was given by Humphrey
Davy, one of the leading phyvsicists of the time,
and Faraday wrote to him, hoping to become
accepted into the scientific community. Davy
wrote back, recommending that Faraday
continue to be a bookbinder. Faraday’s chance
came soon after that. Davy injured his eves in
an explosion in his laboratory, and offered
Faraday a job as his secretary. The years which
tfollowed were not entirely happy ones for
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Faraday. He was not considered to be a
gentleman, his family were too low born for
that. Even when he went with Davy on a tour of
Europe, Faraday had to wash Davy’s clothes,
eat with the servants and ride on the roof of the
coach rather than inside it. For a time, Faraday
thought about giving up science altogether.

Now, however, Faraday had time to carry out
experiments at the Roval Institution of Great
Britain, though he was still Davy’s assistant.
Davy tried and failed to make an electric motor
and discussed his failure with his assistant.
Faradav set to work, and produced what he
called a homopolar motor. It was simply a wire,
rotating around a magnet when an electric
current from a battery was applied. It seems
though that somehow Faraday upset Davy, who
had recently been honoured by Queen Victoria.
The following vears saw Faraday working on
Davy’s experiments with glass. Whatever
Faraday did, Davy seemed determined to
prevent him from succeeding with electricity.

In 1829 Davy died, and soon after Faraday
began the series of experiments that would
make him one of the most important scientists
of all time. He managed to build a device which
moved a magnet through a loop of wire. This
motion of the magnet through the wire created
an electric current. He demonstrated that a
changing magnetic field produces an electrical
field. He was helped by James Clerk Maxwell to
state the process mathematically (maths had
alwavs been Faraday’s weakness), and this is
now known as Faraday’s Law of Induction. It is
one of the foundations of electromagnetism and
of modern technology. Later, Faraday built the
first dvnamo, a way of generating electricity.
What Faraday did was to discover a way both of
making electricity and of making use of it.
Without his discoveries we would not be able to
enjov the modern lifestyvle that we have now.

Although now famous, Faraday remained
modest. He was offered honours by the Queen,
but refused to accept them. Nearly 150 vears
after his death, however, he was honoured in
another way. Between 1991 and 2001 his face
appeared on a Bank of England £20 note.
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Pronunciation guide
dynamo /damamou/
encouragement /mkaridzmont/
homopolar /havmarpavle/
honoured /5:mad/

Humphrey 'hamfr/

injure /mdza/

Law of Induction /lo"ov m'dak[an/

N E Comprehension

Read the text and answer the questions
in your own words.

1 How did Faraday get his education?

2 What was Faraday'’s second job?

3 Why did Faraday experiment with glass?
4 How did Maxwell assist Faraday?

5 How were Faraday’s achievements
recognised?

Discuss these questions with your partner.

How does a candle work?
How does a torch work?

How does an electric light work?

F Listening =)

Listen to the conversation and fill in the
gaps in the notes.

1 A hairdryer works with ..........cccccceeeeeeee. .
2 The electric ........ccoceviininnnns operates a fan.

3 The electric ..c.ccevvveeinienannnn... warms the
heating element.

9V 0 b 1= S the element.

BA. e, controls the heat in
the element.




M G Speaking

Discuss these questions with
your partner.

Can you live without
ATV?
B a CD player?
C a fridge?

Task

topic. ‘How would life be different
without electricity?

Talk about:

® things we use electricity for (lighting,
cooking, refrigeration, your ideas)

@ things we don’t need electricity for (play
games, reading/writing, do sports,
your ideas)

® places that use electricity (homes,
hospitals, factories, your ideas)

® luxury items that use electricity (TV,
music, video games, your ideas)

Remember to:

® say what you think
I (don't) think/feel/believe (that); in my
opinion; as far as I'm concerned

® give your reasons
I say this because, due to, because of

® agree/disagree politely
Quite right. I'm not sure I agree ...

Speaking tips
v/ Ask questions.
v’ Let your partner finish their sentences.

v Ask for explanations if you
don’t understand.

Physics

N H Writing

Write a short essay to answer this
question: ‘How did Faraday’s personal life
affect his scientific work?’

First read text 2 again and look at these
notes. Then plan your essay.

PARAGRAPH 1
Early life:

poor family, not educated at school, worked
with books

Vocabulary:
family background, bookbinder, no
encouragement
PARAGRAPH 2
Entry into science:

evening lectures, wrote to famous scientist,
assistant

Vocabulary:

Royal Institution, scientific community,
secretary

PARAGRAPH 3
Relationships:

not a gentleman, treated like a servant,
unhappy, problem with Davy

Vocabulary:
status, unhappy, think about
PARAGRAPH 4

Private life:

modest, hard-working, refused honours

Vocabulary:

discoveries, honours, banknote

Write 200-250 words.
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Use the words in the box to complete
the sentences.

conductor H enroll
expand M convenient
specific M resign
catalyst M calculations
repetition M devise

1 Metal is an example of agood ..................... -
something through which electricity can pass.

2 To plan and make iS t0 ......cccoeveeriiniiienn. .
Jfyouare....ccooeeeiiiiiennnnns , you are exact.

4 When writing an essay, try to avoid
.......................... of vocabulary.

5 When you sign up or join a school, you

6 The bus stop is right outside our front gate;
that's very ......cooveviiiiiiinnnns .

7 Materials such as metal, when they are
heated, they ....ccovvviiiiniiinnnnnns .

O is a substance that
increases the speed of chemical reactions.

9 If you decide you want to leave your job, you

10 I need to make some..........cccevvvvnnnnnn. before
I ask the bank for a loan.

n
B The words in green are in the wrong
sentences. Put each word into the correct
sentence.

1 To rotate power you need to be able to
control electricity.

2 A device is produced as the secondary
result of a process.

3 A mathematical statement showing two
expressions are equal is a(n) by-product.

4 Electricity passes around buildings through
dark matter.

5 Light is not absorbed or emitted by wires.

6 Compressed means having height, width
and depth.

1 To generate means to turn around on an axis.
8 A(n) equation is a series of events.
9 The material was three-dimensional as it
had been pushed tightly together.
10 This is the sequence we are going to use to
carry out the experiment.

Macmillan Guide to Science RevisionVocabulary

Units 9 to 12

ig C1 Use the clues to complete the

1i |

crossword and find the hidden expression.

2h

3r

19

sel |

6a

7b

10p

13S

140

15Y

i6a

||

1]

1 immediate

happens ......

5 as if eaten up

10 do, carry out
11 crash, hit

12 acircle

13 aflash

15 decay

understand it.

3 make known, show

T we putitin alamp

8 accomplishment.

14 being the same

9 to apply (force for example)

2 two magnetic ends being the same

4 if it happens over a period of time, it

6 give a job, a position to somebody

16 the process of examining something to

CZ What does the hidden expression

mean?




Discuss these questions with your partner.

What did early people commonly believe
about the relationship between the Earth, the
Sun and the other planets?

Is it important for scientists to discover laws
about the physical world? Why / Why not?

W A Vocabulary

Match these words with their definitions.

1 elliptical
2 orbit

A suppose, speculate

B talk or write more
about something

3 expand on C a statement describing
a phenomenon in
science which is true at

all times

4 the heavens D having the Sun as

the centre

5 inertia E a path around another
object

6 gravity F effect

1 geocentric G having the Earth as
the centre

8 heliocentric H the sky

9 hypothesise I oval or egg-shaped

10 revolve ] what makes things fall
11 law K law of physics
according to which a
body tends to maintain
its speed & direction
12 impact L move around

Physics

Reading 1

The Law of Universal
Gravitation

In ancient times, people believed that the Earth
was the centre of the solar system and tried to
understand and explain the movement of the
Sun, the Moon, the stars and the planets around
the Earth. As scientific knowledge and technology
improved over time, this idea (called the
geocentric theory, from the ancient Greek words
meaning Earth-centred) lost favour and new
theories about the solar system were put forward.

Tvcho Brahe (1346-1601) and Galileo (1564-
1642) made accurate measurements of the
heavens, which were the basis for later theories.
Nicolas Copernicus (1473-1343) believed that the
Earth was not the centre of the solar svstem but



Physics

just another planet revolving around the Sun,
which itself never moved. This tvpe of theory was
called heliocentric. Johannes Kepler (1571-1630),
an assistant to Brahe, used Brahe’s measurements
to support Copernicus’ heliocentric theory. This
led to his discovery of three laws relating to
planetary movement, including the fact that the
planets move in elliptical orbits around the Sun.

It was left to Isaac Newton to expand on these
theories by testing and proving Kepler’s laws. By
observing things around him, Newton realised
several things. One was that objects can be in one
place, without moving. This is called inertia.
Then, if the object moved, it moved toward
another object. The phenomenon causing this
pull of one object towards another was the force
of gravity (or little g). Newton found that the
mass of the two objects and the distance between
them determined the strength of the force of
gravity and developed an equation which
expressed this relationship.

Continuing to test and expand his findings,
Newton hypothesised that this relationship
existed not only between objects on the Earth but
also objects in space. This led in 1687 to
Newton'’s Philosophiae Naturalis Principia
Mathematica (Mathematical Principles of
Natural Philosophy, usually called Principia) in
which he wrote about his historic discovery of the
Law of Universal Gravitation (or big G). By
calling his discovery a law, it meant that the
relationships he had discovered were true
evervwhere and in all cases.

Newton’s discovery had a huge impact on
scientific thinking for centuries afterwards. In
fact, his findings were not improved upon until
1905, when Albert Einstein introduced his
Special Theory of Relativity.

Pronunciation guide

Galileo /galilerav/

geocentric /dzi:ausentrik/

inertia /ina:fo/

Philosophiae Naturalis /filo'sofie neturaelis/
Principia Mathematica /prm'sipro meae6e'maetiko/

\ Tycho Brahe /taiko bra:/

68 Macmillan Guide to Science Unitl

MY B Comprehension

Read the text and choose the correct
title for each paragraph. There is one title
which you do not need to use.

PARAGRAPH 1 ......cccoooviiiiiiiiicnines
PARAGRAPH 2 .......ccoiiviiviiiiniinieiinnns
PARAGRAPH 3 ......coeeiiiiiiniiinnnnnnn
PARAGRAPH 4 .......ccooovvvviiiiniiiennnnns
PARAGRAPHS ........coovviviiiiiiiniennnnes

A Newton’s discovery

B Early theories of heliocentrism
C The strength of Newton’s Law
D Geocentrism

E Newton'’s observations

F Einstein’s theories

Discuss these questions with your partner,

Does all research lead to important
discoveries? Explain your answer.

What role does the work of earlier researchers
play in scientific discoveries?

C Listening =)

You will hear five students talking about

famous scientists. Match each statement
with the speaker. There is one statement
which you do not need to use.

SPEAKER 1 ......cccoovvviiiiiiiiiiiiiiii
SPEAKER 2 .........oooviiiiiiienccrree i
SPEAKER 3 ......ooiiiiiiiiiiiiirnr e
SPEAKER4............ooiiiiiiniiiiiiiiiniinne
SPEAKERS5......ccoooviviiiiiiniiiiies

A He believed in a combination of the
geocentric and heliocentric theories.

B He used scientific methods to explain
planetary motion.

C He believed in the heliocentric theory.
D He believed nothing was accidental.
E He believed in the geocentric theory.

F He was the first to measure the movement of
the stars.
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Discuss these questions with your partner.

Do you know anything about the scientist
Isaac Newton?

Is it a good idea for scientists to tell others
about their research results? Why / Why not?

D Vocabulary

The words in green are all in the wrong
sentences. Put the words into the correct
sentences.

1 My uncle worried so much about his work
that he had a mint. ...,

2 Our class visited the estate and we saw how
money is made. ........c.ceeeennnnnnn

3 That crystal vase is very calculus and will
easily break. .........coooeiiiin,

4 The branch of mathematics that is concerned
with limits and with the differentiation and
integration of functions is called a delay

5 The telescope had a huge old castle and
beautiful gardens. .............cvvvvneees

6 A nervous breakdown has a large convex
lens so that you can see things which are far
AWAY. .oocreeeiiiienniiiiaaen

7 There was a fragile so we were late.

Reading 2
[saac Newton

Isaac Newton was born on Christmas Day 1642,
according to the calendar which was used in
England at that time, or, according to the modern
calendar, 4th January, 1643. His father was a
wealthy farmer in the north of England, and the
owner of a large estate which included the family
home, called Woolsthorpe. Unfortunately, his
father had died several months before Newton
was born, so he never knew him. When he was
two, his mother married again and moved to
another village, leaving him behind to be brought
up by his grandmother.

When his stepfather died some vears later,
Newton’s mother returned to Woolsthorpe,
together with the three children from her
second marriage. Even though Newton’s family
was wealthy, his mother did not want him to go
to school. Instead, she wanted him to learn to
be a farmer and to take care of the familv’s
estate. Newton did not like farming and was not
very good at it. Eventually, he was allowed to
return to school and then to attend university,
although he had to work to earn monev to
cover at least some of his expenses.

Despite the fact that Newton was studving Law
at Cambridge, where the ideas of Aristotle
were greatly respected, he became more
interested in modern philosophers like Rene
Descartes, Thomas Hobbes and Robert Bovle
and also explored the ideas of Nicolas
Copernicus, Galileo and Johannes Kepler. At
some point, he became interested in
mathematics, including the work of Euclid and
Descartes, which eventually resulted in
Newton’s invention of calculus. In the field of
optics, he made important discoveries about
light and colour theory, as well as building the
first reflecting telescope. He was also involved
in alchemy, religion and, of course, phvsics,
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where his discovery of the laws of planetary
motion and gravity were great advances and
also served as the basis for later work, such as
Albert Einstein’s. He was also interested in
politics, serving as a Member of Parliament and
in other governmental positions.

Throughout his life, Newton was a fragile,
sensitive person, who did not take well to
criticism. In fact, he often delaved publishing
his work because he was afraid of being
criticised, which led to many problems later
on. He suffered two nervous breakdowns and
finally stopped doing research. However, he
remained active by working for the
government as Warden, and later Master, of the
Roval Mint, where his efforts produced
important results. He was made a knight by
Queen Anne in 1703.

Newton died on 20th March, 1727. The epitaph
for his tomb, which is in London’s Westminster
Abbey, was written by the poet, Alexander Pope:

Nature and nature’s laws lay hid in night;

God said ‘Let Newton be!’ and all was light.

Pronunciation guide
calculus rkeelkjulss/

Descartes /detka:t/

epitaph feprta:f/

Euclid /ju:klid/

fragile /fraedzail/

telescope /teliskavp/

Westminster Abbey /'westminsta b1/
Woolsthorpe /wulsBo:p/

N E Comprehension

Read the text and choose the
correct answer.

1 As a young child, Newton
A lived on a small farm.
B lived at Woolsthorpe with
his grandmother.
C lived with his parents.
D lived with his mother and her
new husband.
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2 Newton’s mother
A took him with her when she remarried.
B wanted him to go to school.
C thought he should be a farmer.
D covered all costs of his education.

3 Newton was originally studying to be
A a physicist.
B a philosopher.
C a mathematician.
D alawyer.

4 Newton was not particularly influenced by
A the ideas of Aristotle.
B the ideas of Descartes.
C the ideas of Copernicus.
D the ideas of Euclid.

5 Newton had problems in his later
life because
A he was so famous.
B he was afraid of criticism.
C he published his work.
D he stopped doing research.

Before

Discuss these questions with your partner.

Can you explain why we see colours?

Do you know the famous story of how Newton
discovered gravity?

F Listening )

You will hear part of a radio programme
about great scientists. Listen and fill in
the notes.

Optics is the branch of physics that studies the
physical (1) ..cccoovvvieeeinnennineee of light known
as optics.

Newton claimed that a prism could
(2) oo white light into a spectrum
of colours.

A second prism and lens could recompose
the multi-coloured spectrum into
[ ) light.

Newton said (4) .....cceeevvveennennnnns with coloured
light caused us to see colours.

Newton believed light is made up of particles
connected to (5) ..cc.ocvvvvivniiiiniinnnns .

Newton’s calculations said gravity kept the
Moonin (6).......ooceeevivnieeennnns .




N G Speaking
Discuss these questions with

your partner.

Do you agree that Newton was one of the
most important scientists in world history?
Why / Why not?

What areas of science was Newton'’s
contribution crucial to?

Read text | again and give a two-
minute presentation on the Law of
Universal Gravitation.

Talk about:
@ the geocentric theory
@ heliocentric theories

® Newton and his theory of gravity

First complete these notes. Use them
in your presentation.

To begin with, we need to discuss what was
believed in ancient times. The geocentric |
theory held ..o,

Later theories were based on .................
and the theories said ............ccevvvvivnennnnn.

Newton's theories are still important
because ......cccoovviiiiiiiiiin

Physics

Remember to:

@ present the facts in chronological order

® use the full names of the scientists when
referring to them for the first time

Speaking tips
v If you don’t know a word, explain what you
mean using other words you know.

v’ Don'’t speak too quickly. It isn’t a
conversation and the class may not catch
everything you say.

H Writing

You have been asked to write a
newspaper article about Isaac Newton.
Write the article, giving biographical
information and an explanation of his
many achievements.

For your research take notes from texts |
and 2 and exercise F listening.

Use this plan:
Title (think of an eye-catching title)
PARAGRAPH 1

Explain who you’re writing about and why.
PARAGRAPH 2

Give an overview of Newton’s life.
PARAGRAPHS 3 AND 4

Give examples of his theories and how he
arrived at the conclusions.

PARAGRAPH 5

Sum up by briefly restating his life and
achievements and say what kind of
impression Newton made on you.

Write 200-250 words.
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Discuss these questions with your partner.
Have you heard of quantum mechanics?

What are atoms made up of?

A Vocabulary

Complete the sentences below with
words from the box.

B evidence M tiny
B back up B adequately
B duality M radiates
M distinct
1 There was a(n) ......ccoeeevvenernnnn. amount of

energy - it was separate from any other.

2Therehastobe..........cc...... to prove
a theory.

3 Atoms are not just small. They're

5Youwillneed to.......ccuunnnreennnee. your theory

with some kind of proof.

6 I think I have argued my point quite

7 Some properties being best explained by

wave theory and others by particle theory is

knownas.........oceevevnennnenne. .
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Reading 1

Quantum
mechanics

Quantum mechanics is the branch of physics that
explains the behaviour of the tiniest matter such
as atoms, molecules and nuclei. (1) .....................
Thanks to the ideas it put forward, scientists
managed to explain all the new experimental
evidence of the time that could not be explained
by classical physics (also known as Newtonian
physics, after Isaac Newton).

(2) i A few vears later, Isaac
Newton suggested that light was made up of tinv
particles. Both of these theories were backed up
by experiments. But neither theory could
adequately explain on its own all of the
phenomena associated with light.

Nearly two hundred vears later, in 1900, Max
Planck assumed that hot things send out energy
in packets, and he named these packets quanta
(singular: quantum). (3) ....................... In 1905,
Albert Einstein published a paper based on




Planck's work to explain the photoelectric effect,
and called the energy packets of light photons.
According to this theory, when light shines on a
metal surface, the photons in the light can carry
enough energy to hit an electron in an atom in
the metal and knock the electron out of

the atom.

In 1920, while working on the idea that a
moving particle had the property of a wave and
thus could have a wavelength (that is, that there
was a specific length to the waves of light), Niels
Bohr decided to find the wavelength of an
electron moving around the nucleus of an atom.
He found that an electron could have a stable
orbit, which means that the electron in orbit is
not radiating energyv. He also found that an
electron absorbed or radiated a certain distinct

amount of energy only when moved to another
stable orbit. (4) ........................

It appears that quanta were being used by
scientists to explain all sorts of phenomena that
thev could not explain before. However, the
scientific community was divided on whether
light was a wave or a particle because it behaved
as both in different experiments. So they began
to think of light as both a particle and a wave.
(53) i This concept is true for both
matter (such as electrons) and energy (such as
light). We can only conclude that light is
somehow both a wave and a particle, or it is
something else that we cannot quite understand
and which phvsicists of the future will be able
to explain.

In the final analvsis, quantum mechanics
explained two very important things: why atoms
were stable and why atoms absorbed or released
energy in certain wavs.

Pronunciation guide
Christian Huygens /kristjon *haigon/
Einstein famnstam/

Newtonian /njutovnion/

nuclei /njukliar/

photoelectric /fovtovrlektrik/
quantum /kwontom/

wavelength /wervlen6/

Physics

N B Comprehension

Read the text and complete with the
missing sentences below. There is one
sentence which you do not need to use.

A Quanta were the modern answer to
Newton's theories.

B Electrons could not inhabit the space
between orbits.

C Quantum mechanics is used for
understanding the behaviour of systems at
atomic length scales and smaller.

D The foundations of quantum mechanics
were laid in the late 1600s, when Christian
Huygens proposed that light was made up
of waves.

E Then Albert Einstein began to wonder if
light also delivered its energy in packets.

F This is now known as the wave-particle
duality concept.

Discuss these questions with your partner.

What physical phenomena are made up
of waves?

What things are we able to do because of
these waves?

M C Listening )

Listen to a teacher and a student
discussing the photoelectric effect. Then
complete each sentence with one word.

1 When light shinesona ........ccccceeeennne
surface, electrons can be released.

2 Isaac Newton and Albert Einstein both
believed that light was made
(o) I .

3 The role of science is to find out
the o .

4 In experiments with the photoelectric
effectthe.............cceevien. agreed with
Einstein’s predictions .

5 Einstein didn't win the Nobel Prize for
his...cooovviiiniiiine of Relativity.

6 From different points of view,.........ccccoeevveeenne
can be a particle or a wave.

Macmi an Guide to Science Unitl 73



Physics

Discuss these questions with your partner.
Do you know what Bohr's model of the atom is?

Can you explain it?

W D Vocabulary

a. Match the words to make phrases.

1 stable A properties

2 quantized B chain reaction
3 wave-particle C states

4 dual D bomb

5 atomic E atom

6 fission F duality

b. Match these words with their definitions.

