MODULE 11
FUNDAMENTALS OF ENGINEERING

Unit 3
ENGINEERING

Topical vocabulary

l.

engineering (n)
engineer (n)

. challenge (n)
. satisfy requirements (v)

complexity (n)

cost (n)

ease of fabrication (n)
performance (n)
safety (n)

. solution (n)

desirable (adj)
efficient (adj)
feasible (adj)
optimum (adj)
reliable (adj)
simple (adj)

. concern oneself with (v)

approach (v)
apply (v)
boost (V)
construct (v)
design (v)
determine (v)
employ (v)
estimate (v)
focus (v)
implement (v)
improve (v)
increase (V)
lower (V)
maintain (V)
refine (v)

HWH)XEHEpPHOE JIEJI0
HUH)KEHEeP

npobieMa, 3a1aya
YIIOBJIETBOPATH TPEOOBAHUSIM
CIIO’KHOCTBD

CTOMMOCTh

MPOCTOTA U3TOTOBJICHUS
MPOU3BOJUTEIBLHOCTD
0Ce30IacCHOCTh

pelieHue

JKeJaTeIbHbIN

3 HEKTUBHBIM
OCYIIECTBUMBIN
ONTUMAaJIbHBIN

HaaEKHBIN

IIPOCTOMN

3aHUMAaThCs (4eM-JI00), UMETh JIEJIO C

MOAXOIUTH (K mpobIieme)
MPUMEHSTh

MOBBIIIATH

COOpYKaTh

MIPOEKTUPOBATH

OTIPEIETISATh

3aJICICTBOBATh

OIICHUBATh
KOHIICHTPHUPOBATHCS
peaTn30BbIBATh, BOILJIONIATh
yAydIlaTh

YBEITUYHBATh

CHUXATh

AKCILTYaTUPOBATh, OOCITY)KUBATh
o0OpabaTbpIBaTh, OYUIIATH
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12.

13.

14.

utilize (v)

. equipment (n)
. natural resources (n)

raw materials (n)

. source of energy (n)

fossil fuel (n)
coal (n)

natural gas (n)
petroleum (n)
falling water (n)
nuclear fission (n)
sunlight (n)

wind (n)

. discipline (n)

subfield (n)

. civil engineering (n)

infrastructure item (n)

bridge (n)

dam (n)

railway (n)

sea defense (n)

tunnel (n)

water supply system (n)

. mechanical engineering (n)
energy conversion (n)
manufacturing (n)
aerospace (adj)
aircraft (n)
automotive (adj)
shipbuilding (n)

. electrical engineering (n)

power plant (n)

power source (n)

chemical engineering (n)

chemical (n)

pharmaceutical (n)

food processing (n)

industrial engineering (n)

adhere (v)
comply (V)

MOJIb30BAThCS
obopynoBaHue

MIPUPOTHBIC PECYPCHI

CBIPbE

WUCTOYHUK SHEPTUH
HCKOTIaeMO€ TOTUTHBO

yIoJb

IIPUPOIHBIN Ia3

HepTh

najiaroIias Bojaa

paclIerieHUe aTOMHOTO sipa
COJIHCUHBIHN CBET

BETEP

TUCITUTIIINHA, OTPACIb 3HAHUI
no106J1acTh

CTPOUTETHCTBO

AIIEMEHT UHPPACTPYKTYPHI
MOCT

IUIOTHHA, Jamo0a

KeJle3Has Jopora

3al[UTa OT HAaBOJHCHUH
TYHHEIIb

CHUCTEMa BOJOCHAOKCHUS
MaITuHOCTPOCHUE
npeoOpa3oBaHre SHEPTUU
MIPOMBITINICHHOE TTPOU3BOJICTBO
a3POKOCMHYECKHMN
JIeTaTeNIbHbIN armapar
aBTOMOOMJILHBIN
KopalyecTpoeHue
AIIEKTPOTEXHUKA
AIIEKTPOCTAHIIHS

WMCTOYHUK MMUTAHUS
XUMHUYECKast TEXHOJIOTUS
XUMHKAT

(dhapMIipernapar, JeKapCTBEHHOE CPEJICTBO
MIPOU3BOJICTBO MHUIIICBBIX TPOAYKTOB
OpraHu3aIus MIPOMBITTUICHHOTO
TIPOU3BOJICTBA

coOmronaTh

MOTIUHSATHCS



rule (n) MPaBUIIO

regulation (n) MpeAnucanue, perjiaMeHT
schedule (n) pacrnucaHue

15. load (n) Harpyska
fatigue test (n) UCIIBITAaHUE Ha YCTAJIOCTHOE pa3pylIcHHe
stress test (n) UCIIBITaHUE MO HArpy3KOou

16. artificial intelligence (Al) (n) HcKyccTBeHHbIN nHTeekT (M)
connectivity (n) obOecrnieueHUe CBSI3U
cybersecurity (n) KnOepOe30MmacHOCTh

3.1 Read the quote and try to explain the engineer’s view of the glass-half-full / glass-
half-empty problem

“A pessimist says the glass is half empty, an optimist says the glass is half full, and an
engineer says the glass is too big.” (Scott Edward Skjefte)

3.2. Read the text and fill in the table

What 1 knew Dbefore | What I learned from the | What made me look at
reading the text text what I knew from a
different angle

l.... l.... l....

WHAT IS ENGINEERING?

Engineering is the art of the possible. It’s applying skill and creative thinking to solving
the world’s biggest challenges. From climate change to connectivity, clean water to
cybersecurity, engineering touches every aspect of our lives. Engineers are the catalyst
behind what’s called the “built environment”: the homes we live in, the buildings we work
in, and the roads, bridges, rail networks, and airports that get us there. Engineers design how
our world works and how we can bring it closer together.

Engineers approach every project with the mindset of, “How can I make this better...
more efficient... safer... greener?” Engineering solutions must satisfy conflicting
requirements. Usually, efficiency costs money, safety adds to complexity, and improved
performance increases weight. The engineering solution is the optimum solution, the end
result that, taking many factors into account, is most desirable. It may be the most reliable
within a given weight limit, the simplest that will satisfy certain safety requirements, or the
most efficient for a given cost. In many engineering problems the social and environmental
costs are significant.

Engineers employ two types of natural resources — materials and energy. Materials are
useful because of their properties: their strength, ease of fabrication, lightness, or durability;
their ability to insulate or conduct; their chemical, electrical, or acoustical properties.
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Important sources of energy include fossil fuels (coal, petroleum, natural gas), wind,
sunlight, falling water, and nuclear fission. Since most resources are limited, engineers must
concern themselves with the continual development of new resources as well as the efficient
utilization of existing ones.

Engineering is a field composed of relentless problem solvers — and there are a host of
disciplines and subfields from which to choose. Whether you are fascinated by the wonders
of Al and drone technology or you want to leverage your organizational skills into a project
manager role, there is something within the engineering field for everyone. Here are just a
few:

Civil engineering involves designing, building, and also maintaining structures such as
infrastructure items. The term infrastructure refers to for example, railways, hospitals, water
supply systems, bridges, tunnels, buildings, dams, sea defenses, and other systems and
structures that we tend to take for granted.

Mechanical engineers work in the design, creation, and implementation of mechanical
systems. Much of their work involves studying objects in motion.

They are key employees in a number of different industries including manufacturing,
energy conversion, automotive, aerospace, shipbuilding, construction, medical devices,
railways, and power.

Electrical engineers focus on technology that uses electricity as its power source. They
work on electrical devices, systems, and components. While one person might be working
on something tiny, such as a microchip, another could be building a giant power plant.

Chemical engineers are involved in creating industrial chemicals, pharmaceuticals, as
well as food processing. They design and implement the systems, processes, and equipment
for refining raw materials and processing chemicals to make products that consumers,
businesses, and other entities use.

Industrial engineers, as the name suggests, work in industry. More specifically, they
focus on boosting efficiency, lowering costs, improving product quality (or service quality),
and health and safety in the workplace.

They also implement strategies to make a company or its factory environmentally
friendly. Compliance is also the focus of industrial engineers. Compliance refers to adhering
to or complying with (obeying) specific rules and regulations.

3.3 Answer the following questions

Why is engineering referred to as ‘the art of the possible’?

Which aspects of people’s lives does engineering touch? Name at least five.

What are the characteristics of the engineering solution?

What kind of resources do engineers employ? What affects their choice?

What products of engineering can you see around yourself right now? Name at least five.
Which engineering fields are concerned with them?

