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IlepeamoBa

[IpakTkyM yKJIaJA€HO BIAMOBIZHO 10 pPoOOY0i HABYAIBHOI TMporpamMu
KPEAUTHOTO MOAYJSl «AHIIIHCHEKA MOBa MPO(dECIfHOrO CIpsMYyBaHHs», PO3POOIEHOT
Uil CTyneHTiB Hampsimy miarotoBku 6.050603 «ATomHa eHepreTMka» Ha
TEIJIOCHEPreTUYHOMY (aKyJIbTETI.

Po3BUTOK BMiHb YWTaHHS aBTEHTUYHUX MaTepiajiiB MpodeciiiHOI TeMaTHKH,
BUKOPHCTAHHSA JICKCUKO-TPAMAaTHYHHUX CTPYKTYpP B I1HIIOMOBHOMY MOBJIEHHI, SK
J1aJIOTIYHOMY, TaK 1 MOHOJIOTIYHOMY, Ta ()OpPMYyBaHHS HABUYOK ayJIIFOBaHHS 1 MHChMa
(pedepyBaHHs, HamMHMCaHHS €C€ TOIIO) 3a0€3MEUYyEThCS JIOTIYHOK 1 IMOCIIIOBHOIO
CTPYKTYPOIO BUIaHHS.

[IpakTUKyM CKJIama€eThcss 3 JAEB’ATH PO3AUIB 1 goaaTtky. Ilomin Ha po3mian
3yYMOBJIEHUH MIJ0IPKOI0 CYYaCHUX aBTEHTHYHUX MarepiaiiB HACTYMHOI MpodeciiiHol
teMmatuku: «llapoBi renepaTopu», «ATOMHI €JIEKTPOCTaHII», «|HXEeHEepU-SIACPHUKU
— 3aBJaHHA 1 000B’SI3KMW», «ATOMHI peakTopu 1 ix Tunmy», «Temno 1 Temneparypay,
«Temmodi3uka», «3aKOHU TEPMOAUHAMIKWY», «B1ITyHHS aTOMHOI aBapii B SAnoHii».
JIo TEKCTIB po3poOJICHO WUIUH KOMIUIEKC BIPaB PI3HUX THUIMIB Ha 3aCBOEHHS
TEPMIHOJIOTIYHOI JIEKCUKM TEIJIOCHEPIeTUYHOI raiy3l, HOBTOPEHHS OCHOBHHUX
IrpaMaTUYHUX CTPYKTYp, 3HAHHSA SKUX HEOOXIAHE JUIsi PO3yMIHHS aHTJIOMOBHOI
HAyKOBO-TEXHIUYHOT JITEpaTypu Ta CHUIKYBaHHS B  peaJbHUX  CHUTYaIlisX
npodeciiiHoro XUTTs. KoXKHUI po3[iil MICTUTh TEKCT Ha MEpeKyaj 3 YKpaiHChKOi
MOBU Ha aHTJINACHKY, 3aBJIaHHS HA PO3BUTOK BMiHb TOBOPiHHSA 1 nmuchMa. [liniOpani B
MPaKTUKYMl MaTepiaii NO3HAHOMIIATH CTYIEHTIB 13 MPOQECiiiHOW ISIBHICTIO
1HKEHEPIB-AAEPHUKIB, IO CIPpUATUME (POPMYBAHHIO iX podeciitHOT KoOMIEeTEeHI]1.

B nmomatok yBifinuiM pexkoMeHaIlli MO0 HamMCaHHS ece Ta pedepyBaHHS
TEKCTIB aHTJIIMCHKOIO MOBOIO.

[ndopmariiitHo-HacuueHnid  TI3HaBaJbHUN  MaTepiaJl Ta  BHKOHAHHS
PI3HOMAaHITHHUX JIEKCUYHUX 3aBJIaHb CIIPUATUMYTh ITiJIBUIIICHHIO MOTHBAIIlT CTY/ICHTIB
710 BUBYCHHS AHTJIMCHKOI MOBHU SK MiJ Yac MPaKTUYHUX 3aHSITh, TaK 1 B IMpOIIECl

IMATOTOBKH JTOMAIIIHIX 3aBJaHb.



Unit 1 Steam generators

I. Give Ukrainian equivalents for the following words and phrases:

boiler; steam generator; heat energy; notable exception; steam-powered fireless
locomotive; industrial installation; power station; separately-generated steam; prime
mover; engine unit; furnace; saturated steam; suspended water content; combustion

gases.

I1. Give English equivalents for the following words and phrases:

MapoBHUIl TeHepaTop; MOOUTbHUIN MApOBUN JIBUTYH; TPAHCIOPTHUHN 3aCi0; CTalllOHApHI
MapoBi MAIIMHU; TMPOMUCIIOBI YCTAaHOBKH; Tsrad; TOMKA; HACHYCHHUH Map; MATOMMIA
BMICT BOJM; TEMIEpPATypHUM TpPaJl€HT; BIPOTIIHICTh; Ta30MOMI0HI MPOAYKTH,

MiJIirpiBay, )KMBUJIbHA BOJA.

I11. Read the text about steam generators thoroughly, check your answers and
be ready to answer the questions that follow.

A Dboiler or steam generator is a device used to create steam by applying heat
energy to water. Although the definitions are somewhat flexible, it can be said that
older steam generators were commonly termed boilers and worked at low to medium
pressure (1-300 psi or 6.895-2,068.427 kPa) but, at pressures above this, it is more
usual to speak of a steam generator.

A boiler or steam generator is used wherever a source of steam is required. The
form and size depends on the application: mobile steam engines such as steam
locomotives, portable engines and steam-powered road vehicles typically use a
smaller boiler that forms an integral part of the vehicle; stationary steam engines,
industrial installations and power stations will usually have a larger separate steam
generating facility connected to the point-of-use by piping. A notable exception is the
steam-powered fireless locomotive, where separately-generated steam is transferred

to a receiver (tank) on the locomotive.



The steam generator or boiler is an integral component of a steam engine when
considered as a prime mover. However, it needs to be treated separately, as to some
extent a variety of generator types can be combined with a variety of engine units. A
boiler incorporates a firebox or furnace in order to burn the fuel and generate heat.
The generated heat is transferred to water to make steam, the process of boiling. This
produces saturated steam at a rate which can vary according to the pressure above the
boiling water. The higher the furnace temperature is, the faster the steam production
becomes. The saturated steam thus produced can then either be used immediately to
produce power via a turbine and alternator, or else may be further superheated to a
higher temperature; this notably reduces suspended water content making a given
volume of steam produce more work and creates a greater temperature gradient,
which helps reduce the potential to form condensation. Any remaining heat in the
combustion gases can then either be evacuated or made to pass through an

economizer, the role of which is to warm the feed water before it reaches the boiler.
Adapted from: ebooklibrary.org

1) What is the difference between a steam generator and boiler?

2) When is a steam generator used?

3) What is the typical form and size of the steam generator?

4) How is the separate steam generating facility connected to the power station?
5) How does the fireless locomotive work?

6) What is the difference between a furnace and engine?

7) How does the furnace temperature influence the steam production?

8) What is an economizer used for?

IVV. Complete these sentences with words from the box.

combustion, component, exception, furnace, generator, installations, integral part,
piping, pressure, separated, size, source, steam, temperature, turbine

1) A boiler or steam . . . is a device used to create steam by applying heat energy to
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2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

water.

A boiler is used wherever a . . . of steam is required.

A medium . . . heat generator is called a boiler.

A smaller boiler typically forms an . . . of the steam-powered road vehicle.
Industrial . . . usually have a larger separate steam generating facility.

At the power station the boiler is connected to the point-of-use by . . . .
The steam-powered fireless locomotive is an . . . of typical locomotives.
Typically the . . . of mobile steam engines is smaller than power stations
The steam generator is an integral . . . of a steam engine as a prime mover.
The steam generator is . . . from the engine unit.

A boiler includes a . .. in order to burn the fuel and generate heat.

In the process of boiling the . . . is generated from water.

The higher the furnace . . ., the faster the steam production.

Using the saturated steam we can produce power viaa . ...

The exhaust gases after the . . . can either be evacuated or made to pass through

an economizer.

V. Match words from box A to their synonyms from box B.

a) application, boiler, combustion, component, economizer, firebox, generate, heat,

installation, integral, mover, turbine, unit, variety

b) alternator, block, built-in, burning, diversity, energy, engine, equipment, furnace,

heat exchanger, part, produce, steam generator, use

V1. Match words from box A to their antonyms from box B.

a) applicable, boiling, engine, flexible, generator, heating, integral, rule, saturated,

typical

b) alternator, condensation, consumer, cooling, exception, rigid, separate,




underheated, unique, useless

VII. In pairs, make questions using these prompts. Then practice asking and
answering the questions.
1) What /a boiler?
2) Where /a boiler used?
3) Where / use smaller boilers?
4) Where /locate the stationary steam engine?
5) Where /the separately-generated steam transferred to?
6) What /a variety of generator types be combined with?
7) Why / a boiler incorporate a firebox or furnace?
8) What /the use of superheated steam create?
9) Why /the generated heat transferred to water?

10) What /the role of an economizer?

VIII. Render the following text into English.

[TapoBa TypOiHa — mapoBH JBUTYH Oe3MepepBHOI MAii, IO IMEPETBOPIOE
TEIJIOBY €HEPrilo B €Heprito oOepTaHHs poropa. BiH moTpibeH ais mepeTBOpEHHS
TEIJIOBO1 €Heprii BOJSHOI Mapu B MexaHiuyHy poOoty. [TapoBa TypOiHa BUKOPUCTOBYE
HE MOTEHIIaJIbHY, @ KIHETUYHY €HEPriIo MapHu.

[TapoBa TypOiHa BHSBUJIACH JYyXE€ 3pPYYHOIO JUIsl TPUBOJY OOEPTOBUX
MeXaHI13MiB (FeHepaTopu €JIEKTPUYHOrO0 CTPYMY, HACOCH) Ta KOpaOeIbHUX TBUHTIB;
BOHA BHUSBMJACS MOyXe JIETKOIO, IIBUAKOXITHOI Ta eKxoHoMiyHow. [Iporec
BJIOCKOHAJICHHSI TIapoBOi TypOiHU BiOyBaBCs Jy>K€ IIBUAKO, SIK JUISI TOJIIIIIEHHS
€KOHOMIYHOCTI Ta MiJABUIICHHS OJMHHMII TOTY)XKHOCTI, TaK 1 [JsI CTBOPEHHS
CHeniagi30BaHuX MapoBUX TypOiH Pi3HOTO 3aCTOCYBaHHS.

B 3anexxHocCTI Bim XapakTepy TEIJIOBOTO MPOIeCy MapoBi TypOiHU MOAUISIOTH

Ha 3 TpyInu: CyTO KOHJIEH CaIliliH1, TeryiogiKalliifHi Ta CreniaJbHOro MpU3HAYEHHS.




CyTo KoH/eHcallilHI TapoBl TypOIHH MEPETBOPIOIOTH MAKCUMAIBHO MOXIIUBY
YaCTUHY TEIUIOTH TMapu B MeXaHIYHy poOoTy. BoHu MOXxyTh OyTH cTalioHapHUMHU
a00 TpaHCHIOPTHUMH. TpaHCHOPTHI MapoBi TypOIHM BUKOPHUCTOBYIOTH SIK JOIOMIXKHI
JBUTYHU Ha KOpaOJsiX.

TennodikariifHi mapoBi TypOIHM CHyXKaTh JJIs OJHOYACHOTO OTPUMAaHHS
€JIEKTPUYHOI Ta TeroBoi eHeprii. Taki mapoBi TypOiHM BHUKOPHUCTOBYIOTH Y
TEXHOJIOTIYHUX IUIAX (HAIIPUKIaI, AJs OTaJlOBaHHsA).

TemnoBi TypOiHM CHENiaIbBHOTO MPU3HAYEHHS 3a3BUYail BUKOPUCTOBYIOTH Ha
METaIypriiHUX, MAITMHOOYIIBHUX 1 XIMIYHUX TIANPUEMCTBAX.

Ha BiaMiHy BiJ 1HIIKMX, TEIUIOBI TYpOIHM CHELIAJIbHOIO IPU3HAYEHHS HE

BI/IpO6JIHIOTI> Y BCIIMKHUX KiHBKOCTHX, a JIMIIC 3a CHGI_[iaHLHI/IM 3aMOBJICHHAM.

IX. Summarize the text on pages 5 — 6 in 100 — 120 words. Follow the hints on

how to write the Summary in Appendices A, B on pages 58 — 74.



Unit 2 Nuclear plants

I. Give Ukrainian equivalents for the following words and phrases:

earthquake; graphite reactor; a light bulb; usable electricity; to deteriorate; pellet;
preventing from overheating; core; to pressurize steam; proliferation of nuclear
weapons; to diminish or eliminate of risks; fusion reactor; passively safe; coal-

burning power plant.

I1. Give English equivalents for the following words and phrases:
JKUBJICHH:, aKTHBHA 30HA, SACPHC PO3IICIIJICHHAI, 0a3oBe HAaBAHTAXXCHHA; I'PAHYJIN,
MaJUBHUN arperar; BYrUlbHa €JIEeKTPOCTAHI[iS; YCYBaTH PU3HMKH; CTPUXKHI; SACPHHIMA

CHHTC3.