1 spectral line A used about things that

have two parts

2 in essence B using new methods or

achieving new results
3 groundbreaking
4 dual

C basically

D used about ideas or
beliefs that disagree
with each other and
cannot be both

E win

F light or dark band of
particular wavelength,
used to identify
substances

5 contradictory

6 complementarity

1 gain G a basic principle of
quantum theory
according to which a
system may have either
particle-like or wave-

like properties

8 significant H important
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Reading 2
Niels Bohr

Niels Bohr was born in Copenhagen in 1883, and
died there in 1962. He was one of the most
distinguished physicists of all time. He is best
known for the development of the Bohr model of
the atom, his theory explaining the existence of
spectral lines, and the principle of
complementarity. His work won him the 1922
Nobel Prize in Phyvsics.

His interest in science began at an early age
because his father was a professor of physiology.
Specialising in Mathematics and Physics during
his final vears of school, Bohr continued these
studies at university. He received his Master's
degree from the University of Copenhagen in
1909 and his PhD in 1911. Later that same vear,
he went to England where he worked with Sir
Joseph Thomson (who had discovered the
electron), and Ernest Rutherford (who had put
forward the concept of a nucleus within the atom).

He worked on the structure of the atom using
quantum ideas from Max Planck and Albert
Einstein. In Bohr's model of the atom there is a
nucleus, and electrons move around the nucleus
in stable states (also known as orbits or energy




Physics

levels) without radiating energy. When an
electron moves from one state to another, only
very specific amounts of energy are lost or
gained. If the atom gains energy, the electron
jumps to a level further from the nucleus; if it
loses energy, it drops to a level closer to the
nucleus. Whenever energy is lost or gained, a line
in a spectrum is produced. This model is now
known as a quantized atom, from the term
quantum introduced by Planck to describe small
packets of energy.

In 1927, Bohr put forward his principle of
complementarity, which refers to effects such as
wave-particle duality. Bohr's principle was the
most groundbreaking scientific concept of the
20th century. In essence, the principle states that
things may have dual or contradictory properties,
but we can only experience one property at a
time. For example, we can think of an electron as
a wave or as a particle, but we cannot think of it
as both at the same time, even though it may
actually be both at once.

In 1920, Bohr had been appointed director of the
Institute of Theoretical Physics and he continued
to work there throughout the 1920s and 1930s.
However, during the German occupation in World
War II, due to his having a Jewish mother, it was
necessary for Bohr to avoid arrest by the police.
He therefore escaped to Sweden. From there, he
travelled to England and then to America, where
he became involved in the Atomic Energy Project
which aimed to build the first atomic bomb. lle
made a significant contribution by discovering
that only uranium-2335 could produce the fission
chain reaction required for an atomic explosion.
However, he was concerned about the political
problems that the development of atomic
weapons could cause, and supported the idea of
sharing the new technology with other countries,
particularly the USSR.

Niels Bohr held many important positions, and
was honoured by many important scientific
institutions. He was President of the Roval Danish
Academy of Sciences, and a member of many
other famous Academies. Bohr was awarded
honorary doctorates by the world's greatest
universities. Interestingly, Bohr's son also became
a physicist and won the Nobel Prize for Physics
in 1973.

Pronunciation guide
Copenhagen /kavpanhergon/
fission /fifon/

quantized /kwontaizd/

E Comprehension

Read the text and choose the
correct answer.

1 Bohr went to England
A in 1909.
B to receive his PhD.
C to work with Planck and Einstein.
D and worked with two famous scientists.

2 A quantized atom does not
A have electrons moving in stable states.
B produce a spectrum.
C have electrons moving, radiating energy.
D have a nucleus.

3 Bohr's principle says
A properties can only be experienced
separately.
B electrons are definitely waves
and particles.
C properties can only disagree.
D an electron is actually a particle.

4 Bohr thought atomic weapons

A should be supported whatever
the circumstances.

B could only be developed in cooperation
with the USSR.

C should be developed in cooperation with
the USSR.

D should make a significant contribution
to politics.

5 Niels Bohr
A had a successful son.
B won the Nobel prize in 1922 and 1975.
C was president of many academies.
D worked for many important scientific
institutions.

Before you listen

Discuss these questions with your partner.

Do you know what a prism is?

Do you know how a prism works?
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M F Listening w0))

Listen to a teacher explaining spectral
lines to a class of physics students. Then
listen again and decide if the following
statements are true or false.

1 Atoms inside electrons produce light. T[]
F[]

2 Elements that glow produce all T
the colours. F[]

3 Spectral lines are unique for T[]
each element. F[]
4 Stars are too far away to be tested T[]
through spectroscopy. F[]

5 A large number of atoms together T[]
will produce many lines. F[]

M G Speaking

Prepare a short presentation about
the history of quantum mechanics and
the people who contributed to

its development.

Talk about:

® why it was necessary
® how it got its name
® what answers it gave

® what it didn't explain

Read texts | and 2 again and use these
notes to help you.

New experimental evidence: needed to
be explained

Naming: Max Planck
Answers provided: Einstein and Bohr's work

Still a mystery: wave-particle duality

Remember to:

® read the texts carefully and underline the
information you need

® present your ideas in a logical order

® be concise

Speaking tips
v’ Use words like 'firstly’, 'secondly’ and 'finally'.

v’ Try to look at your audience as you are
speaking to them.

H Writing
Write a composition to answer the

question: 'How did quantum
physics develop?'

Read texts | and 2 again and use these
notes to write four paragraphs.
PARAGRAPH 1

Introduction Say what quantum physics
deals with (atoms, electrons, etc).

Vocabulary: Itisusedto ...

PARAGRAPH 2

The first scientists to work on or use the
theory: Max Planck (quanta); Albert Einstein
(photons).

Vocabulary: At the beginning of the 20th
century, ...
PARAGRAPH 3

The scientist who used quantum mechanics
the most in his work: Niels Bohr (model of
the atom, complementarity, spectral lines).

Vocabulary: One very important
figure was ...

PARAGRAPH 4

Conclusion The two important concepts it
explained (stability and energy levels); what
it didn't give an answer to (wave-particle
duality).

Vocabulary: In conclusion, ...

Write 200-250 words.
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Discuss these questions with your partner.

Why do scientists want to test and
prove theories?

Do you think there are general laws which can
explain the physical universe? Why / Why not?

B A Vocabulary

Find a synonym in the box for the words
or phrases in green in the sentences.
Then check your answers in the text.

7 N
M an eclipse M apparent M notion
B multi-dimensional M bend
M obstacles M eager M curved

\ /

1 In science fiction films, space travel is often
talked about as being more than one
dimension since it involves both time and
SPACE. ceeevviiiiiiiiiiannnnn,

2 When there is the phenomenon of the Sun

being covered by the Moon, it is observed
by millions of people. ........cccceeeeiiinnn

Physics

3 The scientist was very keen to test her
theory. ....cooovvviviiiinnnen

4 The heliocentric theory was a(n) idea that
many people did not want to accept.

5 Unfortunately, he met many difficulties in his
research. .....c..ccceeviiicninnne

6 Light can turn. ........ccccooeeeennnne

7 It was obvious to scientists that more
research was needed. .............cceenenennn

8 The line was rounded. ..........coeveneeneans
Reading 1

The General Theory
of Relativity

[saac Newton's discovery of the Law of Universal
Gravitation would seem to have definitively
answered the question of planetary movement.
And vet, it became apparent to scientists that a
number of phenomena which they observed did
not agree with those they expected to see based
on Newton's predictions.

One of the differences was the orbit of the planet
Mercury, which did not quite match the orbit
predicted by Newton's theory. Another problem
resulted from James Clerk Maxwell's theory of
electromagnetism (about 1870), which indicated
that space was filled with matter that moved and
was not empty and motionless, as Newton had
believed. Finally, there was a problem with
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Newton's claim that light travelled at a constant
speed, whether the observer was moving toward
or away from it or not.

These questions captured the interest of a
brilliant voung phyvsics student, Albert Einstein.

Einstein's first attempt to solve the problem was
his 1903 paper on The Special Theory of
Relativity, a concept which had been noted by
Galileo in 1632. In this work, Einstein found
that time and space are relative, not constant.
This means that time and space are different
depending on where the observer is. This was
proved by an experiment involving two clocks:
one was put on an aeroplane which travelled
around the world and the other remained at the
starting point on the ground. When the first one
returned, it was running slower than the one
which had been left behind, exactly as Einstein
had predicted.

Einstein continued to expand on this theory,
and in 1916 presented a paper on a new theory,
The General Theory of Relativity, which took
into account the effect of gravitation on space
and time. It involved the notion of space time, a
multi-dimensional phenomenon which is
constantly moving and bending as it meets
obstacles in its path. Evervthing in the universe
is part of this space time and is carried along
with it. Furthermore, gravity is not a force
which moves things, but rather it is an element
which illustrates curved space and time.

Einstein's theory was based on geometrical
calculations and principles and had to be proved
by scientific testing in the natural world, which
many scientists were eager to do. In 1919,
during a solar eclipse, a British team working in
two different locations measured the light of
several stars. They found that the light from
these stars was actually bent, just as Einstein's
theory had predicted. Needless to say, Einstein
immediately became internationally famous.
Scientists continued to apply Einstein's
equations to other natural phenomena, all with
positive results.

Pronunciation guide
eclipse /iklips/
Mercury /m3:kjur/
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B Comprehension

Read the text and decide if the following
statements are true or false.

1 The orbit of the planet Mercury led T[]
scientists to question Newton's Law F[]
of Universal Gravitation.

2 Maxwell agreed with Newton that T
space was empty and motionless. F[]

3 Einstein was the first scientist to talk T[]
about the notion of relativity. F[]

4 According to Einstein, gravity is not
a force which moves matter. F[]

5 Einstein's theories were never T[]
proved by scientific testing. F[]

Before you listen

Discuss these questions with your partner.

Are scientists influenced by the work of earlier
scientists? Explain your view.

‘Discovery is just a different way of looking at
something.’ Do you agree or disagree with this
statement? Explain why.

C Listening =)

You will hear five famous scientists
talking about research involving relativity.
Match each statement with the speaker.
There is one statement which you do not
need to use.

SPERKER L........cccoiiiiiiiiiiiiiirc e
SPERKER 2..........ccoiiiiiiiiriiiiiinrrinnnrrnsisasn s
SPEBKER 3......ooiiiiiiiiiiicccrrrrri e
SPERKER ..o
SPERKERS......c.oooiiiiiiiiinrr i

A He discovered one of the first principles
of relativity.

B His work led to the discovery of the Theory
of Relativity.

C He discovered the two theories of relativity.
D He disagreed with the Theory of Relativity.
E He supported the Theory of Relativity.

F He tested the Theory of Relativity.
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Discuss these questions with your partner.
What do you know about Albert Einstein's life?

What do you think Einstein is particularly
famous for?

WD Vocabulary

Match these words with their definitions.

1 acknowledged A alegal document
which protects an
inventor's rights to

his/her invention

2 long-standing B bombs, etc for killing
large numbers

of people

3 patent C changed

4 dedicated D recognised

5 overturned E existing for many years

6 weapons of mass F committed to

destruction

1 expose G somebody who is

against war

8 admission H entry

9 pacifist I make open to

Reading 2
Albert Einstein

Albert Einstein is widely acknowledged to be one
of the greatest physicists of all time. Born in Ulm,
Germany in 1879, his family soon moved to
Munich. where he lived until he was 15. He
attended the Luitpold Gvmnasium and in 1894,
wrote his first scientific work, The Investigation
of the State of Aether in Magnetic Fields.

Einstein's family moved to Italy in the same vear,
but he staved behind to finish school. However,
one vear later, he left school without telling his
parents and went to Italy to be with them. Shortly
afterwards, he applied for admission to the Swiss
Polyvtechnic Institute but was not accepted; he had
not done well in the non-science part of the test.
He later attended the Swiss Federal Polvtechnic

School in Zurich, from which he received a degree
and so was qualified to teach Physics and
Mathematics. Unfortunately, however, he was not
able to get a teaching position but with the help of
his old classmate and friend, Marcel Grossman,
was able to get a job in the Swiss Patent Office in
1902. In 1903, Einstein married his former
classmate, Mileva Marie. Thev had three children —
a daughter and two sons.

While Einstein was working at the Patent Office,
he began to examine different problems in
physics and came up with some remarkable
discoveries. In 1905 he published three papers,
one of which was about his Special Theory of
Relativity, a concept which completely
overturned Isaac Newton's long-standing Law of
Universal Gravitation.

In the following vears, Einstein and his family
moved from one European capital to another. In
each city he held teaching positions at local
universities or in scientific institutions. He
continued researching a number of different
questions and published papers which had a great
impact on the field of physies, including his work
on the concept of relativity, which led to his Theory
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of General Relativity in 1913. He paid his price for
creativity, however, and due to the great stress he
was under, he became seriously ill in 1917.

When Einstein's General Theory of Relativity was
proved to be true by British researchers in 1919,
he became world famous. He received the 1921
Nobel Prize for Physics in recognition of his work
(in 19053) on the photoelectric effect (when
electrons are produced if matter is exposed to
electromagnetic radiation, for example, in
X-rayvs), which had been thoroughly tested and
widely accepted.

Einstein was very active in politics. He moved to
the US from Europe just before the start of World
War II, and advised the American President
Franklin Roosevelt to start building an atomic
bomb before the Nazis produced one. However,
he later said that had he realised the Nazis would
not produce an atomic bomb, he would never
have advised Roosevelt in this way. He never
personally worked on the bomb. In fact, he was
against war and weapons of mass destruction. All
his life Einstein had been a pacifist, only
recognising the need to fight against the Nazis
when it became apparent that they had to be
stopped. After the war, he dedicated himself to
working for nuclear disarmament.

Einstein believed that we should never stop
questioning things and keep searching for
answers about the natural world. On 18t April,
1955 he died of heart failure.

Pronunciation guide
Aether /i:6a/

Luitpold /uitpold/

Munich /mju:nik/

pacifist /pasifist/

\Zurich /zuortk/

E Comprehension

Read the text and choose the
correct answer.

1 Einstein left Munich in
A 1879.
B 1894.
C 1895.
D 1902.

2 After completing his education at the Swiss

Federal Polytechnic School, Einstein

A was not accepted at the Swiss
Polytechnic Institute.

B got a job teaching Physics
and Mathematics.

C got a job working with his friend,
Marcel Grossman.

D got a job working at the Swiss
Patent Office.

3 After the publication of his 1908
papers, Einstein
A became an international celebrity.
B stopped working on the Theory
of Relativity.
C continued working on the Theory
of Relativity.
D spent his time teaching rather than
doing research.

4 Einstein became an international celebrity
A when his theories were proven to be true.
B when he discovered the General Theory
of Relativity.
C when he discovered the Special Theory
of Relativity.
D when he won the Nobel Prize.

5 Einstein received the 1921 Nobel Prize
A because of his discovery of relativity.
B because his theories overturned
Newton's Law.
C because of his earlier work.
D because of his contributions to
world peace.

6 Einstein's attitude to war could be described as
A tolerant in certain situations.
B totally opposed.
C supportive.
D undecided.

Discuss these questions with your partner.

Do you know anything about
Einstein's childhood?

Do you know what his hobby was?
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M F Listening =)

Listen to part of a radio interview with a
historian talking about Einstein. Then
complete each sentence with a word or
short phrase.

1 Einstein made his first scientific discovery
whenhewas ........ccccevveiinnnnnn. years old.

2 He realised that something was causing the
needle of the compass ........ccccevvvviirnne ina
certain way.

3 He taught himself ....................... at the age
of 12.

4 Einstein tried to get information about the
speedof .........ccceeiiiiiinnn, by looking into

5 Recent research shows that there is no
........................... in the belief that Einstein
had a learning difficulty.

M G Speaking

Discuss these questions with
your partner.

Which area of Einstein's work do you think is
most important? Why?

Do you agree with Einstein's statement that
we should never stop questioning and
looking for answers? Why / Why not?

In a group have a discussion about
Einstein's life.

Talk about:

@ his early life (childhood interest in
science, education)

@ his discoveries (special and general
relativity)

® why they were important (showed that
accepted theories like Newton’s were not
true; provided scientists with important
new theories and directions for
future research)

® his interest in world peace

Remember to:

® make sure as a group you consider
all points

@ take everyone's point of view into account

Speaking tips
v Don't try to talk about too many things.

v’ Pick one or two facts you know well
and give examples so people will
understand them.

v Speak loudly enough so the whole group
can hear you.

H Writing
A letter from Einstein

Imagine you are Albert Einstein in 1919.
Write a letter to your old friend and
colleague, Marcel Grossman on the day
that Sir Arthur Eddington proved your
General Theory of Relativity by measuring
the way light was bent during a solar
eclipse. Use these notes to help you.

PARAGRAPH 1

Why you are writing: after years of study
and research, theory originally written in
1915 proved.

PARAGRAPH 2

Background information: up until now, Sun's
light too bright to measure, so not able to
prove theory. During solar eclipse, British
scientists observed and measured light in
two places, found the Sun's light bent
exactly as theory predicted.

PARAGRAPH 3

How you feel: too much attention, don't like
being followed around by reporters, want to
get on with your work.

Include some of these words and phrases:

history was made today, most important day of
my life, finally, everyone says, don't really like

Write 100-140 words.
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Discuss these questions with your partner.
Why do people study Maths?
When do you use it?

M A Vocabulary

a. Match these words with
their definitions.

1 division A a system of figures or symbols
representing numbers

2 knot B a written sign in maths or
music, for example, which
represents an operation, an
element, relation, etc

3 setup C a record of money spent
or received

4 numeral D a separation

5 symbol E make ready for operation

6 tally F a symbol representing
a number

T notation G tie, bond

b. The words in green are all in the wrong
sentences. Put the words into the
correct sentences.

1 If you keep a division, you have a system to
note how much has been spent. ...............eeee.

2 The Roman knots are still used as numbers
nowadays. .....ccoeeiiinnnnnnes

3 There is a set up between science and art
subjects. ..ooiiiiiiiiinnnnens

4 In maths we use numerals to show what kind
of problem we are solving. ...........c.......

L Symbols in maths are things
like numbers.

6 Some people tie notation to remember
something. .........ccceeees

7 She tally an experiment. ...........coeuunnnee

Reading 1

Mathematics
An introduction

The English word mathematics tells us something
about the influence the Ancient Greeks had on
our knowledge. The word comes from the Greek
for science, learning and knowledge. It is usually
shortened to maths in British English and to
math in the USA.

Mathematics developed from a series of ideas,
each new idea building on earlier ones. Each new
idea became more complex as mathematicians
tried to explain how things in the world relate to
one another. The first idea to have developed was
certainly that of number. People needed to count
their belongings. As society developed, numbers
became more and more important for business
dealings and taxation and it became especially
important to be able to record numbers. A wide
varietv of svstems for recording numbers
developed in different parts of the world. One
example is the tallies that were used by the Incas
in South America. Theyv used pieces of string of
different lengths and by tving knots in different
places along the string. they were able to keep tax
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records and business accounts throughout
their land.

With writing, different wayvs of recording
numbers developed in different countries, too.
Roman numerals are a well-known example. In
this svstem I is one and X is ten, so IX is one
before ten, that is nine, and XI is eleven. It was
not until the 16th century that the system of
mathematical notation that we use today finally
developed. It is a system that uses Arabic
numerals (1, 2, 3 and so on) with a set of
symbols + (plus), - (minus), = (equals) for
example, along with letters, many of which are
taken from the Greek alphabet. It is a system
which is used by all mathematicians all over the
world. In fact, it has been said that mathematics
is one of only two genuinely international
languages; the other one is music.

Whether or not mathematics is a science is still a
matter of opinion in the mathematical
community. Some say no, it is not because it does
not pass the test of being a pure science. We know
that one plus one is two because that is how we
count. No one can set up an experiment to prove
that one plus one is two without counting,.
Therefore, because it cannot be proved by
experiment, mathematics is not a science. Others
sav ves, it is, because science is the search for
knowledge and that is what mathematics does.
Therefore, mathematics is a science.

Whatever vour point of view, there is no doubt that
mathematics is applied to all sciences. Many of the
most important developments in fields such as
phvsics or engineering have led to further
developments in mathematics. The argument over
whether mathematics is a science or not appears
to be unimportant when vou realise that it is
impossible to separate mathematics from science
or science from mathematics. Many universities
recognise this. In many places of learning there are
divisions of study, often called Mathematics and
Science. The unbreakable connection between
mathematics and all other sciences is recognised
by the very way in which we study them.

Pronunciation guide

equal /ikwal/
minus 'mamos/
plus /plas/

Mathematics

B Comprehension

Read the text and decide if the following
statements are true or false.

1 Mathematics developed in complexity T[]
due to a need to understand F[]
the relationships between things.

2 The Incas were the first to come up
with a number system. F[

3 Mathematics is an international
language because it uses F[]
Arabic numerals.

4 Opinions are divided over whether T[]
mathematics is truly scientific. F[]
5 The development of mathematics T[]
is dependent on other sciences. F[]

Discuss these questions with your partner.

What is an abacus?
What is a calculator?

How do you prefer to do arithmetic?

W C Listening 0)))

Listen to the extract from a radio
programme about number systems.
Then listen again and choose the
correct answer.

1 The Arabic system
A is a decimal system.
B causes difficulties.
C is only for multiplication.
2 The decimal system
A is based only on hundreds.
B can express any figures simply.
C is complicated.
3 Roman numerals
A can be divided easily.
B are useful for complex maths.
C can't be easily multiplied.
4 In Roman numerals C means

A two hundred.
B fifty.
C one hundred.
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Discuss these questions with your partner.

Do you know the names of any important
people connected with Mathematics
in history?

What types of problems do you do in
Mathematics at school?

B D Vocabulary

Match these words with their definitions.

1 natural number A the proof that
something is
mathematically true

2 integer B a number larger

than zero

3 operation C any number
(positive or

negative) or zero

4 function D a way numbers

combine together

5 right angle E the relationship
between argument

and result in calculus

6 square F the result of
combining numbers
7 sum G an angle of 90

degrees

§ satellite navigation H system in orbit

system around the Earth
for directions
9 theorem I the product of two
equal terms
10 axiom J principle
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Reading 2
Mathematics

What mathematicians study can be summed up
as relating to four major fields. They look at
quantities — how much or how many. There is
also the study of structure — how things are
arranged together and the relationship between
the parts. Then there is the study of space,
where mathematicians are interested in the
shape of things. Finally, there is change and
how things move, over time or through space.