6. Which engineering professionals are qualified to work in nearly any industry? Why?
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3.4 Find the English equivalents of the following phrases in the text

1. mpuMeHEeHHE HAaBBIKOB U TBOPUYECKOTO MBIIIJICHUS JIJIs1 PEIICHUS CAMBIX CIOXKHBIX 3a7a4
B MUpE

2. 3arparuBaTh BCE aCHEKThI HAIlIeH >KU3HU

3. yBEIWYUBATh CI0KHOCTH

4. TOBBIIIEHHAS MPOU3BOJUTEIBHOCTh

5. y4uThIBasg MHOTHE (PaKTOPbI

6. HaumOoJiee HaJASKHBIM TPU 3aJaHHOM IPEAEITIBHOM Bece

7. cobmonarhk onpeerieHHble TpeOoBaHus 0€30MacHOCTH

8. UCIOJIb30BaTh JIBA BUJA IPUPOIHBIX PECYPCOB

9. yBIEKaThCs YyleCcaMHl UCKYCCTBEHHOTO MHTEIICKTA U OCCIMIIOTHBIX TEXHOJIOTUI

10. cucreMbl BOJOCHAOKEHUS

11. BocmpuHHUMATh Kak camo co0oil pazymerolieecs

12. BrJtOUaTh B c€0s U3yUCHHE ABUKYIIUXCI OOBEKTOB

13. mepepaboTKa ChIpbs

14. xak cnenyeT U3 Ha3BaHUS

15. cobmroneHue onpeneneHHbIX MPaBUil U MPEITUCaHnun

3.5 Find words in the text whose meaning is similar to the meaning of the following

words
1. problem 4. to utilize 7. toinclude 10. transformation
2. need 5. characteristic 8. object 11. to concentrate
3. productiveness 6. area 9. producing 12. to fulfill

3.6 Find words in the text whose meaning is opposite to the meaning of the following

words
1. similar 3. simplicity 5. fusion 7. beyond 9. toreduce
2. danger 4. toconduct 6. bored 8. giant 10. to increase

3.7 a) Match the adjectives / nouns and the nouns to form all possible word
combinations. Make sentences of your own with the word combinations

Adjective / Noun Noun
1. creative a) change
2. climate b) conversion
3. conflicting c) devices
4. optimum d) fission
5. natural e) fuels
6. chemical f) manager
7. fossil g) materials




8. nuclear
9. efficient
10. project
I1. energy
12. electrical
13. power
14. food

15. raw

b) Match the verbs and the nouns to form all possible word combinations. Make
sentences of your own with the word combinations

h) plant

1) processing
j) properties
k) requirements
1) resources
m) solution

n) thinking

0) utilization

Verb Noun
1. toapply a) weight
2. tosolve b) strategies
3. to satisfy c) skill
4. to cost d) rules
5. toincrease €) resources
6. to employ f) requirements
7. to process g) quality
8. to boost h) money
9. tolower 1) efficiency
10. to improve j) costs

11. to implement
12. to obey

3.8 Find the corresponding prepositions for the following verbs in the text. Make
sentences of your own where the verbs are used in combination with the

prepositions
1. to add

. to choose

. to work

. to focus

00 9 N D B W

. to adhere

k) chemicals
1) challenges

. to concern oneself / to be concerned

. to fascinate / to be fascinated

. to involve someone / to be involved



9. to comply

3.9 Match the words / phrases and their meanings

Word / phrase Meaning

1. toapply a) a useful or valuable possession or quality of a country,
organization, or person

2. to be in charge b) to prepare, change, or treat food or natural substances as
a part of an industrial operation

3. tobe concerned with c) to make use of something for a particular purpose

4. to design d) a list of planned activities or things to be done showing
the times or dates when they are intended to happen or
be done

5. to estimate e) to keep in good condition and working order

6. feasible f) to guess or calculate the cost, size, value, etc. of
something

7. to maintain g) to deal with

8. to process h) to create or construct according to plan

9. resource 1) to have control of or be responsible for someone or
something

10. schedule j) able to be done in practice

3.10 Complete the conversation between a radio program host and the program’s guest
with words from the list below. Try to summarize the content of the conversation
in 50 words or less

challenge cost designing engineer feasibility ideas improve loads mechanical
practical schedule solutions stress training work

Host (H): For our next guest, I'd like to welcome to the program Lindsey Barone, head of

engineering at Swift Aerospace.

Guest (G): Good morning, everyone.

H: Lindsey, you're an 1 , but why did you become one? What got you interested?

G: Well, from a young age I was always interested in how things 2 . I chose
engineering as a career because I wanted to make things better. Engineering isn't just
about testing theories and building models. It's about 3 new products and finding
new uses for old products. I want to 4 the way the world works.

: Mmm, interesting. And could you tell me a bit about your 5 ?

: Well, I studied engineering at university. [ was in the 6 engineering department

: You're head of engineering now. How did you get to where you are today?

: Well, I started in a test lab for airplanes. I did 7 and fatigue tests there. Basically,
I broke things! Doing that sort of research is very important as it tells you what 8
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the structures can carry. Then I went into airplane design. I worked on all areas of
commercial planes before moving into project management in the aircraft industry.

H: Could you tell me a bit more about what you do now?
G: Sure. These days [ mainly work in project management. I take 9 for projects and

investigate their 10 — that means I see if the projects are possible. Next, I develop
the objectives and estimate the 11 of the project. Then I help the people working
on the project to meet their deadlines. I have to make sure projects come in on budget
and on 12 .

H: Now you're head of department and I guess in charge of a lot of people. How do you find

that?

G: Well, it wasn't too easy at first. I had to prove myself. When they could see that I had

good 13 experience and ability, everything was fine.

H: I suppose that's true of anyone who's in charge. OK, Lindsey, finally — what's the best

thing about being an engineer?

G: That's an easy one to answer. | love the 14 of finding 15 to problems. I

hope that what I do improves people's lives. For me, engineering is fun, exciting and
satisfying.

H: Thanks very much, Lindsey. Now, our next guest is someone who ...

3.11 Translate into English

1.

NnxxeHepHoe 1e10 — 3TO NPUMEHEHUE €CTECTBEHHBIX HAYK U MaTE€MAaTHUKHU, YTOOBI
clenarb CBOMCTBA BEIIECTBA U UICTOUHUKU SHEPTUU B IPUPOJIE MOJIE3HBIMU IS JIFOJICH.
CymiecTByeT MHOXECTBO MHKEHEPHBIX JTUCLMIUIMH, KaXKJasg U3 KOTOPbIX UMEET CBOU
coOCTBEHHbIE 00JIACTH U CIIELIMAIBHOCTH.

NHxeHepbl-MEeXaHUKN 3aHUMAIOTCSl MPOEKTUPOBAHUEM U MPOU3BOACTBOM H3IECIUI U
MaIIIWH.

Kak u Bo Bcex mpounx 00JacTsIX WHKEHEPHOTO JeNia, B MAIIMHOCTPOCHUH TpelyeTcs
yMEHHE peliaTh 3aJa4u, 4TO MOMOTaeT pa3padaThiBaTh U MPOSKTUPOBATH HEKOTOPHIE U3
HanOoJiee BaXKHBIX MEXaHU3MOB, KOTOPBIMU MBI BCE MOIb3YEMCS.
NuxeHephl-oeKTpUkn  paboTaloT  HaJl  JJCKTPUYECKUMHU  KOMITIOHEHTaMH,
YCTPOWCTBAMH U CUCTEMAMHM.

[TpoekTsl B 001aCTH AJIEKTPOTEXHUKU MOTYT BKJIFOUATh KPOIIEYHBIC JIETAIH, TAKUE KaK
MUKPOYUIIBI, WJIM TUTAHTCKUE TEHEPATOPHI JIs1 SIEKTPOCTAHIIUIA.

[IpombIlieHHBIE WHXKEHEPHI HCIOJIB3YIOT COYETAHWE HAyYHBIX, MAaTEMaTHYECKUX U
WHXKEHEPHBIX ~ METOAOB Ui TPOCKTHPOBAaHUS  OOOpYIOBaHHUS,  3/IaHUMH,
MH()OPMAIIMOHHBIX CUCTEM U MHOTOTO JIPYTOTO.

OTH UWHXEHEPHl TaKXe IOMOTalT YNPaBISITH OU3HECOM, OMNpenessis, CKOJbKO
pPabOTHUKOB HEOOXOAMMO JIJIsi TPOEKTA, CKOJBKO BpPEMEHW IMOTpeldyeTcst i ero
3aBEpIICHUS U KaKOU mpoliecc OyaeT 3aIeiCTBOBAaH B MPOCKTE.

Ecnu Bl yBriekaetech (PU3MKON 1 MUKPOOHOIOTHEN, XUMUYECKAsI TEXHOJIOTHUS — ITO TO,
YTO BaM HYKHO.



10.

11.
12.

NHXeHepbI-XUMUKHA HUCIOJB3YIOT COYETAHWE WH)KEHEPHBIX W HAYyYHBIX 3HAHWM IS
00paOOTKM NMILEBBIX MPOAYKTOB, IPOU3BOACTBA IPOMBIIUIEHHBIX XHMHUKATOB MU
co3nanus (hapMaleBTUIECKUX MPenapaToB.

CTpouTenbCTBO — OJIMH U3 CTapEHIINX BUAOB HHKEHEPHOU JEATEILHOCTH B MUpE.
NHXEeHEpPBI-CTPOUTENN  3aHUMAIOTCA ~ PA3BUTHUEM  TOPOACKOM M CEIBbCKOMN
UHQGPACTPYKTYPBHI OT UCTIOIB30BAHMS BOAHBIX PECYPCOB JI0 CTPOUTEIHCTBA METPO.

3.12 Answer the following questions

X NN kR W=

Which engineering discipline are you being trained in?
What are the professionals in this discipline concerned with?
What kind of knowledge and skills do they need?

Where and how are they trained?

What personal qualities should they have?

Where do they work?

Are they in demand on the job market?

What are their career prospects?

3.13 Conservation scientists working on projects in remote regions of the Amazon

X NN R W=

jungle need volunteers — biologists, chemists, meteorologists, and logisticians who
are ready to work in primitive conditions — to join them in environmental projects
and scientific research. Listen to the interview with one of the candidates and
decide whether the following statements are true (T) or false (F). Correct the
wrong statements

The candidate has nine years of work experience.

Her present job involves a lot of planning.

The candidate has already taken parts in conservation projects.

She learned to speak Portuguese while working on one of her previous projects.

The candidate worked with a TV crew in the Sahara for four years.

She has experience of repairing many different types of machinery.