Ill. Read the text about nuclear plants thoroughly, check your answers and be
ready to answer the questions that follow.

Thanks to the earthquake and subsequent tsunami in Japan, the discussion and
interest regarding nuclear power has exploded. Many have wondered if Fukushima
Daiichi will turn into another Chernobyl or 3 Mile Island.

But what exactly is nuclear power, and how does it work? Is it as risky as the
media portrays? When did the history of a new nuclear age start? And what is waiting
for us in the future? Here you’ll find the answers to all questions.

Electricity was generated by a nuclear reactor for the first time ever on
September 3, 1948 at the X-10 Graphite Reactor in Oak Ridge, Tennessee in the
United States, and was the first nuclear power plant to power a light bulb. The
second, larger experiment occurred on December 20, 1951 at the EBR-I experimental
station near Arco, Idaho in the United States. On June 27, 1954, the world's first
nuclear power plantto generate electricity for a power grid started operations at
the Soviet city of Obninsk. The world's first full scale power station, Calder Hall in
England opened on October 17, 1956.
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http://en.wikipedia.org/wiki/Sellafield

Today a nuclear power plant is understood as a thermal power station in which
the heat source is a nuclear reactor. As it is typical in all conventional thermal power
stations, the heat is used to generate steam which drives a steam turbine connected to
a generator which produceselectricity. As of 21 April 2014, there are 435 nuclear
power reactors in operation operating in 31 countries. Nuclear power plants are
usually considered to be base load stations, since fuel is a small part of the cost of
production.

Steam Power

At their heart, nuclear power plants are essentially steam power plants.
Turbines, turned by intense steam pressure, generate usable electricity which is
created from the heat resulting from nuclear fission reactions in the core. That same
water used to power the turbines also serves as a coolant for the radioactive material,
preventing it from overheating and melting down.

The Uranium Core

The core of a plant — the part that generates heat — contains 200 or so 12 foot
long rods that are packed with uranium 235 pellets. These rods are then added to a
fuel assembly. The fuel rods are then bombarded with neutrons which break apart the

uranium 235 atoms. This process is known as nuclear fission.

Inside a nuclear power plant

The nuclear fission taking place in the rods creates large amounts of energy.
This heat energy is used to pressurize steam to move the turbines which creates
electricity.
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Additional facts:

. Nuclear power plants actually give off less radiation than coal-burning
power plants.

. Except for the Chernobyl plant in Ukraine, nuclear power plants have
not caused a single known death.

A number of new designs for nuclear power generation, collectively known as
the Generation IV reactors, are the subject of active research and may be used for
practical power generation in the future. Many of these new designs specifically
attempt to make fission reactors cleaner, safer and/or less of a risk to the proliferation
of nuclear weapons. Passively safe plants (such as the ESBWR) are available to be
built and other designs that are believed to be nearly fool-proof are being pursued.
Fusion reactors, which may be viable in the future, diminish or eliminate many of the

risks associated with nuclear fission.
Adapted from: wpedia.goo.ne.jp

1. When was electricity generated the first time by a nuclear reactor?

2. What is a uranium core?

3. What is preventing the radioactive material from the overheating and melting
down?

4, How many are there nuclear power reactors in the world?

5. What is the heat source of a thermal power station?

6.  Which process is known as nuclear fission?

IVV. Match words from box A to their synonyms from box B.

a) area, to support, energy, device, waste, construction, production, inactively,

actively, reduce, increase.

b) power, territory, maintain, mechanism, refuse, design, manufacturing, passively,

energetically, decrease, enhance.
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V. Match words from box A to their antonyms from box B.

a) increase, refuse, passive, homogeneous, new, more, safely, heat, typical,

ponderable.

b) active, accept, reduce, unusual, old, less, dangerously, cold, insignificant, varied.

V1. Fill in the gaps with propositions/pronouns.

The core ... a plant — the part ... generates heat-contains 200 or so 12 foot
roods ... are packed ... uranium 235 pellets.

Today a nuclear power plant is understood as a thermal power station ... which
the heat source ... a nuclear reactor. As it is typical ... all conventional thermal
power stations, the heat is used ... generate steam ... drives a steam turbine
connected ... a generation ... produce electricity.

At their heart, nuclear power plants are essentially steam power plants.
Turbines, turned ...intense steam pressure, generate usable electricity ... ... created

from the heat resulting from nuclear fission reactions ... ... core.

VI1I. Render the following text into English.
PagioakTuBHI Bigxoan

Opnum 13 HEOaraThb0X HEAOJIKIB SIEPHOT EHEPTETUKHU € PaII0aKTUBHI BIAXOIH
BUKOPHUCTAHOTO MaJIMBA. 3arajioM — iX KIJIbKICTh HE3HAUHA B MOPIBHSIHHI 3 B1IXOAaMHU
npu cnamoBani Byriuisi Ha TEC, anme 1 Taka KUIbKICTH cTBOpro€ mpobiemu. Ili
BIIXOJIM MOBHHHI OyTH 130JIbOBAH1 BIJ] HAIIOi €KOCHUCTEMH, AK€ IMEPIl Hi’XK BOHU
pPO3MalyThCsl Y€pe3 CBOKO PAIOAKTHUBHICTH Ha OUIBIN O€3MedHi XIMIYHI €JIEMEHTHU
MOYTb ITPOUTH THUCAU1 POKIB.

Bukopucrane nmanauBo mepes; 3aXOPOHEHHSM IMOMIIIAalOTh B 0aceiH 3 BOJOIO
JUTSL 3HSTTS 3QJIMIIKOBOTO TEIUIOBHIUICHHS, TOMY IIIO Y€pe3 pal0aKTUBHICTh, BOHO
3anumaeThesl rapsyuM BrpoaoBk 20 — 40 poxiB. Ilicis 0XOJOIXKEHHS NaIUBO

niyisirae TpuBajioMy 30epiransio. Lli Biixoau moTiM 3aXOpOHIOIOTh Ha COTHI METPIB
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M1 3eMJTI0 B O€TOHHI OYHKEpH JUIsl CTPUMYBAHHS PaliOaKTUBHOCTI 1 TS TIOTAJTBIIOL
130711111 B1JT HABKOJIUIITHLOTO CEPEIOBHUIIIA.

«be3neyno 36epiratucek mig 3emiero mpotsarom 100 000 pokiB» — 3BYYHTh
PU3MKOBAHO, 3HAYHOIO MIPOI0 TOMY, IO JIFOJCTBO HIKOJIM HE MMAMHUCYBaJO TaKi
JOBTOTEPMiHOBI KOHTpakTu. lIpoTe, € mpukiIaam TOro, SK pPaJai0AKTUBHE
CTpUMYBaHHS BiOyBasiocsi Ha 3emii. SaepHi peakTopH, $Ki YTBOPIOBAJIUCA

MPUPOJIHO TIUOOKO B 3eMHIH KOp1, A1sUTA IPOTATOM 1,7 MIIpI. POKIB.

VIIIL. In pairs, make sentences using words and phrases below. Using your
sentences discuss how steam is generated and process of fission, then present
your ideas to the rest of the class.

1)  Core of a plant, generate, nuclear reactor, power plant, steam, turned to, spend,
turbine, fuel, boil.

2)  Occur, station, temperature, fuel, since, reaction, increase, fission, efficiency,

pellet, risky, burn, superheat.

IX. Summarize the text on pages 10 — 12 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 3 Nuclear engineers: tasks and duties

I. List some of the jobs in engineering. Combine and discuss your list with others

In your group.

I1. Give Ukrainian equivalents for the following words and phrases:

atomic nuclei; radioactive waste disposal; positron emission tomography; nuclear
accident; to benefit; interaction; construction process; radiation shielding; nuclear
power plant; corrective actions; government-based research; development facilities;

weaponry; employment setting; to gain more knowledge.

I11. Give English equivalents for the following words and phrases:

KOCMIYHUN  KopaOenb; paJloaKTUBHI ~ BIAXOAM; CIIBOpAIIOBAaTH 3  IHIIUMU
cremiajgictaMu;  JIOKTOPChbKa  CTYIIHb,  pajlallifHUNl  3aXWUCT,  TEXHIYHE
00CITyroByBaHHs; B TOW 4ac sK; MPOBOJUTU JOCIHIJKEHHS; KOHTPOIIOBATU POOOTY

CTaHI].

IV. Read the text about nuclear engineers thoroughly, check your answers and
be ready to answer the questions that follow.

Nuclear engineering is the branch of engineering concerned with the
application of the breakdown (fission) as well as the fusion of atomic nuclei and the
application of other subatomic physics, based on the principles of nuclear physics. In
the sub-field of nuclear fission, it particularly includes the interaction and
maintenance of systems and components like nuclear reactors, nuclear power plants,
and nuclear weapons. The field also includes the study of medical and other
applications of (generally ionizing) radiation, nuclear safety, heat/thermodynamics
transport, nuclear fuel or other related technology (e.g. radioactive waste disposal),

and the problems of nuclear proliferations.
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So, what do nuclear engineers do? Nuclear engineers are at the forefront of
researching and developing, the processes used to obtain benefits from nuclear
energy and radiation. Engineers in this subfield combine their knowledge of nuclear
energy and expertise in nuclear reactions for design, research, development, and
construction processes.

Nuclear engineers work to find industrial uses for nuclear material for the
development of spacecraft, ships, and agricultural equipment. Nuclear engineers also
work to develop uses of radioactive materials for medical imaging devices, such as
positron emission tomography (PET) scanners. Some also specialize in designing
cyclotrons, which provide high energy beams to treat cancerous tumors in the
medical field.

Their duties are:
e develop and design nuclear equipment, including radiation shielding, nuclear
reactors, and associated instrumentation;
e monitor various nuclear facility operations to ensure all practices for design and
construction comply with safety regulations and government laws;
e evaluate nuclear accidents and collect data that can be used to prevent a similar
event from recurring;
e create clear operational instructions for nuclear plant operation, as well as proper
procedures for handling and disposing radioactive waste;
e supervise operations and maintenance activities at nuclear power plants;
e conduct studies to determine whether various methods of using nuclear material,
reclaiming nuclear energy, or disposing of waste are appropriate and safe;
e perform necessary corrective actions to improve plant functioning for the safety of
both the workers and public;
e respond to emergency situations by ordering nuclear plants to shut down.

Nuclear engineers often work in private or government-based research and

development facilities. Others educate nuclear engineering students at colleges and

16



universities, while some are also employed at nuclear power plants and factories that
specialize in manufacturing nuclear equipment or weaponry.

Depending on the employment setting, a nuclear engineer job description will
typically specialize in designing, researching, or developing nuclear equipment in a
range of industries. Although a bachelor’s degree can lead to entry-level positions in
nuclear engineering, most nuclear engineers possess an advanced master’s or doctoral
degree.

Nuclear engineers must have strong analysis and problem solving skills, as
well as communication skills to work well as part of a team. On-site nuclear
engineers working on or supervising construction projects collaborate with other
specialists and engineers. Some may supervise technicians that are utilizing radiation
technology in manufacturing. Nuclear engineers often work closely with scientists to
help them gain more knowledge about the structure and dynamics of matter or
energy, as well as to come across new ways of using nuclear energy to benefit the

world.

Adapted from: www.access 2 knowledge.org

What does sub-field of nuclear fission include?

What do you know about radioactive waste disposal?
What is the benefit from nuclear energy and radiation?
Are nuclear technologies safe?

What skills must engineers have?

o 0k~ w0 DdE

Should nuclear engineers have a master’s or doctoral degree?

V. Match words from box A to their synonyms from box B.

a) breakdown, design, machine, core, experimentalist, skills, position, experienced,

safety, job, device, benefit

b) accident, build, mechanism, midpoint, researcher, ability, location, skilled,
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safeness, work, mechanism, interest

V1. Match words from box A to their antonyms from box B.

a) safe, destroy, light, helpful, heat up, thick, load, failure, simply, synthesis

b) dangerous, build, dark, harmful, cool, rare, unload, luck, difficult, analysis

VII. Fill in the blanks with prepositions and adverbs.

So, what do nuclear engineers do? Nuclear engineers are at the forefront of
researching and developing, the processes used to obtain benefits ... nuclear energy
and radiation. Engineers ... this subfield combine their knowledge of nuclear energy
and expertise in nuclear reactions ... design, research, development, and construction
processes.

Nuclear engineers work ... find industrial uses for nuclear material for the
development ... spacecraft, ships, and agricultural equipment. Nuclear engineers also
work to develop uses ... radioactive materials for medical imaging devices, such as
positron emission tomography (PET) scanners. Some also specialize ... designing
cyclotrons, which provide high energy beams to treat cancerous tumors ... the

medical field.

VI11. Choose the correct word and fill in the blanks.

(to) work  work(s) working
1. A nuclear engineer ... to find industrial uses for nuclear material for the
development of spacecraft, ships, and agricultural equipment.
2. Nuclear engineers often ... in private or government-based research and
development facilities.
3. Nuclear engineers ... on or supervising construction projects collaborate with

other specialists and engineers.
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(to) use use(s) used

4.  Nuclear engineers work to develop ... of radioactive materials for medical
Imaging devices, such as positron emission tomography scanners.
5. Nuclear engineers are at the forefront of researching and developing, the
processes ... to obtain benefits from nuclear energy and radiation.
6.  The evaluation of nuclear accidents and collecting data can be ... to prevent a

similar event from recurring.