Quantity is mostly concerned with numbers.
Mathematicians are interested in both natural
numbers and integers. Natural numbers are
those which are greater than zero, while
integers may be zero itself or more or less than
zero. There are four ways these may combine
together; these are called operations. In
arithmetic, we know the operations as addition
(+), subtraction (-), division (=) and
multiplication (x). For a fuller, more
philosophical understanding of number and the
operations that can be applied to them,
mathematicians look to Number Theory.

The study of the structure of things is said to
have begun with the Greek mathematician,
Pvthagoras, who lived from 382 to 307 BC. Every




mathematician has to learn his most famous
theorem. A theorem is a proof of mathematical
truth. Pyvthagoras showed us that in a right-
angled triangle, the square of the side of the
hypotenuse is equal to the sum of the squares of
the other two sides. The hypotenuse is the
longest side of such a triangle and that length,
multiplied by itself is the same as the length of
one side multiplied by itself and added to the
other side multiplied by itself. Mathematicians
find it easier to write this as: a?+b2=c2, (a
squared plus b squared equals ¢ squared) where
¢ is the hypotenuse. It is Pvthagoras’ Theorem
which gives us algebra, a branch of mathematics
that originated in the Arab world.

Another Greek mathematician laid the
foundations for our understanding of space. More
than 200 vears after Pythagoras, Euclid used a
small set of axioms to prove more theorems.
This, we know today as geometrv. Ile saw the
world in three dimensions - height, width and
length. Developments in other sciences, most
notably in physics, have led mathematicians to
add to Euclid's work. Since Einstein.
mathematicians have added a fourth dimension,
time, to Euclid's three. By combining space with
number we have developed the trigonometry
used in making maps both on paper and in
satellite navigation svstems.

From algebra and geometry comes calculus.
This is the most important tool that
mathematicians have to describe change, for
example, if vou calculate the speed of a moving
car or analvse the wayv the population of a city
changes over time. The most significant area of
calculus is function, which is concerned with
the relationship between argument and result.
Indeed, the field of functional analvsis has its
most important application in quantum
mechanics, which gives us the basis for our
study of phvsics and chemistry today.

There is more to maths than this. For example,
pure maths involves a more creative approach
to the science. An important field of study is
statistics which uses Probability Theory, the

mathematical study of chance, to predict results

and analvse information. Many statisticians
would sav that thev are not mathematicians,
but analyvsts. Ilowever, without maths,
statisticians would all agree, there would be no
statistics at all.

Mathematics

Pronunciation guide

algebra /zldzibrs/
geometry /d3romotrt/
hypotenuse /harpotonju:z/
integer /nudza/
Pythagoras /parfzgoros/
satellite /setolart/
trigonometry /trigonomotri/

Read the text and complete the
summary. Use words from the text.

Maths studies four areas: quantities,
structure, space and (1) .......cccoooeeeniiinecennns

Natural numbers are larger than

can be zero.

() IR was a Greek
mathematician who made the famous
theorem a?=b2+c? which helps us find
the size of 2 (8)....eevvvccierinnnnennan, .

Algebra came from (6) .........cccccceeeeeeeee.
countries.

With (Z) ..o, Euclid helped us
understand (8) .........cccoeeeniirnnnne .

Trigonometry combines space with

C:) DT .

Calculus describes (10) ..........coevevvmevinnnnn.
and used in quantum mechanics allows us to
study physics and (11)..........ccceeeeiiiiiiiiinns .

Statistics predicts results and analyses
[0 - P .

Discuss these questions with your partner.

How do you use mathematics outside
the classroom?

How is mathematics involved in cooking?

F Listening =)

Listen to these people talking about
mathematics in everyday life. Then listen
again and match the activity to the area
of mathematics.
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There is one activity which you do not
need to use.

1 estimating sizes A algebra

2 the arrangement B arithmetic

of parts
3 avoiding collisions C geometry
D Probability Theory

E trigonometry

4 paying for goods
5 calculating wages

6 predicting lottery
numbers

M G Speaking

Discuss these questions with
your partner.

What different areas of mathematics
are there?

How did some ancient Greek thinkers
contribute towards mathematics?

Prepare a short presentation on the
four main areas of mathematical study.

Talk about:
® what the areas are
® what they focus on

® what mathematical developments are
practised in different areas

® how they might be of use in the real world

N
Read the texts again and use these

notes to help you.

INTRODUCTION

Four areas. What are they? What does each
one focus on?

POINTS 1-4

Number, Structure, Space, Change: for each
area give details and an example of
its usefulness.

CONCLUSION

Sum up, restate the introduction. Point out
that there are other areas of interest too.
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Remember to:
@ outline what you will say
@ make your points clearly

@ let the audience know you have finished
Speaking tips

v Speak from notes.
v/ Choose simple examples.
v Make eye contact with your audience.

H Writing

Write a short essay to answer this
question: 'Mathematics is the science of
numbers. Discuss.’

Read text | again and use these notes to
write four paragraphs.

PARAGRAPH 1

Introduction Say what you will write about.
Maths about numbers, but also more. Maths
called a science, but opinion is divided. (Do
not answer the question yet.)

Vocabulary: concerned with, referred to,
matter of opinion

PARAGRAPH 2

Maths developed from numbers. Counting,
recording. Different systems, for the same
maths, eg Incas, Romans. Knowledge of
numbers gave more knowledge.
Vocabulary: firstly, number systems,
society, development

PARAGRAPH 3

Development of maths gave method. Two
points of view: maths a science, because
about learning, maths not a science because
not able to test. Normally called a science
because is involved in all other sciences.
Vocabulary: experiment, knowledge,
scientific, therefore

PARAGRAPH 4

Conclusion Maths about numbers, but only
part of maths. Maths may / may not be
science, but in practice part of every
science. Maths is the science of numbers.
Vocabulary: in conclusion, important,

in addition

Write 200-250 words.



B A Match the words and phrases with
their meanings.

Isaac Newton

1 fragile A the tendency of a body
to maintain its speed
and direction
2 calculus B the natural force of attraction
exerted by the Earth on objects
on or near its surface
3 impact C easily broken
D branch of mathematics
concerned with limits,
differentiation and integration
of functions

5 gravity E effect

4 inertia

Albert Einstein

A arms which can kill
many people
B something that prevents

1 pacifist

2 weapons of
mass destruction

3 notion C somebody who doesn't
believe in war

4 multi- D involving time and space
dimensional

5 bend E idea

6 obstacle F curve

Niels Bohr

1 spectral line A basically

2 in essence B in disagreement

3 groundbreaking C light or dark band of
particular wavelength,
used for identifying
substances

4 contradictory D revolutionary

5 complementarity E a principle according to
which things cannot be
studied as having
contradictory properties
at the same time

B Use the words in the box to replace
the words in blue.

numerals
symbols

| patent
| theorem

operatijons
lintegers

Units 13 to 16

1 Mathematicians are interested in natural
numbers and numbers which are zero
itself or more or less than zero.

2 A legal document to protect an inventor's
rights ensures nobody steals the invention.

3 In maths you use systems to combine
numbers together in different ways.

4 We use these marks to indicate addition,
subtraction, multiplication or division.

5 Statements or rules are used
in mathematics.

6 We still use Roman numbers nowadays.

C Find ten words or phrases in this word
search using the clues.

d|r|ilg|h|t n 1/e n|b
TT d  g|r|ja|d|ifa|t | e]|a q‘
TTTT r bjle|w|r | b |j| [t (n
Iu vislec|b|i e——gm cldlau |k
'd|r t|jlr|g vim|e|c|plr|v,
TTTTTT ilom|b ?:—T
TjiiTT dir |r  k|a]|l d‘
tTTT u| jle|b|z | a T n|s
Il z|t|j h|le|n|i|n|b ;_mu o
T—;b ilajr jTT?Tm e
r|e|t|ali 1l e r s v it blp
(elc J_L P |s jw b |1 e _1_4
gleclajdiujajlfijt]y|s|r]o

Clues
1 principle
2 an angle of 90 degrees
3 a number larger than zero
4 a path round a planet for example
5 obviously separate from others
6 proof
1 to give off energy
8 when for example, the Moon covers the Sun
9 obvious
10 the quality of some things of having
contradictory properties
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Mathematics

Discuss these questions with your partner.

What is algebra?

Can you think of any ways that we use it in our

everyday lives?

M A Vocabulary

a. Match these words and phrases with

their definitions.

1 linear algebra
2 reunion
3 matrices

4 profit and loss

5 transposing

6 operators

1 input and output

A money gained or lost

B rewriting
C linear equations

D coming back
together

E arrangement of
mathematical
elements

F what goes into
something and what
comes out

G signs used in maths

b. Match the words to make phrases.

1 arithmetical

2 unknown

3 abstract

4 vector

A quantities
B spaces
C system

D algebra
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Reading 1

Algebra

Algebra originated in the Middle East. Earlier
than 1000 BC, the Babylonians developed an
arithmetical svstem for solving problems that
could be written algebraically. This was in
advance of other svstems, notably that of the
Ancient Egvptians, who were able to solve the
same problems, but did so by using geometry.
The word algebra comes from Arabic and
translates into English as reunion. It describes a
svstem of mathematics which performs
calculations by firstly rewriting, that is,
transposing them, and then reducing them to
their simplest form.

Algebra is the branch of mathematics which
studies the structure of things, the relationship
between things and quantity. It looks different
from arithmetic when it is written. Arithmetic
uses numbers and the four operators (plus,
minus, multiply and divide). Algebra uses
svmbols, usually letters, and the operators.
Actually, it is not verv different from arithmetic;




Mathematics

what can be done in algebra can be done in
arithmetic. There are good mathematical
reasons, however, why algebra is used instead
of arithmetic.

Firstly, by not using numbers, mathematicians
are able to set out arithmetical laws. In this way
thev are able to understand the svstem of
numbers more clearly. Secondly, by using
algebra, mathematicians are able to perform
calculations where unknown quantities are
involved. This unknown is usuallyv represented by
x. Solutions can then be applied not just to the
immediate problem, but to all problems of the
same nature by the use of a formula. A common
algebraic problem to solve in school exams would
be, for example: find x where 3x + 8 = 14. A
third reason for the use of algebra rather than
arithmetic is that it allows calculations which
involve change in the relationship between what
goes into the problem and what comes out of it,
that is, between input and output. It is an
algebraic formula which allows a business to
calculate its potential profit (or loss) over anv
period of time.

It is possible to classity algebra by dividing it into
four areas. Firstly, there is elementary algebra in
which svmbols (such as x and v, or a and b) are
used to denote numbers. In this area, the rules
that control the mathematical expressions and
equations using these svmbols are studied. Then,
there is abstract or modern algebra in which
mathematical svstems consisting of a set of
elements and several rules (axioms) for the
interaction of the elements and the operations
are defined and researched. Thirdly, there is
linear algebra (linear equations) in which linear
transformations and vector spaces, including
matrices, are studied. Finally, there is universal
algebra in which the ideas common to all
algebraic structures are studied.

Like all branches of mathematics, algebra has
developed because we need it to solve our
problems. By avoiding the use of numbers we are
able to generalise both the problem and

the solution.

L~
Pronunciation guide
equation /tkweifon/
linear /lints/
matrices fmeitrsi:z/

N B Comprehension

Read the text and decide if the following
statements are true or false.

1 Algebra is a mathematical system

which rewrites a problem making F[]
it as simple as possible.
2 Written down, algebra differs to T[]
arithmetic in the operators it uses. F[]
3 Algebra has some advantages to offer T [ |
the mathematician. F[]
4 Algebraic formulae are primarily T[]
of use in businesses. F[]
5 Universal algebra combines all the T[]

structures from the other three areas. F

Discuss these questions with your partner.

- Do you do arithmetic, algebra and geometry
at school?

If so, which do you like best, and why?

C Listening =)

Listen to a teacher talking to a class.
Then listen again and complete
the sentences.

1 Algebra is a branch of mathematics that
uses mathematical ............c.oueeveeeee. to
describe variables.

2 In a mathematical statement, letters are often
used to represent a(n)......c.c.ccvvverreennnnn. which
is not fixed.

SAM) ceviveiiiiiiieniins is a mathematical
statement containing letters or symbols to
represent numbers.

4 A term is a number or a(n) ..........cevvrvnnn. ofa
number and one or more variables.

5 An expression is a collection of numbers,
variablesand .............co...oeeell. , positive or
negative, of operations that make
mathematical and logical sense.
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Discuss these questions with your partner.

What is the job of an engineer?

Why does an engineer need to know maths?

Complete the sentences below with
words and phrases from the box.

accumulation of quantities
methodology infinitesimal

differential calculus M integral calculus

vast vital
tangent latter
coordinate chord
sake distinction

A line segment joining two points on a curve
1S @i, .

- is a line or surface that
touches another.

The area of maths used to determine areas,
volumes and lengths is called ...................... .

The area of maths relating to changes in
variable is called.................oeeeee. .

If something is close to zeroitis................... .

You need to eat well forthe ...........cccevvvvnennen.
of your health.

Thereisa......cccoeeeriennnnnn. amount of
knowledge to learn in sciences.

There are two theories — one from ancient

times and a modern one.The.......cccocevvvvveennen s

the modern one, is widely accepted now.

She claimed the .....cc..coovvuiiinnnnnni. of having
solved the equation.

) RN is a number that identifies
a position relative to a straight line.

.......................... is the system of methods
followed in an area of study.

.......................... measures areas under a
curve, distance travelled, or volume displaced.

If something is........ccooeeuinnnenn. , it is of the
utmost importance.
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Reading 2
Gottfried Leibniz*

Gottfried Leibniz was born and lived most of his
life in Germany. He made visits to both Paris
and London, for the sake of learning and study,
but spent the vast majority of his working life as
an emplovee of German rovalty, as a
philosopher, engineer and mathematician. It is
for the latter that he is best remembered. His
greatest achievement was as an inventor of
calculus, the system of notation which is still in
use today. Leibniz is remembered as an
inventor, not the inventor of calculus. In
England, Isaac Newton claimed the distinction,
and was later to accuse Leibniz of plagiarism,
that is, stealing somebody else’s ideas but
stating that theyv are original. Modern-day
historians however, regard Leibniz as having
arrived at his conclusions independently of
Newton. They point out that there are important
differences in the writings of both men. Newton,
it must be said, was very protective of his
achievements and jealous of others' success. It
is important to mention that Leibniz published




his writings on calculus three vears before
Newton published his most important work.

Leibniz was the first to use function to represent
geometric concepts. Among other terms, Leibniz
used what is now evervday language in
mathematics to describe these concepts. Words
such as tangent and chord, were first used by
Leibniz. He also saw that linear equations in
algebra could be arranged into matrices. It was
in this significant piece of work on calculus that
he introduced mathematics and the world to the
word coordinate. He also made important
advances in algebra and logic in ways that still
today, three hundred vears later, have an impact
on mathematics.

Leibniz' importance for modern mathematics
can be understood through his work. He was
especially interested in infinitesimal calculus.
This is an area of calculus developed from
geometry and algebra. It is divided into two
parts. There is differential calculus, which is
concerned with measuring rates of change of
quantities. And there is integral calculus, which
studies the accumulation of quantities. That is,
Leibniz was looking at wavs of measuring the
speed and the distance travelled, for example.
Today, calculations of this tvpe are used not
only in mathematics but in every branch of
science and in many fields which apply a
scientific methodology, such as economics

and statistics.

Despite the disagreements between Leibniz and
Newton, modern mathematicians recognise each
of them as being vital to the development of
modern mathematics. Newton was certainly the
first to apply calculus to the problems of
physics. In mathematics itself, it is to Leibniz
that we look for our system of writing equations
and for the language we use to refer to the
concepts. While both reached their
understanding without the benefit of reading
each other's work, it remains a fact that Leibniz
was first to publish.

*Leibniz is also sometimes spelt Leibnitz,
although Leibniz is more common.

Mathematics

Pronunciation guide
Gottfried Leibniz /gotfri:d 'laibnits/
infinitesimal /infinrtesimal/
plagiarism /pleidzorizom/

E Comprehension

Read the text and answer the questions
in your own words.

1 For what contribution to mathematics is
Leibniz best remembered?

2 Who was Leibniz' main rival? About what did
they disagree?

3 Which important geometrical terms did
Leibniz invent?

4 What other areas of work also use
Leibniz' calculus?

5 Who is considered more important for the
development of modern mathematics?

Discuss this question with your partner.

Can you remember what a matrix is? Tell your
partner what you remember.

M F Listening =)

Listen to the extract from a lecture about
matrices. Then listen again and tick the
statements which are true.

1 A matrix is a table of abstract quantities
that can be added or multiplied.

2 No form of matrix was used in
prehistoric times. ]

3 Matrices can be added, multiplied,
and decomposed in different ways.

4 The horizontal lines in a matrix are
the columns.

5 A matrix with m rows and n columns
is known as an m-by-n matrix.
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M G Speaking

Discuss these questions with

your partner,

Who do you think made the most important
contribution to calculus?

What was that contribution?

In a group, discuss the disagreement
between Leibniz and Newton.

Talk about:

@ invention of calculus

® worked independently
® who published first

® Newton's jealousy

® each man's contribution

First read text 2 again and look at
these notes. Then use them in
your presentation.

INVENTION:
both active at same time

INDEPENDENT:

Leibniz in Germany (visit to England),
Newton in England

PUBLISH:
Leibniz first
NEWTON:
protective, accused Leibniz

CONTRIBUTION:

Leibniz notation, Newton physics

H Writing

Imagine you have started an advanced
algebra course at school or university.
Write a letter to a friend telling him/her
what you have learnt about it so far.

First read text | again and then complete
the table.

Brief history
of algebra

What algebra
is and the four
areas of algebra

How algebra
is useful

Dear (first name),

PARAGRAPH 1

Hi! You asked me to tell you all about my
studies. Last week we learnt about the
history of algebra ...

PARAGRAPH 2

Now I'll briefly explain exactly what algebra
is and tell you what the different areas ...

PARAGRAPH 3

Finaly you may wonder why we use algebra
Actually, it's very useful ...

Best wishes,

Remember to:

® give examples and your own opinion

Speaking tips
¢’ Look at the group, not your notes.

¢ Let your group know when you
have finished.

(your first name)

Write 150-200 words.
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Discuss these questions with your partner.

What do you think the word geometry means?

Do you know any other words associated
with geometry?

What are some ways geometry is used
every day?

What do you know about Euclid?

W A Vocabulary

Match these words with their definitions.

1 spatial A a way of drawing things so
that they look real

2 roots B relating to physical space

3 perspective C beginning

4 concentric D with a common centre

5 intersect E limited

6 deduction F a conclusion

7 finite G to cut across

8 radius H a free two-dimensional
shape

9 plane I a straight line from the

centre to the edge of a circle

Reading 1
Geometry

Geometry (from the Greek geometria, the Earth's
measure) has its roots in the ancient world, where
people used basic techniques to solve evervday
problems involving measurement and spatial
relationships. The Indus Valley Civilisation, for
example, had an advanced level of geometrical

Mathematics

knowledge — theyv had weights in definite
geometrical shapes and they made carvings with
concentric and intersecting circles and triangles.
Gradually, over the centuries, geometrical concepts
became more generalised and people began to use
geometry to solve more difficult, abstract problems.

However, even though people in those times knew
that certain relationships existed between things,
they did not have a scientific means of proving how
or why. That changed during the Classical Period of
the ancient Greek civilisation (490 BC-323 BC).
Because the ancient Greeks were interested in
philosophy and wanted to understand the world
around them, they developed a system of logical
thinking (or deduction) to help them discover the
truth. This methodology resulted in the discovery of
many important geometrical theorems and principles
and in the proving of other geometrical principles
that had been known by earlier civilisations. For
example, the Greek mathematician Pythagoras was
the first person that we know of to have proved the
theorem a2 + b2 = ¢2.

Some of the most significant Greek contributions
occurred later, during the Hellenistic Period (323
BC-31 BC). Euclid, a Greek living in Egypt, wrote
Elements, in which, among other things, he defined
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basic geometrical terms and stated five basic
axioms which could be deduced by logical
reasoning. These axioms or postulates, were: 1. Two
points determine a straight line. 2. A line segment
extended infinitely in both directions produces a
straight line. 3. A circle is determined by a centre
and distance. 4. All right angles are equal to one
another. 3. If a straight line intersecting two straight
lines forms interior angles on the same side and
those angles combined are less than 180 degrees,
the two straight lines if continued, will intersect
each other on that side. This is also referred to as
the parallel postulate. The type of geometry based
on his ideas is called Euclidean geometry, a tvpe
that we still know, use and study today.

With the decline of Greek civilisation, there was
little interest in geometry until the 7t century AD,
when Islamic mathematicians were active in the
field. Ibrahim ibn Sinan and Abu Sahl al-Quhi
continued the work of the Greeks, while others
used geometry to solve problems in other fields,
such as optics, astronomy, timekeeping and map-
making. Omar Khayvam's comments on problems
in Euclid's work eventually led to the development
of non-Euclidean geometry in the 19th century.

During the 17th and 18th centuries, Europeans
once again began to take an interest in geometry.
Thev studied Greek and Islamic texts which had
been forgotten about, and this led to important
developments. Rene Descartes and Pierre de
Fermat, each working alone, created analvtic
geometry, which made it possible to measure
curved lines. Girard Desargues created projective
geometry, a svstem used by artists to plan the
perspective of a painting. In the 19th century, Carl
Friedrich Gauss, Janos Bolvai and Nikolai
Ivanovich Lobachevskv, each working alone,
created non-Euclidean geometry. Their work
influenced later researchers, including

Albert Einstein.

Pronunciation guide

Abu Sahl al-Quhi /=bu sah?l el kuhi/
Girard Desargues /3rra’ de'za:'g/
Hellenistic /hele'nistik/

interior /in'tiria/

Janos Bolyai /d3znos 'boliar/
postulate /postjulat/

spatial /'speifal/
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W B Comprehension

Read the text and choose the
correct answer.