The candidate doesn’t mind living in primitive conditions.

She is passionate about saving the rainforests and took part in making the documentary
An Inconvenient Truth.

3.14 Listen again and make a list of the candidate’s strengths and weaknesses. Do you

think she will get the job?

3.15 Tell about a field of engineering different from the one you are being trained in.

Use the questions from Task 3.12 as a plan for your report.



Topical vocabulary

1.
2.

Unit 4

ENGINEERING MATERIALS

engineering material (n)

metal (n)
ferrous (adj)
iron (n)

cast iron (n)
wrought iron (n)
steel (n)
non-ferrous (adj)
aluminum (n)
copper (n)
nickel (n)
titanium (n)
zinc (n)

alloy (n)

brass (n)

bronze (n)

. polymer (n)

nylon (n)
polyurethane (n)

. ceramic (adj)
. composite (adj)

concrete (n)
fiber-glass (n)
plywood (n)

. substance (n)

carbon (n)
silicon (n)
paper (n)
stone (n)
wood (n)

. contain (V)

content (n)

. ratio (n)
. property (n)

ductile (adj)
durable (adj)
flexible (adj)

10

KOHCTPYKLMOHHBIN MaTepuai

MeTal
4EPHBIN (MeTaLI)
HKEJE30

YyT'yH

KOBaHOE JKEJIE30
CTalb

IIBETHOM (MeETaJsLn)
AJTFOMUHHN

Meb

HUKEJIb

TUTaH

LAHK

CIUIaB

JaTyHb

OpoH3a

MOJIMED

HEWIOH
NOJINypETaH
KEpaMUUYECKHUI
KOMITO3UTHBIN (MaTepuan)
0eToH
CTEKJIOBOJIOKHO
banepa

BEILECTBO
yIJepon

KpEMHUU

Oymara

KaMeHb

JEPEBO
COIEPIKATH
coJiepxaHue (KOJIMYECTBO)
COOTHOILIEHNE
CBOWCTBO

KOBKUM, TATYYUU
JIOJITOBEYHBIN
TUOKUIA
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11.

12.

13.

14.

15.

16.

hard (adj)

inert (adj)

light (adj)
magnet (n)
malleable (adj)
melting point (n)
soft (adj)

strong (adj)
tough (adj)

weak (adj)
weight (n)

. conductive (adj)
electrical conductivity (n)
thermal conductivity (n)
semiconductor (n)
insulator (n)
resistance (n)
corrosion (n)
rust (n)

wear (n)
prevent (V)
protect (v)

coat (V)
galvanization (n)
alter (v)
combine (V)
enhance (v)
provide (V)
advantage (n)
strength (n)
available (adj)
diverse (adj)
excellent (adj)
valuable (adj)
versatile (adj)
limitation (n)
mold (v)

shape (n)

smart (adj)
intelligent (ad))
sense (V)

11

TBEPAbII

WHEPTHBIN

JIETKUU

MarHuT

KOBKHM, ITOJATIUBbIMN
TeMIleparypa IiaBJICHUS
MSTKAN

IIPOYHBIN

KPEIKUAM, TTPOYHBIN
cna0bIit

BEC

MIPOBOISIIIAN
ANEKTPONPOBOJHOCTh
TETIONPOBOIHOCTh
ITOJYTIPOBOTHUK
H30JISITOP

YCTOMYUBOCTH

KOPpO3us

pKaBUMHA

U3HOC

MPEIOTBPATUTh, HE JOMYCKATh
3alIUIIATh

HaHOCHUTb TTOKPBITHE
OIIMHKOBBIBAHUE

BHOCUTb U3MEHEHUS
coyeTaTh, KOMOMHUPOBATH
MOBBIIATh, YCUJINBATh
o0ecrneunBaTh
MPEUMYIIECTBO

CUJIbHAsI CTOPOHA
JIOCTYIIHBIN, UMEIOLIUICS B HATUYUU
pa3zHOOOpa3HbIN
OTJIMYHBIN

LICHHBIN

MHOTOLIEJIEBOM, YHUBEPCATIbHbIN
OTPAaHUYECHHUE

dhopmoBaTh

durypa, hopma

YMHBIN
WHTEJJIEKTyaIbHbIN
BOCIIPUHUMATh, YyBCTBOBATh



respond (V) OTKJIMKaThCsl, pEarupoBarhb
self-healing (adj) CaMOBOCCTaHaBJIMBAIOITUNCS

4.1 How would you characterize a person who has a heart of gold? nerves of steel? the
brass neck? Why?

4.2 Read the text and fill in the table

What 1 knew Dbefore | What I learned from the | What made me look at

reading the text text what I knew from a
different angle

I.... I.... I....

ENGINEERING MATERIALS AND THEIR PROPERTIES

Engineering materials are the building blocks of modern society and a critical component
of countless products, structures, and machines. From metals and ceramics to polymers and
composites, the range of materials available to engineers is vast and constantly evolving.
Understanding the properties, strengths, and limitations of each type of material is key to
designing and constructing effective and efficient engineering solutions.

Basically, there are mainly three types of engineering materials: metals, polymers, and
ceramics

Metals are very common engineering materials. Generally there are three types of
metals: ferrous metals, non-ferrous metals, and alloys.

Mainly composed of iron and carbon, ferrous metals are widely used in various
industries due to their desirable mechanical properties, availability, and relatively low cost.
However, they are prone to rust and corrosion, necessitating protective measures such as
coatings, galvanization, or alloying to enhance their resistance to environmental
degradation. Common examples of ferrous metals include pure iron (Fe) (a soft and ductile
metal), steel (an alloy of iron and carbon), cast iron (an alloy of iron, carbon, and silicon),
and wrought iron (a very low-carbon alloy of iron).

Non-ferrous metals are metals that do not contain iron or have very low iron content.
These metals are known for their light weight, corrosion resistance, electrical conductivity,
and malleability. They find applications in a wide range of industries, including electronics,
aerospace, construction, automotive, and more. Some examples of non-ferrous metals
include aluminum (Al) (a lightweight metal with excellent corrosion resistance), copper
(Cu) (a highly conductive metal with excellent electrical and thermal properties), brass (an
alloy of copper and zinc), bronze (an alloy of copper and other elements), nickel (Ni1) (a
versatile metal with excellent corrosion resistance and high-temperature strength), titanium
(T1) (a lightweight metal with a high strength-to-weight ratio and excellent corrosion
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resistance), zinc (Zn) that is commonly used as a protective coating for steel to prevent
corrosion.

Alloys are metallic substances that are composed of two or more elements, with at least
one of them being a metal. These are created by combining metals or metals and non-
metallic elements to enhance their properties or provide new characteristics that are not
present in the individual elements. Alloying can alter properties such as strength, hardness,
corrosion resistance, electrical conductivity, and melting point. These materials are used in
different manufacturing processes such as gear manufacturing, automotive, aerospace
applications, and all other manufacturing tasks.

Polymer materials are versatile engineering materials widely used in various industries.
They offer flexibility, light weight, corrosion resistance, and electrical insulation. Polymers
can be molded into complex shapes, making them suitable for intricate components.
However, they may have lower strength compared to metals and temperature limitations.
Nevertheless, their advantages make them valuable in applications such as automotive,
aerospace, electronics, and packaging. With ongoing advancements, engineers continue to
explore and optimize polymer materials to meet evolving design requirements and drive
innovation in diverse sectors.

Ceramics are inorganic, nonmetallic materials valued for such useful properties as high
strength and hardness, high melting temperatures, chemical inertness, and low thermal and
electrical conductivity. In electronic applications they are wused as insulators,
semiconductors, conductors, and magnets. They also have important uses in the aerospace,
biomedical, construction, and nuclear industries.

4.3 Mark the following statements T (True), F (False) or N (Not mentioned). Prove your
choice with the corresponding lines of the text

New engineering materials appear practically every day.

The limitations of ferrous metals can’t be overcome.

Non-ferrous metals never contain iron.

Nickel has found a wide range of applications.

Non-ferrous metals and alloys are used in medicine due to their corrosion resistance.
Alloys are composed exclusively of metals.

Polymers do not conduct electricity.

Some polymers can be machined like metals.

Metals can withstand a wider range of temperatures than polymers.