IX. Render the following text into English.

Anepua ¢izuka — po3ain (Pi3MKH, KU BUBYAE CTPYKTYpPY 1 BIACTHUBOCTI
aTOMHHUX SJIep Ta MEXaHI3MM SACPHUX peakiiid (B TOMY YHCII palOaKTHBHHMA
posman).

3amaui, 1m0 BUHUKAIOTh B sJEpHIN (i3ulll, — 1€ TUMNOBUH MpUKIAA 3a1a4
JIEKUIbKOX TII. flipa CKIIaJaloThesl 3 HYKJIOHIB (MIPOTOHIB 1 HEUTPOHIB). B TunoBux
SAIpax MICTAThCS JECATKH 1 COTHI HYKJIOHIB. lle umcio myxe Benuke, 1100 TOYHO
BUpIIITYBAaTH 3ajadi, aje BCE-TaKu OyXe Malie, 100 MOKHa OyJ0 BHUKOPHUCTATH
METOAM cTaTucTU4YHOi (Pi3uku. Lle 1 mpu3Beno 10 BEIMKOi PI3HOMAHITHOCTI PI3HUX
MOJICJIE ATOMHUX SIJIEP.

BuBuenns OynoBu siipa Ta WOTO CKJIAJOBUX €JIEMEHTIB MOXKIIMUBE JIMIIE 32
JOTIOMOTOK0 BUBYEHHS SACpHUX peakuiid. s mpoBeneHHs sIepHUX peakiiil
HEOOX1HI 3acO0M MPUCKOPEHHS W JETeKTYyBaHHS YAaCTHMHOK. TOMY HEBiJI’ €eMHUMH
MIIPO3A1IaMU AJIepHOT (P13UKH € Pi3UKa TPUCKOPIOBAYIB 1 (Pi3UKa IETEKTOPIB.

Panmiamiiina ¢izuka ta pafgiariiiHe MaTepialo3HaBCTBO € MIKIUCIUTITIHAPHUMHU
nigpo3aiiaMu  (GI3MKM, SIKI BUBYAIOTh BIUIMB SIIEPHOTO BUIIPOMIHIOBaHHS Ha
BJIACTUBOCTI OMPOMIHEHUX PEYOBUH 1 METOAM MOAM(iKallii BIACTUBOCTEH MaTepiaiB
3a TOTIOMOTOF0 OTPOMIHEHHS.

Snepna Qizuka wMae TPUHIMIIOBE 3HAYEHHA JUIsI OaraThoX PO3ALTIB

acTpo(dizuku (MEPBUHHUN HYKIJIEOCHMHTE3, TEPMOSAJIEPHI pEaKIli B 30psAX SK MiJ Yac
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JKUTTS Ha TOJOBHIM ITOCIIJOBHOCTI, TaK 1 IPH CXOAi 3 Hei), 1, 6e3rmocepeHbo, s

SAICPHOI EHEPIEeTUKH.

X. Summarize the text on pages 15 — 17 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 4 Nuclear power reactors

I. A. Listen to a lecture on a nuclear reactor and decide whether

these sentences are true or false. Correct the false ones.

- o =

1. Nuclear reactors are the up-to-date devices extensively used for power generation.

2. A nuclear reactor consists of two crucial components: moderator and control rods.
3. Moderators are capable of slowing down the speed of high-energy neutrons.

4. By controlling the number of spare neutrons, the rate of the nuclear fusion chain
reaction can be controlled.

5. Water is flown in and out of the nuclear reactor using the heat exchanger.

B. Read this extract from the tapescript and fill in each gap with an appropriate
word.

The 1 ... of a moderator is to slow down the energy neutrons in a nuclear
reactor which are produced during the nuclear fission process by the fuel elements.
Thermal neutrons, which are neutrons with energy of about 2 ... electron volts, are
capable of producing fission reaction with 235 92 U. During the 3 ... reaction
process, new neutrons are 4 ... out which have energies of about 1 MeV. These
neutrons of typically escape from participating in another fission process as they are 5
... by enormous energy release. In fact, the probability of these neutrons produce
another fission reaction is 6 ... times less than as compared to that of a thermal
neutron. This is where moderator is extremely useful. Moderator has the capability to
slow down, or in other words moderate, the speed of these high-energy neutrons, so
that they can 7 ... be used for a chain reaction to 8 ... multiple fission reactions of
other 235 92U nucleus.

Commonly, 9 ... or heavy water is used as moderator in nuclear reactors
because of the deuterons present in them which are 10 ... of slowing the neutron
speed. Water molecules in the moderator are useful in slowing down the high-energy

neutrons which leave the fuel-element after nuclear fission. These high-energy
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neutrons 11 ... with water molecules thereby losing out on some energy with every
collision and therefore slow down 12 ... . A new fission reaction can now be

triggered using this slow neutron by striking it with the fuel element.

I1. Give Ukrainian equivalents for the following words and phrases:
chain reaction; fission of heavy nuclei; moderator; radiopharmaceuticals; focal point

of a reactor; metal sheath; molten sodium; control rod; vessel; heat-transfer fluid.

I11. Give English equivalents for the following words and phrases:

MOCTIAHUN TMOTIK; KOHCTPYKTHBHI OCOOJIMBOCTI; MEXaHIYHA €HEprif; pyL1HHAN
reHepaTop; CTPUMYBAJIbHI CTPYKTYPH; €JIEKTPOCTAHILIS; TOCIITHUIBKUAN pEaKkTop;
€HEepPreTUYHUN peakTop; MeTajeBa OOOJIOHKA; PIAKUNA TEIUIOHOCIH; repMoOOO0JIOHKA;

CTPY>KHI YIIPaBIiHHS.

V. Read the text about nuclear power reactors thoroughly, check your answers
and be ready to answer the questions that follow.

All nuclear reactors are devices designed to maintain a chain reaction
producing a steady flow of neutrons generated by the fission of heavy nuclei. They
are, however, differentiated either by their purpose or by their design features. In
terms of purpose, they are either research reactors or power reactors.

Research reactors are designed at universities and research centers in many
countries, including some ones where no nuclear power reactors are operated. These
reactors generate neutrons for multiple purposes, including producing
radiopharmaceuticals for medical diagnosis and therapy, testing materials and
conducting basic research.

Power reactors are usually found in nuclear power plants. Dedicated to
generating heat mainly for electricity production, they are operated in more than 30

countries.
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There are many different types of power reactors. What is common to them all
Is that they produce thermal energy that can be used for its own sake or converted
into mechanical energy and ultimately, in the vast majority of cases, into electrical
energy.

In these reactors, the fission of heavy atomic nuclei, the most common of
which is uranium-235, produces heat that is transferred to a fluid which acts as a
coolant.

Main components of a nuclear reactor

Core. It is the focal point of the reactor, where fuel is contained and nuclear
fission reactions take place.

Fuel. Generally, fuel is made of small enriched uranium oxide rods, stacked so
as to form cylinders, approx. 4 meters long and with a diameter of about one
centimeter. These rods are wrapped in metal sheathes (steel or zirconium alloy),
which allow heat to pass through while blocking the radioactive elements produced
by fission.

Moderator. This is a material placed in the reactor to slow down the neutrons
produced by fission, in order to reach the most suitable speed allowing the chain
reaction to continue. Depending on reactor models, the moderator may consist of
graphite, water or heavy water (water where hydrogen is present as its heavier
isotope, deuterium).

Heat-transfer fluid (or coolant). This fluid (liquid or gas) cools the core and
carries outside the heat that is produced there. The most common used fluid is water,
but some types of reactors use heavy water, molten sodium, carbon dioxide, helium
and other fluids.

Control rods. These are rods used in specific materials (silver, indium,
cadmium or boron carbide) to control fission inside the core. Since they absorb
neutrons, they are capable of controlling the chain reaction which — depending on

how deep down rods are inserted into the core — can be accelerated, slowed down or
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even stopped, thus changing the capacity of the reactor. Indeed, if necessary, the
reactor can be immediately stopped when they are fully inserted.

Vessel. The large steel recipient containing the core, control rods and heat-
transfer fluid.

All components of the reactor are contained in a solid concrete structure that
guarantees further isolation from external environment. This structure is made of
concrete that is one-meter thick, covered with steel. The most recent reactors
sometimes contain two containment structures and are designed to withstand all types

of accidental events, even the impact of an aircraft.

Adapted from: www.enel.com

What is a nuclear reactor?

What kinds of reactors do you know?
Where are research reactors designed?
Where are power reactors operated?

What is common to all reactors?

o a0 k~ wDd e

What are the main components of the nuclear reactor?

V. Match words from box A to their synonyms from box B.

a) difference, do, move, predicament, wrong, stop, bent, perilous, perceive, make,

exhibit, use

b) hazardous, to catty out, perform, pickle, expend, discontinue, hooked,

incompatibility, watch, scurry, expose, improper

V1. Match words from box A to their antonyms from box B.

a) kind, same, common, flood, natural, general, exact, break, continue, increase
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b) decrease, interrupt, rare, particular, artificial, different, approximate, repair,

drought

VII. Fill in the blanks with prepositions.

There are many different types of power reactors. What is common ... them all
Is that they produce thermal energy that can be used for its own sake or converted
into mechanical energy and ultimately, ... the vast majority of cases, into electrical
energy.

... these reactors, the fission of heavy atomic nuclei, the most common ... which
Is uranium-235, produces heat that is transferred ... a fluid which acts as a coolant.
During the fission process, bond energy is released and this first becomes noticeable
as the kinetic energy of the fission products generated and that ... the neutrons being
released. Since these particles undergo intense deceleration in the solid nuclear fuel,
the Kinetic energy turns into heat energy.

... the case of reactors designed to generate electricity, the heated fluid can be
gas, water or a liquid metal. The heat stored ... the fluid is then used either directly (in
the case of gas) or indirectly (in the case of water and liquid metals) to generate

steam. The heated gas or the steam is then fed into a turbine driving an alternator.

VIII. In pairs, make sentences using words and phrases below. Using your

sentences discuss operation of nuclear power reactors and plants, then present

your ideas to the rest of the class.

1) Research centers, nuclear power reactors, research reactors, neutrons
radiopharmaceuticals, medical diagnosis and therapy;

2) Nuclear power plants, dedicated, heat, electricity production, power reactors.

IX. Render the following text into English.
[lin yac mpouecy MOAUTY BaXXKUX SJIEp €HEPrisi 3B 3Ky BHUBIIBHSAETHCA Y

BUTJISII TEHEPOBAHOT KIHETHYHO1 €HEPTii MPOAYKTIB MmoALTy. EHepris po3mnoaiiseTbes
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MDK yJaMKaMH JUIeHHS Ta HeiTpoHamu. OCKUIBKM HEHTPOHU MIIAAI0ThCS
IHTCHCUBHOMY YIOBUIBHEHHIO B TBEPJOMY SACPHOMY TMalMBi, KIHETHYHA EHEPTris
NIEPETBOPIOETHCS B TEIJIOBY €HEPTIIO.

Y pa3i BUKOPHCTaHHS PEAKTOpy JUISI BHUPOOJEHHS  EJIEKTPOCHEprii,
TEIUIOHOCIEM MOJKe OYTH Ta3, Bojia abo pinkuii MeTan. Ternno, HakoIUYeHe PiIMHOIO,
MOTIM BUKOPHUCTOBYETHCS a00 Oe3nocepeHbo (y BUNAAKY raszy), adbo modiuno (y pasi
BOJIM 1 PIAKUX METaiB) IS TeHepaii mapu. Harpituii ra3 abo mapa moTimM HoJa€eThCs
Ha TYpOiHY 3 €JIEKTPUYHUM F€HEPATOPOM 3MIHHOTO CTPYMY.

Tak, BiAMOBIAHO [0 3aKOHIB NPUPOIHU, TEIUIO HE MOXE OYTH MOBHICTIO
nepeTBopeHe B 1HITY (OpMY €HEprii, YacTHHA TEIIa € 3aJIMIIKOBOIO 1 BUKUIAETHCS B
HABKOJIMIITHE cepepoBuile. Bunyck €, abo mpsMuM — Hampukiaa, B piuky, abo
HeNpsAMUM — B aTtMocdepy depe3 rpaaupHi. Taka mpakTHKa € CHUIBHOIO IS BCIX
TEIJIOBUX CTAaHIlIH, 1 B )KOJHOMY pa3i HE BUKJIIOYAE SJEPHI PEAKTOPH, KOTP1 € OJTHUM

3 PI3HOBU/IIB TEIJIOBUX €JICKTPOCTAHITIH.

X. Summarize the text on pages 22 — 24 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 5 Types of nuclear power reactors

I. Give Ukrainian equivalents for the following words and phrases:

moderation; reactor pressure vessel; simultaneously; to sustain the chain reaction;
primary circuit; heat exchanger; reinforced building; turbine-alternator set;
pressurized water reactor; boiling water reactor; pressurized heavy water reactor; gas-
cooled reactor; light water graphite reactor; the Commonwealth of Independent States
(CIS).

I1. Give English equivalents for the following words and phrases:
30arayeHuil ypaH, JOCTAaTHbO CTIMKWM, MIATPUMYBATH JIAHLUIOTOBY PEaKIilo,
BUJIJIEHHS TApH, MOMVIMHATH TEIJIO, PEAaKTOpP 3 BOAOK MiJ THUCKOM, PEAKTOp 3

KHIIJII9O0I0 BOIOIO, 00’ €KT aKTUBHOI 30HH PCaKTOpa.