1 Geometry was first used to solve
A common problems.
B abstract problems.

2 During the Classical Period of
Greek civilisation,
A the way problems were solved changed.
B people were only interested in geometry.

3 The Greeks made important advances
in geometry
A only during the Classical Period.
B during both the Classical and
Hellenistic Periods.

4 After the decline of Greek civilisation,
A mathematicians used geometry to solve
other kinds of problems.
B nothing new was discovered.

5 Between the 17t and 19t centuries,
European thinkers
A ignored the Greeks' ideas
about geometry.
B created new types of geometry.

Discuss these questions with your partner.

What relationship does geometry have to art?

Which looks bigger: something that is closer
to us or something that is far away? Why?

How many dimensions are there?

M C Listening )

Listen to a conversation between two
friends. Then complete the sentences
with a word or short phrase.

1 The boy is learning about ............ccceeevnnne
geometry.

2 Artists painton a flat,one-..........ccccceceoeeee
surface.

3 Objects that are nearer to us look
......................... than objects that are further
away.

4 Desargues invented a way to understand

5 Desargues' theorem said when two triangles
are in perspective the corresponding sides
lie onthe same........ccc..ooeeeeeennnn, .




Discuss these questions with your partner.

What developments in geometry do you know
about that occurred during the Renaissance
(c 15th _17th centuries AD)?

What differences and what similarities can you
think of between maths and philosophy?

ND Vocabulary

Find a synonym in the box for the words
or phrases in green in the sentences.
Then check your answers in the text.

knowledgeable tutor
prosperity synthetic geometry
goal advance

on the continent

harsh

analytic geometry

1 The country was going through a time of
successfulness.

3 Her aim in life was to become a
philosopher. .......c...coiiiiii,

4 He lived in Europe, not Britain.

5 She studied a kind of geometry that used
theorems and observations to reach
CONCIUSIONS. ...cicvvvvviverriii e rreea e rarens

6 He taught a kind of geometry involving
curves and understanding them.

7 She is very well-educated; she always beats
me at Trivial Pursuit.

8 Computer technology is expected to
develop immensely in the next couple of
years.

9 She wants to find a Maths teacher to teach
her children at home.

Mathematics

Reading 2
Rene Descartes

Rene Descartes was born in France on 315
March, 1596, at a time of major change in the
world. The great wars which had been going on
throughout Europe had finally ended, creating an
atmosphere of peace and stability which
encouraged creative thinking, experimentation
and the questioning of old beliefs and wayvs. After
the fall of Constantinople in 1433, Greek and
Islamic texts had been rediscovered and read by
learned men around Europe. Ideas of the great
Renaissance artists and thinkers had quickly
spread across the continent. What is more, with
the discovery of the New World by Columbus in
1492, a period of exploration, expansion and
prosperity had begun.

After completing his education at the Jesuit
College and the University of Poitiers, both in
France, Descartes began to work on his goal of
presenting a new way of looking at philosophy
and mathematics. Although his first essays were
probably written earlier than 1628, the vear he
moved to IHolland, he was not well known until
1637, when a collection of his essavs appeared
and attracted the interest of the scientific world.
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His great work Discourse on the Method was one
of the essayvs included in this collection.

Descartes was knowledgeable about the work of
Plato and Aristotle, as well as that of earlier
European philosophers like Augustine and
Aquinas. Descartes' goal was to reach true
knowledge about things by applyving
mathematical methodology to find answers to
philosophical questions. Starting with the
principle that the only thing he could be sure of
was that he himself existed (Cogito, ergo sum
meaning, I think, therefore I am), he reached his
own conclusions about God and the physical
world. Because his ideas were very different from
traditional ideas of his time, he was often
criticised by religious leaders. His work had a
great influence on later philosophers, including
Benedict de Spinoza, Blaise Pascal, John Locke
and Immanuel Kant.

Another of his goals was to advance the field of
mathematics, particularly geometry. Until that
time, Euclidean geometry was the tvpe most well
known. Also known as svnthetic geometry,
Euclidean geometry uses theorems and
observations to reach conclusions.

Building on the work of the ancient Greek,
Apollonius of Perga (262-190 BC), Descartes
realised that it would be useful and important to
be able to measure curved lines in addition to
straight ones. This led to his invention of the
Cartesian coordinate svstem, a way of
algebraically measuring curves and understanding
things about them. This was the start of analvtic
geometry (also called coordinate geometry and
Cartesian geometry) and eventually led to the
invention of calculus. In addition to his work in
philosophy and geometry, Descartes contributed
to algebra, optics and even physiology

and psychology.

Descartes became one of the most important
figures of his time. Queen Christina of Sweden
invited Descartes to tutor her, which he did.
However, he became ill in Sweden, possibly
because he was not used to the cold, harsh
climate, and died on 11'h February, 1650. To
honour him for his many contributions, people
call him the ‘Founder of Modern Philosophy’ and
the ‘Father of Modern Mathematics’.
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Pronunciation guide
Aquinas /okwainoas/

Cartesian /ka:ti:zion/
Constantinople /konstentr'novp’l/
Jesuit /dzezjurt/

Poitiers /pwa:tiel/

psychology /sarkoladsi/
Renaissance /rr'nersons/

W E Comprehension

Read the text and decide if the following
statements are true or false.

1 Descartes' time was one of T[]
major changes. F[]
2 Descartes aimed to invent a new T[]

branch of mathematics and philosophy. F [ ]

3 Descartes had not been influenced T[]
by earlier philosophers. F[

4 Descartes' ideas often did not meet T[]
with the approval of church authorities. F [ |

5 Descartes' major contribution was T[]
to calculus. F.

Before you listen

Discuss these questions with your partner.

How do archaeologists know whether ancient
civilisations used geometry?

What are some things ancient civilisations
used geometry for?

What is a compass used for?

What is a magnetic compass used for?

M F Listening

You will hear part of a talk about the
history of mathematics. Listen and
choose the correct answer.

1 The ancient Egyptians
A didn't know a lot about geometry.
B built small structures.
C were quite knowledgeable regarding
geometrical ideas.




2 The Chinese
A may have had geometrical
measurement systerms.
B certainly didn't have geometrical
measurement systerms.
C had advanced measurement systems.

3 A recovered object ancients used
for measuring
A was probably worn on the hand.
B was found in the sea.
C may have been a kind of compass.

4 Ancient people from India may have
A known a lot about astronomy.
B taught the Greeks astronomy.
C measured the seas.

5 Most ancient civilisations used geometry
A in their architecture.
B in some way.
C to plan their cities.

M G Speaking

Discuss these questions with
your partner.

What was the world like when Descartes
was born?

Who was Descartes influenced by?

Why was Descartes' methodology special?

Discuss Descartes' achievements with
your partner.

Talk about:

@ his goals - to reach true knowledge by
using mathematical methodology to find
answers to philosophical questions

® his contributions — philosophy, Cartesian
coordinates, analytic geometry, algebra,
optics, physiology and psychology

® conclusion - his death, honours he
had earned

Remember to:

@ revise maths terminology

® use it correctly

Mathematics

Speaking tips

v Listen to your partner's views.

v Talk only about important points.
v/ Organise your points logically.

v/ Use past tenses.

H Writing
Write a short essay on ‘The history of
geometry’. Use these notes to help you.

Read text | again and underline the
important points.

PARAGRAPH 1

Introduction One-two sentences to say
what you are writing about.

Vocabulary: long history, dates back to
ancient times, has changed a lot since then

PARAGRAPH 2

Ancient world.

Vocabulary: In the beginning, was used to
solve general, everyday problems,
measurements for building (give 1-2
examples), not scientific, contributions of
the Greeks — understand the physical world,
logical thinking discovery of many
important theorems, proof of older theorems
for the first time (give an example),
Euclidean geometry — still used today

PARAGRAPH 3

Geometry after the Greeks.

Vocabulary: Centuries later, Islamic
mathematicians built on Greek ideas ...
applied them to other fields (give
examples), Europeans became interested in
17th-18th centuries — new advances, new
fields of geometry (give 1-2 examples)

PARAGRAPH 4

Conclusion

Vocabulary: It can be concluded that ...
today people still use geometry every day:
engineering, construction, city planning, art
(paintings/drawings and decorations/
jewellery, etc)

Write 200-250 words.
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Discuss these questions with your partner.

What do you know about calculus?

Can you think of a problem calculus could be
used to solve?

Na Vocabulary

Complete the definitions below with
words from the box.

slope approximation
embrace acceleration
diverse indispensable
sphere cube
rectangle
1 If something is a(m) ......occevvviiiinninns , it
isn't exact.

2 Anincrease in speed is called....................

3If somethingis.........ccoeivirnnianan. ,you can't
manage without it.

SA s is a three-dimensional,
| square shape.

6 Something whichis ............ccecoeel is
different or of many kinds.

1 If you place two squares side by side, you
forma(m) ...c.cccceerriviennnnn. .

2 3 < is a three-dimensional
surface, all the points of which are the same
distance from a fixed point.

GA rvieieiieens is also known as a fall.

98 Macmillan Guide to Science Unitl

3 o) | N an idea, you accept it.

Reading 1
Calculus

Calculus is the branch of mathematics that deals
with the rates of change of quantities as well as
the length. area and volume of objects. It grew
out of geometry and algebra. There are two
divisions of calculus — differential calculus and
integral calculus. Differential calculus is the form
concerned with the rate of change of quantities.
This can be illustrated by slopes of curves.
Integral calculus is used to study length, area
and volume.

The earliest examples of a form of calculus date
back to the ancient Greeks, with Eudoxus
developing a mathematical method to work out
area and volume. Other important contributions
were made by the famous scientist and
mathematician, Archimedes. In India, over the




course of many vears — from 300 AD to the 14th
century — calculus was studied by a number of
mathematicians. In fact, the first text on calculus
was written in India. However, it was not until
the end of the 1600s that calculus was taken up
in Europe. There was much scientific activity at
the time, and calculus was able to answer many
questions, particularly in the field of phvsics.
Many great mathematicians of the time embraced
calculus and furthered its development, including
Rene Descartes and Pierre de Fermat, but the
most important contributions were made by
Gottfried Leibniz and Isaac Newton. Newton was
the first to use calculus in his studies of physics
and Leibniz developed many of the symbols that
we use in calculus.

The starting point of calculus is the idea that vou
can use an approximation and keep increasing
the accuracy until an exact answer is found. An
example of this would be to calculate the volume
or area of a sphere by using shapes such as
rectangles or cubes that become increasingly
smaller until the exact volume or area is
determined. In calculus, this final result is called
a limit.

Differential calculus describes processes that are
in flux — which means they are constantly
changing. Examples of this are temperature
variations or the speed of a moving object. By
using differential calculus, it is possible to
determine the rate at which the temperature
changes and the rate of acceleration of the
moving body. Integral calculus begins with a
known rate of change and, working backwards,
finds certain values. For example, if vou know the
rate of acceleration of a car, vou can find out its
speed at a given point.

Today, both forms are used in every area of
science and knowledge. Fields as diverse as
engineering, medicine, business and economics
make use of calculus. Calculus is such an
indispensable tool that it is applied whenever
we have a problem that can be solved

by mathematics.

Mathematics

Pronunciation guide

Archimedes /a:krmidiz/

embrace /imbreis/

Eudoxus /fju'doksas/
\indispensable /mdrspensab’l/

B Comprehension

Read the text and decide if the following
statements are true or false.

1 Calculus and geometry led to T[]
the development of algebra. F[]
2 India was using calculus T[]
before Europe. F[]
3 In the 17th century, calculus was T[]
applied to physics. F[J
4 Integral calculus can calculate the rate T [ |
at which a population increases. F[]
5 Differential calculus has to do with T[]
systems that are undergoing change. F [ |

Discuss these questions with your partner.

Do you know who coined the term calculus?

Can you think of another word that comes from
the word calculus?

C Listening w0)))

Listen to a teacher and students
discussing some of the history of calculus.
Then answer the questions in your

own words.

1 What was the original meaning of the
word calculus?

2 Who named the branch of mathematics
known as calculus?

3 Why did Newton name it the science
of fluxions?

4 What did Newton accuse Leibniz of doing?

5 Leibniz and Newton had different starting
points in their work on calculus — what
were they?
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Discuss these questions with your partner.

Who do you think were the greatest
mathematicians in history?

Which kinds of mathematics were they
involved in?

What do you know about Pierre de Fermat?

D Vocabulary
a. Match these words with their definitions.
1 devotion A don't pay attention to

2 astounding B somebody working in

the same field

3 councillor C top judge
4 fellow D amazing
5 neglect E commitment

F member of an
administrative body

6 chief magistrate

b. Complete the sentences below with
words from the box.

M devotion M astounding
N fellow M neglect
N councillor
1 She shows great .........cccceevevieiunnnne to her family.
2 Please don't...........ccovvvunennnns to pay the
phone bill.
3 Meet Peter. He's a(n) .......ccccvvneeeennn. film

enthusiast! We love watching films!

4Whata(m) .......ocoeveeiiiennnnn. speech he gave
at the conference. It was amazing!

5 He'sbeenatown ........ccoceevevninennn. for over
five years now.

c. Match the words to make phrases.

1 practise A theory

2 criminal B coordinates
3 remarkable C law

4 number D geometry

5 probability E achievements

6 Cartesian F court
7 analytic G recognition

8 receive H theory

|00 Macmillan Guide to Science Unit|

l{

Reading 2
Pierre de Fermat

Pierre de Fermat was born in Toulouse, France
on 17th August, 1601, and died on 12th January,
1665. Ile came from a wealthy family, and he
studied law in Orleans. After graduating, he
began to practise law and later he became a
councillor in parliament. By 1652, he had
become the chief magistrate of the criminal
court — a very important and highly

respected position.

In 17th century France, magistrates spent large
amounts of time on their own. It was during this
time that de Fermat worked in the field of
mathematics. In fact, his devotion to this
science was so great that he spent as much free
time as he could working on mathematical
problems and solutions. Although de Fermat
published very little in his lifetime, he is still
considered to be one of the greatest
mathematicians of all time. Ilis achievements in
mathematics are quite astounding.




De Fermat's most important work was done in
the development of modern number theory,
which was one of his favourite areas of
mathematics, and which had an important
impact on the study of calculus. Sir Isaac
Newton said that his own invention of calculus
— differential calculus in particular — was based
in large part on the work of de Fermat, who had
done his studies on calculus well before Isaac
Newton and Gottfried Leibniz were born. In
1634, Blaise Pascal wrote a letter to de Fermat
asking about the latter's views on probability.
Thus began a correspondence that became

the foundation of Probability Theory, with

de Fermat and Pascal considered to be the
founders of this theory. Rene Descartes is
famous for his invention of Cartesian
coordinates and his important work La
Geometrie. De Fermat had independently come
up with his own three-dimensional analvtic
geometry, which was more complicated and
advanced than Descartes'; Descartes' work
became more popular, however, because its
notation was more convenient. Todayv, both
scientists are seen as the fathers of

analvtic geometry.

De Fermat also made contributions in the field
of optics, formulating a law on the way light
travels. His methods were so advanced that
many of his results were not proved for a
century after his death, and de Fermat's Last
Theorem took more than three hundred vears
to prove. De Fermat rarely provided his proofs,
that is, evidence or procedures for reaching
conclusions, to explain how he got his answers.
In his letters to fellow mathematicians, he
stated theorems but neglected the proofs, which
was very annoving for them. Since he never
wanted anything to be published (as he
considered mathematics to be his hobby), there
was nowhere for scholars to check his claims
and consequently during his lifetime, he
received very little recognition as a
mathematician. If the people he wrote to had
not saved his papers and letters, we may

never have heard of de Fermat and his
remarkable achievements.

Mathematics

Pronunciation guide
magistrate /madzistret/
Orleans /o:1i*nz/

Toulouse /tu:lu:z/

M E Comprehension

Read the text and choose the
correct answetr.

1 Despite having little of his work published
while alive, de Fermat
A had a successful career in law.
B is seen as a great mathematician.
C held an important position.

2 De Fermat's work on modern numbers
A was influenced by Newton's work.
B helped him develop a branch of calculus.
C had an effect on calculus.

3 Pascal and de Fermat
A are recognised as the fathers of
Probabality Theory.
B communicated about analytical geometry.
C produced work more advanced
than Descartes'.

4 De Fermat's methods and results
A were never proven in his lifetime.
B were ahead of their time.
C suffered as he never provided proof.

5 We know about de Fermat's work
nowadays because
A his work was published.
B learned people researched his claims.
C he left behind a correspondence.

Discuss these questions with your partner.

What do you know about de Fermat's
Last Theorem?

Do mathematical puzzles interest you?

What do squared and cubed mean?

N F Listening 1))

Listen to a teacher talking to a class
about Fermat's Last Theorem. Then
complete the sentences below.

1 Fermat's Last Theorem was the world's most
puzzling .......ccccccceeeeeennn. problem.
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2 Fermat left no .......ccceeeviiiennne of the proof
he had found.

3 Fermat claimed there was no solution for
any equation beyond the ....................... .

4 Proof is a line of reasoning that consists of
MANY .eeveeeirereeereeenannees .

5 Andrew Wiles published a proof to the Last
Theoremin .........ccooevevuiiennns .

M G Speaking

Discuss these questions with
your partner.

Is calculus only useful in mathematics and
sciences such as physics?

How can calculus be used in other branches
of knowledge?

Prepare a short presentation to answer
the question: 'What is calculus?' Use
the information in text I.

Talk about:

® what calculus deals with
® the two divisions of calculus
® who developed calculus

® how it is used today

First, complete these notes.
Use them in your presentation.

Calculus: The study of .........ccoooviiiiiiiiiiniien,
There are two divisions of calculus:

Two mathematicians made the
biggest contributions:
Isaac Newton, who mainly dealt with .........
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Remember to:

® use simple examples that everyone
can understand

® speak slowly and clearly

Speaking tips
v/ Speak to your audience, not your notes.
v/ Pause between sections.

v’ Speak calmly, but not too softly.

H Writing

Write a composition on the topic: ‘The
greatest mathematical puzzle of them all.
Use the information from text 2 as well
as your notes from exercise F. You can
listen to the class discussion again if you
want to take notes.There is a plan here
to guide you.

PARAGRAPH 1

Introduction Say what this puzzle is, and
give a very brief outline of its history
(include information about how long it took
to solve it).

Vocabulary: Briefly ... / in brief ...

PARAGRAPH 2

Discuss what de Fermat claimed to have
discovered (the proof for a difficult
equation); say where he wrote this claim.
Vocabulary: Basically the theorem was ...

PARAGRAPH 3

Say why mathematicians were so fascinated
by the problem (it looked simple, but was very
difficult; they believed that de Fermat had
found the proof, so they wanted to find it too).
Vocabulary: Despite appearing ...
Appearances were deceptive because ...

PARAGRAPH 4

Conclusion Say when it was solved, and
who solved it. Say something about the fact
that de Fermat's proof has not been
discovered yet.

Vocabulary: After his death ... . Not until ...

Write 200-250 words.
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Discuss these questions with your partner.

In what fields do you think mathematics is

useful?

How many kinds of mathematics can you

think of?

a. Match these words with their definitions.

enable

arise

refine
exclude
simplify
adjustments

comprehensible

to make something

easier to do
or understand

to make better
to allow

to occur

to leave out

understandable

small changes

b. Match the words to make phrases.

1 applied
branch

3 mathematical

4 final

5 second

6 knowledgeable
real

8 major

9 mathematical

10 wide

A of mathematics
B developments

C variety

mathematics
terms

model
solution
stage

life

mathematician

Reading 1
Applied mathematics

Most of the major developments in mathematics
were the result of trving to solve a particular
problem. When faced with a problem, people
would ask themselves 'How can we do this?'
"What's the best wayv of doing that?' Thus,
mathematics arose. Today, we have many different
branches of mathematics, all of which can be used
to answer questions like the ones above.

When mathematics is used to solve problems in
other related areas of life, it is known as applied
mathematics. Mathematics is applied, that is, used,
to provide us with answers and solutions. It is used
in numerous wavs. A few examples are numerical
analvsis, engineering and programming. In these
and other areas, applied mathematics takes
problems from real life, and gives us successful and
creative tools for solving them. Often, the first step
when using applied mathematics is to create a
mathematical model. This is a description of the
problem in mathematical terms. This model is then
studied to obtain exact or approximate solutions. If
the solution is exact, the model is applied to the
problem; if it is approximate, the model is refined
until it is exact. Then, the conclusions are
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interpreted and explained in comprehensible
terms. Often the model is changed to be more
realistic or to include more features of the problem.
Thus, the modelling process may involve many
adjustments. The second stage is the final solution
to the problems mathematically formulated in the
first stage. Mathematics is used or applied to other
fields to solve problems in these fields.

It is often not clear which mathematical tools will
be useful in the study of a new problem. for
example, algebra or differential calculus. For this
reason, applied mathematicians need to be well
trained in a range of mathematical areas so they
will have a wide variety of mathematical tools
available to them. They must not only be skilled
mathematicians but must also be knowledgeable
in the specific area to which mathematics is
being applied. For example, in dealing with
business and industry, a knowledge of economics
is necessary. In this way, a good applied
mathematician can then create and interpret
appropriate models. A good applied
mathematician must therefore be knowledgeable
in both mathematics and the field of application
in order to successfully deal with a problem.

When it comes to creating models, the
mathematician will make choices about which
factors to include and which to exclude. The goal is
to produce a model that is realistic enough to reflect
the main aspects of the problem being studied, but
simple enough to be treated mathematically.

Sometimes the mathematician has to either
simplify this model so it can be analyvsed, or
devise new mathematical methods that will
allow the model to be analvsed. The modelling
process may involve a sequence of models of
increasing complexity. Problems sometimes lead
to new mathematical methods, and existing
mathematical methods often lead to a new
understanding of the problems.

Mathematics in its most useful, practical form
becomes a tool with which we can improve our
world. That is exactly what applied mathematics
is and what it does.