10 Ceramics include both organic and inorganic materials.

WX R WD =

4.4 Find the English equivalents of the following phrases in the text

1. BaKHEUITUI KOMIIOHEHT O€CUMCICHHOTO MHOXECTBA MPOIYKTOB
2. aCCOPTUMEHT MATEPHUAJIOB, JOCTYIIHBIX HHKEHEPaM

3. COCTOUT B OCHOBHOM M3 Ke€Ji€3a U yriiepoa

4. >KelarelbHbIE MEXaHUYECKHE CBOMCTBA
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5. TOABEPKEH P:KABUUHE U KOPPO3UU

6. TMOBBIIIATH YCTOWYMBOCTH K HETAaTUBHOMY BO3JIEHCTBUIO OKPYKAIOIIECH cpesbl

7. HaXOIWUTh MPUMEHEHUE B CAMBIX Pa3HBIX OTPACIISIX MPOMBIIUICHHOCTH

8. MeTaJul ¢ BBICOKOW MPOBOAUMOCTHIO

9. BBICOKas yaenbHas MPOYHOCTh

10. oGecneunBaTh HOBBIE XapaKTEPUCTUKHU, KOTOPBIX HET Y OTJICIbHBIX JIEMEHTOB

11. yHuBepcaibHble KOHCTPYKIIMOHHBIE MaTEPUAIIbl, IIMPOKO UCIOJIb3YEMbIE B Pa3TUYHBIX
OTPACIISIX MPOMBIILICHHOCTH

12. mpunaBarh CIOXHYIO HOpMy

13. 0bnafgaTh MEHbILIEH MPOYHOCTHIO M0 CPABHEHUIO C METAJUIAMHU

14. cTumynupoBaTh MHHOBALIUK B PA3JIUYHBIX OTPACIISIX

15. HU3Kas TEIO- U JEKTPONPOBOIHOCTD

4.5 Find words in the text whose meaning is similar to the meaning of the following
words

1. selection 3. tointensify 5. proportion 7. to offer 9. to shape
2. diverse 4. universal 6. to avoid 8. tomodify 10.to research

4.6 Find words in the text whose meaning is opposite to the meaning of the following

words
1. weakness 3. alloyed 5. heavy 7. wrong
2. evolution 4. hard 6. poor 8. reactivity

4.7 a) Match the adjectives / nouns and the nouns to form all possible word
combinations. Make sentences of your own with the word combinations

Adjective / Noun Noun

1. building a) advancements
2. ferrous b) blocks
3. desirable c) conductivity
4. environmental d) coating
5. corrosion e) degradation
6. protective f) insulation
7. melting g) inertness
8. versatile h) metals
9. electrical 1) materials
10. complex J) properties
11. ongoing k) point

12. high 1) resistance
13. diverse m) strength

14. chemical n) shapes

14



15. thermal | 0) sectors

b) Match the verbs and the nouns to form all possible word combinations. Make
sentences of your own with the word combinations

Verb Noun
1. to enhance a) applications
2. todrive b) corrosion
3. to find c) innovation
4. to prevent d) properties
5. to alter €) requirements
6. to meet f) resistance

4.8 Find the corresponding prepositions for the following verbs and phrases in the text.
Make sentences of your own where the verbs and phrases are used in combination
with the prepositions

1. to be key 5. to be created
2. to be composed 6. to be molded
3. to be prone 7. to be suitable

4. to be known

4.9 Match the properties of engineering materials and their descriptions

Property Description

1. chemical inertness a) temperature at which a solid material transforms into a
liquid state

2. corrosion resistance b) resistance of a material to scratching, cutting,
indentation or abrasion

3. ductility c) resistance of a material to breaking under repeated
twisting and bending forces

4. flexibility d) quality of being unreactive with other chemical
compounds or elements

5. hardness e) capability of being shaped or extended by hammering,
forging, pressing between rollers, etc.

6. malleability f) ability of a material to withstand erosion or degradation
due to contact with other surfaces

7. melting point g) ability of a material to withstand an applied force
without breaking or deforming

8. strength h) ability of a material to withstand chemical reactions
with its surroundings
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9. toughness 1) ability of a material to have its shape changed (as by
being drawn out into wire or thread) without losing
strength or breaking

10. wear resistance j) ability of a material to bend or be bent repeatedly
without breaking

4.10 Complete the conversation about sports equipment with words from the list below.
Try to summarize the content of the conversation in 45 words or less

fibre-glass flexible hard hardness light (x2) nylon polyurethane steel
strength (x2) strong tough wear-resistant wood

A OK, so tell me about the skateboard.

B Right. The body part is the deck.

A What's it made of?

B Plywood. This means it's 1 and 2 .

A OK. What's the difference between the front and back?
B The front is called the nose. And the back is the tail.
A Nose and tail. Right.

B There's an angle of twenty degrees.

A What for?

B It helps the skateboarder perform tricks.

A Cool. So, what about under the board?

B These things are the trucks.

A What are they made of? Metal?

B Yes — sometimes it's titanium for 3 . The top is called the baseplate. The bottom is
the hanger.

A Got it. And the wheels — they're plastic, right?

B Right. They're made of 4 . The 5 varies. Very 6 wheels are good for

performance. Is that it?
A What about these? Are they springs, like a car suspension?
B Oh yes, they're called bushings. They help you to turn the board. ...

B ... I think I know a bit about the snowboard. Is it made of 7 ?
A Yeah, partly. But 8 is used for the core.

B Really? How come?

A Tt gives the board 9 but keeps it 10 . And it makes it 11
B OK. Is it the same on both sides?

A The base, the bottom, is covered with a kind of 12 plastic.

B What's it called?

A P-tex. It helps the board slide but it's 13 .

B Right. Important on snow. What about the edge? Is it made of p-tex as well?
A No, that's 14 . It helps the board grip the snow.

B When it turns and does tricks?

16



A Yeah, I suppose so.
B OK. Oh, and these straps — are they made of 15 ?
A Yeah. They're called bindings. That's it.

4.11 Translate into English

1.

10.

[lepenoBbie MHXKEHEPHBIE MaTepUANIbl UTPAIOT PEIIAIOIIYI0 POJb B COBPEMEHHBIX
TEXHOJIOTUSIX Y MHHOBAIIHIX.

OTH MaTepualibl CICIHAIBHO ONTHUMH3UPOBAHBI I 00CCTICUEHUS OMPEISICHHBIX
AKCIUTyaTallMOHHBIX XapaKTePUCTHUK, TAKMX KaK MOBBIIIIEHHAS MPOYHOCTh, THOKOCTh U
YCTOMYUBOCTB K KOPPO3HHU.

[TepenoBbie WHKEHEPHBIE MaTepHANIbl JOCTYIHBI B PAa3IUYHBIX (popmax, BKIIOYAs
METaJUIbl, KEPAMUKY, OJIUMEPHI U KOMITO3UTHI.

OTH Martepuaabl MOTYT OBITh CIOXKHBIM 00pa30oM CTPYKTYPHUPOBAaHBI Ha aTrOMHOM U
MOJICKYJIIPHOM YPOBHSIX JJIS TOJYYEHUS YHUKAJIBHBIX U OUYE€Hb BOCTPEOOBAHHBIX
CBOMCTB.

OnHuM U3 caMbIX MPUBIICKATEIBHBIX ACMIEKTOB MEPEIOBBIX MHXEHEPHBIX MaTEpPUAIOB
SIBJISIETCS BO3MOXKHOCThH CO3/aBaTh 0Oojieeé KOMIAKTHBIC, Jerkhe U A(PEKTUBHBIC
W3MIENUS C YIYYIICHHBIMHU KCIUTyaTallAOHHBIMU XapaKTEPUCTUKAMHU U TOBBIIICHHOU
JIOJITOBEYHOCTHIO.

Kommno3utHele Marepuasibl — TpUMEpP NEPEAOBBIX HWHKEHEPHBIX MAaTEpHalOB,
0o0NaaromuX YJIy4YIIEHHBIMA CBOMCTBAMHM TI0 CPaBHEHUIO C TPagUIMOHHBIMU
MaTepruaAIaAMHU.

Takue wmarepuanbl M3rOTAaBIMBAIOTCS W3 JBYX WIM 0oJieeé COCTaBJISIONMIUX C
CYIIECTBEHHO OTIMYAIOMIUMUCS (PU3MYECKUMHU WIM XUMHUYECKUMU CBoMcTBamu. B
pe3yspTare NoJly4yaeTcsi Marepuall ¢ XapakKTEPUCTUKAMU, OTIIMYHBIMU OT XapaKTEPUCTHUK
OTZIEJIbHBIX KOMIIOHEHTOB.

HNHTennexryanbHble MAaTEPUAIIBI, TAKKE U3BECTHBIE KAK «YMHBIE» WJIM «aJallTUBHBIC»
MaTepuabl, SBISIOTCS €IIe OHONU 00JIaCThIO, TAE BEAYTCA BaKHBIE pa3pabOTKH.

OTH MaTepualibl MOTYT PEarupoBaTh HA U3MEHEHHS B OKPYXKAIOIIECH Cpelie, TAKUE KaK
U3MEHEHUE TEMIIEPATYPHI, YPOBHS OCBEIICHHOCTH WJIA MEXaHUYECKOE HaNpPsIKECHUE,
npereprneBasi oOpaTUMbIE U3BMEHEHUSI B CBOMX CBOMCTBAX.

«YMHBIC» MaTepHuajbl UCIOIb3YIOTCS MOBCEMECTHO — OT CAMOBOCCTAHABIMBAIOIIUXCS
MaTepralioB B a’POKOCMHUYECKOM OTpaciu N0 CIUIABOB C MaMsAThi0 (OpMBI B
OMOMEIUITMHCKUX YCTPONCTBAX.

4.12 Select an object you use in your everyday life. Think of the material / materials it

is made of. Answer the following questions

1. Which materials have been used for making such objects throughout history?
2. What are the advantages and disadvantages of each material?
3. Are there any rare objects of this kind made of some specific material? Why is this

particular material used? Why aren’t all the objects made of it?
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4. What other materials might be used for this purpose in the future? Why?

4.13 Answer the following questions

1. Which materials are usually used for building bridges?
2. What properties are important for such materials?

Listen to the text ‘Experimental Bridge’ and complete your answers if there is any new
information in the text. Answer the following questions

3. Why is the bridge experimental?
4. What are the advantages and disadvantages of this experimental bridge?
5. Do you think such bridges could find real-life applications?

4.14 Listen again. What do the following numbers refer to?

1. 32 ft 3. 10 ft 5. 2 months 7. 72,000 1b
2. 80 ft 4. 41t 6. 12,000 1b 8. 9,000 Ib

4.15 Design a project where a widespread material is used unusually. Describe the
advantages and disadvantages of using this material for the purpose and analyze
the feasibility of such a project as a whole.
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Unit 5

NANOTECHNOLOGY

Topical vocabulary

l.