I11. Read the text about types of nuclear power reactors thoroughly, check your
answers and be ready to answer the questions that follow.

Nuclear power reactors can be classified according to the type of fuel they use
to generate heat.

Uranium-fuelled reactors. The only natural element currently used for
nuclear fission in reactors is uranium. Natural uranium is a highly energetic
substance: one kilogram of it can generate as much energy as 10 tons of oil. Naturally
occurring uranium comprises, almost entirely, two isotopes: U238 (99.283%) and
U235 (0.711%). The former is not fissionable while the latter can be fissioned by
thermal (i.e. slow) neutrons. As the neutrons emitted in a fission reaction are fast,
reactors using U235 as fuel must have a means of slowing down these neutrons
before they escape from the fuel. This function is performed by what is called
a moderator, which, in the case of certain reactors (see table of reactor types below)

simultaneously acts as a coolant. It is common practice to classify power reactors
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according to the nature of the coolant and the moderator plus, as the need may arise,

other design characteristics.

Reactor Type Coolant Moderator  Fuel Comment
Pressurised  water = Light water  Light Enriched Steam generated
reactors (PWR, water uranium in secongar 100
VVER) y 100p
reactors (BWR) g

to turbine
Pressurised heavy Heavy Heavy Natural
water reactor =~ water water uranium
(PHWR)
Gas-cooled reactors CO2 Graphite Natural  or
(Magnox, AGR, enriched
UNGG) uranium
Light water = Press-urised ~ Graphite Enriched Soviet design
graphite  reactors  boiling uranium
(RBMK) water

PWRs and BWRs are the most commonly operated reactors in Commonwealth
of Independent States (CIS). VVERs, designed in the former Soviet Union, are based
on the same principles as PWRs. They use “light water”, i.e. regular water (H20) as
opposed to “heavy water” (deuterium oxide D20). Moderation provided by light
water is not sufficiently effective to permit the use of natural uranium. The fuel must
be slightly enriched in U235 to make up for the losses of neutrons occurring during
the chain reaction. On the other hand, heavy water is such an effective moderator that
the chain reaction can be sustained without having to enrich the uranium. This
combination of natural uranium and heavy water is used in PHWRs, which are found
in a number of countries, including Canada, Korea, Romania and India.

Graphite-moderated, gas-cooled reactors, formerly operated in France and still

operated in Great Britain, are not built any more in spite of some advantages.
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RBMK-reactors (pressure-tube boiling-water reactors), which are cooled with
light water and moderated with graphite, are now less commonly operated in some
former Soviet Union bloc countries. Following the Chernobyl accident (26 April
1986) the construction of this reactor type ceased. The operating period of those units
still in operation will be shortened.

Plutonium-fuelled reactors. Plutonium (Pu) is an artificial element produced
in uranium-fuelled reactors as a by-product of the chain reaction. It is one hundred
times more energetic than natural uranium; one gram of Pu can generate as much
energy as one ton of oil. As it needs fast neutrons for fission, moderating materials
must be avoided to sustain the chain reaction in the best conditions. The current
Plutonium-fuelled reactors, also called “fast” reactors, use liquid sodium which
displays excellent thermal properties without adversely affecting the chain reaction.
These types of reactors are in operation in France, Japan and CIS.

Pressurized water reactors. The fission zone (fuel elements) is contained in a
reactor under a pressure of 150 to 160 bar (15 to 16 MPa). The primary circuit
connects the reactor pressure vessel to heat exchangers. The secondary side of these
heat exchangers is at a pressure of about 60 bar (6 MPa) — low enough to allow the
secondary water to boil. The heat exchangers are, therefore, actually steam
generators. Via the secondary circuit, the steam is routed to a turbine driving an
alternator. The steam coming out of the turbine is converted back into water by a
condenser after having delivered a large amount of its energy to the turbine. It then
returns to the steam generator. As the water driving the turbine (secondary circuit) is
physically separated from the water used as reactor coolant (primary circuit), the

turbine-alternator set can be housed in a turbine hall outside the reactor building.
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Nuclear power plant with pressurized water reactor

Boiling water reactors. The fission zone is contained in a reactor pressure
vessel, at a pressure of about 70 bar (7 MPa). When the temperature reaches
approximately 290°C, the water starts boiling and the resulting steam is produced
directly in the reactor pressure vessel. After the separation of steam and water in the
upper part of the reactor pressure vessel, the steam is routed directly to a turbine

driving an alternator.

The steam coming out of the turbine is converted back into water by a
condenser after having delivered a large amount of its energy to the turbine. It is
then fed back into the primary cooling circuit where it absorbs new heat in the
fission zone. Since the steam produced in the fission zone is slightly radioactive,
mainly due to short-lived activation products, the turbine is housed in the same

reinforced building as the reactor.
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Principle of operation of a nuclear power plant with boiling water reactor
Adapted from: ncert-notes.blogspot.com

What natural element is currently used in reactors?

What does «heavy water» mean?

What is moderation provided by light water not sufficiently effective for?
What fuel does a «fast» reactor use?

What moderator is used in the fast reactor?

Why will the operating period of RBMC be shortened?

What does a turbine turn?

What connects the primary circuit?

© 00 N o gk~ WD PRE

What function do exchangers perform?

IV. Match words from box A to their synonyms from box B.

a)  activate, separation, liquid, metrics, cooling, moderator, accelerant, reaction,

circuit, pipe, heat, vacuum, shell

b)  enable, membrane, dividing, refrigeration, stats, fluid, rarefaction, warm, tube,

booster, backlash, retardant, contour
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V. Match words from box A to their antonyms from box B.

a) boil, core, steam, pressure, heat, moderator, emit, condenser, fission, enriched,
high

b) depleted, low, freeze, ice, shell, cool, discharge, steam generator, joining, absorb,

accelerator

V1. Fill in the blanks with articles or prepositions.
1) The former is not fissionable while ... latter can be fissioned ... thermal (i.e. slow)

neutrons.

2) This function is performed ... what is called a moderator, ... in the case ... certain
reactors simultaneously acts ... a coolant.

3) Moderation provided ... light water is not sufficiently effective to permit the use
... natural uranium.

4) These types ... reactors are in operation in France, Japan and ...Commonwealth
... Independent States (CIS).

5) ... the water driving the turbine (secondary circuit) is physically separated ... the
water used ... reactor coolant (primary circuit), the turbine-alternator set can be

housed in a turbine hall outside ... reactor building.

VI1I. Render the following text into English.
PeakTopu Ha Jierkiid Boai
Jlanuii TUN peakTopiB JIIUTHCS HA TakKl TUIU: PEAKTOPU 3 BOJOIO i THCKOM
(IIBP Ta BBEP) i1 peakropu 3 xkumisyoro Bojoto (BBP). OOugsa 11 tunwu
BUKOPHUCTOBYIOTh JIETKY BOJAY 1 30aradeHuil ypaH sik manuBo. Jlerka Bojna, siky BOHH
BUKOPUCTOBYIOTh, € OJHOYACHO TEIUIOHOCIEM 1 crnoBuIbHIOBaueM. [loToku BoaM
MPOXOJSITh Yepe3 aKTUBHY 30HY PEaKTOpa, IKa MICTUTh OJIOK MaJIUBHUX CTPHUIXKHIB, J1€

TEIJIOHOCI 3a0upae TeIyio, IO BUIUISETHCA BHACHIIOK TMOAUTY ypaHy-235 B
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NaJTUBHUX CTPIKHAX. [1icias TermnooOMIHHMKA Map MOTpaIvise 0 NapoBoi TypOiHH, a
BIJIMIPAIlbOBAaHUN TMap KOHJCHCYETHCS 1 HANpAaBISETHCS Ha3al 0 aKTUBHOI 30HU
peaktopa. TakumM 4YMHOM, 3aMHKA€ThCA LUK Mepmioro KoHtypy. Hns mepenmaui
BHCOKOTO MOTEHI[IaTy TETIOBOI €Heprii Ha TypOiHy HEOOX1THO AOCATTH TeMIIepaTypH
om3pko 300 rpanyciB. IIBP 1 BBP Biipi3HSAOTBCA THCKOM TEIJIOHOCIS, IO
IIPOXOJUTh Uepe3 akKTUBHY 30HY peaktopa. B BBP, THck 0x0510/1KyBaabHOI piIUHU
icrotHO HWk4Ye, HOK B [IBP, mo 3amobirae i kumiaato. [lap, B pe3yabrari mporo
IpoIIeCy, MOJAETHCS B TYpOiHY.

[TpuHLMIIOBa PI3HUI MK HarpiBaHHSIM Il TUCKOM 1 BUIApOBYBAHHSIM IIiJ
yac KHWITIHHA 3YMOBIIOE 0araro KOHCTPYKTMBHHUX XapaKTEpUCTHUK JBOX THIIIB
peakTopiB Ha Jierkiii Bozai. HesBakarounm Ha BIAMIHHOCTI B KOHCTPYKIIISIX, CIIT
3a3HAYUTH, 110 B JBOX THUIAX PEAKTOPIB 3a0€3MEUy€eThCS E€KBIBAJCHTHHUI PIBEHb

O€e3IIeKN.

VIII. In pairs, make sentences using words and phrases below. Using your
sentences discuss functions of the primary cooling circuit and heat exchangers,
then present your ideas to the rest of the class.

1) the turbine, back into water, a large amount, the primary cooling circuit, the fission
zone, steam, a condenser, energy.

2) the primary circuit, reactor pressure vessel, secondary side, a pressure, secondary

water, heat exchangers, steam generators, to boil.

IX. Summarize the text on pages 27 — 30 in 120 — 140 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 6 Heat and temperature

I. A. Listen to a lecture on heat and temperature and decide

whether these sentences are true or false. Correct the false ones.

1.  Temperature is a measure of the average potential energy in a substance.

2. As temperature increases, molecular motion increases, Kkinetic energy of

particles increases.

3. Absolute 0 (0 K) is the lowest possible temperature.

4, Energy is related to temperature and heat.

5. 1 calorie is the amount of energy needed to raise the temperature of 1g of

water, 1 Celsius degree.

B. Listen to a lecture again and complete the student’s notes.

Kinetic energy

Potential energy

1.  Energy in motion e.g.

3. Associated with

4. The faster the wovement of

particles,

5. )

the faster the particles move.

1. Energy

gasoline in a tank, water behind a
dam and a roller coaster at the top
of a hill.

2. Capacity to do work.

3. Related to

The more chemical bonds,
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I1. Give Ukrainian equivalents for the following words and phrases:
hand in hand; metric unit; remarkable coincidence; the freezing point of water; to
cuddle up; convenient unit of measurement; in the context of a food’s nutritional

content; specific heat.

I11. Give English equivalents for the following words and phrases:
CyTTE€BA BIJIMIHHICTh, B3a€MO3B’S30K, PO3MIIIECHHS, PO3CIIOBaTH, TEIUIOEMHICTD,
MpoCTUid 30ir, 3IMTOBXHYTHCH 3 MPOOJIEMOIO, MOBIILHO OOpaHa TOYKa, XIMIYHI

3B,513KI/I, PCHYOBHUHA.

V. Read the text about heat and temperature thoroughly, check your answers
and be ready to answer the questions that follow.

In everyday speech, heat and temperature go hand in hand: the hotter
something is, the greater its temperature. However, there is a subtle difference in the
way we use the two words in everyday speech, and this subtle difference becomes
crucial when studying physics.

Temperature. Temperature is a property of a material, and thus depends on
the material, whereas heat is a form of energy existing on its own. While temperature
is related to thermal energy, there is no absolute correlation between the amount of
thermal energy (heat) of an object and its temperature. Temperature measures the
concentration of thermal energy in an object in much the same way that density
measures the concentration of matter in an object. As a result, a large object will have
a much lower temperature than a small object with the same amount of thermal
energy. As we shall see shortly, different materials respond to changes in thermal
energy with more or less dramatic changes in temperature.

Degrees Celsius. In the United States, temperature is measured in degrees
Fahrenheit (°F). However, Fahrenheit is not a metric unit, so it will not show up on
SAT 1l Physics. Physicists and non-Americans usually talk about temperature in

terms of degrees Celsius, a.k.a. centigrade (°C). Water freezes at exactly 0°C and
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boils at 100°C. This is not a remarkable coincidence — it is the way the Celsius scale
Is defined.

SAT Il Physics will not ask you to convert between Fahrenheit and Celsius, but
If you have a hard time thinking in terms of degrees Celsius, it may help to know how
to switch back and forth between the two. The freezing point of water is 0°C
and 32°F. A change in temperature of nine degrees Fahrenheit corresponds to a
change of five degrees Celsius, so that, for instance, 41°F is equivalent to 5°C. In
general, we can relate any temperature of y°F to any temperature of X°C with the

following equation:

'F= %:c"c +32

Kelvins. In many situations we are only interested in changes of temperature,
so it does not really matter where the freezing point of water is arbitrarily chosen to
be. But in other cases, as we shall see when we study gases, we will want to do things
like “double the temperature,” which is meaningless if the zero point of the scale is
arbitrary, as with the Celsius scale.

The Kelvin scale (K) is a measure of absolute temperature, defined so that
temperatures expressed in Kelvins are always positive. Absolute zero, 0 K, which is
equivalent to — 273°C, is the lowest theoretical temperature a material can have.
Other than the placement of the zero point, the Kelvin and Celsius scales are the
same, so water freezes at 273 K and boils at 373 K.