Pronunciation guide
adjustments /odzastmonts/
approximate /o'proksimat/

numerous /nju:maras/
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M B Comprehension

Read the text. Then put the events (A-F)
below in the correct order, from first

to last, to show the procedure for using
applied mathematics.

EVENT1.................. A The revised model
is applied.
EVENT2....cceouveuneee.. B The model is
adjusted.
EVENT 3 .......cceeneen. C A mathematical
model is created.
EVENTA4.................. D A problem arises.
EVENTS ...ccovvveennn. E A solution is found.
EVENTG6 .................. F Approximate solutions

are obtained.

Before you listen
Discuss these questions with your partner.

Does applied mathematics sound interesting
to you? Why? Why not?

Would you like to study it at university? Why? /
Why not?

M C Listening )

Listen to a course director giving some
information to a group of potential maths
students. Then decide if the following
statements are true or false.

1 Mathematics is an expanding area T
with good job prospects. FO

2 The difference between pure and T[]
applied mathematics lies in the F
content of the studies.

3 An applied mathematician finds T
answers to questions raised by F[
mathematics.

4 A pure mathematician's answers T[]

take the form of general propositions F [ ]
with exact, formal proof.

5 The two kinds of mathematics can T[]
come to the same conclusions. F[




Discuss these questions with your partner.

Do you think a scientist should have an all-
round education?

What benefits could scientists derive from
involvement in other fields apart from science?

B D Vocabulary

Complete the definitions below with
words from the box.

BN cybernetics M collaborative

M insight M tend

B draw on M elect

M via M established
M imitate M aspect

1 A feature or a side of something is

=16 1) .
2TO i, means to copy.
3Thefieldof .....cccooviiiiiiiiinnnnnnn. studies

people and machines' practices and
procedures to understand where they differ.

4 Ifworkis ..ccovvveeniiiniinnnnnnne, ,it is done
by cooperating.

5 means by the use of.

6Ifyouhave......oooconinnniinnns into something,
you have special understanding.

A o TR means to choose,
perhaps for a position of responsibility.

8Ifyou....ooooveeeennnnnnnn, something, you make
use of a resource.

9When you .....c.ovivieeiiiiieeinenieee. to do
something, it is a habit you have.

10 If something is ........ccoevvviieneens ,itis
made certain.

Mathematics

Reading 2
Norbert Wiener

Norbert Wiener, the famous applied mathematician,
was born in 1894 in the USA and died in
Stockholm, Sweden, in 1964. His father was a
professor of Slavonic languages at Harvard.
Norbert was a very intelligent child and his father
was determined to make him a famous scholar.
This is indeed what he became, being awarded a
PhD by Harvard at the age of 18. He also studied
Philosophy, Logic and Mathematics at Cambridge
and Gottingen.

His first important position was that of Instructor
of Mathematics at MIT (Massachusetts Institute of
Technology) in 1919, followed by that of Assistant
Professor in 1929 and of Professor in 1931. Two
vears later, in 1933, he was elected to the
National Academy of Sciences (USA), from which
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he resigned in 1941. In 1940 he started to work
on a research project at MIT on anti-aircraft
devices, a project which plaved an important part
in his development of the science of cvbernetics.

The idea of cvbernetics came to Wiener when he
began to consider the wavs in which machines
and human minds work. This led to the
development of the idea of cvbernetics, which is
the study of the wavs humans and machines
process information, in order to understand their
differences. It often refers to machines that
imitate human behaviour. The term was coined
from the Greek kubernetike which means the art
of the steersman (the skill of a captain when
controlling the ship). This idea made it possible
to turn early computers into machines that
imitate human wayvs of thinking, particularly in
terms of control (via negative feedback) and
communication (via the transmission

of information).

Norbert Wiener was also deeply attracted to
mathematical physics. This interest originated in
the collaborative work that he did with Max Born
in 1926 on quantum mechanics. But Wiener's
interests were not limited to logic, mathematics,
cvbernetics or mathematical physics alone, as he
was also familiar with every aspect of philosophy.
In fact, he was awarded his doctorate for a study
on mathematical logic that was based on his
studies in philosophy. In addition to that, in a
very different field, he wrote two short stories
and a novel. Wiener also published an
autobiography in two parts: Ex-Prodigy:

My Childhood and Youth and I Am

a Mathematician.

Norbert Wiener was an amazing mathematician,
who was gifted with philosophical insight. In an
age when scientists tended, and still tend, to
specialise in their own very specific fields, this
man was interested and involved in many
different disciplines. Due to this, he was able to
draw on many resources in his varied research,
thus making him an incredibly successtul applied
scientist. Wiener was one of the most original and
significant contemporary scientists and his
reputation was securely established in the new
sciences such as cvbernetics, theory of
information and biophysics.

Pronunciation guide

cybernetics /saibonetiks/
via Ivars/

E Comprehension

Read the text and choose the
correct answer.

1 Norbert Wiener's father
A was awarded a PhD.
B taught intelligent children.
C was a language instructor.

2 Norbert Wiener began to think seriously
about cybernetics
A when he was at MIT.
B when he was a science instructor.
C after he resigned.

3 An example of cybernetics in action
would be
A a television
B a computer
C a ship

4 Wiener wrote a book about
A himself
B childhood
C philosophy

5 According to the text, most scientists
A know a lot about many different subjects.
B are familiar with applied science.
C deal with certain fields only.

Discuss these questions with your partner.

How important have computers become in the
modern world?

Do you use a computer?

What do you use it for?

N F Listening )

Listen to a teacher talking about a
famous mathematician. Then listen again
and correct the statements which

are wrong.

1 Wiener enjoyed the fine arts.

2 Wiener was only ever taught at home.
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3 Wiener got his undergraduate degree at the
age of 18.

4 Wiener's working life was 50 years long.

5 Only a few cyber terms have been coined.

Discuss these questions with
your partner,

When you think of a scientist, what image
comes to mind?

Do you think scientists are unusual in any
way? If yes, in what way?

Discuss with your partner the
advantages and disadvantages of
computers. Say what you think and find
out if your partner agrees or disagrees
with you.

Talk about:

® what computers can do
® what computers can't do
@ advantages of having/using a computer

@ disadvantages of having/using
a computer

Remember to:
listen to your partner
support your point of view with examples

ask for your partner's opinion

Speaking tips

Use expressions such as ‘In my opinion’, ‘I
strongly believe’, ‘As far as I'm concerned’
to express your view.

Ask questions such as ‘What do you mean?’
to clarify meaning.

If you have to interrupt, say ‘I'm sorry to
interrupt, but ... .

N H Writing

Write a letter to your friend telling him
or her all about your university course in
applied maths / cybernetics. Use these
notes, your own ideas and information
from texts | & 2 and exercise C to help
you.

Hi (friend’s name),

PARAGRAPH 1
Opening remarks:

Ask how your friend is. Apologise for taking
so long to write back. Say how you are and
what you have been doing.

PARAGRAPHS 2 AND 3
Main body:

Tell your friend about your university and
your studies. Tell him/her what degree you
are doing (applied mathematics /
cybernetics).

Explain what applied mathematics is and
how it differs from pure maths.

Explain what cybernetics is.

PARAGRAPH 4

Closing remarks:

Invite your friend to visit you for a few days.
Say you are looking forward to seeing
him/her.

Sign off (Bye for now, All the best, Love, etc)

(your first name)

Write 100-140 words.



Mathematics

Discuss these questions with your partner.

Is it important to study physics, chemistry and
biology? Why / Why not?

How do scientists in your country get support
to conduct their research?

m A Vocabulary

Find a synonym in the box for the words
or phrases in green in the sentences below.

establish reform
expedition atlas
naturalist headquarters
prestigious supervise

1 The researchers need to start a new
laboratory. .....ccoooviieiiiiii

2 A scientist's job is often considered to have
respect and give you influence.

3 There is a need for improvements in our
SOCIetY. .ovvvviiiiii i,

4 The journey to explore and do scientific
research was made in 1872.

6 Could you manage the people on this
J Project? ..coooiiiiiiice

7 He's a person who studies animals and
plants. ...

8 The central office can be found in Moscow.

Reading 1

The Russian Academy
of Sciences (RAS)

In 1724, Peter the Great established the Academy
of Sciences as part of his push for reform to
strengthen Russia. He wished to make the country
as economically and politically independent as
possible and he was aware of how important
scientific thought, along with education and
culture, was to this. However, unlike other foreign
organisations at that time, the Academy was a
state institution, which Peter intended should offer
scientists from any country the opportunity to do
their research in complete freedom, as well as
providing the opportunity for students to study
under these famous people. The Academy officially
opened in 1725.

Over the next three decades, work was done in
many fields, among them, work on electricity and
magnetism theory. Research enabled the
development of mining, metallurgy, and other
branches of Russian industry. Work was done in
geodesy and cartography and 1745 saw the first
atlas of Russia created.

From its earliest davs, the Academy carried out
mathematical research, which added greatly to the
development of calculus, hyvdrodynamics,
mechanics, optics, astronomy, and made
discoveries in various fields, such as chemistry,
physics and geology. In addition, expeditions in
1733-1742 and 1760-1770 helped contribute to the
discovery of Russia's natural resources.

The 19th century was a time of many more
contributions from the Academv. The Academv's




naturalists were involved in vovages of discovery,
including that of F.F. Bellingshausen and M.P.
Lazarev in 1820, when Antarctica was discovered.
In the fields of mathematics and physics, progress
was furthered by N.I. Lobachevskv and his theory
of non-Euclidean geometry as well as by PL.
Chebyshev who made progress in the field of
probability, statistics and Number Theory. Other
notable achievements were the invention of the
radio, the creation of the periodic table of the
chemical elements, the discovery of viruses and
the cell mechanisms of immunity. In the 1890s
and early 1900s, L.P. Pavlov carried out
experiments which resulted in the discovery of
classical conditioning or conditioned reflexes.
Clearly, throughout the 18th and 19th centuries
and into the 20th century, the Russian Academy
led the way in Russian science.

In 1925, the name of the Academy changed to the
Academy of Sciences of the USSR. One of the
achievements of the Academy was to help set up
scientific research centres in all Soviet republics.
The Academy also gave scientists the opportunity
to work and study in ditferent parts ot the USSR
and abroad. In 1934, its headquarters were moved
to Moscow. At that time, it had 25 member
institutions. The Academy continued to grow,
reaching a high point of 260 member institutions.
In 1991, after the breakup of the USSR, the
Academy's name was changed to the Russian
Academvy of Sciences (RAS).

Today, the RAS supervises the research of a large
group of institutions within Russia which focus on
different research areas, including philosophy,
botany, anthropology, palaeontology and
archaeology as well as nuclear physics,
astrophyvsics, mathematics, computer engineering
and many others. A special Internet svstem, called
the Russian Space Science Internet (RSSI), which
links over 3000 members, has also been set up.

Becoming a member of the RAS is not easy. Only
scientific researchers who have done outstanding
work or who have great potential are chosen to
become members.

Last but not least, the RAS gives awards to members
who have made significant discoveries. Its highest
award is the Lomonosov Medal, named after the
outstanding Russian scientist, writer and polvmath
of the 18th century. Many RAS award winners have

later gone on to be awarded prestigious Nobel Prizes.

Mathematics

Pronunciation guide
geodesy /dziravdesi/
hydrodynamics /haidrodarnaemiks/

metallurgy /me'telodsi/

B Comprehension

Read the text and decide if the following
statements are true or false.

1 Peter the Great set up educational T[]
and cultural centres. F[]

2 The Academy was unusual in T[]
not being a private interest. F[]

3 The 19th century was a time T[]
of numerous expeditions to F[]
find Antarctica.

4 In the 20th century, the Academy T[]
changed name several times and F[]

moved its central office.

5 Nowadays, members are obliged to T[]
communicate via the Internet. F[]

Discuss these questions with your partner.
What do scientists do?

Do you think it is difficult to be a scientist?
Why / Why not?

Would you like to be a scientist? Why /
Why not?

C Listening =)

You will hear part of a talk about a
famous Russian physicist. Listen and
complete the sentences.

1 As a child, Dr Landau was a mathematical

2 He became a university student when he
WAS ceoiieieenniinereaaee years old.

3 Dr Landau worked both in Russia and

5 One of the Moon's.........cccevveenienennn. is named
after him.
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Discuss this question with your partner.

Do you think it is a good idea to award prizes
to scientists for their work? Why / Why not?

D Vocabulary

Match these words with their definitions.

1 superfluidity A being able to transmit
electrical current without
resistance at very low or

high temperatures

2 laser B something which does
not follow the
normal pattern

3 violence C material that can transmit

electricity but not as well
as metal

D branch of electronics
involving devices dealing
with electromagnetic
radiation

4 exception

E characteristic of matter
which can flow endlessly
without resistance

5 semiconductor

6 heterostructure F when there is just one
boundary between
material that can

transmit electricity
7 optoelectronics G angry physical force

8 superconductor H device that produces
intense, concentrated
beam of light

Reading 2

Russian Nobel Prize
winners in Physics
and Chemistry

Because of its long history of supporting scientific
research and education, Russia has produced a
number of internationally recognised leaders in
physics and chemistry.

10 Macmillan Guide to Science Unit2l

The Russian Academy of Sciences (or the USSR
Academy of Sciences, as it was called before
1991), plaved a major part in all their careers.
With one exception, all were members of the
Academy, carrving out their research and
publishing their findings with the

Academy's support.

1956 In 1956, Nikolay N. Semyonov was the
first Russian to receive a Nobel Prize for
Chemistry for his research into the mechanism of
chemical reactions. He was trained as a phyvsicist
and chemist. During his career, working alone or
with other distinguished scientists like Pvotr L.
Kapitsa, he made many important discoveries and
contributions to chemistry and physics. In 1931,
Semyvonov became the first director of the
Institute of Chemical Physics of the Academy and
was also one of the founders of the Moscow
Institute of Physics and Technology (MIPT).

1958 The collaboration of Pavel A. Cherenkov,
Igor Y. Tamm and Ilva M. Frank resulted in the
discovery and description of the Cherenkov-
Vavilov effect, a phenomenon which is very
important in nuclear physics. For their work they
received the Nobel Prize in 1958. All three of the
scientists were professors at universities and the
Academvy's institutes and greatly influenced future
generations of scientists.

1962 After receiving his doctoral degree from
Leningrad University at the exceptionally voung
age of 19, Lev D. Landau went on to study abroad.
When he returned to Russia, he became head of
two of the Academy's institutes. Like Semyonov,




he was also involved in founding the MIPT. He
received the Nobel Prize for Physics in 1962, for
his phenomenological theory of superfluidity in
helium.

1964 Xikolay G. Basov and Aleksandr M.
Prokhorov worked together on a project which led
to the development of the laser and their
receiving the 1964 Nobel Prize. Both worked at
the Lebedev Institute of Physics (Basov was the
Director from 1973-1988) and also taught at
universities. Even though Prokhorov never
became a member of the Academy, the Academy's
General Physics Institute was renamed the

AM. Prokhorov General Physics Institute in

his honour.

1978 Pyotr L. Kapitsa went to England after he
had completed his studies at Petrograd
Polvtechnic Institute. He studied at Cambridge
and also worked on various projects there. He
returned to Russia in 1934 and continued his
career there. He was also one of the founders of
the MIPT. In addition, Kapitsa was a member of
the Soviet National Committee of the Pugwash
movement, a group of international scientists who
wanted to use science for the good of humankind
and not for violence and war. Kapitsa won the
Nobel Prize for Physics in 1978, for his work on
low-temperature physics.

2000 Zhores 1. Alferov has been active in
phyvsics since graduating from the
Electrotechnical Institute in Leningrad. He
received the Nobel Prize for Physics in 2000, for
the development of the semiconductor
heterostructures used in high-speed electronics
and optoelectronics.

2003 More recently, Russian Nobel Prize
winners in 2003 were Vitaly L. Ginsburg and
Alexei A. Abrikosov. Ginsburg, who holds a
doctoral degree from Moscow State University,
became the director of the Academy's Physics
Institute after Igor Tamm. Ginsburg was
influenced by Landau, with whom he had worked,
and by Tamm, who had been his teacher. Alexei
Abrikosov was educated at Moscow State
University. He worked at the Landau Institute for
Theoretical Physics for over 20 vears (1963-1988)
and also taught at Moscow State University during
that time. They received the Nobel Prize for
Phyvsics for pioneering contributions to the theory
of superconductors and superfluids.

Mathematics

Pronunciation guide
helium /hi:iism/
heterostructures /hetarau'strakt[oz/
superfluidity /su:paflurdoti/

W E Comprehension

Read the text and answer the questions
in your own words.

1 How many Nobel Prize winners were
members of the Academy?

2 Which scientists were among those who
founded the Moscow Institute of Physics
and Technology?

3 Which scientists, apart from Lev Landau, had
things or places named after them?

4 Which scientists left the country to further
their studies?

5 Who was the director of the Academy’s
Physics Institute before Vitaly Ginsburg?

Discuss these questions with your partner.
What does the Nobel Prize represent?

Why do you think it's such a prestigious
award?

F Listening =)

Listen to an interview where a
commentator is talking about the Nobel
Prize. Then answer the questions.

1 According to Bradford, what is the greatest
reward for winning a Nobel Prize?
A the money
B the medal
C the certificate
D the honour

2 How are people nominated for the Prizes?
AR Alfred Nobel chooses them.
B The committee chooses one of
their friends.
C Institutions suggest people who have
done outstanding work.
D They are voted for.

3 Why did Alfred Nobel decide to set up the
Nobel Prizes?
A He didn't know what to do with his money.
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B He wanted to do some good with
his money.

C He wanted to help scientists only.

D He wanted to show people how rich
he was.

4 How much money did Alfred Nobel give to
set up the Prizes?
A more than $400,000
B more than $400,000,000
C more than $40,000
D more than $4,000,000

5 Which is true about the Nobel Prize winners?
A Most of them are women.
B Most of them are men.
C They must be European.
D They must be young.

6 There is NO Nobel Prize for
A literature
B physics
C peace
D mathematics

M G Speaking

Discuss these questions with
your partner.

What are some of the goals of the Russian
Academy of Sciences?

Has the Academy of Sciences been
successful in achieving its goals? Give
examples to support your view.

Give a two-minute summary of the
history, goals and achievements of the
Russian Academy of Sciences. Use the
information in both texts.

Talk about:

@ the history of the RAS — when founded /
where / by whom; growth throughout
USSR; work now continued by the RAS

® goals of the RAS - support scientific
research; share knowledge with others, etc

® examples of the Academy's success — talk
about one or two of the Nobel Prize
winners: name / prize won and year /
scientific achievements / education / where
he worked / something special about him
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Remember to:
® maintain eye contact with your audience

» glance at your notes, don't read from them

® take your time

Speaking tip

v Focus on important information.

H Writing

Write an article on the history of the
Nobel Prize and give some examples of
scientists who have won it. Read text 2
again and listen to exercise F again if
necessary. Use this plan to help you.

PARAGRAPH 1
Explain what the Nobel prize is and give a
brief history of it.

PARAGRAPH 2/3

Give two or three examples of Russian
scientists who have won the Nobel Prize for
physics and chemistry and explain why they
won it. Which achievement do you consider
to be the most important one? Why?

PARAGRAPH 4

Sum up by saying what the prize represents
and that many Russian scientists have been
proud receivers.

Use a formal register (no short forms).

Use conjunctions (eqg furthermore, however,
because of, etc).

Write 200-250 words.




Units 17 to 21

s| dm Jelof [ [ [ ][]
v A Use the clues to complete — | — —
the crossword. TN R N 4
. af [v) |||
Across
1 material that can transmit 1 ] | T
electricity but not as well 1 n ] —
as metal 1 . ]
6 - i Il [ [ ]
alaserisa.......cccccueen. that —  — —  —
produces a beam of light |
10 not pay attention to IR ¢ N [ 1]
11 something which can l
be understood ] m] l l I ] | |
12 a system of rules and procedures | | i i i )
followed in a field of study - 3a science involved with the practices of
L machines and living things
4 signs used in maths
Down 5 amazing
1 material that can transmit electricity without 7 the most important
resistance at very low or high temperatures 8 a three-dimensional, square shape
2 the science and technology of metals 9 and output
E B Complete the sentences with words E C Circle the correct answer.
from the box. ) is a branch of
electronics involving devices for
matrices infinitesimal electromagnetic radiation.
spatial goal A Optoelectronics B Cartography
acceleration vast C Hydrodynamics
approximation palaeontology 2 e is the quality of matter

| coordinate tangent which allows it to flow easily even at

temperatures close to zero.

1 Leibniz realised linear equations in algebra

A Geodesy B Superfluidity C Prosperity
could be arranged into ........ccccceeiiieiennnnn. .

3 Work that is done jointly is ..........ccooeeeennnne .

2 One kind of line that touches another is A transversal B collaborative

A e . C indispensable
3 means being close to zero. 4 A person who studies plants and animals is a
4A s amount of knowledge = | e

exists in the sciences. A councillor B chief magistrate C naturalist
5 Geometry helps people solve ........................ SA job gives you respect

problems — those which relate to and influence.

physical space. A prestigious B diverse C established
6A e is a number that identifies 6 in a drawing makes it

a position relative to a straight line. look real.

Ilfyouhavea .....cccoooeeeriirnennnne. , you need to A Aspect B Perspective  C Culture

work hard to achieve it. T calculus is the area of

maths used to determine areas, volumes

8Iltwas (a)n ....coevvvneniiiinnn, ,it wasn't exact. and lengths.
9Therate of .....cooeenninnneenniin. was very fast. A Differential B Integral C Chord
10 She studies ...........cceeeererneee — the forms of 8You can make a(n) .......oceeniiiinnnnes or a loss.
life in prehistoric times. A adjustment B exception C profit
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Translation Work
Unit €)

B Reading 1
Biology
An introduction

1 Biology studies all living things on our planet.

2 In the past people were interested in
understanding the world around them and
learning about plants and animals.

3 Modern biology began to develop in the 17th
century.

4 The microscope was invented by van
Leeuwenhoek and allowed scientists to discover
the world of microorganisms.

5 In the 18™ century, Linnaeus set the foundations
of the modern system of the classification of
living things.

6 The Laws of Inheritance and the principle of
natural selection were formulated in the 19th
century.

7 Nowadays our knowledge in the area of biology is
increasing rapidly due to computer technology.

B Reading 2
Biology today

1 Nowadayvs biology has so many different areas that
it is impossible for one person to study them all.

2 Students should study the four main areas of
Biology: zoology, botany, molecular biology
and genetics.

3 Genetics studies inheritance and how living things
adapt to their surroundings.

4 There are plenty of career opportunities for those
with a degree in Biology.

5 Medicine needs talented scientists to carry out
research in areas such as gene therapy and
virus infections.

6 The world is experiencing a period of climatic
change and it is the work of scientists to predict
the consequences of this.