10

11.

12.

13.

14
15

measure (V)

unit of measure (n)
scale (n)

huge (adj)

tiny (adj)

. reduce (v)
. dimension (n)

two-dimensional (adj)

. visible light (n)

light microscope (n)
wavelength (n)

. bulk material (n)
. chemical composition (n)
. surface (n)

surface area (n)
volume (n)

. cluster (n)

film (n)
particle (n)
wire (n)

. behave (v)

phenomenon (n)

. classical physics (n)
common sense (n)
quantum mechanics (n)
contradict (v)
electron tunneling (n)
erratically (adv)
penetrate (V)

teleport (v)

electric charge (n)
capacity (n)
antimicrobial (adj)
biocompatible (adj)
transparent (adj)

. cell (n)

. reproduce (v)
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U3MEPSTH; UMETh pa3Mep
€AVHULIA U3MEPEHUS
MaciTad

OTPOMHBIN

KPOILIEYHBIN
YMEHBIIIATh, COKpaIIaTh
U3MEPEHUE, PA3MEPHOCTD
JByMEPHBIN

BUIUMBINA CBET

CBETOBOW MHKPOCKOTI
JUTUHA BOJTHBI
Makpomarepuai, 00bEMHBIN MaTepra
XUMHYECKUM COCTaB
MOBEPXHOCTh

IJIOIIA/Ib IOBEPXHOCTH
00BEM

CKOIUIEHUE, KIIacTep
IJIEHKA

yacTuila

POBO/I

BeCTH ceOs

SIBJICHUE

KJlaccuyeckasi pu3uka
3/IpaBbI CMBICI
KBaHTOBAsi MEXaHUKA
MPOTUBOPEYUTH
TYHHEJTUPOBAHUE JIEKTPOHOB
Xa0THUYHO

MIPOHUKATH
TEJEMOPTUPOBATHCS
AIEKTPUYECKUN 3apsil
€MKOCTh
IPOTUBOMUKPOOHBIN
OMOCOBMECTUMBII
IIPO3PAYHBIN

KJIETKa

BOCIIPOU3BOJIUTH



self-replicating (adj) CaMOBOCHIPOU3BOISIIINICS

5.1 Read the quote and explain how you understand it in terms of technology

“There's plenty of room at the bottom.” (Richard Feynman)

5.2 Read the text and fill in the table

What I knew before | What I learned from the | What made me look at
reading the text text what I knew from a
different angle

l.... 1. ... l....

THE WORLD OF NANOTECHNOLOGY

There's an unprecedented multidisciplinary convergence of scientists dedicated to the
study of a world so small, we can't see it — even with a light microscope. That world is the
field of nanotechnology, the realm of atoms and nanostructures. Nanotechnology is so new,
no one is really sure what will come of it. Even so, predictions range from the ability to
reproduce things like diamonds and food to the world being devoured by self-replicating
nanorobots.

In order to understand the unusual world of nanotechnology, we need to get an idea of
the units of measure involved. A centimeter is one-hundredth of a meter, a millimeter 1s one-
thousandth of a meter, and a micrometer is one-millionth of a meter, but all of these are still
huge compared to the nanoscale. A nanometer (nm) is one-billionth of a meter, smaller than
the wavelength of visible light and a hundred-thousandth the width of a human hatir.

Experts sometimes disagree about what constitutes the nanoscale, but in general, you
can think of nanotechnology dealing with anything measuring between 1 and 100 nm. Larger
than that 1s the microscale, and smaller than that is the atomic scale.

One of the exciting and challenging aspects of the nanoscale is the role that quantum
mechanics plays in it. The rules of quantum mechanics are very different from classical
physics, which means that the behavior of substances at the nanoscale can sometimes
contradict common sense by behaving erratically. You can't walk up to a wall and
immediately teleport to the other side of it, but at the nanoscale an electron can — it's called
electron tunneling. Substances that are insulators, meaning they can't carry an electric
charge, in bulk form might become semiconductors when reduced to the nanoscale. Melting
points can change due to an increase in surface area. Much of nanoscience requires that you
forget what you know and start learning all over again.

So what does this all mean? Right now, it means that scientists are experimenting with
substances at the nanoscale to learn about their properties and how we might be able to take
advantage of them in various applications. Engineers are trying to use nano-size wires to
create smaller, more powerful microprocessors. Doctors are searching for ways to use
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nanoparticles in medical applications. Still, we've got a long way to go before
nanotechnology dominates the technology and medical markets.

5.3 Answer the following questions

1.
2.

nali el

Why can’t nanoscale objects be seen with a light microscope?

How big / small is nanoscale? Put the following things in order of their size from the
smallest to the biggest: an atom, a human hair, a nanometer, wavelength of visible light.
Why can insulators in bulk form become semiconductors at the nanoscale?

Why do melting points change at the nanoscale?

. What are current applications of nanotechnology? Give examples both from the text and

your own.
What predictions are made about the future of nanotechnology? Which of them seem
more accurate to you?

5.4 Find the English equivalents of the following phrases in the text

1.

A

9.

OecnpelieIeHTHOE O0ObEIMHEHUE YCUIIMM YUEHBIX, PEICTABISIOMINUX pa3Hble 00JacTH
3HAHUUN

MHUpP aTOMOB ¥ HAHOCTPYKTYP

CIIOCOOHOCTH BOCITPOM3BOANTD, K MIPUMEPY, aIMa3bl U IPOIYKTHI TUTAHUS

OBITh MOIVIOLIEHHBIM CaMOBOCIIPOU3BOISAIINMHUCA HAHOPOOOTaAMHU

MOTYYUTh TPEACTABICHUE O TPUMEHSIEMbIX SAMHHUIIAX NU3MEPEHUS

MEHbIIIE JUITMHBI BOJIHBI BUAMMOIO CBETa

CTOTBICAYHAS YaCTh TOJIIIUHBI YEJIOBEUYECKOTO BOJIOCA

BECTH ce0s1 HEYCTOMYHMBO

HNEPEHOCUTH JIEKTPUUECKUN 3apsia

10. yBenmuuuTh miomaas MOBEPXHOCTH
11. uckarp criocoObl MPUMEHEHNS HAHOYACTHUIl B MEAUITNHE
12. Bepenu KOATUMN MyTh

5.5 Find words in the text whose meaning is similar to the meaning of the following

SNk W=

words

extraordinary 6. to reproduce 11. material
consolidation 7. to make 12.to oppose
focused 8. size 13.to act
area 9. side 14. to transfer
to destroy 10. traditional 15.to look
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5.6 Find words in the text whose meaning is opposite to the meaning of the following

words
1. tiny 3. easy 5. systematically 7. to enlarge
2. boring 4. similar 6. later 8. to remember

5.7 a) Match the adjectives / nouns and the nouns to form all possible word
combinations. Make sentences of your own with the word combinations

Adjective / Noun Noun
1. multidisciplinary a) area
2. self-replicating b) charge
3. visible c) convergence
4. human d) form
5. atomic e) hair
6. quantum f) light
7. classical g) mechanics
8. common h) nanorobots
9. electron 1) physics
10. electric J) scale
11. bulk k) sense
12. surface 1) tunneling

b) Match the verbs and the nouns to form all possible word combinations. Make
sentences of your own with the word combinations

AR S e

Verb Noun
to reproduce a) advantage
to devour b) common sense
to contradict ¢) an electric charge
to carry d) diamonds
to take e) markets
to dominate f) the world

5.8 Find the corresponding prepositions for the following verbs and phrases in the text.
Make sentences of your own where the verbs and phrases are used in combination

b

with the prepositions

to be dedicated
to come
to range

to be reduced
to experiment
to take advantage

to disagree

o 0=

to search
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5. to deal

5.9 Match the words and their definitions

Word Definition

1. biocompatible a) allowing light to pass through so that objects on the other
side can be clearly seen

2. bulk b) the smallest basic unit of a living organism

3. capacity c) to be a particular size

4. cell d) to travel, often instantaneously, from one point to another
without physically crossing the distance between the two
points

5. cluster e) having no harmful effect on living organisms

6. film f) a small group of similar things that are closely packed
together

7. to measure g) large in size, mass or volume

8. particle h) a thin layer of something on a surface

9. teleport 1) an extremely small piece of something

10. transparent j) ameasure of the electric output of a battery or generator

5.10 Complete the text with words from the list below. Try to summarize the content
of the text in 35 words or less

capacity cell clothes conductive electronics faster glucose ordinary
(x2) possibilities (x2) sports stronger (x2) tiny thinner touchscreen (x2)
transparent vaccines

Nanotechnology is this new field of science and engineering that you're going to see
everywhere. You may not realize it, but nanotechnology is already changing the game. It's

given us 1 computers and 2 building materials, not to mention every 3
you've ever used.

The key is the discovery of new, 4 materials. Take a look at the objects around
you, the 5 you love, the 6 equipment you use, the 7 you wear.

Think about the materials they're made of. It might seem incredible, but we can make
something revolutionary from something that seems 8

When regular materials are made very small, they can become 9 , brighter, even
biocompatible. For example, when it comes to 10 technology, we take a regular piece
of glass and coat it with a 11 film that's hundreds of times 12 than the foil in
your kitchen.

That kind of technology can even turn 13 windows into 14 solar panels.

When you combine this new technology with the unlimited creativity of humanity, the
15 are endless. We're going to see ultra-16 batteries that can power trucks,

trains, and even airplanes; drinking water that can be harvested from the humidity in the air;
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17 levels that can be monitored continuously and painlessly. Plus, all sorts of 18
and gene therapies that can be delivered directly inside the 19
Nanotechnology is opening up a whole new universe of 20 where our imagination
1s the limit.