Calories. Like work, heat can be measured in terms of joules, but it is
frequently measured in terms of calories (cal). Unlike joules, calories relate heat to
changes in temperature, making them a more convenient unit of measurement for the
kinds of thermal physics problems you will encounter on SAT Il Physics. Be
forewarned, however, that a question on thermal physics on SAT Il Physics may be
expressed either in terms of calories or joules.

A calorie is defined as the amount of heat needed to raise the temperature of

one gram of water by one degree Celsius. One calorie is equivalent to 4.19 J.
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You are probably most familiar with the word calorie in the context of a food’s
nutritional content. However, food calories are not quite the same as what we are
discussing here: they are actually Calories, with a capital “C,” where 1 Calorie
= 1000 calories. Also, these Calories are not a measure of thermal energy, but rather a
measure of the energy stored in the chemical bonds of food.

Specific Heat. Though heat and temperature are not the same thing, there is a
correlation between the two, captured in a quantity called specific heat, c. Specific
heat measures how much heat is required to raise the temperature of a certain mass of
a given substance. Specific heat is measured in units of J/kg - °C or cal/g - °C. Every
substance has a different specific heat, but specific heat is a constant for that

substance.
Adapted from: 123 doc.org

1.  What is the difference between heat and temperature?

2. Is the correlation between the amount of thermal energy (heat) of an object and
its temperature absolute?

3. In which units is the temperature measured in the U.S.?

4 How can we relate any temperature of y°F to any temperature of X°C?

5. What is the difference between calories and Calories?
6

What does specific heat measure?

V. Complete these sentences with words from the box.

melting point, centigrade, steam generator, measurable, conduction, generally
speaking, agitated, the calorie, thermal equilibrium, designed, molecules, equal,
intensive property, heat, be detected

1. Nuclear power reactors can be classified according to the type of fuel they use to
generate ...

2. Heat capacity, or thermal capacity, is the ... physical quantity of heat energy
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required to change the temperature of an object by a given amount.

3. Heat capacity is an ... of matter, meaning it is proportional to the size of the
system.

4. Solids are rigid because their ... do not have enough Kinetic energy to go anywhere
— they just vibrate in place.

5. Changes in heat can usually ... as changes in temperature.

6. Because energy is conserved, the heat that flows out of the hotter object will be ...
to the heat that flows into the colder object.

7. A boiler or ... is a device used to create steam by applying heat energy to water.

8. All nuclear reactors are devices ... to maintain a chain reaction producing a steady
flow of neutrons generated by the fission of heavy nuclei.

9. Celsius, also known as ..., is a scale and unit of measurement for temperature.

10. Thermal physics, ..., is the study of the statistical nature of physical systems from
an energetic perspective.

11. When the thermal changes have stopped, we say that the two objects (physicists
define them more rigorously as systems) are in ....

12. If a solid is heated through its ..., it will melt and turn to liquid.

13. ... is the transfer of heat by intermolecular collisions.

14. Molecules are always ..., to some extent — and therefore the absolute zero of
temperature remains a theoretical concept.

15. Commonly used units for measuring heat are ... and the British thermal unit, or
Btu.

V1. Match words from box A to their synonyms from box B.

a) equivalent, temperature, crucial, disperse, between, constant, usually, average,

absolute, change, to support, measure, correlation, theoretical.

b) heat, dissipate, amid, permanent, commonly, alter, medium, unmitigated, to back

up, interrelation, degree, decisive, ideal, tantamount.
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V1. Match words from box A to their antonyms from box B.

a) warm, increase, boiling point, solid, positive, dense, constant, accumulate, expand,

disadvantage.

b) negative, cool, soft, thin, advantage, variable, freezing point, dissipate, compress,

decrease.

VIII. In pairs, make questions using these prompts. Then practice asking and
answering the questions.

What / temperature?

What / temperature measure?

How / relate any temperature of y°F to any temperature of X°C?

Why / use the Kelvin scale in the study of gases?

How / a calorie defined?

What / the difference between calories and Calories?

N o g kDR

What / the measure of specific heat?

IX. Render the following text into English.

BusHaueHHst TeMnepaTypu

TemnepaTypa maTepially € MIpOIO CEPeAHbOI KIHETUYHOI €Heprii MOJEeKy, 3
SKUX CKJIAJA€EThCA el maTepiai. AOCOTIOTHUI HYJIb BUBHAYAETHCS SIK TEMIEepaTypa,
MIPH SIKIM MOJIEKYJIM MAatOTh HYJIbOBY KIHETUUHY €HEPTIIO.

TBepal Tina € MKOPCTKHUMH, TOMY IIO iX MOJIEKYJM HE MAaloTh JIOCTaTHBHOI
KIHETUYHOI €Heprii, mo0 pyXaTUCh KyIW 3aBFOJHO — BOHH TMPOCTO BIOPYIOTH Yy
By3JlaX KpHUILUTAJIEBOI rpaTKW. MoOJeKylIu B PiAMHI MarOTh JIOCTATHBO €HEPTii IS
pyXy OJIMH JI0 OJHOrO — 1 caM€ TOMY PIIMHM TEKy4l, ajlé HE JIOCTaTHbhO, 1100

MOJIEKYJIM YHMKHYJIU OJHA OJHY. Y MOJIEKyJl Ta3y HacTUIbKM 0arato KiHETHUYHOI
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€Heprii, 0 BOHU PO3TIKAIOTHCS 1 ra3 PO3IMIUPIOETHCS, 100 3aIOBHUTH €MHICTh, B
SKI{ BiH 3HAXOIUTHCSI.

TenmoBa enepris. Bona mepemaeThcss Bi OUIBII TrapsA4yoro Tijia A0 OiIBIIT
XOJIOJHOTO 3T1IHO 3 APYT'MM 3aKOHOM TEpPMOJMHAMIKU. Y TOW yac sk 1 poOoTa, 1
BHUCOKa TeMIiepaTypa Moxe OyTH BUMIpsiHa, BOHM HE € MIpOIO €HEeprii, 11 mapameTpu
€ Miporo mepeaadi eHeprii. ['pijika Mae MeBHY KUIBKICTh TEIJIOBOI €HEprii; KOJIU BH
MPUKIAJAETE TUIAIIKY Tapsdoi BOAW, BOHA BIJJA€ MEBHY KIJIBKICTh TEIUIA BAIIOMY

TLTY.

X. Summarize the text on pages 35 — 37 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 7 The notions of thermal physics

I. Give Ukrainian equivalents for the following words and phrases:

energy is conserved; phase changes; block of ice; melting point; boiling point;
condense into a liquid; steady heat; most likely; qualitative understanding;
intermolecular collisions; water molecules; transferring heat; electromagnetic waves;

energizing the molecules.

II. Give English equivalents for the following words and phrases:
3arajibHa 1CTHHA, Iepeaada TeIIOTH, 30epiraTd €HEpriio, TeIIoBa piBHOBAra, MOXe
OyTH TEpEeTBOPEHUI, MIKMOJEKYJSIPHE 3ITKHEHHS, TEIUIONPOBIIHICTh, KIHETHYHA

eHeprisi, TBepJe TII0, PIIMHA, aKTUB13allisl MOJIEKYJI, COHSYHI IIPOMEHI.

I11. Read the text about the notions of thermal physics thoroughly, check your
answers and be ready to answer the questions that follow.

Phase changes. As you know, if you heat a block of ice, it will not simply get
warmer. It will also melt and become liquid. If you heat it even further, it will boil
and become a gas. When a substance changes between being a solid, liquid, or gas,
we say it has undergone a phase change.

Melting point and boiling point. If a solid is heated through its melting point,
it will melt and turn to liquid. Some substances — for example, dry ice (solid carbon
dioxide) — cannot exist as a liquid at certain pressures and will sublimate instead,
turning directly into gas. If a liquid is heated through its boiling point, it will vaporize
and turn to gas. If a liquid is cooled through its melting point, it will freeze. If a gas is
cooled through its boiling point, it will condense into a liquid, or
sometimes deposit into a solid, as in the case of carbon dioxide. These phase changes

are summarized in the figure below.
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A substance requires a certain amount of heat to undergo a phase change. If
you were to apply steady heat to a block of ice, its temperature would rise steadily
until it reached 0°C. Then the temperature would remain constant as the block of ice
slowly melted into water. Only when all the ice had become water would the
temperature continue to rise.

Methods of heat transfer. There are three different ways heat can be
transferred from one substance to another or from one place to another. This material
is most likely to come up on SAT Il Physics as a question on what kind of heat
transfer is involved in a certain process. You need only have a qualitative
understanding of the three different kinds of heat transfer.

Conduction. Conduction is the transfer of heat by intermolecular collisions.
For example, when you boil water on a stove, you only heat the bottom of the pot.
The water molecules at the bottom transfer their kinetic energy to the molecules
above them through collisions, and this process continues until all of the water is at
thermal equilibrium. Conduction is the most common way of transferring heat
between two solids or liquids, or within a single solid or liquid. Conduction is also a

common way of transferring heat through gases.
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Convection. While conduction involves molecules passing their kinetic energy
to other molecules, convection involves the molecules themselves moving from one
place to another. For example, a fan works by displacing hot air with cold air.
Convection usually takes place with gases traveling from one place to another.

Radiation. Molecules can also transform heat into electromagnetic waves, so
that heat is transferred not by molecules but by the waves themselves. A familiar
example is the microwave oven, which sends microwave radiation into the food,
energizing the molecules in the food without those molecules ever making contact
with other, hotter molecules. Radiation takes place when the source of heat is some

form of an electromagnetic wave, such as microwave or sunlight.
Adapted from: indahnyafizik.blogspot.com

How is heat transferred between hotter and cooler body?

How is the state when both of the bodies have the same temperature called?
What happens with a solid if it is heated through its melting point?

What is the difference between convection and conduction?

What is the difference between convection and radiation?

o 0 k~ wDdE

What happens with a liquid if it is heated through its boiling point?

IVV. Complete these sentences with words from the box.

hotter object, melt, colder object, phase change, freeze, vaporize, condense,
conduction, transferred, Kkinetic energy, convection, thermal equilibrium,
electromagnetic waves

1. Heat flows spontaneously from a ... object to a ... object, but never from a ...
object to a ... object.

2. If you heat a block of ice, it will not simply get warmer. It will also ... and
become liquid.

3. When a substance changes between being a solid, liquid, or gas, we say it has
undergone a ... .

4. If a liquid is heated through its boiling point, it will ... and turn to gas.
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5. Ifaliquid is cooled through its melting point, it will ... .

6. Ifagasis cooled through its boiling point, it will ... into a liquid.

7. There are three different ways heat can be ... from one substance to another or
from one place to another.

8. ... isthe transfer of heat by intermolecular collisions.

9. The water molecules at the bottom transfer their ... to the molecules above them
through collisions, and this process continues until all of the water is at ... .

10. While conduction involves molecules passing their kinetic energy to other
molecules, ... involves the molecules themselves moving from one place to another
11. Molecules can also transform heat into ..., so that heat is transferred not by

molecules but by the waves themselves.

V. Match words from box A to their synonyms from box B.

a) warmer, cooler, energy, solid, liquid, melt, transfer, between, constant, usually

b) freezer, power, fluent, fuse, convert, amid, firm, permanent, commonly, hotter

V1. Match words from box A to their antonyms from box B.

a) solid, rise, single, melting, equilibrium, hot, boil, flow

b) liquid, cool, stand, drop, condense, boiling, collision, multiple

VII. Render the following text into English.

TermoBa piBHOBara
Bi3pMiTh Trapsdy Kpy»XKy Kakao B PyKy, 1 Bamia pyka OyJe HarpiBaTuCs, B

mpoIieci KpyXKa CTa€ XOJOAHINIOK. MOXIKWBO, BU TOMITUIM, IO I1HAKIIE HE
BiJI0OYBA€THCSA: BU HE MOXKETE 3pOOUTH CBOIO PYKY XOJOJHIIIOK 1 KyXOjib TEIUIilIe,
MOKJIABIIM PYKY Ha KpYyXKy. Te, 110 BM MOMITHJIM 1LI€ — 3arajibHa iCTMHAa B CBITI:

TEIIO HE TeYe CIIOHTAHHO 3 OUIBII raps4oro o0’ €KTa 0 OLIBII XOJIOJIHOI0 00’ €KTA,
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ajyie HIKOJM Bij] OUTBIT XOJOMHOTO 00’€KTa A0 OLmbIn rapsdoro o0’ekra. Ile oguH 13
Croco0iB TOKa3y APYroro 3aKOHY TEPMOIMHAMIKH.

Beskuit pa3, ko nBa 00’€KTH 3 PI3HUMH TeMIlepaTypamMH KOHTAaKTYIOTh,
TEIUIO0 HAaIXOIUTHME BIJ TCILIIIIOrO 3 JBOX 00’ €KTIB, JO XOJIOJHIIIOrO, IOKH BOHH
obuaBa OyIyTh MaTH OJHAKOBY TeMmIieparypy. Koam BOHU IOCITalOTh I[LOTO CTaHy,
MU TOBOPHMO, 1110 BOHU ITepeO0yBalOTh y TETUIOBiH piBHOBA3I.