7 Ecology studies the environment and the way
plants, animals and humans live together and
affect each other.

Unit_€)

4 At the end of the 17th ¢century, the Italian scientist
Redi conducted some experiments with maggots.

5 John Needham did not know that germs were
present in the air.

6 The invention of the microscope did not help to
explain the appearance of microorganisms.

7 In a series of carefully planned experiments,
Louis Pasteur showed that microorganisms were
not contained in food but were generated as a
result of food coming into contact with the air.

B Reading 2
Louis Pasteur

1 The French chemist Louis Pasteur devoted his life
to solving practical problems in industry,
agriculture and medicine.

2 Sterilisation killed all the microorganisms but
spoilt the taste and quality of the food.

3 Pasteurisation did not destroy all the
microorganisms but it did not spoil the taste
of food.

4 Edward Jenner, an English doctor, discovered a
way of protecting people against smallpox by
injecting them with cowpox. The process became
known as vaccination.

5 Pasteur applied germ theory to Jenner's discovery
and developed vaccines for other serious diseases.

6 Among Louis Pasteur s discoveries are the
pasteurisation process and ways of preventing
diseases such as anthrax, cholera and rabies.

T Nowadays, Pasteur's discoveries affect all our lives:
we eat pasteurised food and we carry out
vaccination programmes regularly.

Unit €)

B Reading 1
Germ theory

1 Many biologists in the past did not believe in the
existence of microorganisms because they were
too small to be seen with the naked eve.

2 After germ theory had been accepted by doctors
and biologists, the next question arose: where did
germs come from?

3 The theory of spontaneous generation
(abiogenesis) was very popular among scientists.

1§4 Macmillan Guide ta Science Transhation Work

H Reading 1
The biosphere

1 All living organisms, together with then
environments, make up the biosphere.

2 The thickness of Earth's biosphere is
approximately 14 km.

3 Life evolved in the oceans 3.5 billion vears ago.

4 Scientists think that simple organisms like
bacteria were among the first inhabitants of
the Earth.

5 All organisms in the biosphere depend upon
each other; the food chain is an example of
such dependence.

6 Humans have affected the biosphere immensely,
both positively and negatively.

7 Scientists study the biosphere and try to
predict further changes and prevent
permanent damage.




H Reading 2
Vladimir Vernadsky

1 The Russian scientist Vladimir Vernadsky made a
very important contribution to science when he
developed the idea of the biosphere.

2 Vernadsky taught mineralogy and crvstallography
at the University of Moscow and became
interested in geochemistry.

3 Vernadsky understood the possibility of using
radioactive elements, but he also warned people
that these elements were verv dangcrous.

4 The first uranium deposits were discovered in
Russia in 1916 through Vernadsky's efforts.

5 For Vernadsky, the biosphere had existed since
the very beginning of the Earth's history and it
was constantly evolving.

6 Vernadsky believed that human reason, activity
and scientific thought could lead to the evolution
of the biosphere into the noosphere, the sphere
of reason.

7 Vernadsky outlined the conditions that were
required for the creation of the noosphere:
equality for all people and an end to war, poverty
and hunger.

Unit €)

H Reading 1
Cells

1 The smallest unit of living matter that can exist by
itself is the cell.

2 Robert Hooke, an English mathematician and
phyvsicist, was the first to see cells under a
microscope and noted that there are single-celled
and multi-celled organisms.

3 In multi-celled organisms, cells similar in form
and structure are usually grouped together into
different types of tissue.

4 A cell contains a nucleus; this is found in the
protoplasm, which is enclosed by a wall.

5 Every cell goes through the same stages of a life
cvcle: it is born, feeds, grows, splits to create new
cells and dies.

6 Stem cells are cells that have the remarkable
potential to develop into many different cell types
in the body. They can continue to redivide as often
as possible to replace damaged or dving cells.

T Genes are the units of heredity found in
chromosomes, which are found in the nucleus.

H Reading 2
Gregor Mendel

1 Mendel, who was a brilliant but poor student,
entered a monastery in order to study.

2 Mendel was sent to University of Vienna by the
monastery, in order for him to continue
his education.

Translation Work

3 According to blending theory, inherited traits
blend from one generation to the next.

4 Charles Darwin also put forward the theory of
pangenesis in an effort to explain heredity.

5 Mendel described his theory in his paper
Experiments on Plant Hybridisation, in which he
developed the Laws of Inheritance known today as
Mendel's Laws.

6 Mendel's Laws are the following: hereditary traits
do not mix but remain separate; each parent passcs
on only half of their hereditary factors to each
offspring (with ccrtain traits dominant over others);
finally, differcnt offspring from the same parcnts
receive different sets of hereditary information.

7 Mendel's research formed the basis of the science
of genetics and genetic theory has had a great
impact on our lives.

Unit €)

B Reading 1
The discovery of the structure and function
of DNA

1 A human being takes 23 chromosomes from his or
her mother and another 23 from his or her father.

2 Chromosomes include strands of the chemical
called deoxvribonucleic acid (DNA).

3 In the 19th centurv the Swiss scientist, Johann
Friedrich Miescher noticed an unknown chemical
in the nuclei of cells, which he called nuclein.

4 James Watson and Francis Crick discovered that
DNA was made up of sugar and phosphates in the
form of a chain which was bound together by four
nucleotides called guanine, adenine, thymine
and cvtosine.

5 The DNA chain looks like a long ladder that has
been twisted into a spiral and is known as the
double helix.

6 Watson and Crick discovered how each pair of
nucleotides formed a single rung on the so-called
DNA ladder.

7 When stretched out, the DNA in one human cell is
approximately two metres long,

H Reading 2
Cloning

1 Cloning is the process of growing two or more
identical organisms from one cell.

2 Early successful experiments with cloning, using
the tadpoles of frogs, took place in 1968.

3 The technique of tadpole cloning consisted of
transplanting a frog's DNA, contained in the
nucleus of a body cell, into an egg cell whose own
genetic material had been removed.

4 Cloning does not mean copving: a clone shares
the same genes as its donor, but its behaviour and
characteristics will be different.
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Translation Work

5 The technology of cloning is of value to science,
medicine, agriculture and industry.

6 Cloning could be beneficial to humans. For
example, we could use cloning to improve health;
we could learn more about how organisms develop
and we could put an end to the risk of extinction
of endangered species.

T The practical applications of cloning are financially
promising but many ethical questions remain.

Unit

B Reading 1
Chemistry
An introduction

1 Chemistry is said to be the central science, as it
connects all other sciences.

2 Alchemists discovered many of the chemical
processes while trving to change ordinary metals
into gold.

3 The origin of modern chemistry comes from the
work of the 18t™h century French scientist Antoine
Lavoisier who formulated the idea of the
conservation of mass.

4 Although Lavoisier was the first to publish this
idea, the Russian scientist Mikhail Lomonosov had
reached the same conclusions some vears earlier
than Lavoisier.

5 In the 19t centurv the British scientist John
Dalton stated that all matter was made up of
atoms and that these could not be broken down
into smaller parts.

6 The Russian scientist Dmitri Mendeleev arranged
all the known elements by their atomic weight
and chemical properties thus creating the
Periodic Table.

7 Chemistry is the science that deals with the
properties, composition and structure
of substances.

H Reading 2
Chemistry today

1 There are many areas of science and industry
where the knowledge of chemistry is called upon.

2 In medicine, chemists work on new cures for
diseases, develop new antibiotics and carry out
other important research.

3 Chemists work in the food industry; thev monitor
quality of food products to make sure that they
meet certain standards, for instance.

4 Nowadavs, some chemical processes are involved
in nearly every industry.

5 Knowledge of chemistry was fundamental to the
development of the oil refining industry.

6 Oil, taken out of the ground and put through a
chemical process, could be turned into many
different products.

7 One of the major tasks of chemists today
is to reduce the impact of pollutants on
our environment.

Unit

B Reading 1
The atom

1 The term atom is Greek in origin and means 'the
smallest particle of a chemical element'.

2 The first scientific hypothesis about the atomic
structure of matter was put forward by the British
chemist John Dalton.

3 Dalton considered the atom to be a small particle
that could combine with the atoms of other
chemical elements in order to form compounds.

4 In modern scientific usage the atom is considered
to be composed of smaller particles such as
electrons, neutrons and protons.

5 By the 1930s quantum mechanics had been
developed and it became the basis of modern
chemistry and physics.

6 Atoms differ from one another in the number of
subatomic particles they contain.

T An electrical charge causes electrons to attract.
In this way, atoms can bond together to
form molecules.

B Reading 2
Robert Boyle

1 Robert Bovle, an Irish scientist noted for his work
in chemistry and physics, is best known for the
formulation of Bovle's Law.

2 The air pump allowed Boyle to create a vacuum in
a glass jar.

3 A burning candle and a piece of coal stopped
burning when placed in a vacuum, leading Bovle
to the conclusion that air was necessary for
combustion to take place.

4 He also came to the conclusion that sound travels
through air and cannot be heard in vacuum.

5 Observing the change of pressure in a vacuum,
Bovle suggested that even gas was made up of very
small particles.

6 As the volume of gas is reduced, its pressure
increases in proportion.

7 While investigating some compounds, Bovle
discovered a way of testing them to find out if
thev were acid or alkali.

Unit

H Reading 1
The Law of Conservation of Mass

1 According to the Law of Conservation of Mass, the
mass of the reacting substances at the start of the
reaction will be the same as the mass of the
products at the end of the reaction.
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2 Lomonosov first described the Law of Conservation
of Mass and published his ideas later, in 1760.

3 Lavoisier formulated his conclusions into a
scientific theorv in 1789.

4 The idea of conservation of mass itself was not
actually new. In the 5th century BC, the Greek
philosopher Anaxagoras said that nothing comes
into existence or is destroved and that evervthing
is a mixture of pre-existing things.

5 Experiments showed that some metals increased
in weight when they burned.

6 Lavoisier proved that oxvgen was required for
combustion to take place.

7 The fact that matter in a chemical reaction can
change its form, but alwavs conserves its mass,
was very important not only to science but to
philosophy, too.

M Reading 2
Antoine Lavoisier

1 Antoine Lavoisier made a great contribution to
the science of chemistry: he discovered oxygen,
disproved the phlogiston theory and formulated
the Law of Conservation of Mass.

2 Lavoisier discovered oxyvgen and its role in
combustion and respiration.

3 Lavoisier, whose father wanted him to be a lawver,
belonged to a wealthy aristocratic family.

4 At the age of 25 Lavoisier was made a member of
the French Academy of Sciences.

5 Lavoisier assumed that matter was conserved
through any chemical reaction and he set about
proving it.

6 Lavoisier developed a very precise balance and
weighed the reacting materials and the products
that were made.

T Lavoisier placed chemistry on a solid foundation
by experimenting with the weight of substances
involved in chemical reactions.

Unit

N Reading 1
The periodicity of elements

1 With the development of science, scientists
discovered more and more elements.

2 The first formal attempt to group the elements
was made by Lavoisier in the 1700s.

3 The Russian scientist Dmitri Mendeleev created a
periodic table where the elements were arranged
according to their atomic weight.

4 Mendeleev predicted that empty spaces between
elements in the periodic table would be filled after
the discovery of new elements.

5 Mendeleev predicted the physical and chemical
properties of elements that had not been
discovered vet.

Translation Work

6 The number of protons in the nucleus of an atom
is known as the atomic number, and the modern
table is arranged by atomic number.

T The numbers in each period that is, row in the
periodic table, correspond to the number of
electrons contained in the outermost electron
shell of an atom of a specific element.

W Reading 2
Dmitri Mendeleev

1 Dmitri Ivanovich Mendeleev was born in 1834 to a
large family — his mother gave birth to 14 children.

2 In 1863, Mendeleev was appointed Professor of
Chemistry at the Technological Institute and the
University of St Petersburg.

3 The periodic table was Mendeleev's greatest
achievement. He was even able to predict the
existence of elements that had not been
discovered vet.

4 Mendeleev was involved in many areas including
hvdrodynamics, agricultural chemistry,
meteorology and chemical technology.

5 Mendeleev defined the absolute boiling point of a
substance (the critical temperature).

6 He spent a lot of time studving solutions, adding
greatly to our understanding of them.

7 His studies of gases at high and low pressures
allowed him to develop an accurate barometer.

Unit

W Reading 1
Chemical kinetics

1 The study of reaction rates and reaction
mechanisms is known as chemical Kkinetics.

2 The rate of a reaction depends on the
concentration of the reacting substances, the
temperature, the presence of catalvsts and the
nature of the reactants.

3 A change in the concentrations of the substances
will change the number of molecular collisions.

4 If the substances involved in the reaction are
gases, pressure will have an effect on reaction
rate. Reaction rate increases with pressure.

5 Increasing the surface area where a chemical
reaction takes place, increases the reaction rate.

6 An increase in temperature generally increases
the rate of reaction.

7 A catalyvst is a substance that influences the rate
of the reaction.

N Reading 2
Nikolay Semyonov

1 Nikolay Semvonov was a Soviet physicist and
chemist who, together with Sir Cyril Hinshelwood,
was awarded the 1956 Nobel Prize for Chemistry
for research into chemical kinetics.
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2 Semvonov had a successful career and became a
Professor at the Moscow State University and
Director of the Institute of Chemical Physics of
the USSR Academy of Sciences.

3 Semvonov conducted research into the
mechanisms of chemical chain reactions.

4 A chain reaction is a reaction that, once started,
continues without further outside influence.

5 A chain reaction can be of various tvpes, but
nuclear chain reactions are the best known.

6 Semvonov contributed much to the study of
chemical chain reactions. the theorv of thermal
explosions and the burning of gaseous mixtures.

7 Professor Semvonov received many awards
and honours from foreign universities and
scientific societies.

Unit ;!

B Reading 1
Physics
An introduction

1 A lot of questions which used to be asked, such as
why does the Sun come up in the east or why
does it go down in the west, have been answered
bv phyvsics.

2 The idea that the Sun was the centre of the
universe pushed Europe into a scientific
revolution.

3 Isaac Newton, building on Copernicus' and
Kepler's work, set out his Laws of Motion and
modern physics was born.

4 Thermodynamics is the study of changes of heat
in matter.

5 James Maxwell's equations were used to
describe light.

6 The discovery of X-ravs and the work of Marie
Curie on radioactivity led to nuclear phvsics.

7 Successful experiments in the 1940s resulted in
the splitting of a nucleus and led to the world's
first nuclear explosion.

B Reading 2
Physics — the new science fiction

1 Professor Brimble indicated that we still did not
know much about the universe.

2 Brimble mainly talked about things that happened
in the world every day for which there was no
scientific explanation.

3 There were theories and ideas which scientists
could not prove because it was verv hard to
test them.

4 There exist some theories which are definitely
correct, but which are still waiting for new
technologies to develop before they can be applied.

5 Ball lightning is a mvsterious phenomenon which
has not been explained vet.
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6 Phyvsicists have discovered that the universe is
expanding at an accelerated rate but thev do not
know why this is happening.

7 To explain phenomena thev had observed in the
universe scientists had to assume the existence of
what is called dark matter.

Unit

B Reading 1
Electricity and magnetism

1 Electromagnetic fields exist throughout space.

2 An electromagnetic field exerts a force on
electrically charged particles.

3 An electromagnetic field is used to generate
electricity, which home appliances depend on
for operation.

4 It is widely known that Andre Marie Ampere
was the first to apply mathematics to
electromagnetism.

5 The electrical batteries invented by Alessandro
Volta were of limited use and could not provide
enough electrical power to operate a machine.

6 The discovery of electromagnetism enabled
scientists to create TVs, phones and
electrical motors.

7 Maxwell's equations showed that what physicists
had believed in for centuries was wrong.

H Reading 2
Michael Faraday

1 Michael Faraday came from a poor family; because
he could not get a good school education he
educated himself.

2 Faraday had to work so hard to support himself
that he even thought about giving up science at
one point.

3 When Faraday worked as Humphrey Davy's
assistant he built a homopolar motor.

4 Because mathematics had alwavs been Faradav's
weak point, he worked together with Maxwell.

5 Faradav managed to build a device which moved a
magnet through the loops of wire, thus creating an
electric current.

6 Faradav's Law of Induction is the foundation of
electromagnetism and modern technologies.

7 Faraday discovered a way both of making
electricity and of making use of it.

Unit

H Reading 1
The Law of Universal Gravitation

1 The belief in ancient times that the Earth
was the centre of the solar svstem led to
incorrect theories.
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2 The fact that planets move in elliptical orbits
around the Sun was explained by Copernicus'
heliocentric theory.

3 Johannes Kepler tested and proved Copernicus'
heliocentric theory.

4 It was Isaac Newton who, while observing
things around him, realised that objects could be
in one place without moving. He called this
phenomenon inertia.

5 The force of gravity is the attraction of one object
towards another. It is determined by the mass of
the two objects and the distance between them.

6 The Law of Universal Gravitation is true
evervwhere and in all cases, not only on Earth but
also in space.

T The discovery of the Laws of Gravitation had a
strong influence on scientific thinking
for centuries.

M Reading 2
Isaac Newton

1 Newton's mother wanted him to be a farmer but
he was not very good at it.

2 While studying Law at Cambridge, Newton
became interested in modern philosophy.

3 Newton's interest in mathematics eventually
resulted in the invention of caleculus.

4 While working in the field of optics, Isaac Newton
made some important discoveries about light and
colour and built the first reflecting telescope.

5 The laws of planetary motion and the Law of
Universal Gravitation discovered by Newton were
of paramount importance. Later theyv were used
by Albert Einstein in his scientific work.

6 It is interesting to note that Newton was involved
in politics as well. He was even a Member
of Parliament.

7 Newton is known to have been intolerant to
criticism. Ilis intolerance caused many conflicts
and finally he stopped doing research.

Unit ¢

M Reading 1
Quantum mechanics

1 As had been suggested by Newton, experiments
proved the idea of light being made up of
tiny particles.

2 In 1900, Max Planck assumed that hot bodies
radiated energy in packets called quanta.

3 The theory of photoelectric effect explains how
photons can knock an electron out of an atom.

4 It has been found that the electrons in atoms can
absorb and radiate a certain amount of energy
only when moved from one stable orbit to
another. In a stable orbit, electrons do not
radiate energy.

5 Light is considered to be both a particle and a
wave at the same time.

6 Quantum mechanics explains why atoms are
stable and why they absorb or release energy only
in certain ways.

T Scientists have used quantum mechanics to
explain a number of phenomena that could not be
explained before.

B Reading 2
Niels Bohr

1 Niels Bohr is best known as one of the founders of
quantum mechanics and spectroscopy and as a
scientist who suggested his own model of the atom.

2 Bohr's father was a professor of physiology so
Niels became interested in science while he was
still very voung.

3 In England, Bohr worked with famous scientists
such as Sir Joseph Thomson, who discovered the
electron, and Ernest Rutherford, who conceived
the notion of a nucleus within the atom.

4 The discovery that only uranium-235 could
produce the fission chain reaction was a
significant contribution towards building the first
atomic bomb.

5 It is important to mention that Bohr supported
the idea of sharing new technologies with other
countries, including the USSR.

6 The world's greatest universities awarded him
honorary doctorates.

T Bohr created the theory of spectral lines and
formulated the principle of complementarity,
which refers to a wave-particle duality.

Unit

M Reading 1
The General Theory of Relativity

1 Newton claimed that light travels at a constant
speed regardless of the observer moving toward or
away from the radiating source.

2 Albert Einstein tried to solve the problem of light
in his paper The Special Theory of Relativity.

3 Einstein found that time and space are not
constant but relative.

4 Einstein's theorv was proved experimentally by
means of two clocks. The clock that was put on a
flving aeroplane ran slower than the one that had
been left on the ground.

5 During a solar eclipse it was found that the light
coming from stars was bent. This discovery
brought international fame to Einstein.

6 Einstein assumed that gravity was not a force but
an illustration of curved space and time.

T Many scientists used Einstein's equations to
describe other phenomena and got
positive results.

Macmillan Guide to Science TranslationWork ||



Translation Work

M Reading 2
Albert Einstein

1 Albert Einstein is known as one of the greatest
physicists of all time.

2 While still at Luitpold Gvmnasium, Einstein wrote
his first scientific work The Investigation of The
State of Aether in Magnetic Fields.

3 Einstein was qualified to teach Physics and
Mathematics but could not get a teaching
position then.

4 While working at the Patent Office, he began to do
research in the field of phvsics and made some
outstanding discoveries.

5 Einstein's Theory of Relativity caused an upheaval
in the scientific world as it completely overturned
the long-standing Law of Universal Gravitation.

6 The Nobel Prize for Physics was given to Einstein in
1921 for his work on the photoelectric effect. He
proved that when matter was exposed to
electromagnetic radiation, electrons were produced.

1 Einstein never worked on the atomic bomb
because he had always been against war and
weapons of mass destruction.

Unit

2 The proof of a mathematical truth is called
a theorem.

3 There are four operations that are used in
arithmetic: addition, subtraction, multiplication
and division.

4 A branch of mathematics that originated in the
Arab world is called algebra.

5 We see the things around us in three dimensions:
height, width and length. That is why Euclidean
geometry is three-dimensional. Einstein added
time as the fourth dimension.

6 Calculus uses functions that set the relationship
between argument and result.

7 Probability Theory is the mathematical study of
chance and is used to predict the results of tests
and to analyse information.