5.11 Translate into English

1. CpolicTBa 3JIEMEHTOB, C KOTOPBIMA Mbl 3HAKOMBI 110 HAILIEMY [MOBCEIHEBHOMY OIIBITY,
MOTYT HE MPOSBIATHCA HA HAHOYPOBHE.

2. Hampumep, yMeHbllasgs o0beM 30J0Ta JI0 pa3Mepa HAHOYACTHI], Bbl CHHMXKAETE €ro
TEeMIIeparypy IUIABJIEHHUs, MOTOMY YTO, KOTJa Bbl YMEHbIIAeTe JI0OYI0 YacTHUIly 0
HaHOPA3MEPOB, OTHOLIEHUE OBEPXHOCTU K 00bEMY 3HAUUTEIILHO YBEJINYNBACTCA.

3. Kpome Toro, Ha HAaHOYpOBHE 30JI0TO BEAET ce0sl KaK MOJyHIPOBOJHHUK, & B OOBIYHOM
COCTOSIHUM OHO MPOBOJUT 3JIEKTPUUYECTBO.

4. B cBOEM OOBIYHOM COCTOSIHHH QJIIOMUHHN HE 001aJacT MarHUTHEIMM CBOMCTBAMH, HO
OYEHb MAJICHBKHE CKOIUIEHUS aTOMOB AJIFOMUHUS MOTYT UX MPOSIBIISATH.

5. Hexoropele »ieMEHTBHI, HalpuUMEp KPEMHHM, IPAKTUUYECKHM HE MEHSAITCA Ha
HAHOYPOBHE, YTO JEJIaeT UX UACAIBHBIMU JJIsI TPAH3UCTOPOB U IPYTUX PUMEHEHHUN.

6. Ilpu pabote ¢ 00bEKTaMH, pa3MepPbl KOTOPBIX COMOCTABUMBI C pa3MepaMy HaHOYACTHUI]
WM MEHBLIE, Mbl CTAJIKMBAEMCSl C OOJACThIO KBAHTOBOW MEXaHUKH, KOTOpas 4acTo
IPOTUBOPEUUT 3aKOHAM KJIACCUUECKON (PU3UKH.

7.  OOBIYHO AIEKTPOH HE MOXKET MPOUTH Yepe3 U30JATOP, HO €CIIA U30JISATOP JOCTATOYHO
TOHKHUI, TO JIEKTPOH MOYKET NEPEMECTUTHCS C OJHOU CTOPOHBI U30JIATOPA HA APYTYIO.

8. OT0 sBIEHME HA3bIBAECTCS TYHHEJIMPOBAHUEM IEKTPOHOB, OJTHAKO HAa3BAaHHE HA CAMOM
Jiesie He JTaeT BaM IPEICTABICHUS O TOM, HACKOIBKO HEOOBIYHBIM MOXKET OBITh 3TOT
porecc.

9. DnekTpoH nepeMelaeTcss ¢ OAHOM CTOPOHBI M30JIATOpa Ha JIPYryro, (PakTUYeCKH He
IPOHHUKAs B CaM U30JISITOP U HE 3aHUMAasi IPOCTPAHCTBO BHYTPH HETO.

10. MoHO cKka3ark, 4TO OH TEJIENOPTUPYETCS C OJHOM CTOPOHBI HA APYTYIO.

5.12 Think of the engineering discipline you are being trained in and answer the
following questions

1. Is nanotechnology already part of the area? If yes, how is it used?

2. If nanotechnology is not used in the area now, does it have any prospects in it? What are

they?

What are the possible benefits and threats of using nanotechnology in the area?

4. What might the distant future of the area be like if nanotechnology and its methods keep
developing?

(98]
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5.13 Listen to information about nanotechnology and decide whether the following

A

statements are true (T) or false (F). Correct the wrong statements

The chemical composition of nanomaterials is radically different from the chemical
composition of bulk materials.

Nanoparticles are composed of 100 atoms or less.

The behavior of nanomaterials is determined by their shape and size.

All nanomaterials sink in solutions because of their small size.

Nanomaterials may differ in color from their bulk counterparts.

Scientists can manipulate nanomaterials so that they meet specific requirements.

Bulk silver has antimicrobial properties.

Some nanostructures made of silver are transparent.

5.14 Listen again and fill in the table. Add your own ideas

Nanomaterial Properties Uses

5.15 Tell about a nanoobject (you can find examples of such objects and their short

AR i e

descriptions in the Appendix). While preparing your report answer the following
questions

What is the structure of the object?

How can such an object be obtained?

What are the properties of the object?

How may such an object be used?

What are the advantages and disadvantages of the object?
What are the future prospects of the object?
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Unit 6

. circuit (n)

. end effector (n)
outfit (v)
arc-welder (n)
blowtorch (n)
drill (n)
gripper (n)
spray painter (n)
. move (V)

carry (V)

grasp (V)
manipulate (v)

ROBOTICS
Topical vocabulary
1. robot (n) poboT

robotic arm (n) POOOT-MaHUTTYJISTOP
drone (n) OECIMIIOTHBIN JIETaTEIbHBIN armapar
exoskeleton (n) 9K30CKeJIeT
humanoid (adj) YeJI0BEKOTIOJOOHBIIM
prosthetic limb (n) MPOTE3 KOHCYHOCTH
rover (n) IIJIAHETOXO.T
submarine (n) MOABOIHAS JIOAKA

. task (n) 3aj1a4ya
boring (adj) CKYUYHBIN
dangerous (adj) OTIaCHBIN
monotonous (adj) MOHOTOHHBIN
repetitive (adj) MTOBTOPSFOITUNACS

. carry out (v) BBITIOJTHSTh
accomplish (v) OCYIIECTBISATh, COBEPIIAThH
handle (v) oOpainarbcsi, pabotarh (¢ 4eM-J1100)
perform (v) UCTIOJIHSTD, JEaTh

. actuator (n) IIPUBOJI, YIIPABIISIOIIEE YCTPONUCTBO
drive (v) MPUBOJNUTH B JBUKECHUE
hydraulic (adj) TUAPABINYECKUI
fluid (n) KUJIKOCTh
pump (n) Hacoc
pneumatic (adj) MTHEBMAaTU4€CKHUI
compress (V) CKUMAaTh
valve (n) KJ1anaH

(aMekTprUecKas) cxema, 1elb
paboumii opran

OCHaIlaTh, 000PYI0BaTh
armapar JJis 1yrOBOW CBApKHU
nasyIbHas TOpeJKa

CBEpJIO

3aXBar, 3aKUM, KJICIIIU
PaCIBUINTEIb KPACKH
nepeaBUraTh

MEPEHOCUTD, IEPEMENIATh
yAEp>KUBATh
MaHUITYJIUPOBATH
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pivot (v) MTOBOPAYHNBATH
spin (V) BpaliaTh
8. assemble (V) cobuparhb
assembly line (n) cOOpOYHBIN KOHBEHED
tighten (v) 3aBUHYMBATH, 3aTSATHBAThH
plaster (v) HITYKaTypPHUTh
weld (v) CBapUBaTh
9. sensor (n) JaTYHK
10. adapt (v) aJanTHPOBATHCS
autonomous (adj) ABTOHOMHBINM, HE3aBUCUMBIT
teleoperated (adj) YIPABIIEMBINA JUCTAHITMOHHO
11. locomotion (n) nepeaBIKEHNE
joint (n) CyCTaB, COUJICHCHUE
leg (n) HOra
snake (n) 3mes
track (n) I'yCEHHMIIA, TPaK
tread (n) 3BEHO T'yCEHUIIbI
wheel (n) KOJIECO
12. terrain (n) MECTHOCTb, JaHamadT, peased
confined (adj) OTPaHUYECHHBIN, 3aMKHYThIW, U30JUPOBAHHBIN
rough (adj) HIepIIaBblii, HEPOBHBIN
smooth (adj) 1A KA
13. aerial (adj) BO3JIyIIHBIN, JIETAIOLIUN
hover (v) 3aBUCATh B BO3AYXE
14. construction (n) CTPOUTEIBCTBO
exploration (n) U3y4YEHUE
inspection (n) OCMOTP
research (n) VCCIIEIOBAHUE
surgery (n) XUPYPTUs
surveillance (n) HaOJIIOICHHE, CIIC)KCHHE
15. assist (V) CO/ICHCTBOBATh, IIOMOTaTh
augment (v) IPUYMHOXATh, HAPAIIUBATh, JOTIOIHITh
mimic (V) KOIIUPOBaTh, UMUTHUPOBATh
swarm (V) POUTHCS, COOMPAThCS B CTau
16. accurate (adj) BEPHBIN, 0€301TMOOYHBIN
delicate (ad)) TOHKHM, CIIOXKHBIH
precise (adj) TOYHBIH

6.1 Read the quote and comment on it

“Man is a robot with defects.” (Emile M. Cioran)
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6.2 Read the text and fill in the table

What I knew before | What I learned from the | What made me look at
reading the text text what I knew from a
different angle

l.... 1. ... l....

ROBOTS AT WORK

The term robot comes from the Czech word robota, generally translated as "forced
labor." This describes the majority of robots fairly well. Most robots in the world are
designed for heavy, repetitive manufacturing work. They handle tasks that are difficult,
dangerous or boring to human beings.