Ockinbku eHeprisa 30epiraerbcsi, TEMIO, SKE€ BUTIKAE€ 3 rapsdoro o0’ekTa
JOPIBHIOBATHME TEIUIOTI, sIKa Te4e IO XOJOAHOro o0’ekTa. Marouu 1me Ha yBasi,
MOKHa OOYHUCIIUTH TeMITepaTypy 000X 00’ €KTIB, KOJU BOHU NIepeOyBalOTh B TETUIOBIM

piBHOBA31.

VIII. In pairs, make sentences using words and phrases below. Using your
sentences discuss such notions of thermal physics as conduction, convection,
radiation, then present your ideas to the rest of the class.

1)  Conduction, convection, kinetic energy, molecules, one place to another.
Convection, gases, traveling.

2)  Molecules, electromagnetic waves, waves, radiation, the source of heat,

microwave, sunlight.

IX. Summarize the text on pages 41 — 43 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 8 The laws of thermodynamics

I. Give Ukrainian equivalents for the following words and phrases:

to accelerate; as long as; to do any calculating; thermal equilibrium; matter of logic; a
significant consequence; to be placed in contact with one another; an isolated
system; internal energy; potential energy; conservation of energy; equivalent forms;

heat engines.

I1. Give English equivalents for the following words and phrases:

BIIOPSAKOBAHUM BiJ HYJS A0 TPhOX, TEIJIOBA piBHOBAara, TepMOAMHAMIYHA CUCTEMA,
OJIHAaKOBa TEMIEpaTypa, 3HAYHUN HACHIJOK, PIBHSIHHS, BIUIMBATH HAa BHYTPILIHIO
eHeprito, 00’eM poOOTH, PIBHOINHA CHJIA, IHTYITUBHE (DOPMYITIOBAHHS, a0COJIFOTHUIMA

HYJIb, TPETIN 3aKOH TEPMOIUHAMIKHU.

III. Read the text about the laws of thermodynamics thoroughly, check your
answers and be ready to answer the questions that follow.

Dynamics is the study of why things move the way they do. The prefix thermo
denotes heat, so thermodynamics is the study of what compels heat to move in the
way that it does. The Laws of Thermodynamics give us the whats and whys of heat
flow.

The laws of thermodynamics are a bit strange. There are four of them, but they
are ordered zero to three, and not one to four. They were not discovered in the order
in which they are numbered, and some — particularly the Second Law — have many
different formulations, which seem to have nothing to do with one another.

There will almost certainly be a question on the Second Law on SAT Il
Physics, and quite possibly something on the First Law. The Zeroth Law and Third
Law are unlikely to come up, but we include them here for the sake of completion.

Questions on the Laws of Thermodynamics will probably be qualitative: as long as
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you understand what these laws mean, you probably will not have to do any
calculating.

The Zeroth Law

If system A is at thermal equilibrium with system B, and B is at thermal
equilibrium with system C, then A is at thermal equilibrium with C. This is more a
matter of logic than of physics. Two systems are at thermal equilibrium if they have
the same temperature. If A and B have the same temperature, and B and C have the
same temperature, then A and C have the same temperature.

The significant consequence of the Zeroth Law is that, when a hotter object and
a colder object are placed in contact with one another, heat will flow from the hotter

object to the colder object until they are in thermal equilibrium.

The First Law

Consider an isolated system — that is, one where heat and energy neither enter
nor leave the system. Such a system is doing no work, but we associate with it a
certain internal energy, U, which is related to the kinetic energy of the molecules in
the system, and therefore to the system’s temperature. Internal energy is similar to
potential energy in that it is a property of a system that is doing no work, but has the
potential to do work.

The First Law tells us that the internal energy of a system increases if heat is
added to the system or if work is done on the system and decreases if the system

gives off heat or does work. We can express this law as an equation:
AU = AQ+ AW
where U signifies internal energy, Q signifies heat, and W signifies work.

The First Law is just another way of stating the law of conservation of energy.
Both heat and work are forms of energy, so any heat or work that goes into or out of a

system must affect the internal energy of that system.
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The Second Law

There are a number of equivalent forms of the Second Law, each of which
sounds quite different from the others. Questions about the Second Law on SAT Il
Physics will invariably be qualitative. They will usually ask that you identify a
certain formulation of the Second Law as an expression of the Second Law.

The Second Law in Terms of Heat Flow

Perhaps the most intuitive formulation of the Second Law is that heat flows
spontaneously from a hotter object to a colder one, but not in the opposite direction.
If you leave a hot dinner on a table at room temperature, it will slowly cool down,
and if you leave a bowl of ice cream on a table at room temperature, it will warm up
and melt. You may have noticed that hot dinners do not spontaneously get hotter and
ice cream does not spontaneously get colder when we leave them out.

The Second Law in Terms of Heat Engines

One consequence of this law, which we will explore a bit more in the section
on heat engines, is that no machine can work at 100% efficiency: all machines
generate some heat, and some of that heat is always lost to the machine’s
surroundings.

The Third Law

It is impossible to cool a substance to absolute zero. This law is irrelevant as
far as SAT Il Physics is concerned, but we have included it for the sake of

completeness.

Adapted from: www. sparknotes.com

What do the laws of thermodynamics define?

What is the definition of the Zeroth Law?

What is a thermal equilibrium?

What is the significant consequence of the Zeroth Law of thermodynamics?

What does the First Law of thermodynamics tell us?

o a0 bk~ w b E

Does the Second Law of thermodynamics have equivalent forms?
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7. How does the formulation of the Second Law of thermodynamics sound in terms

of Heat Flow?

IVV. Match words from box A to their synonyms from box B.

a) to study, to accelerate, to compel, heat, equilibrium, flow, internal,

container, formulation

b)  to learn, to precipitate, balance, stream, warmth, package, enunciation,

inside, to cause.

V. Match words from box A to their synonyms from box B.

a) equilibrium, hotter, spontaneously, positive, add, hot, equal, order, together.

b) purposely, negative, unbalance, cool, different, separately, colder, remove,

disorder.

V1. Choose the correct word and fill in the blanks:

sake study equilibrium ordered
1)  Dynamicsis the ......... of why things move the way they do.
2)  There are four of them, but they are ........ zero to three, and not one to
four.
3)  The Zeroth Law and Third Law are unlikely to come up, but we include
them here for the ........ of completion.

4)  If system A is at thermal ........... with system B, and B is at thermal
equilibrium with system C, then A is at thermal equilibrium with C.
work hotter flow heat similar

1)  The significant consequence of the Zeroth Law is that, when a ......
object and a colder object are placed in contact with one another, heat will ....... from

the hotter object to the colder object until they are in thermal equilibrium.
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2)  Internal energy is ........ to potential energy in that it is a property of a
system that is doing no work, but has the potential to do......... :

3)  The First Law tells us that the energy of a system increases if ...... is
added to the system or if work is done on the system and decreases if the system
gives off heat or does work.

key cool conservation force work

1)  The First Law is just another way of stating the law of ........... of
energy.
2) The........... to answering this question is to note that the temperature of

the container remains constant.

3) Theamountof.......... done by the system on the piston is the product of
the ........ exerted on the piston and the distance the piston is moved.
4)  Itisimpossible to .............. a substance to absolute zero.

VII. A. Listen to a lecture on entropy and decide whether these
sentences are true or false. Correct the false ones.

1. 1865 the term entropy was coined by a German physicist Rudolph

Clausius.

2. According to the online etymology dictionary the word entropy means ‘in a
turning’.

3. The Second Law of Thermodynamics says the entropy of the universe tends
towards a maximum.

4. Entropy is an emergent property that arises when the whole is less than the sum of
its parts.

5. The entropy of perfectly isolated stuff must always decrease.
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B. Work in pairs, A and B. Listen again and explain your partner such physical
phenomenon as entropy. Before you start, work out with your partner useful

guestions to obtain as much information as possible.

VIII. Render the following text into English.

JIpyruii 3aK0H 3 TOYKH 30Py €HTPOii

HaiiBimomimum popmyntoBanHsM [pyroro 3akoHy € GpopmystoBaHHS 3 TOUKU
30py eHtpomnii. [IoHATTS «eHTpormis» Oyn0 BBEIEHO B 19-My CTOMNITTI K TEXHIYHHMA
TEpPMIH JUIsl TO3HAYEHHsS HEBIOPSIKOBAHOCTI cucTeMu. Tol ke caMuil mpuHIUI,
AKUM TOBOPUTh HaM, WLI0 TEIJIOBUH MOTIK IEPEMILIYETbCS BiJ Trapsyoro 1o
XOJIOJHOTO TiNa, ajie HE MO 3yCTPIYHOMY HAIPSIMKY TOBOPUTH HaM, IO TOJIOBHI,
BIIOPSJIKOBAaHI CHUCTEMH, CXWJIbHI JO TOrO, 00 CTaBaTH HEBIOPSAIKOBAHUMH, aje
HEBIOPSIIKOBaHI CUCTEMHU HE CXUJIbHI JI0 TOTO, 100 CTaBaTH BIOPSIKOBAHUMH.

VYsBiTb, 10 3aCUIIAETE CTOJIOBY JIOKKY COJIl 1 IOTIM CTOJIOBY JIOXKKY MEPILIO B
0anky. CrouaTky, OyJIyTh JBI OKpEMI KYIH: OJHA 3 COJIl 1 OJIHA 3 MEepLI0. AJle SKIIO0
Bu TpsixHeTe cymilil, TO YaCTHHKH COJII 1 MEPITI0 3MIMaThes. | HisKI CTpyIIyBaHHS
TOJ1 HE JOMOMOXYTh BaM po3aivTy cymimn Ha3a B /1Bl BiAMiHHI KynH. J[Bl okpemi
KYIIU COJII 1 MEPII0 MPEACTABISIOTH OUIbII YIOPAIKOBaHY CUCTEMY, HIXK 1X CyMIII.
[ToTim, ysBiTh, 1110 Bu Byckaere 6anky Ha miaory. Ckiio 6’€ThCs 1 YaCTUHKHU CO, 1
MEPII0 PO3CUTIAIOTHLCS Ha MiI031. Bu MoxeTe Tepruisue yekaTtu, ajie Bu Busiute, 1o
B TOM 4Yac K CKJIO MOXE€ pPO30MTUCSA 1 YACTUHKH MOXXYTh PO3CISTHCS, HIKa Jis,
HACTIJILKM K TPOCTA, SIK pO30UTTA OAHKU HE 3MYCHUTh CKJIO 3 €HATHUCS Ha3aj, 1100
3HOBY 310paTH cebe, ado ciib 1 mepelb. Bama cucrema coii 1 nepifro B 0aHIill OUTbII

BIIOPSAKOBAHA, HIXK CHCTeMa po30MTOT OAHKH 1 pO3CHITAHUX MTPUIIPAB.
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IX. In pairs, make sentences using words and phrases below. Using your
sentences discuss the laws of thermodynamics, and then present your ideas to
the rest of the class.

thermodynamics, to explain, definition, thermodynamic systems, the laws of
thermodynamics, heat, cool, hot, different formulations, physics, temperature, heat

flow, internal energy, thermal equilibrium, absolute zero, entropy, work, equation.

X. Summarize the text on pages 46 — 48 in 100 — 120 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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Unit 9 Inside the Fukushima Daiichi reactors:

the echo of Japan disaster

I. Give Ukrainian equivalents for the following words and phrases:

thermal power; heat removal; heat exchanger; primary containment; to house;
external stack; fire pump; to vent; wet well; noble gases; to accompany; rupture
interpretation; to solidify; debris; defueled; reactor pressure vessel (RPV); IAEA;
NISA.

I1. Give English equivalents for the following words and phrases:

MPOEKTYBAaHHS, €KCIUTyaTallisl, 3amo0ikHa 000JIOHKAa, BHYTPIIIHINA THUCK, OCIa0UTH,
CHUCTEMa aBapiHOTO OXOJIOJ)KEHHS CEpPLEBUHHU, HEYXWJIbHO, HACOCHA CTaHIIs,
IPEHAKHUM KOJOJs3b, Kamepa cTpuMyBaHHs, OpraHizaiis 3 peryJjatOBaHHS sSI€pHOI
€HEpPreTMKH, BUTIK I1€3110, MOBEPHEHHS IOTOKY, PpAaJl0aKTUBHUN BHKHUJ, JIETKE

PO3MUJICHHS Y MOBITP1, TEPMETUYHUIN KOPITYC.

I11. Read the text about the Japan disaster inside the Fukushima Daiichi
reactors thoroughly, check your answers and be ready to answer the questions
that follow.

The Fukushima Daiichi reactors are GE boiling water reactors (BWR) of an
early (1960s) design supplied by GE, Toshiba and Hitachi, with what is known as a
Mark | containment. Reactors 1-3 came into commercial operation 1971-75. Reactor
power is 460 MWe for unit 1, 784 MWe for units 2-5, and 1100 MWe for unit 6.

When the power failed at 3.42 pm, about one hour after shutdown of the fission
reactions, the reactor cores would still be producing about 1.5% of their nominal
thermal power, from fission product decay — about 22 MW in unit 1 and 33 MW in
units 2 & 3. Without heat removal by circulation to an outside heat exchanger, this
produced a lot of steam in the reactor pressure vessels housing the cores, and this was

released into the dry primary containment (PCV) through safety valves. Later this
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was accompanied by hydrogen, produced by the interaction of the fuel’s very hot

zirconium cladding with steam after the water level dropped.