Unit

B Reading 1
Mathematics
An introduction

1 The word mathematics comes from Greek and
means science, learning and knowledge.

2 As society developed., it became necessary for
people to be able to count their belongings, so
numbers became significant.

3 Several svstems for recording numbers developed
in different parts of the world. One example is the
tallies that were used by Incas: they tied knots
along a string to keep tax records.

4 The idea of number was the first to have been
developed in mathematics. Since then
mathematics has developed immensely becoming
much more complex.

5 Nowadays, Arabic numbers are used by
mathematicians all over the world.

6 Whether or not mathematics is a science has been
debated for vears. However, since mathematics is
applied to all sciences, this debate is of no
real importance.

7 It is said that mathematics is as international a
language as music is.

B Reading 2
Mathematics

1 The great Greek scientist Pvthagoras proved that
in a right-angled triangle, the square of the side of
the hypotenuse is equal to the sum of the squares
of the other two sides.
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M Reading 1
Algebra

1 The branch of mathematics which studies the
structure of things, the relationship between
things and their quantitative characteristics, is
called algebra. It uses symbols, usually letters,
and operators.

2 To understand the system of numbers more
clearly, mathematicians stopped using numbers.

3 The advantage of not using numbers is the
generalisation of both the problems and
the solutions.

4 Algebra is divided into four areas: elementary,
abstract or modern, linear and universal.

5 Linear algebra studies linear transformations and
vector spaces including matrices.

6 The ideas common to all algebraic structures are
studied in universal algebra.

1 By using algebra, people are able to perform
calculations with unknown quantities.

Bl Reading 2
Gottfried Leibniz

1 Gottfried Leibniz is said to be the inventor
of calculus.

2 He published his works on calculus three vears
before Newton did.

3 It is important to mention that Leibniz was the
first to use words such as tangent and chord.

4 Leibniz was the first to introduce a system
for writing equations and the modern
mathematical language.

5 Leibniz's work in the field of infinitesimal calculus
is of paramount importance.

6 Ditferential calculus is concerned with
measuring the rates of change of quantities,
while integral calculus studies the accumulation
of quantities.




7 It was Gottfried Leibniz who made the most
important contribution to calculus and who
ascertained that linear equations in algebra could
be arranged into matrices.

Unit 3

M Reading 1
Geometry

1 The roots of geometry go back to ancient times
when people tried to solve practical problems,
using geometrical knowledge. They measured
weight for example, by using definite
geometrical shapes such as the cone, the
cvlinder and the cube.

2 The ancient Greeks wanted to find the truth
about the world around them and developed a
system of logical thinking called deduction.

3 It has been proved that even earlier civilisations
knew about some geometrical principles
and theorems.

4 Fuclid, a Greek living in Egvpt, defined basic
geometrical terms and five basic axioms. Thus,
Euclidean geometry, which is still successfully
used today, was born.

5 It is a well-known fact that vou can join any two
points with a straight line.

6 In the 17th and 18th centuries analytic geometry
was created and it became possible to measure
curved lines.

7 Non-Euclidean geometrv was founded by
Lobachevskv, Gauss and Bolyai in the 19t
century.

H Reading 2
Rene Descartes

1 Rene Descartes was born at a time when the great
wars in Europe had ended and the peaceful
atmosphere encouraged creative thinking and the
questioning of old beliefs.

2 In the middle of the 15t century the ideas of the
great Greek and Islamic thinkers spread
around Europe.

3 Descartes began to work both in the field of
mathematics and philosophy after completing
his education.

4 He tried to find answers to philosophical
questions by applving mathematical methodology.

5 The only thing Descartes was sure of was that he
himself existed.

6 Religious leaders criticised Descartes for
his ideas, which were very different from
traditional ones.

7 Descartes realised the importance of measuring
curved lines and created the Cartesian
coordinate system.
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Unit @

H Reading 1
Calculus

1 The branch of mathematics that deals with the
rates of change of quantities, the length, area and
volume of objects is called calculus.

2 Length, area and volume are studied by integral
calculus while differential calculus describes
processes that are in flux.

3 It is interesting to note that the first forms of
calculus were used by the ancient Greeks to
measure area and volume.

4 Newton was the first to use calculus in his studies
of physics.

5 Calculus has proven to be an indispensable
tool in medicine, engineering, economics
and business.

6 Thanks to integral calculus, it is possible to
calculate the speed of a car at any given moment
if vou know its acceleration rate.

7 You can use differential calculus to calculate the
rate at which temperature changes as well as the
acceleration of a moving body.

H Reading 2
Pierre de Fermat

1 Pierre de Fermat started his career practising
law and even became the chief magistrate of
the criminal court, which was a highly
respected position.

2 Fermat achieved astounding results in the field of
mathematics. However, he did not receive much
recognition during his lifetime.

3 Fermat's ideas in mathematics were so advanced
that it took more than three hundred vears to
prove his last theorem.

4 The way Pierre de Fermat presented his work
was quite annoving for fellow mathematicians
as he stated the theorems but neglected
the proofs.

5 Fermat formulated a law on the way light travels
thus making a great contribution to optics.

6 Fermat independently came up with a
three-dimensional analvtic geometry, a svstem
which was more complex than Descartes'
Cartesian coordinates.

T Fermat and Blaise Pascal are both considered to
be the founders of Probability Theory.

Unit €9

H Reading 1
Applied mathematics

1 People have always been faced with a lot of
practical problems. Mathematics came into being
as they tried to solve them.
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2 One of the most remarkable achievements ever
was the creation of applied mathematics, which
provides us with answers and solutions to many
different problems.

3 The first step when using applied mathematics is
the creation of a mathematical model. This is a
description of the problem in mathematical terms.

4 If there is an exact solution, the model is applied
to the problem. However, if the solution is
approximate, the model is refined until the
solution is exact.

5 A mathematical model should be realistic
enough to reflect the main aspects of the problem
being studied, but simple enough to be
treated mathematically.

6 Problems sometimes lead to new mathematical
methods, and existing mathematical methods often
lead to a new understanding of the problems.

1 To successtully deal with a problem, an applied
mathematician needs to be skilled in mathematics
as well as knowledgeable about the field to which
mathematics is being applied.

H Reading 2
Norbert Wiener

1 Norbert Wiener was a very gifted student and at
the age of 18 he was awarded a PhD for a
dissertation on mathematical logic.

2 In the 1940s, Wiener did research on anti-
aircraft devices at Massachusetts Institute of
Technology (USA), a project which plaved an
important part in his development of the science
of cvbernetics.

3 The idea of cvbernetics came to Wiener when he
began to consider the ways in which machines
and human minds work.

4 Cybernetics is the study of the ways living
organisms and machines process information.

5 Wiener's works concern mainly logic and
mathematics, cvbernetics, mathematical physics
and philosophical issues.

6 Due to his involvement in manv different
disciplines, Wiener was able to draw on many
resources in his varied research, thus making him
an incredibly successful applied scientist.

1 Creating a machine that imitates the human way
of thinking was a remarkable achievement of the
20th century.

Unit €9

H Reading 1
The Russian Academy of Sciences (RAS)

1 Founded in St Petersburg in 1724 by Peter the
Great, the academy was opened in 1725 by his
widow, Catherine I, under the name of the St
Petersburg Academy of Sciences.
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2 The Academy offered scientists from any
country the opportunity to do their research in
complete freedom.

3 From its earliest davs, the Academy carried out
mathematical research, which added greatly to
the development of calculus, hydrodynamics,
mechanics, optics, astronomy, and made
discoveries in various fields, such as chemistry,
physics and geology.

4 The 19th century was a period of numerous
significant developments and discoveries; the
members of the Academy plaved a leading role in
developing science in Russia.

5 Among notable achievements were the invention
of the radio, the creation of the periodic table of
chemical elements, the discovery of viruses and
the cell mechanisms of immunity.

6 Today, the Russian Academy of Sciences
supervises the research of a large group of
institutions within Russia which focus on different
research areas.

7 The Space Research Institute of the Russian
Academy of Sciences has set up a network, called
the Russian Space Science Internet, which links
over 3000 members.

H Reading 2
Russian Nobel Prize winners in Physics
and Chemistry

1 Nikolay Semvonov was the first Russian to
receive a Nobel Prize for Chemistry in 1956
for his research into the mechanism of
chemical reactions.

2 In 1938 Pavel Cherenkov, Igor Tamm and Ilva
Frank won the Nobel Prize for Physics for
discovering and describing the phenomenon known
as the Cherenkov-\avilov effect, a phenomenon
which is very important in nuclear physics.

3 Lev Landau was awarded the Nobel Prize for
Physies in 1962 for his theory of superfluidity in
helium.

4 Nikolay Basov and Alexandr Prokhorov won the
Nobel Prize for Physics in 1964 for their
pioneering work in quantum electronics that led
to the development of the laser.

5 For his fundamental inventions and discoveries in
the area of low-temperature physics Pvotr Kapitsa
was awarded the Nobel Prize in 1978.

6 Zhores Alferov received the Nobel Prize for
Physics in 2000 for the development of the
semiconductor heterostructures used in high-
speed electronics and optoelectronics.

7 Vitaly Ginsburg and Alexei Abrikosov shared the
Nobel Prize for Physics in 2003, which they
received for pioneering contributions to the
theory of superconductors and supertluids.
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A

abacus /abokos/ CUETHI

abiogenesis /eibarov'dzenasis/ abuoreHes (camozapoxcoenue
HCUBBIX OPSAHU3MO8, LI B03HUKHOBEHUE HCUBOO U3
Hexueoeo)

to absorb /obzo:b/ nor;towaTh

to accelerate /okseloreit/ yckopsiTh

accelerating universe /ok'seloreitn) jumniva:s/
pacluupsiowasicst BeenaeHHas

account /ok'aunt/ CYET; pacyéT

acid /asid/ xucaoTa

to adapt / /odept/ npucnocab:ivBaTh, a0aNTUPOBAThH

to add /ed/ 1. npuGaBnsATh, MPUCOCIUHATE (K HeMy-1ub0)
2. nmpubaBnsTh, 106ABIATH (K cKazanHoMy) 3. mam.
CKJIaNbIBaTh; MPUOABIATH

adenine /adoniin/ aneHUH (a3omucmoe OCHOBAHLUe,
éxodsuee ¢ cocmae JAHK)

adjustment />dzastmont/ KOppEKLMs, UCTIPABIEHHUE

to advance /od'va:ns/ 1. mpomBMraThcsi Briepén 2.
(6bicmpo) pa3BUBaTbCS, A€IaTh (6oAbUiLe) YCTIEXU
aether /i:0o/ 3cup (1emyuee eewecmeo)

to affect /ofekt/ BIMSITh, BO3A€HCTBOBATh

AIDS (acquired immune deficiency syndrome) /eidz/
CITHUI lokwara'd imjun drfifnst 'sindroum/ (cundpom
npuoGpeménnoeo UMMyHodegpuuuma)

alkali /alkolal/ m€;104p

to alter /o:lto/ U3MEHATD

amoeba (uu. 4. amoebas, amoebae) /omi:ba/ am€6a
angle /zng’l/ yron

anthrax /enbreks/ cubupckas s13sa

applied mathematics /splaid maebomaetiks/ NpUK;IanHas
MaTeMaTHkKa

approximation /oproksr'meif>n/ mMpUOAMXEHHOE 3HAYEHUE
area /eoro/1. TI0WWIANB, MPOCTPAHCTBO; Mam. TUIOLLAND
2. obacTh, 30Ha, paitoH 3. 0bnacTb, cdepa AesTEIbLHOCTD
argument /a:gjumont/ Mam. apTyMEHT, apTyMEHT
byHKUNM (He3asucumas nepemeHHas, om 3Ha4eHul
KOMOpou 3aeucsim 3Ha4eHUs QyHKuuu)

axiom /aksiom/ akcuoma

balance /balons/ 30. BeCbl

ball lightning /ba:l 'lattniy/ 1w1apoBasg MOJHHUS

to bend /bend/ crubatb(csi)

biological family /barslodzik®l feml/ 6uoa. ceMeHCTBO
to blend /blend/ cMeluMBaTh(csi)

*blending theory’ /blendin) 'O1or1/ TeOpUSI HE3aBUCUMOTO
HacjIcA0BAHUSI TIPU3HAKOB

boiling point /bo1lig point/ TOUKa KUMEHUS

to bound together /baund togeds/ cBSI3bIBATE; OOBEAUHATE
boundary /baund®ri/ TpaHMLIa, MpeaeT

breakthrough /breikBru:/ mocTHXEeHHE, OTKPBITHE,
nobena, TPOPbIB (8 pazgumul HAyKu Uid MexHoA02uu)

C

to calculate /kalkjuleit/ BbIYMCAATD

calculus (mx. 4. calculi. calculuses) /kalkjulos/ mam.
UCYHCIIEHUE

cancer /kanss/ pak

carbon /ka:ban/ yriaepon

catalyst /ketolist/ KaTanu3atop (8ewecmeo, yckopaioulee
XUMUMECKYIO DeaKyUio, HO caMo npu IMOM He
usmMenaueecs)

cell /sell 6uoa. xkneTka

chain reaction /tfemn riaekfon/ LeMHas peakuus

to charge /tfa:ds/ 3apsixaThb

chemical /kemikol/ xuMUYeCKOE COeIUHEHME

chord /ko:d/ Mam. xopna (npamoaunetinsii ompe3ok,
COeOUHAIOWUL 08¢ NPOU3BO.1BHO GbIOPAHHbBIE MOYKU
Kpueoii)

circle /sakol/ 1. KpyT; OKPYXHOCTb 2. KpyT (kpye
00wenus u m. n.)

circulation of blood /sexkjuleifon ov blad/
KpoBOOOpaLLeHue

cloning /kloumn/ KJIOHMpOBaHHE

coil /kor*l/ BUTOK

to coin a term /komn 5 t3:m/ BBOAMTb TEPMUH, CO31aBaTh
HOBbIA TEPMUH

to collide /kolaid/ cTankuBaThCs; COYmapsTLCS
combustion /kam'baftan/ ropeHue

complex organism /kompleks 2:ganiz’m/ CIOXHBIH
OpTaHU3M, MHOTOKJIETOYHBIH OpPTaHU3M

complicated /komplrkeitid/ cTOXHbBIH

compound /kom'paund/ xum. coenuHeHUE

conclusion /konklu:3°n/ BbIBOA, 3aKJTIOYEHUE

conditioned reflexes /kan'difond 'rifleksiz/ ycroBHbIE
pediekchl

conductor /kandakts/ ¢hu3. MPOBOIHUK (Beuyecmao ¢ oueHp
MAAbiM YOeAbHbIM CORPOMUBACHUEM, XOPOUIO NPoBoodsLLee
2neKmputeckuit mox 61a200aps Haau4u0w 60AbUI0R0 HUCAA
CB0000HBIX IAeKMPOHO8)

cone /kaun/ KOHYC

consequence /konsikwans/ (Io)caeacTBUE, pe3yabTar
(4eeo-1ubo)

to constitute /konstitju:t/ COCTaBISTh

to consume /kon'sju:m/ MOIVIOWATh; MOTPE6IATD,
pacxonoBaTh

copper kopa/ Meab

core /ko:/ cepILEBUHA; CYTb, CYLLHOCTD

creature /kri:tfs/ co3naHue, TBOPEHHUE; KUBOE CYILECTBO
crop /krop/ ce;IbCKOXO3sCTBEHHAs KY;1bTypa

to cross /kros/ 1. mepecekatb 2. 6uoa. cCKpeliMBaTh
crust /krast/ kopka (Earth's crust 3emHast kopa)

cube /kju:b/ Ky6

cubed /kju:bd/ Mam. B Kybe, B TpEThEi CTETICHH,
BO3BEIEHHBIN B Ky0

curve /k3:v/ KpuBas

cytosine /sartovsi:n/ LUTO3UH (g3omucmoe ocHoBaHUe,
exodauwee 6 cocmae JTHK)
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to damage /demodz/ MoBpeXnaaTh, MOPTUTH,
HAHOCUThL/MIPUYMHSTh YIIEPO

to decay /dikel/ THUTb, pa3iararbcs

decimal system /desomal 'sistom/ necITUYHas cUCTEMa
deduction /didak[on/ TOTUYECKUI BBIBOA, AEAYKLIUS;
BBIBO/, 3aK/II04YEHHUE

to denote /drnout/ 0603HaYaTh

density /densoti/ TUIOTHOCTh

deposit /drpozit/ 30. MECTOPOXIEHUE (Y214, Hce.1e3HOu
Pyobi, eaza u m. n.); 3auexb

to destroy /distrol/ yHUUTOXATb, pa3pyluaTh

destructive /distraktiv/ pa3pylUUTEIbHBIN

device /drvais/ yCTpOHCTBO, MPUCTIOCOOIEHUE; MEXAHU3M;
anmnapar, npubop, MalIuHa

to devise /divaiz/ npuayMbiBaTh; U300peTaTh

differential calculus /difarenfal keelkjulos/
auddepeHIIMATBHOE UCUUCIEHUE

disease /dizi:z/ 60:1€3Hb

to disintegrate /drsintigreit/ pa3pyluaTh(cs); pacrnanaTbcs,
pacLUEN.IATh

to disprove /dis’pru:v/ OMpoBepraTh; 10Ka3bIBaTh JOXHOCTD,
OLLIMOOYHOCTDb, HECOCTOSITE.TBHOCTD (#e20-.1u60)

to dissect /disekt/ mMed. aHaTOMUPOBaTh. BCKPHIBATh,
TpenapupoBaTh

diverse /dar'vs:s/ pa3HOOOpa3HbII

to divide /drvaid/ 1. nenuth(cs); pacripeneadarb(cs) 2. mam.
IE:IUTh; ACTUThCS Haleso, 06e3 ocTaTka

division /drvizon/ 1. neneHue, pasgeaeHue 2. Mam. N€IEHUE
DNA (deoxyribonucleic acid) /di:ener/ /di:oksiratbounjukli:tk
aesidl IHK (desokcupuboryi.eunosasn kucioma)

double helix /dab®l 'hi:liks/ nBOWHas crupaib, NBOMHAs
crivpats IHK

to drop /drop/ magatb; OnycKarb(cs)

drug /drag/ nekapcTBO

duality /dju'zelot/ 1. pa3MBOEHHOCTB, PA3ABOCHUE 2. Ny TU3M

C

electric current /ilektrik 'karont/ 3;I€KTPUYECKUIl TOK
electric forces /ilektrik ‘fo:siz/ 3:1€KTpUYECKUE CUJIBI
electrical bulb /rlektrik®l balb/ aneKTpuueckas jJamna,
JlaMna HaKajJMBaHHUS

electrical charge /tlektrik?l tfa:ds/ ;7eKTpUUECKUH 3apsan
electromagnetic field /ilektroumagnetik firld/
3JIEKTPOMarHUTHOE TIO.TE

electromagnetic motor /ilektraumagnetik mauta/
9/MIEKTPOABUTATEND C MOCTOSHHBIMU MAarHUTaMH,
MAarHUTOINEKTPUUECKUI ABUTATED

elliptical hlipuk®l/ 2;UIUNTHYECKUIA

to emerge /'m3:d3/ MOSABJIATHCA; BO3HUKATL (0 6onpoce)
endangered /m'deindzad/ Mcue3aOUIMi; HaxONSILIMIACS MON
YIpO30i UCYE3HOBEHMS, BBIMUPAIOLLIMI

engine /end3m/ IBUTATENb

environment /mvarronmont/ OKpyXatolilasi cpeaa

enzyme /enzaim/ 3H3UM, GEpMEHT (berko8bie MOAEKY.1bi
UAU UX KOMRAEGKCHI, YCKOPAIOUiLEe XUMUYECKUe PeaKyul 8
HCUBLIX cUCcMeMAx)

equal /ikwal/ paBHBI; OIMHAKOBBIN (to equal mam. 1.
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NpUPaBHUBATh, CTABUTb 3HAK PaBEHCTBA 2. PaBHATHCS)
equation /ikweison/ ypaBHEHUE

to establish /istaebli[/ yapexaaTb, OCHOBbIBATb, YCTAHABIMBATE
to estimate /estimert/ MpUOIN3UTENBHO OLEHUBATD,
11aBaTh NMPUOITMXEHHYIO OLUEHKY

to evolve /rvolv/ 3BOTIOUMOHUPOBAThH, PA3BUBATLCS

to exclude /ik sklu:d/ uCKII04aTh

to expand /ik'speend/ 1. pacliuMpsTh(Csl); YBETMUMBATh(CS)
B 00BEME, B pa3Mepax 2. pa3BUBaTh(Cs)

explosion /ik'splouz®n/ B3pbIB

extinct /ik'stpkt/ UICYE3HYBILUWM; BBIMEDPLLMMA

F

to fertilize /f3:0laiz/ 6uoa. OTIONOTBOPSATDH; OMBUISATD
fibre /faibsa/ BOJOKHO

finite /famait/ orpaHMYeHHbIM, UMEIOLIHUI Mpenes; mam.
KOHEUHBIH

fission /Mif>n/ ¢hu3. neneHUe aTOMHOTO SIpa;
paclLUueruieHe aTOMHOTO finpa

flammable /flaamob?l/ J1erKOBOCTIIAMEHSIOILIMIACS

flavour /fleva/ 1. BKyc 2. BKycoBasi 106aBKa

flesh /fle[/ Te:10, TLTIOTH

flux /flaks/ 1. MOTOK 2. MOCTOSIHHOE IBUXEHHE,
MOCTOSIHHOE U3MEHEHUE

fluxion /flakf*n/ mpou3BoaHas (0OHO U3 OCHOBHBIX
nonamui duggepenyuarvHoeo ucuucaenus,
Xapakmepusyiouiee cKopoCmb U3MeHeHUs QYHKUUU)

food chain /fu:d tfemn/ Lenb MUTaHUS

force of gravity /fais av 'graevati/ cuia rpaBUTALUU
foundation /faundei[°n/ ocHOBaHKE, OCHOBa

fuel /fjul/ TOTLIMBO

functional analysis /fank[on®l o'na&losiz/ GYHKLUMOHATbHbII
aHa;m3

s

gadget /gaed3it/ IUTyuKa, UIpyllika; MPUCTIOCODICHHUE
gene therapy /dsin ‘Geropi/ TeHHas Tepanus

to generate /dsenareit/ TEeHEPUPOBATH, MPOU3BOAUTH
generation /dzensre1f°n/ MOKOJIEHUE

genetic composition /dze'netik kompo'zi[°n/ TeHETUYECKITH COCTaB
gene /dzi:n/ TeH

geocentric theory /dzi:ousentrik ‘G1or1/ TeOLEHTPUUYECKAS
Teopusi

germ /d33:m/ 6aKTEpUU, MUKPOOBI, MUKPOOPTAHHU3Mbl
germ theory (of disease) /d33:m 61or1 / MUKpOOHas Teopud
MHEKLMOHHBIX 3a00/1€BaHM

goal /goul/ ue1B

gravity /gravoti/ TATOTEHUE, TPaBUTALUS,
TPaBUTALIMOHHOE B3aMMONCHCTBUE

guanine /gwani:n/ TyaHuH (a3omucmoe ocHogaHue,
6x005Uiee 8 COCMAB HYKACUHOBBIX KUCAOM; 00HO U3 4-X
azomucmsix 0CHosaHui, éxodauux 6 cocmas AHK)

H

habitat /habitet/ cpeaa obUTaHUS
haemophilia /hi:mafilis/ reModuTUsS (HacaedcmeerHoe
3a601esanue, blpadcarouieecs 8 CKAOHHOCMU K




KpOBOMeHeHUsIM 8CAe0Cmalue HeceEpmul8aHUs Kposu)
headquarter /hedkwo:to/ Tab-KBapTHpa

helium /hi:liom/ renxui

helix /hi:liks/ crivpanb

heredity /horedsti/ Hac.1eICTBEHHOCTD

heterostructure /hetoroustraktfo/ reTepocTpyKTYypa
(KomOUHAUUS HeCcKo.1bKUX 2emeponepexo008 (KOHMaxKmos
Mmexncdy 08ymsi paZIUHHBIMU HO XUMUMECKOMY cOCmasy
NOAYNPOBOOHUKAMU), HDUMEHAEMAS! 8 NOAYNPOBOOHUKOBLIX
Aaszepax, ceemousIyarnuux duodax u m. n.)