For example, the robotic arm is frequently used in manufacturing roles. Its job is to move
an end effector from place to place. You can outfit robotic arms with all sorts of end
effectors, which are suited to a particular application. One common end effector is a
simplified version of the hand, which can grasp and carry different objects. Other end
effectors include blowtorches, drills and spray painters.

Most industrial robots work in auto assembly lines, putting cars together. Robots can do
a lot of this work more efficiently than human beings because they are so precise. They
always drill in the same place, and they always tighten bolts with the same amount of force,
no matter how many hours they've been working. Manufacturing robots are also very
important in the computer industry. It takes an incredibly precise hand to put together a tiny
microchip.

You may find robots working alongside construction workers, plastering walls
accurately and faster than a human can do the job. Robots assist in underwater exploration.
Surgeons use robots to handle delicate surgeries. They even handle flipping burgers in the
kitchen. These robots all have a form of robotic arm.

Robotic arms are relatively easy to build and program because they only operate within
a confined area. Things get a bit trickier when you send a robot out into the world.

First, the robot needs a working locomotion system. If the robot only needs to move over
smooth ground, wheels are often the best option. Wheels and tracks can also work on
rougher terrain. But robot designers often look to legs instead, because they are more
adaptable. Building legged robots also helps researchers understand natural locomotion —
it's a useful exercise in biological research.

Designers commonly look to the animal world for robotic locomotion ideas. Six-legged
insects have exceptionally good balance, and they adapt well to a wide variety of terrain.
Four-legged robots such as Boston Dynamics' Spot look like dogs, and the similarity breeds
comparisons as they take on dangerous jobs such as construction inspection.

Aerial robots are also inspired by real-world examples. Although many use wings like
we see on airplanes, researchers have also developed techniques using fly-wing-like soft

28



actuators. Most people now are familiar with the propeller-powered drones that provide
amazing camera shots for entertainment, sporting events and surveillance. Some of these
hovering bots can also be networked together to create swarms of robots such as those seen
at the Tokyo Summer Olympic Games in 2021.

Underwater, robots may walk across the sea floor. One example is Silver 2, a crab-like
robot designed to find and clean up plastic waste. The Benthic Rover II uses treads instead.
Snake robots, which of course take their name from the animals whose locomotion they
copy, can operate underwater and on land. They even work well in the human body, where
they can perform surgical repairs.

6.3 Choose the correct option. Prove your choice with the corresponding lines of the
text

1. The origin of the word robot suggests that robots
a) can work better than humans.
b) can only work and do not have feelings.
c¢) are mechanical.
d) are designed to do work that humans can’t or don’t want to do.
2. The robotic arm
a) cannot be reprogrammed for performing different tasks.
b) can perform a variety of operations depending on its end effector.
c) has capabilities exceeding those of a human hand.
d) is the exact copy of the human hand.
3. Manufacturing robots are very important in the computer industry because
a) they are precise.
b) they are smaller than humans.
c) they always apply the same amount of force.
d) they don’t get tired.
4. What do construction, medical, and kitchen robots have in common?
a) They all are faster than humans.
b) They all are more accurate than humans.
c¢) They all have the same shape.
d) They all work alongside humans.
5. Why do designers develop robots with legs?
a) Because wheels and tracks do not work on rough terrain.
b) Because people always want to solve more difficult problems.
c¢) Because legs do less harm to natural environments than wheels or tracks.
d) Because a legged robot is more versatile.
6. What number of legs is the best option for a robot designed to work in a variety of terrain?
a) two b) four c) six d) eight
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7. Which of the following are propeller-powered drones not capable of?
a) flapping their wings
b) hovering
¢) swarming
d) taking photos
8. Silver2 underwater robot
a) moves on tracks
b) moves on legs
c¢) moves like a snake
d) is a robotic arm

6.4 Find the English equivalents of the following phrases in the text

. IPOUCXOAMUTH OT YEIICKOTO CJIOBA

. BBITIOJIHATD CIIO’KHBIE, OMACHBIE WJIM HEMHTEPECHBIE JJIs1 YEJIOBEKA 3a1a4u
. IOIXOAUTH JIJIs1 KOHKPETHOTO ITPUMEHEHUS

. YIPOILICHHBIM BapUaHT PYKH

. CBEpJIUTH B OZJTHOM U TOM XK€ MECTE

. 3aTATUBATh OONTHI C OJUHAKOBBIM YCUIIUEM

. OTHOCHUTEJILHO IIPOCTO coOparh U 3aporpaMMHpPOBaTh

. paboTare B OTpaHUYEHHOM IPOCTPAHCTBE

9. 00paTUTHCS K MUPY KUBOTHBIX B MOMCKAX UAEH JUJIS IEpEIBUKEHUS POOOTOB
10. oGmaaTh UCKIIOYUTEIBHBIM PABHOBECUEM

11. XOpoI110 a1anTUPOBATHCS K CAMBIM Pa3HBIM JIaHIadTaMm

12. 6parbcst 3a OnacHyo padboTy

13. OecnuiOTHBIE JIeTaTeNIbHBIE allllapaThl ¢ BUHTOBBIM JBUTATEIIEM

14. 0ObenuHATHCS B CETh A1 POPMUPOBAHUS pPOsi pOOOTOB

15. paGoTarh 1Moja BOAOW U HA CyIIe

03N L bW

6.5 Find words in the text whose meaning is similar to the meaning of the following

words
1. work 4. accurate 7. skillful 10. to motivate 13. to hang
2. to manage 5. quantity 8. limited 11. method 14. crowd
3. to equip 6. to help 9. to conform 12. observation 15. to execute

6.6 Find words in the text whose meaning is opposite to the meaning of the following

words
1. voluntary 3. exciting 5. complicated 7. toloosen 9. fictional
2. safe 4. seldom 6. to release 8. rough 10. ignorant
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6.7 a) Match the adjectives / nouns and the nouns to form all possible word
combinations. Make sentences of your own with the word combinations

Adjective / Noun Noun
1. forced a) area
2. repetitive b) event
3. end c) exploration
4. spray d) example
5. assembly e) effector
6. underwater f) floor
7. delicate g) job
8. confined h) locomotion
9. natural 1) line
10. animal j) labor
11. dangerous k) painter
12. real-world 1) surgeries
13. sporting m) world
14. sea n) work

b) Match the verbs and the nouns to form all possible word combinations. Make
sentences of your own with the word combinations

Verb Noun
1. to handle a) bolts
2. to grasp b) camera shots
3. to tighten c) objects
4. to plaster d) surgical repairs
5. to provide e) tasks
6. to perform f) walls

6.8 Find the corresponding prepositions for the following verbs and phrases in the text.
Make sentences of your own where the verbs and phrases are used in combination
with the prepositions
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1. tobeused 7. to look

2. to outfit something 8. toadapt

3. to be suited 9. to be inspired
4. to put something 10. to be familiar
5. to assist 11. to walk

6. to move



6.9 Match the words and their definitions

Word Definition

1. actuator a) to turn round and round rapidly, or make something turn
round and round rapidly

2. assembly line b) to turn or twist

3. to augment c) asubstance (such as a liquid or gas) tending to flow or
conform to the outline of its container

4. autonomous d) the place where parts or pieces of something are joined
together

5. drone e) to increase the size or value of something by adding
something to it

6. end effector f) to imitate closely

7. fluid g) ground or a piece of land seen in terms of its surface
features or general physical character

8. joint h) a mechanical device for moving or controlling
something

9. to mimic 1) a device that responds to a physical stimulus (such as
heat, light, sound, pressure, magnetism, or a particular
motion) and transmits a resulting impulse (as for
measurement or operating a control)

10. to pivot J) adevice that controls the flow of gas or liquid from one
place to another

11. sensor k) any attachment on the end of a robot that interacts with
the environment, such as a tool to manipulate objects

12. to spin 1) an arrangement of machines, equipment, and workers in
which work passes from operation to operation in direct
line until the product is assembled

13. terrain m) an aircraft operated by remote control or onboard
computers, especially an unmanned aerial vehicle
(UAV)

14. valve n) able to operate without being controlled directly by

humans
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6.10 Complete the text with words from the list below. Try to summarize the content
of the text in 40 words or less

batteries bodies bones camera computer (x2) electrical fluid joints
motors (x2) movement pivot pneumatic (x2) power (x2) reprogrammable
sensory spin

Most robots have movable 1 . Some only have motorized wheels, and others have
dozens of movable segments, typically made of metal or plastic. Like the 2 in your
body, the individual segments are connected together with 3

Robots 4 wheels and 5 jointed segments with some sort of actuator. Some
robots use electric 6 and solenoids as actuators; some use a hydraulic system; and
some use a 7 system (a system driven by compressed gases). Robots may use a
combination of all these actuator types.

A robot needs a 8 source to drive these actuators. Most robots either have 9
or plug into the wall. Some may use solar 10 or fuel cells. Hydraulic robots also need
a pump to pressurize the hydraulic 11 ,and 12 robots need an air compressor
or compressed-air tanks.

The actuators are all wired to 13 circuits. The robot's 14 controls everything
attached to the circuits. To move the robot, the 15 switches on all the necessary 16

and valves. Many robots are 17 — to change the robot's behavior, you update
or change the software that gives the robot its instructions.

Not all robots have 18 systems, and few can see, hear, smell or taste. The most
common robotic sense is the sense of 19 — the robot's ability to monitor its own
motion. One way to do this is to use a laser on the bottom of the robot to illuminate the floor
while a 20 measures the distance and speed traveled.