Spent fusl poal

Reactor servica floor
Caoncrete reactor buslding
Reactor pressure vessel

Primary containment drywell

Suppression pand webyell L ‘

As pressure started to rise here, the steam was directed into the suppression
chamber under the reactor, within the containment, but the internal temperature and
pressure nevertheless rose quite rapidly. Water injection commenced, using the
various systems provide for this and finally the Emergency Core Cooling System
(ECCS). These systems progressively failed over three days, so from early Saturday
water injection to the reactor pressure vessel (RPV) was with fire pumps, but this
required the internal pressures to be relieved initially by venting into the suppression
chamber/ wet well.

Inside unit 1, as pressure rose, attempts were made to vent the containment,
and when external power and compressed air sources were harnessed this was
successful, by about 2.30 pm Saturday, though some manual venting was apparently
achieved at about 10.17 am. The venting was designed to be through an external
stack, but in the absence of power much of it back flowed to the service floor at the
top of the reactor building, representing a serious failure of this system. The vented
steam, noble gases and aerosols were accompanied by hydrogen. At 3.36 pm on
Saturday 12th, there was a hydrogen explosion on the service floor of the building

above unit 1 reactor containment, blowing off the roof and cladding on the top part of
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the building, after the hydrogen mixed with air and ignited. (Oxidation of the
zirconium cladding at high temperatures in the presence of steam produces hydrogen
exothermically, with this exacerbating the fuel decay heat problem.)

Much of the fuel in units 2 & 3 also apparently melted to some degree, but to a
lesser extent than in unit 1, and a day or two later. In mid-May 2011 the unit 1 core
would still be producing 1.8 MW of heat, and units 2 & 3 would be producing about
3.0 MW each.

In mid-2013 the Nuclear Regulation Authority (NRA) confirmed that the
earthquake itself had caused no damage to unit 1.

In unit 2, water injection using the steam-driven back-up water injection
system failed on Monday 14th, and it was about six hours before a fire pump started
injecting seawater into the RPV. Early on Tuesday 15th, the pressure suppression
chamber under the actual reactor seemed to rupture, possibly due to a hydrogen
explosion there, and the drywell containment pressure inside dropped. However,
subsequent inspection of the suppression chamber did not support the rupture
interpretation. Later analysis suggested that a leak of the primary containment
developed on Tuesday 15th. Most of the radioactive releases from the site appeared
to come from unit 2.

In Unit 3, the main back-up water injection system failed at 11 am on Saturday
12™ and early on Sunday 13", water injection using the high pressure system failed
also and water levels dropped dramatically. RPV pressure was reduced by venting
steam into the wet well, allowing injection of seawater using a fire pump from just
before noon. Early on Monday 14" PCV venting was repeated, and this evidently
backflowed to the service floor of the building, so that at 11 am a very large hydrogen
explosion here above unit 3 reactor containment blew off much of the roof and walls
and demolished the top part of the building. This explosion created a lot of debris,
and some of that on the ground near unit 3 was very radioactive.

In defueled unit 4, at about 6 am on Tuesday 15 March, there was an explosion

which destroyed the top of the building and damaged unit 3's superstructure further.
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This was apparently from hydrogen arising in unit 3 and reaching unit 4 by backflow
in shared ducts when vented from unit 3.

There was a peak of radioactive release on 15th, apparently mostly from unit 2,
but the precise source remains uncertain. Due to volatile and easily-airborne fission
products being carried with the hydrogen and steam, the venting and hydrogen
explosions discharged a lot of radioactive material into the atmosphere, notably
iodine and caesium. NISA said in June that it estimated that 800-1000 kg of hydrogen
had been produced in each of the units.

Through 2011 injection into the RPVs of water circulated through the new
water treatment plant achieved relatively effective cooling, and temperatures at the
bottom of the RPVs were stable in the range 60-76°C at the end of October, and 27-
54°C in mid-January. RPV pressures ranged from atmospheric to slightly above (102-
109 kPa) in January, due to water and nitrogen injection. However, since they are
leaking, the normal definition of "cold shutdown™ does not apply, and Tepco waited
to bring radioactive releases under control before declaring "cold shutdown
condition” in mid-December, with NISA's approval. This, with the prime minister's
announcement of it, formally brought to a close the 'accident’ phase of events.

The AC electricity supply from external source was connected to all units by
22 March. Power was restored to instrumentation in all units except unit 3 by 25
March. However, radiation levels inside the plant were so high that normal access

was impossible until June.

Adapted from: wegotnuked.giorginline.com

When did reactors 1 — 3 come into commercial operation?

What happened in Japan on Saturday 12" 20117?

What did the Nuclear Regulation Authority (NRA) confirm in mid-2013?
What happened in defueled unit 4, at about 6 am on Tuesday 15 March?

When was a peak of radioactive release?

o a0 bk~ w b E

How many kilograms of hydrogen had been produced in each of the units?
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IVV. Match words from box A to their synonyms from box B.

a) extract, via, release, provide, authority, design, gain, attempt, house,

suppression,vent, melt, fail, decay, leak, avoid

b) prevent, pull out, supply, discharge, power, through, seep, rot, let out, crash,

project, obtain, containment, solve, effort, contain

V. Match words from box A to their antonyms from box B.

a) increase, rapidly, external, fueled, appear, high, above, charge, approval,

successfully, melt, fail

b) solidify, unsuccessfully, below, decrease, discharge, slowly, internal, disappear,

defueled, low, succeed, disapproval

V1. Fill in the blanks with prepositions.

1. The producers ... Fukushima Daiichi reactors are GE, ... design supplied ...

GE, Toshiba and Hitachi. Such reactors came ... commercial operation in 1971 — 75.

2. When the power failed ... 3.42 pm, ... heat removal ... circulation ... an

outside heat exchanger, this produced a lot of steam ... the reactor pressure vessels

housing the cores.

3. ... pressure started ... rise, the steam was directed ... the suppression chamber
. the reactor, ... the containment, but the internal temperature and pressure

nevertheless rose quite rapidly.

4, As pressure rose, attempts were made to vent the containment, and when

external power and compressed air sources were harnessed this was successful,

cooling was provided ... external sources, using treated recycled water, ... a stable

heat removal path ... the actual reactors ... external heat sinks.

S. Temperatures ... the bottom ... the reactor pressure vessels have decreased ...

well below boiling point and was stable.
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6. Access has been gained ... all three reactor buildings, ... dose rates remain
high inside. Nitrogen was being injected into all three containment vessels and
pressure vessels.

7. Tepco declared "cold shutdown condition" ... mid-December when radioactive

releases had reduced ... minimal levels.

VII. Render the following text into English.

Ha panHboMy erami Ha BCIX TppOX OJI OKax BiAOyJIOCS 3HAYHE pyWHYBaHHS
najauBa, Xo4a, (paKTHUYHO, MAJIMBO 3AJMIIUIOCH. Bce 1ie He crocyBanocs JEsIKuX
BUOYXOHEOE3MEeUYHNUX MPOAYKTIB MOALLY, SKi OyJauM BUKUHYTI B OTOYYIOYE
CEpEellOBUILE paHille, 1 JEIKUX PO3YMHHUX PEUYOBUH, SKI BHUTIKAIM 3 BOJAOIO,
0c00JIMBO 3 OJIOKY 2, € TePMETUYHICTb, OUE€BHUIHO, Oyia nopymeHa. OX0on0KEeHHs
3a0e3MeuyeThCsl 32 PaxXyHOK 30BHIMIHIX JKEPEN, BUKOPHCTOBYIOUM OOpOOJIEHY
HUPKYJSIIIAHY BOJY, 31 CTaOUIBHUM BIJIBEICHHSIM TeIUIa BiJ CaMUX PEaKTOPIB Ha
30BHIIIHI TEIJIOOOMIHHUKH. Temmeparypa B HWXKHIH YacTHHI KOPIYCYy peakTopa
3HM3WJIAcS J0 3HAYHO HWXKYOI 32 TOYKY KHUIIHHA 1 cTaja mocTiHow. [Joctyn Oys
OTPUMaHUN JIO BCIX TPbOX PEAKTOPIB, aje€ PIBEHb MOTY>KHOCTI TEIJIOBUILICHHS
BCEpEINHI 3AIUIITNBCS BUCOKUM. A30T B JaHWI Yac BBOJUTHCS B YC1 TPH pe3epByapH
CTpUMYBaHHS 1 pe3epByapu BHUCOKOTO THCKYy. KommaHis «Tepco» orosiocuia «cTan
XOJIOJTHOTO BUMUKAHHS» B CEPEIUHI TPYIHS, KOJU PAII0aKTUBHI BUKUIN CKOPOTHIIN

710 MIHIMAJIBHOTO PiBHSL.

VIII. In pairs, make sentences using words and phrases below. Using your
sentences discuss the the Fukushima Daiichi nuclear disaster, then present your
ideas to the rest of the class.

1) The Fukushima Daiichi, a meltdown, catastrophic failure, Fukushima | Nuclear
Power Plant, on 11 March 2011, nuclear disaster, by the tsunami, the Tohoku
earthquake, in august 2013, pressing problems, radioactive, affecting, the cleanup

process, contaminated water.

58



2) To lower the leaks, plant workers, chemical underground walls, financial
compensation, evacuated, short term radiation exposure fatalities, temporary housing,

evacuation conditions, evacuation-related deaths.

IX. Summarize the text on pages 53 — 56 in 120 — 140 words. Follow the hints on
how to write the Summary in Appendices A, B on pages 58 — 74.
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APPENDIX A

How to Write a Summary
Preparing to write. To write a good summary it is important to thoroughly

understand the material you are working with. Here are some preliminary steps in

writing a summary.

1. Skim the text, noting in your mind the subheadings. If there are no

subheadings, try to divide the text into sections. Consider why you have

been assigned the text. Try to determine what type of text you are

dealing with. This can help you identify important information.

2. Read the text, highlighting important information and taking notes.

3. In your own words, write down the main points of each section.

4. Write down the key support points for the main topic, but do not include

minor detail.

5. Go through the process again, making changes as appropriate.

For example:

Global Implications of Patent Law Variation

A patent is an exclusive right to use
an invention for a certain period of time,
which is given to an inventor as
compensation for disclosure of an

invention. Although it would be beneficial

for the world economy to have uniform

patent laws, each country has its own laws

designed to protect domestic inventions

Despite
widespread variation, patent laws generally

and safeguard technology.

fall under one of two principles: the first-

to-file and first-to-invent. The first-to-file

principle awards a patent to the person or
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This first sentence is a general
definition. It may be safe to
assume that your audience is
already familiar with patents;
thus you do not have to include
it in your summary.

This is the main idea.

The classification of the two

principles is important.

Ignore specific details about

the different principles. The



institution that applies for a patent first,
while the first-to- invent principle grants
the patent to the person or institution that
was first to invent - and can prove it. Most

countries have adopted the first-to-file

system. However, the United States

maintains a first-to-invent system, despite

obvious shortcomings. A  result of

countries employing different patent law

principles is inconsistency of patent

ownership.
Patent ownership is not recognized

globally. On the contrary, ownership may
change depending on the country. It is not
uncommon for an invention to have two
patent owners - one in the United States
and one in the rest of the world. This

unclear ownership often has economic

consequences. If a company is interested in

using a patented invention, it may be
unable to receive permission from both
patent owners, which in turn may prevent
manufacture of a particular product. Even
if permission is received from both owners,
pay royalties to both may be quite costly.
In this case, if the invention is useful
enough, a company may proceed and pass
on the added cost to consumers.

International economic tension has
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terms are self-explanatory.

It is important to point out that
most of the world follows one
system and the United States
another.

Include a description of the
problem surrounding variation

in patent laws.

Provide some
support/explanation for the

problem, but not all the details



also been increasing as a result of differing Describe this other problem

policies. Many foreign individuals and associated  with  differing
companies believe that they are at a serious patent principles.

disadvantage in the United States with
regard to patent ownership because of the
logistical difficulties in establishing first-

to- invent status. Further, failure of the

United States to recognize patent Provide some explanation, but

ownership in other countries is in violation not all the details.

of the Paris Conventions on Industrial

Properties, which requires all member
nations to treat all patents equally. The
conflict surrounding patents has prompted
the  World  Intellectual  Properties
Organization (WIPO) to lobby for

universality in  patent laws. WIPO Describe the action taken to

maintains that the first necessary step solve the problem.

involves compelling the United States to

reexamine its patent principle, taking into

account the reality of a global economy.
This push may indeed result in more global

economic cooperation.

When writing the summary there are three main requirements:
1. The summary should cover the original as a whole.

2. The material should be presented in a neutral fashion.

3. The summary should be a condensed version of the material,

presented in your own words.

** Also do not include anything that does not appear in the original. (Do not include
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your own comments or evaluation.) and Be sure to identify your source.