HIV (human immunodeficiency virus) /eitfarvi: BUY
(supyc ummyrodeguuuma Heaoexa)

homopolar motor /hovmar'porls 'moute/ YHUTIONSIPHBIN
3MIEKTPONBUTATEID

household appliances /haushould oplaionsi:z/ OBITOBbIE
pudOpsI

hydrochloric acid /haidrouklorik 'esid/ consiHast KucioTa
hydrogen /haidroudsan/ BOAOpOX

hypotenuse /har'potonju:z/ TUIIOTEHY3a

to hypothesize /harpo6esaiz/ mpeanonararh; BblABUraTh
TUTIOTE3Y

|

to immunise /1mjunaiz/ UMMYHU3UPOBATh, NTPUBUBATH OT
Yero-audo

impact /unpeekt/ BIUsSHUE

inertia /rn3:fo/ MHEepLUS

to infect /mfekt/ 3apaxarb, *HOULMUPOBATH
infinitesimal calculus /mfmrtesimal 'kaelkjulos/ aHanu3
0ECKOHEYHO MaJIbIX BEIMYMH

infinity /mfmsti/ 66CKOHEUHOCTB

to inhabit /mhebit/ HacenaTsb

inheritance /mheritons/ HaciaeIue

to inject /in'dzekt/ oeaaTh yKOI

input /mput/ 1. BBom (danHbix, ungopmayuu) 2. BXOI
integer /intidse/ LiesI0€ YUCIO

integral calculus /mntigrol 'kelkjulos/ UHTETpaNbHOE
UCYUCTIEHUE

interior angle /in'tiorio ‘&ng?l/ BHYTPEHHUHI YIOJ

to intersect /into'sekt/ mepecekatp

iron /aon/ Xenes3o

jar /dza/ CTEKJIIHHBIA COCYI
to join /d3om/ TIPUCOEIUHSTHCS; BCTYHATh

K

to keep tax records /kip teks rekodz/ BecTH y4€T
HaJIOTOB

L

larva /la:vol TMUMHKA

the Law of Conservation of Mass /35 lo:f ov konsa'verfon av
maes/ 3aKOH COXpaHEHUS] MaccChl

the Law of Induction /35 lo:f ov indak[on/ 3aKoH

Glossary

3MEKTPOMArHUTHON MHIYKUUU

the Law of Universal Gravitation /3o 10:" ov jumi'vasal
greeviterfon/ 3aKOH BCEMUPHOTO TITOTEHUS

the laws of motion /0o 15:z ov msufan/ 3aKkoHBl Hbl0TOHA,
3aKOHBI JIBUKEHUS

layer /lers/ crioit

lead /led/ cBuHeU

life span /laif span/ MPOMONKUTETLHOCTD XU3HU

linear algebra /limo ldsibro/ MuHeiHas anreOpa (vacme
a.12efpsl, U3YHAIOWAS BEKMOPbI, 8eKMOPHble (AUHElHbIe)
NpOCMPAHCMea, AUHeliHble OmoOPaNCeHUs U CUCIeMb!
NUHEUHbIX 'YDAGHEHUT)

linear transformation /linio treensfo’meifon/ TUHEHHOE
npeobpa3zoBaHue

liquid /likwid/ XuUIKuit

litmus /Iitmas/ nakKMycC (kpacsuee seuecmeo, dobvieaemoe
U3 HeKOMOPbIX AUMAUHUKO8, NPUMEHAEMCS KK
uHOUKamop 015 onpedeneHus peakuuu cpedsl, umes
KPACHYI OKPACKY 8 KUCIOU cpede U CUHIO 6 WeA0HHO)
long-standing /tomn stendin/ 30. yCTOSIBIUMICS

loop of wire /lu:p av ‘waio/ BUTOK TIpOBOja

M

maggot /megot/ IMYMHKA

magnetic needle /magneuk ni:d®l/ MarHUTHasl CTpeskKa
(Hanp. komnaca)

mammal /mem®l/ MaekonuraroLiee

mathematical notation /mabomatik®t nauteifon/
MatemaTtuyeckoe 0603HaYEHWE; MaTeMaTHYECKasl 3armuch
matrix (m#. ¥. matrices) /meitriks/ MaTpuLa

matter /mats/ MaTepusl; BEILLECTBO

to measure /me3s/ U3MEPSTH

mineral recovery /mm?®rl rikaveri/ 106bIYa TIOJI€3HBIX
UCKOTMAeMBIX

mint /mit/ MOHETHBIX IBOP

modelling process /modsli prouses/ nmpouecc
MOZIETUPOBAHUS

multi-celled organism /malti seld 'o:gomzom/
MHOTOKJIETOUHBII OPraHU3M

multidimensional /maludarmenfan®l/ MHOrOMEpHBIH

to multiply /maltiplar/ ymMHOXAaThb

muscle cell /mas®l sel/ MbllIeYHasT KIEeTKa

N

natural numbers /nzt[oral 'namboz/ HaTypaabHbIE YUCTA
(ueavte noaoxcumenvrole vucaa 1, 2, 3... u m. 0.,
obpasyiowue HamypaavHsli ‘pao)

natural selection /nat[oral solek[on/ eCTECTBEHHBIH OTOOP
nerve cell /n3:"v sel/ HepBHasi KJIeTKa

notion of space-time /noufan ov speis an taim/ gu3.
MOHSITUE TIPOCTPAHCTBA-BPEMEHH (noHamue,
omobpaxcawujee eQUHCMBO PeasbHO20 CYUECMBO8AHUS
npocmpaHcmea u gpemeHru)

nuclear disarmament /njuklis disa:msmant/ simepHoe
pa3opyXeHUE

nuclear fusion /njuklo 'fju:son/ TepMOSIIEPHBIA CUHTE3;
CIUSTHUE SIED

nucleotides /njuklotaidz/ HykneoTumsl (gocgopHsie 3gupst
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HYK.1€03U008, cocmosiuue U3 a3omicmozo 0CHOBAHUA,
y21e800a U 0OHO20 WU HECKOAbKUX ocmamKoe ghocghoprol
KUCI0MbL; UZDAIOM 8ANCHYI0 'POAb 8 IHEPLeMUMECKUX U
UHPOPMAUUOHHBIX HYMPUKNCMOYHBIX HPOUECCax, AGAAACh
COCMABHBIMU HACMAMU HYKACUHOBbIX KUCAOM, KOhepmenmos
u opyeux 6uo.ao2utecki aKmueHbIX coeOUHeHUl)

nucleus (mu. 4. nuclei) /njukles/ sapo

numeral /nju:moral/ uudpa (Arabic numerals apadbckue
uudpbl: Roman numerals puMckue undpsl)

0]

offspring /ofspruy moTomMoK

oil /o) HedTH

oil refining industry /ol rifamy ndastri/
HedTenepepabaTbiBaloLiasi MPOMBILLIEHHOCTh
operator /opareito/ Mam. onepaTop (cumeoa /3Hax
onepayuu)

optics /optiks! onTuka

ore /o pyna

organic base /o>'ganik beis/ opraHH4ecKoe OCHOBaHUE
origin /oridzin/ MpoucxoxaeHue

output fautput/ 1. BbIBOA (OanHbix, uHgopmayuu) 2. BbIXOX
3. BbixoaHast UH(opMaUUs

oxygen /oksidzon/ KMCIOpOI

P

pangenesis /pan'dzenasiz/ MaHTeHE3UC, MTaHIECHE3
(6vidgunymasn 4. lapsunom eunomesa HacaedcmeenHocmu,
€021aCHO KOMOPOU NPpU3HAKU U ceolicmea 'podumeiel
nepedaromcs nOMOMCMEY ROCPeacmeoM Me.lbuaiuux
3apodsiuiel, NOCMYRAOWUX 8 NOA08ble KAEMKU U3 8cex
dpyaux Kaemok opeanuzma, no3dnee cam Y. Jlapeun
npusHaa eé Heydo6iemeopumeibHou)

particle /pa:tik®l/ yactvua

patent office /pertont 'ofis/ maTeHTHOE Ol0pO

pattern /peeton/ 1. obpaseu, Momens; WabI0H, CTPYKTypa
2. xapakrep; 0COOEHHOCTh

phenomenon (xx. 4. phenomena) ffonommoan/ Mam.
ABIEHHUE, (PeHEMEH

plagiarism /pleidsoriz’m/ m:aruar

plane /plem/ mMam. MNOCKOCTh

pollen /polon/ MBI

pollution /pslu:fan/ 3arpsi3HeHue

polygon /poligon/ MHOTOYTOJBHUK

polymath /polima6/ yenoBeK ¢ SHUUKIONIEANYECKUMHU
3HaHUSIMU; 3PYINT

potassium /potesom/ Kanni

powder /pauda/ 1. mopo1oK 2. Mopox

power /paua/ 1. cUJa; MOIIIHOCTD 2. SHEPTUS

to predict /prrdikt/ mpefcka3pIBaTh

preservative /prizs:votiv/ KOHCEPBaHT

to preserve /priz3:v/ COXpaHsTb; KOHCEPBHPOBATh
pressure [prefs/ n1aBjieHUe

to prevent /privent/ TIpeIOTBpallaTh

principle of complementarity /prinsop®l av komplimen taerati/
NPUHLUHUI JOTIO;THUTEIbHOCTH

Probability Theory /probabiloti ‘61ar/ Teopusi
BEPOSITHOCTEN (8 nOny.1apHoll aumepamype Hepeoko

UCNOAL3YEMCA HEMOMHBIL MePMUH «MeopUs 6ePOAMHOCIU»)
progenitor /proudsenite/ MpeAIIeCTBEHHUK

property /propati/ 1. CBOMCTBO; KayecTBO 2.
COOCTBEHHOCTh

protozoa /proutouzaua/ NPOCTEMIINE XKUBOTHbIE
OPTraHM3Mbl

pump /pamp/ Hacoc

to put forward /put ‘fofwod/ BbUIBUIATh, MpPeLIarath (Uoer)
put in charge /put in tfa:d3/ Ha3HAYaTh OTBETCTBEHHBIM

Q

quality /kwolati/ KauecTBO

quantitative chemistry /kwontitatv 'kemustri/
KO.IMYECTBEHHAS] XUMUS

quantity ’kwontstl/ KOJTM4ECTBO

quantum mechanics /kwontom mikaniks/ KBaHTOBas
MexaHuKa

rabies /reibi:z/ GelueHCTBO (upycHas 6o.1e3nb Heaoéexa u
HCUBOMHDBLX)

to radiate /reidiert/ u3myyaTh

radio wave /rerdiou werv/ pagvMoOBOHA

radioactivity /reidiou a&k'tivat/ paIMoaKTUBHOCTb

radius /reidios/ panuyc

rate /reit/ CKopocTb (at the rate co cKopocTbio)
rectangle /rektaeng®l/ MpMOYTrO;IbHUK

rectangular /rek'tanjuls/ pSMOYTOIbHBIA

to reduce /ridju:s/ cokpamath(cs)

to refer to /r'f3: t/ OTHOCUTBCA K yeMy-ITU6O

to refine /rifain/ 30. yCOBEpILIEHCTBOBATh/TIOCTPOUTh
Oosiee COBEPLUEHHYIO (Mamemamuyueckyo mModean)
reflecting telescope /riflektin teliskoup/ 3epKaTbHbIH
TeJIeCKOT

relative /relotiv/ OTHOCUTENBbHBII

to release /rrliis/ 1. BoITIyCKaTh 2. 0CBOOOXIATh

replica /repliko/ periMKa, TOUHAs! KOMHUsA (Hanp. eeHHAs
‘PenIuKa, m. e. MoYHAs KORUsA 2eHa)

resistance /rizistons/ yCTOWYUBOCTD, COMPOTUBISIEMOCTh
respiration /respareifon/ IpixaHue

to reveal /rrvial/ OTKPBIBaTh, PACKPBIBATh; OOHAPYXUBAThH
to revolve /rivolvl BpallaTbCsl (6okpye Heeo-aubo)
right-angled triangle /rait ‘eng?ld ‘trareng?l /
NPAMOYTOJNbHBIA TPEYTOIbHUK

RNA (ribonucleic acid) /arenet/ fraibounju:kleik ‘asid/
PHK (pubonykieunosas xucioma)

rod /rod/ manoyka

rot /rot/ THUTOR

to rotate /rou'teit/ Bpaiarbcs

S

satellite navigation system /satolait naevigeifon sistom/
CITYTHUKOBAsi HaBUTALUMOHHAs CUCTEMA

semiconductors /semikandaktoz/ TIO;TYTTPOBOAHHKH
(8etecmeaa, 3aexmpuveckas nposooUMOCMb KOMOPLIX NPU
KOMHAMHOU memnepamype 3aHUMAaem nPOMeXCymouHoe
no.10XMCeHUe MeXCcdy NPOBOAUMOCIbIO Memaniios U
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OUIAEKMPUK 08, NPUHEM C NOGbIUICHUEM MEeMnepamypbl ux
npo8ooUMOCHb Pe3K0 803pacmaent)

sequence /si:kwans/ psal, MOC.I€I0BaTeNbHOCTD

shell /[el/ 1. obonoyka 2. pakoBHHA

to shrink /[rink/ 1. yMeHbllIaTbCsA 2. YMEHbLIATh, COKPALIATH
to simplify /simplifai/ ynpoiwaTthb, o6ieryarsb

single-celled organism /sing?l seld 'o:gonizom/
OIHOKJIETOYHbIA OPraHu3M

slope /sloup/ YKJIOH, Hak/IOH

smallpox /sma:lpoks/ ocra

sodium /soudiom/ HaTpHii

solar eclipse /soulo rklips/ conmHeyHoe 3aTMeHHe

solar system /soulo sistom/ coNHe4YHas cUCTEMa

solid /solid/ TBEpObIT

solution /solu:fon/ pacTBOp

source /s3:s/ ICTOYHUK

spatial /speifal/ mpOCTpaHCTBEHHBbLH

species /spi:[i:z/ 6uoa. BUI (MH. . TAKXe species)
spectral line /spektral lain/ criekTpasibHasi JMHHUS (y3kuil
YHACMOK CReKmMpa U3Ay4eHUs, COOmeemcmeayouutl
onpedeaénrol yacmome (OAUHe 80AHbL)

to split up /split Ap/ pacuieriaTb(cs)

spontaneous generation /sponteinios dzenareifan/
CaMo3apoxiIeHue

square root /skwea ru:t/ KBaIpaTHbiii KOpeHb

squared /skwead/ B KBagpaTe, BO BTOPOH CTENEHHU
stable orbit /steib®l o:bit/ cTallMOHapHas opOUTa

static electricity /stetik 1lektrisoti/ cTaTHUecKoe
3NIEKTPUYECTBO (A8.1€HUe, NPU KOMOPOM HA NOGEPXHOCMU
U ¢ 06véme OUIAeKMPUKOE U NO.IYNPOBOCHUKOE GO3HUKAIOM
U HAKAnAugaromes c8o000Hwie 1eKmpuuecKue 3apaodbl)
stem cells /stem selz/ CTBOJIOBbiE KJIETKH

strand /streend/ 6uoa. UMb, HUTD

to stretch /stret[/ pacTarusaTb(cs)

subatomic particle /sabatomik 'pa:tik®l/ aneMeHTapHas
yacTuua

substance /sabstons/ BEIIECTBO

to subtract /sobtreekt/ BBIYUTATD

successive generation /sok'sestv dzenareifon/ nocaenywoiee
NOKOJIEHue

successor /sok'sesa/ MpeeMHUK

sum /sam/ cymMMa

superconductor /su:pakan'dakta/ CBEpXNPOBOIHUK
(gewecmso, nepexodsiyee 6 c8epxnpogodsLiee COCMOAHUE
RPU 0XAAHCOCHUU €20 HUMCe ONPe0eAEéHHOl Kpumuieckoll
memnepamypbot)

superfluidity /su:pafluidati/ cBepxTeKyyecTh (0coboe
COCMOsIHUE K8AHMOBOU JCUGKOCMU, NPU KOMOPOM OHA
CHOCOOHa npomexams 4epe3 y3Kue weau U Kanuasapol 6e3
GHYMPpeHHe20 MpeHUs)

superstition /su:pastifan/ npeapaccyiok

surface /s3:fis/ MOBepXHOCTh

to surround /ssraund/ OKpyXaTb

system of notation /sistom ov nau'teifon/ cucTeMa
0003Ha4YeHHI

|

tadpole /teedpoul/ ronoBacTUK
to take into account /teik ntu skaunt/ MPUHUMATDL BO

BHUMaHHE, YUUTHIBATh

tally /teeli/ 1. uTor, HTOTOBBIH pe3yabTaT 2. Mmajaoyka ¢
3apyOKaMM WJIM BepeBOUYKA C y3eJKaMH,
0003HaYAIOIMMU CYMMY 10T

tangent /teendzont/ 1. KacaTelbHasg 2. TaHTEHC

theory of relativity /61ar1 ov relo'tivati/ Teopus
OTHOCHTEIbHOCTH

thermodynamics /83:moudarnamiks/ TEpMOINHAMHUKA
three-dimensional microchip /6ri: darmenfonol 'maikroutfip/
TPEXMEPHbBIA MUKPOUYHIT

thymine /0aromi:n/ TUMUH (a30mucmoe ocHoganue,
exoosiyee ¢ cocmae AHK)

tissue /tifu/ 6uoa. TKaHb

trait /ftreit/ NpU3HaK; xapakTepHasi YyepTa, 0COOEHHOCTb
transformation /trasnsfomeifon/ mpespalueHue
transmission of information /tr&enzmifon ov mfo'meifon/
nepenadya MHboOpMaLuu

to transpose /trens'pouz/ nNpecOpPa3OBbIBATD

transversal /traenz'va:sal/ nomnepeyHsblii

triangle /traieng?l/ TpeyroabHUK

trigonometry /trigo'nomatr/ TPUTOHOMETPUSA

twig /twig/ BeTOYKa

universe /juniva:s/ BeeneHHas

to untwist /an'‘twist/ pa3MaTbiBaTh(Cs1)

upheaval /aphi:val/ MepeH. nepeBopoT, NMOTPSICEHUE
(8 odwecmee)

Vv

vacuum chamber /vakjusm ‘tfeimba/ BakyyMHas Kamepa
value /valju:/ BeiMuMHa; 3HAYEHUE

variable /veariob®l/ mepeMeHHas

vector space /vekts spers/ BEKTOPHOE ITPOCTPAHCTBO,
JIMHelHoe MPOCTPAHCTBO

vision /viz°n/ 30. KOHLIeNUUA

volume /voljum/ 00BEM

wall /wo:l/ cTeHka; obonouka

waste /weist/ OTXO1b!

wave motion /werv ‘moufon/ IBUXEHHUE BOIHBI

wave particle duality /werv pa:tik’l djuzlot/
KOPIYCKY/IIPHO-BOJHOBOI Nyalu3M (npedcmaegierue o
npupode 31eMeHMApHbIX 4acmuy, 8 COOMeemcmeuu ¢
KOmopbim OHU 00aadarom ceoldcmeamu U Hacmul, U 604H)
wavelength /weivlen6/ IMHa BOJHbB

weapons of mass destruction /wepanz av mazs drstrakfan/
OpyXHe MacCOBOTO MOpaXeHHUS

width /wid6/ wmMpuHa

wire /wai/ poBOa

wireless /waiolos/ 6ecripoOBOIHOM

X

X-rays /eksreiz/ peHTT€HOBCKOE H3NMy4YeHHUE,
DEHTTEHOBCKHE JIY4H
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U JUAIOIMYECKOH peYH;

*  VIIpAXHEHHA HA IEPEBOJ;

* QHIVIO-PYCCKHUM ITIOCCAPUN €CTECTBEHHO-HAVYHBIX
TEPMWHOB.
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[IPOMIUIbHBIX KIACCOB OOUIE0OPA30BATEIbHBIX
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