6.11 Translate into English

1. Pobor — »TO ympaBisiemMas KOMIBIOTEPOM MaIlMHa, 3alporpaMMHUpPOBAaHHAs Ha
nepeMenieHne OObEKTOB, MAHUITYJUPOBAHHME WMH U BBITIOJIHEHHE pPabOThI BO
B3aUMOJICVICTBUU C OKPYKAIOUIEH CPEIIOH.

2. Po6oThl crOCOOHBI BBHITIONHATH TOBTOPSIONIMECS 3a7aud ObICTpee, TOYHEE U C
MEHBIIIUMU 3aTpaTaMu, YeM JIFOIH.

3. TepMuH «poOOT» MPOUCXOAUT OT YEHICKOTO CJOBa «robotay, 03HAYaIOIIETO
(TIPUHYAUTENBHBINA TPym». OH ObLT BriepBbie ucnob3oBaH B mbece «R.U.R. (Rossum’s
Universal Robots — YHuBepcanabubie poOoThl Poccyma)», nanucanHot B 1921 ropy
YELICKMM nucaresem u apamaryprom Kapenom Hanexkom.

4. C Tex mop CIOBO «poOOT» HCHOJb3yeTcs [Jisi OOO3HAUCHUsI MAIIUHBI, KOTOpas
BBITNIOJIHSIET pa0dOTy MO OKa3aHUIO TTOMOIIIH JTIOISAM MU paboTy, KOTOPYIO JIFOAN CUUTAIOT
TPYAHOU WA HEXKEIATEIBHOM.

5. Co3pmaHue COCTOAIIEW M3 MHOXKECTBA 3BEHBEB HMCKYCCTBEHHOM PYKH, WM
MaHUITYJISTOPA, TPUBEIO K MOSBIECHUIO COBPEMEHHOTO poOOoTa.
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10.

11.

12.

Muorue poOOTHI OCHAIICHBI CHEIUATBHBIMHM 3aXBaTaMH WM Pa0OYMMH OpraHaMw,
UMUTUPYIOIIUMH (PYHKIIMH U CTPOEHUE YEJIOBEYECKOU PYKH.

C moMOIIBI0 TaKUX 3aXBaTOB POOOTHI MOTYT YAEPKHUBATH Pa3UYHBIC YCTPOMCTBA,
HanpuMep, MOJICTABKY ¢ MPOOMPKAMHU WJIU armapar JJisi JyrOBOW CBApKH.

Po6OTBI MIUMPOKO WCHOIB3YIOTCS B MPOMBIIUICHHOCTH W YacCTUYHO 3aMEHWIH
YEJIOBEYECKUM TPYA.

B aBTOMOOWJIBHOW MPOMBIIIJIEHHOCTH POOOTHI HCMOIB3YIOTCS JJIsi  BBIMOTHEHUS
Pa3IMYHBIX OIEpalil Ha KOHBEWEPE: OHU CBEPJIAT OTBEPCTHUS OJUHAKOBOIO pazMepa
TOYHO B OJHUX U TE€X K€ MECTax, 3arAruBaloT OOJThI B COOTBETCTBHH C
KOHCTPYKTUBHBIMU OCOOCHHOCTSIMH aBTOMOOWJISI M BBINOJHSIIOT MHOXKECTBO APYTHX
MPOW3BOACTBEHHBIX ONEPALIAM.

PoOOTHl TIpUMEHSIOTCS XUPYpram [JIsi YCTaHOBKM MCKYCCTBEHHBIX CYCTaBOB, a
BBICOKOTOYHBIE POOOTHI MOTYT aCCUCTUPOBATh MPY MPOBEICHUH CIIOKHBIX ONepariii Ha
rasax.

ABTOHOMHBIE POOOTBHI  CIIOCOOHBI  AHAJIM3UPOBATH HE3HAKOMBIC  YCJIOBHUS U
MPUCIIOCA0IUBATHCS K HUM, JIa)K€ Ha MePEeCEUEHHON MECTHOCTH.

PoboT-mtaneroxos1, HampuMep, MOXKET COCTABUTh KapTy MECTHOCTH Tepel co0oil Ha
OCHOBE UH(OPMALINH, TOTYYECHHON OT ONTUYECKUX JaTUUKOB.

6.12 Think of the engineering discipline you are being trained in and answer the

(8]

following questions

. Are robots already part of the area? If yes, how are they used?

If robots are not used in the area now, do they have any prospects in it? What kind of
prospects do they have?

What are the possible advantages and disadvantages of using robots in the area?

How may using robots affect the area in the future?

6.13 Listen to the information about different types of robots and put these examples

Nk W=

of robots into the appropriate group

Atlas drones exoskeletons mechanical arm prosthetic limbs
Roomba Sophia submarines

pre-programmed robots
humanoid robots
autonomous robots
tele-operated robots
augmenting robots
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6.14 Listen again and fill in the table

Type of robot Functions Capabilities

1. pre-programmed robots

2. humanoid robots

3. autonomous robots

4. tele-operated robots

5. augmenting robots

6.15 Design a robot you would like to exist. When telling about it, answer the following
questions

What tasks will the robot handle?

Which type of robot will it be?

What parts will it consist of? How will they work? How will they be powered?

What materials will be used to build it?

Will it be possible to introduce such robots on a wide scale? If so, how will they affect
people’s lives? If not, why?

6. What do you think of the feasibility of your project as a whole?

Nk =
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APPENDIX
Nano This and Nano That

Nanocrystals: Nanoscale crystals that are often harder, stronger and more wear resistant
than the same materials in bulk form. Nanocrystals might be used to make super-strong and
long-lasting metal parts. The crystals also might be added to plastics and other metals to
make new types of composite structures for everything from cars to electronics. Single
atoms caged inside nanocrystals gives you a "quantum confined atom", or QCA, with
potential uses ranging from clear-glass sunglasses to bio-sensors to optical computing and
just about anything optical in between.

Nanoshells: Nanoscale metal spheres, which can absorb or scatter light at virtually any
wavelength. Metal nanoshells may be embedded in solid-state materials and films, such as
plastics or glasses, or attached directly to surfaces for special-purpose coatings. New
products could include energy efficient paints and windows, coatings for cars, airplanes or
buildings, solar collection materials, or even fabrics. Their ability to absorb light is so great
that if you put just one thousandth of an ounce of nanoshells into a quart of water, the water
would be completely opaque.

Nanohorns: One of the SWNT (single walled carbon nanotube) types, with an irregular
horn-like shape, which may be a critical component of a new generation of fuel cells. The
main characteristic of the carbon nanohorns is that when many of the nanohorns group
together an aggregate (a secondary particle) of about 100 nanometers is created. The
advantage being, that when used as an electrode for a fuel cell, not only is the surface area
extremely large, but also, it is easy for the gas and liquid to permeate to the inside. In
addition, compared with normal nanotubes, because the nanohorns are easily prepared with
high purity it is expected to become a low-cost raw material.

Nanowires: Semiconductor nanowires are one-dimensional structures, with unique
electrical and optical properties, that are used as building blocks in nanoscale devices.
Striped or 'superlatticed' nanowires can function as transistors, LEDs (light-emitting diodes)
and other optoelectronic devices, biochemical sensors, heat-pumping thermoelectric
devices, or all of the above, along the same length of wire.

Nanosprings: A nanowire wrapped into a helix. Speculation is that they may someday make
highly sensitive magnetic field detectors, perhaps finding application in hard drive read
heads. Alternatively, nanosprings could serve as positioners, or even as tiny conventional
springs, for nanomachines of the future.

Nanomesh and Nanofibres: Currently used in air and liquid filtration applications. Using

a process called "electrospinning" — or e-spin — a polymer "mesh" is formed into a nanofiber

membrane, hense "nanomesh", with 150 — 200 nm diameters. Some have been made since
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1970, but were not called "nano" until recently. One potential use is to prevent body tissues
from sticking together as they heal. It also breaks down in the body over time like
biodegradable sutures, which makes it a surgical material for the 21st century. Other uses
include biomedical devices, filtration systems, and dust collecting systems.

Nanofilters: One opportunity for nanoscale filters is for the separation of molecules, such
as proteins or DNA, for research in genomics. Another, as masks to prevent exposure to
biological pathogens such as viruses that can be as small as 30 nanometers in diameter. And
another use is in water filtration.

Nanobalance: Simply put, a nanoscale balance for determining mass, small enough to
weigh viruses and other sub-micron scale particles. A mass attached at the end of a nanotube
shifts its resonance frequency. If the nanotube is calibrated (i.e., its spring constant known),
it is possible to measure the mass of the attached particle. A nanobalance could be useful for
determining the mass of other objects on the femtogram to picogram size range.

Nanopores: Nanoscopic pores found in purpose-built filters, sensors, or diffraction gratings
to make them function better. As activated carbon, they may also be used as an alternative
fuel storage medium, due to their massive internal surface area. Scientists believe nanopores,
tiny holes that allow DNA to pass through one strand at a time, will make DNA sequencing
more efficient. In biology, they are complex protein assemblies that span cell membranes
and allow 1onic transport across the otherwise impermeable lipid bilayer. A nanopore can be
a protein channel in a lipid bilayer or an extremely small isolated 'hole' in a thin, solid-state
membrane such that DNA and RNA, can be registered and characterized singly.

Nanopipettes: Cantilevered/Straight Nanopipettes can be used as nanopens for controlled
chemical delivery or removal from regions as small as 100 nanometers. They can also be
used as vessels for containing molecules whose optical properties change in response to
their chemical environment. Other uses include controlled chemical etching with the
precision of atomic force microscopy; chemical imaging of surfaces; delivering
femtosecond laser pulses; and performing NSOM/SNOM imaging using a UV excimer
laser.
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