An example of a summary:

In his paper “Global Implications of Patent Law Variation,” Koji Suzuki
(1991) states that lack of consistency in the world’s patent laws is a serious
problem. In most of the world, patent ownership is given to the inventor that is
first to file for a patent. However, the United States maintains a first-to-invent
policy. In view of this, patent ownership can change depending on the country.
Multiple patent ownership can result in economic problems; however, most
striking is the international tension it causes. The fact that the United States does
not recognize patent ownership in other countries, in violation of the Paris
Convention on Industrial Properties, has prompted the World Intellectual
Properties Organization (WIPO) to push the United States to review its existing

patent law principles.
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APPENDIX B

Useful phrases for summary writing

The Summary is a short version of the paper. The lists below offer general
phrases that can be used in many kinds of research papers. For mastering the
terminology and phraseology specific to a field, regular reading of the relevant
literature is necessary. Some hints on how to start the Summary follow:

Introductory sentences

The paper/article

discusses/deals with/analyses/considers/explains/describes/establishes/

introduces.....

develops/presents/provides/studies/represents/features/contains/

concentrates on.....

covers/suggests/proposes/shows.....

demonstrates the feasibility of.....

opens up a new field/issue.....

gives/aims to give a comprehensive account of.....

offers a solution to.....

serves as an introduction to.....

The main objective/goal/purpose of the paper/article is.....

Common mistakes:

Wrong: Right:

In this paper there/it is presented a novel This paper presents a novel method of

method of..... In this paper, a novel method of... is
presented.

1. Sections of the paper

1.1. Introduction

In most cases, the Introduction section is treated as a whole and is not divided
into subsections. The subheadings below should only help you organize the

information.
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1.1.1. Problem background

...plays an important/vital role in.....

...Is an important issue for.....

...Is extensively/widely used in.....

...Is a very effective method for.....
In the last few years there has been a growing interest in.....
Quite recently, considerable attention has been paid to.....
.....have/has been gaining importance in recent years

.....nave/has been utilized in many applications such as.....

1.1.2. Literature review/Summary of previous research

Referring to the sources in general

Current research on.....is focused on.....

Previous studies indicate that.....

The literature on.....shows a variety of approaches to.....

Much research on ..... has been done.

The focus of recent research has been on

.....has/have been widely researched/investigated.

In recent years, research on/into.....has become very popular.

In the last decade.....has attracted much attention from research teams

For several years great effort has been devoted to the study of .....

Several publications have appeared in recent years documenting .....

Previous research has documented/shown/demonstrated that .....

To solve this problem/issue, many researchers have proposed various methods
of (+-ing) .....

In the literature, several theories have been proposed to explain.....

Referring to individual authors

...and.....are discussed in [3] and [6].
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X [4] and Y [3] indicate that.....

Xetal. [1] argue that.....

One of the first examples of.....is presented in [2].

Another/The latest solution is described in [3].

The results obtained/offered by X in [5] suggest that.....

Recently, several authors [4], [5], [7] have proposed (a new theory)

X [2] and X [5] have demonstrated that.....

A/The most interesting approach to this issue has been proposed by [2].

X [6] has also found that..... . However, our researchers have arrived at the

conclusion/have concluded that.....

.....was experimentally measured by [7].

Xetal. [7] studied.....and showed that .....

X [11] developed a novel sensor using .....

In this work and in related references it was observed that .....

In [8] it was shown that .....

As reported by X [2], .....

In a recent paper by X [9], .....

Saying that little research has been done in a particular field

However, to the author's/authors' best knowledge, very few publications can be
found/are available in the literature that discuss/address the issue of .....

To the author's/authors' knowledge, ..... has/have been scarcely investigated
from the point of view of ..... /from the theoretical point of view.

Pointing out limitations of previous research

A key limitation of this research is that (it does not address the problem of .....)

The major drawback of this approach is .....

However, most of the previous studies do not take into account .....

This approach may not be practical/orthodox/conventional in all situations.

Reference [3] analyses and compares various aspects of...... Nevertheless,

there are still some interesting and relevant problems to be addressed.
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However, studies on ..... are still lacking.
The problem with this approach is in that it.....
Although several studies have indicated that ....., little attention has been

paid/given to.....

1.1.3. Problem statement, purpose/main objective of the paper
Problem statement and description of the objective of the paper are
very specific parts of the paper and the phrases used depend on the nature of the
problem. Examples showing how closely this part is related to the literature review
and previous research are given below.

(A..... theory of .....) has recently been presented in [.....]. However, several
practical questions arise when dealing with..... - 1) Itis important to (identify.....). 2)
It is key to (predict.....). 3) It is crucial to (establish when.....). To answer all these
questions, we present an original approach which......

Even though (the efficiency of .....) has been improved in recent years, most
improvements have been achieved by (minimizing the amount of energy lost in .....).
Nonetheless, it is possible to further improve (the efficiency by .....). With this goal,
this work (explores, seeks to.....).

Based on the approach presented in [3], the purpose of this paper isto .....

In this paper, while we refer to our earlier work [2], [3], and [4], the focus is
different.

Like most authors, we.....

The objective/aim of this paper/study is to propose.....

The paper presents/proposes a new approach to.....

This article introduces a new type of.....

In this paper, we/the authors offer.....

In this paper, we explore the possibility of.....

In this study, a new technique that improves.....is suggested.
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1.1.4. Framework of the paper (usually the last part of the Introduction)
The remainder of the paper is organized as follows/into.....sections:
Section |1 describes/outlines.....

Section 11 discusses/analyses.....

(Experimental results) are presented in Section V.
Section V concludes the paper.

In Section I1.....will be discussed.

Section 111 is devoted to.....

Section IV presents (the experimental results).

The conclusion is reported in Section V.

The proposed (design) is discussed in Section Il.
(The implementation of the proposed design) is presented in Section I11.
Section 1V shows (the experimental results of.....).
Finally, Section V concludes with a summary.

In Section Il we explain.....

In Section 111 we introduce our.....

The measurements are presented in Section 1V.

Section V summarizes the results of this work and draws conclusions.

1.2. Body/Core of the paper
General information

The Body of the paper is very specific in its content. For this reason, the
number of generally applicable phrases is smaller than in the other parts. Examples of
some of these phrases are given below.

There are, however, linguistic means common to all kinds of research papers,

I.e. words and phrases expressing cause, results, addition, similarity, etc.
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1.2.1. Materials and Methods/Methods of Approach
Describing what was done and how it was done
We started by investigating.....
We designed a new technique for.....
We used a new approach.
These experiments were carried out to find out.....
In order to verify the validity of the.....method, we carried out several
experiments.
All the tests/measurements were carried out at room temperature.
The (signals) were measured before and after.....
To illustrate......, a simulation was performed.
The.....analysis was performed in order to.....
We checked for the presence of .....
(The chemical structure of.....) was examined by (the.....technique).
A gradual change (in temperature) was observed.
The increase in.....was not caused by/was not due to a decrease in.....
The (optimized condition) was obtained from.....
Describing numerical methods
The equation that describes..... is as follows:
Equation (2) represents/defines/expresses.....
The equation can be written as....., where.....
Thus, the following equation is obtained:
.....can be computed by the following equation:
Equations (5) and (6) approximate (the original formulas).
.....satisfies equation (3).
Equations (2) and (3) demonstrate that.....
(3) implies that.....
..... Is described by (5).
The function of..... is given/defined by.....
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Let ....... be given/defined by.....

To simplify (3) we can.....

For simplicity we ignore the dependence of.....on.....
It follows from (3) that.....

Substituting/inserting (4) and (6a) in (to) (6b), we obtain.....

Substitution/Insertion of (4) in(to) (5) yields.....

Now we can derive.....according to (2)

We can now proceed analogously to.....

This is true for...../This holds for.....

Similarly, (5) is also valid/true for the following relation.
Assume/Let us assume that (3) holds for.....

(6) holds under the condition that.....

From now on we assume that.....

Let us define the following dependence/relation by/as.....
Let (3) satisfy the following relation.....

Equality holds in (10) if and only if.....

The inequality is satisfied if and only if.....

We shall write the above expression as.....

In this way we obtain.....

According to (5) we have/obtain.....

.....Is obtained as...../can be obtained as.....

.....Is denoted (M) and defined as.....

.....takes the form ...../.....can be written in the form.....
As is clear from (5,) .....

We first prove that...../Let us first prove that.....

It remains to prove that.....

It is clear/evident/obvious that.....

From this we conclude/see/deduce that.....
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Referring to/Describing figures, graphs, tables, diagrams

Fig. 2 shows/presents/depicts/outlines/illustrates/represents.....

Fig. 3 gives an example of.....

Such cases are depicted in the following figures.

This is illustrated in Fig. 5.

..... Is/lare shown/given in Figs. 3 and 4.

..... can be found in Fig. 8.

Consider Fig. 2, which plots .....versus/against.....

As can be seen from Figs. 5and 3, .....

As showninFig. 1, .....

As follows from the figures shown above, .....

From this figure it can be seen that .....

For the resulting plot, see Fig. 2.

For visual representation of the dependence the reader is referred to Tables V
and VI.

Table Il summarizes .....

The graph/diagram suggests/indicates that.....

Common mistake

Wrong Right

As shown in the Fig. 1 As shown in Fig.1

The Fig. 2 presents Fig. 2 presents
1.2.2. Results

Some of the phrases listed under Materials and Methods may also be suitable
for the Results section, e.g. summarizing what was done, referring to diagrams,
graphs, etc.

It has been found that.....

The results show that.....

The results thus obtained are compatible with.....

The overall measurement results are summarized in Table II.
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As mentioned earlier/above, .....

The previous sections have shown that.....

This method is based on.....

The method was tested on.....

The method is an effective way to improve.....

The analysis and simulation indicate that

The.....analysis plays a crucial role in

As may be seen below, .....

We have introduced a new approach to.....

A similar approach is used for.....

This approach may fail if/due to.....

One of the big advantages of (this approach/method) ..... is that.....
To verify this method, ..... is compared with.....

The only disadvantage/drawback of such.....is.....

There is no evident relationship between......and.....

.....are in good agreement/correspond with

There is a good match between .....and......

To illustrate the result, a simulation of.....was performed.

The simulation results match the calculations.

The differences in (temperature) result in significant differences in.....
The decrease/increase in.....can be contributed to.....

To overcome/avoid this problem/difficulty, it is necessary to adopt a.....
One possible solution to this problem is to (use) .....

This solution requires .....

1.2.3. Discussion
For more phrases see also Introduction and Conclusion(s).
Stating the main objective

In this paper we propose/examine/study.....
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This paper proposes/has proposed.....

The purpose of the paper/study is to.....

The paper presents/has presented several solutions to.....

This paper is a modest contribution to the ongoing discussions about/on.....
It was the main purpose of the paper to draw attention to.....

The main concern of the paper was to.....

In our paper, the focus of attention was/is on.....

This study shows/has shown that.....

This experiment/technique/demonstrates that.....

Specifying the objective

Particular attention is paid to.....

The author's attention was focused/concentrated not only on.....but also on.....

We have addressed not only.....but also.....

We have also considered the consequences of.....

Pointing out the originality of the solution

Our paper presents an innovative/a novel view of.....

The originality of our solution lies in the fact that.....

This is a novel solution to.....

Our results describe for the first time the.....

To our knowledge, this is the first study to deal with/examine/investigate.....
Only one other study, to our knowledge, has come up with.....

This paper presents a pilot study to find the answer.

Our observations that.....are not new, but.....

Interpreting the facts

The data obtained is/are broadly consistent with the major trends.

These results agree/concur/are consistent/are in good agreement with other
studies which have shown that.....

In contrast to some reports in the literature, there were.....

An important implication of these findings is that.....
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The finding was quite unexpected/surprising and suggests that.....

The most likely explanation of the negative result is.....

The findings have a number of possible limitations, namely.....

So far, the significance of this finding is not clear.

Stating the limitations of the research

The main limitation of the experimental result is.....

One question still unanswered is whether.....

The analysis does not enable us to determine.....

These results are not conclusive.

Suggesting possible applications (possible applications are commonly found
in the Conclusion(s) section; they may, however, be mentioned in this section,

too. For useful phrases see Conclusion(s).

1.2.4. Conclusion(s)

The Conclusion(s) section usually starts with

Stating the objective

The objective presented in the Conclusion(s) section should agree with the
objective stated in the Introduction. For suitable phrases see Introduction and
Discussion.

Drawing conclusions

From the research that has been carried out/ done/ conducted/ performed/

undertaken, it is possible to conclude that.....

Based on the results, it can be concluded that the research into.....has been
very successful.

From the outcome of our investigation it is possible to conclude that.....

The findings of our research are quite convincing, and thus the following
conclusions can be drawn:.....

Summing up the results, it can be concluded that.....

In conclusion, it is evident that this study has shown.....
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This paper has clearly shown that.....

It has been demonstrated/shown/found that.....

The results/data obtained indicate/have indicated/suggest/show that.....

The existence of (these effects) implies that.....

Suggesting possible application(s)

The proposed method can be readily used in practice.

The technique/approach/result is applicable to.....

.....can be successfully used for a number of ..... applications.

The/our.....has great potential for other applications such as.....

This research was concerned with.....; however, the results should be
applicable also to.....

The findings suggest that this approach could also be useful for.....

The findings are of direct practical relevance.

Suggesting further research

In our future research we intend to concentrate on.....

Future work will involve.....

On the basis of the promising findings presented in this paper, work on the
remaining issues is continuing and will be presented in future papers.

The next stage of our research will be (experimental confirmation of our
theory).

Further study of the issue would be of interest.

Clearly, further research will be needed/required to prove/validate.....

Several other questions remain to be addressed/resolved.

More research into.....is still necessary before obtaining a definitive answer
to.....

Further study of the issue is still required.

Further research on/into.....is desirable/necessary (to extend our knowledge
of.....).

Continuing/continued research on/into.....appears fully justified because.....
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More tests/experiments/calculations will be needed to verify whether.....
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