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BBenenue
ITocooue «English for Students Majoring in Plasma Physics» wumeer 1enbio

COBEpPILEHCTBOBAHUE S3BIKOBBIX KOMIIETCHIIMH MAarucCTpaHTOB, OOYYAIOLIUXCS 110 HAPaBJICHUIO
«®u3nka», BbIPaOOTKY YCTOWYMBBIX HaBBIKOB pabOTBl CO CIELUUAIBHOW JIMTEpaTypod Ha
AHTJIMICKOM s3bIKe. DPQeKTHBHAS 00padOTKa M ONEPATUBHBINA aHATH3 HAYYHOW aHTJIOSN3BIYHON
uH(pOPMALINH, a TAKXKE €€ MCII0JIb30BAaHHE COCTABIISIOT BAXKHBIM 3JIEMEHT MOBCEIHEBHOI pabOTHI
¢usuka-uccienosarend. IlogroroBka K TakoW MAEATENBHOCTH MHTETPUPYET IOJIydaeMble
CTYACHTAaMH S3bIKOBbIE U IpPO(ECCHOHAIbHbIE KOMIETEHUUH. MeToau4eckoil OCHOBOM
MHTETPAIlUH NIPU3BAHO CTATh HACTOAIIEE ITocoOue.

CdhopmynupoBaHHas BbIIIE 1IETb TPeOYeT YTOOBI CTYCHTHI Ha 0a3e M3y4eHHOU JICKCUKH
U TpaMMaTHK{ pEUIMIM cIeaylollude 3adayd: 1) MNpou3BeCTH OINEpaTUBHBIA aHaIu3
IPEJI0KEHHOT0 TEKCTa U OCBOUTH €ro cojiepxaHue; 2) copMHpPOBATh YMEHHUE BECTH JUAJIOT U
JHCITYT Ha TPOQECCHOHATBHYIO TEMY; 3) MPHOOPECTH HABBIK IIPOCMOTPOBOTO YTCHHUS M KPATKOM
nepejaud COJACp)KaHUS IPOYUTAHHOIO, a Takke, 4) NPUOOPECTH HABBIKM ITyOJIMYHOTO
BelcTymieHus. [locobue ciayXHUT KOMIUIEKCHOMY OOYYEHHIO BCEM IEpEYMCIICHHBIM BHJIaM
A3bIKOBOM J1€ATEIBHOCTH.

[Tocobue mnpeaHa3HayeHO /Js CTYACHTOB, NPOIIEAIINX OOyYeHHEe 10 CTaHAaApTy
IIPOrpaMMbl MTOATOTOBKHM OakanaBpOB U NPOAODKAIOIIMX HM3YYEHHME S3bIKa B YHUBEPCHUTETE 110
nporpamMMe MaructpaTtypsl. Hacrosiee nmocobue sBisercs 00001eHMEM MHOTOJIETHErO OIbITa
aBTOpa MpPENo/aBaHMs sI3bIKa CTYJEHTaM (U3UYECKUX HANpaBICHUH, MOXET, B TO K€ BpeMs,
OBITH PEKOMEHJIOBAHO O0JIee MUPOKOMY KPYTy UHTATEICH.

VY4eOHoe mocodue coCTOUT U3 BOCbMHU pazienoB. Kaxiplil paznen coaepKuT GparMeHTsl
ayTEHTUYHOIO HAy4YHOI'O TEKCTA U CONPOBOXKIAETCSI CIMCKOM KIIIOYEBBIX TEPMHUHOB U
CJIOBOCOYETAHWUM, COJEPKUT YNPAKHEHHS, LENb KOTOPBIX - Pa3BUTHE M COBEPLICHCTBOBAHUE
JIEKCUYECKUX U IpaMMaTHYECKHX HABBIKOB, a TaKKe OTPaOOTKa S3BbIKOBBIX U PEUYEBBIX YMEHUHU.
VYrpaxkHeHus: HallpaBJIeHbl Ha M3y4YE€HUE TEPMHUHOJIOTMM, €€ 3aKpelyieHHe M akTuBH3auuio. B
NPUIOKEHNH K MOCOOWIO MpPUBEJECHBI MpaBWiIa MYHKTyallud, HCIOJb3yeMble B HMHUCbMEHHOU
peun. B pa3zzmenax ectb 3ajaHUs Ha HCIOJIb30BaHHE 3TUX npaBmil. [locobue pekoMeHI0BaHO B
KayecTBE OCHOBHOIO Kypca HWHOCTPAaHHOTO (AHTJIMHCKOrO) s3bIka M pPAacCYUTaHO Ha
UCIIOJIb30BaHUE BO BpeMsl ayJUTOPHBIX 3aHATUH, a TaKXKe A CaMOCTOSITENIbHON pPaldoTh
CTYJICHTOB.

Jlekcuyeckuii COCTaB TEKCTOB IMOCOOMs TMpeAcTaBiIsieT co0O0il CIIOBapHBI MHUHUMYM,
NOJJIeXKAIIMIl aKTUBHOMY YCBOGHHMIO IO TeMaTuKe «(u3MKa IUIa3Mbl». TeKCThl MOCcOOHs
MPEJICTaBISIIOT cO00M (PparMeHThl OPUTHMHAIBHBIX CTATEl M3 Hay4YHBIX M3JAAHUNA U SBISIOTCS

npuMepamMu COBpEMCHHOI'O HAYYHOI'O0 CTHUJIA. K KaKAOMY TCKCTY MMPUIACTCA KpaTKPIfI CJIOBAph.



3amanus ¥ YOPOKHEHHS, CONPOBOXKAAIOIINE OCHOBHOM MaTepHal pasJieloB,
CHOCOOCTBYIOT YCBOCHHUIO JIEKCHKM M TPAaMMATHUKU AaHIJIMHCKOTO $3bIKa W 00ECHeYnBaIOT
MOCJIEIOBATEIBHOCTD M TIIyOMHY OCBOCHHS XapaKTEPHBIX OCOOCHHOCTEW (PU3MUECKUX TEKCTOB.
B koHme mocoOusi NpUBEOEHBI OTBETHI K HauOoiee CIIOKHBIM 33JaHUSIM M YIPKHEHHUSM.
ABTOpPBI yOeTUTENbHO PEKOMEHAYIOT ITOJIB30BATHCS UMM KaK CPEIACTBOM HTOTOBOTO KOHTPOIIS
YCBOEHHUS y4eOHOr0 MaTepHaia.

B KoHIle KaX/10TO MX TEMaTUYECKHX YPOKOB MPUBOIATCS (haKyJbTaTUBHBIC 3aaHUS IS
TPEHUPOBKM HABBIKOB IHCBMEHHOW pEYM M TPOBENCHHS IPE3CHTALUl C INPHBICYCHUEM
HNurtepuer-pecypcoB. DTO sABIsieTcs Hawboiee TBOPYECKHM 33/laHHEM Yd4eOHOro 1mocoOus.
AyIuTOpHYIO paboTy MOXKHO 3aBEpIINTh CTyAeHUYeCKOl HHTepHeT-KOH(epeHrei no HayYHbIM
npobsieMaM. DTO MO3BOJISIET O0YUYaOIIUMCS pa3BUBaTh HABBIKU ITyOJIUYHOIO BBICTYIIEHUS. Jliist
HNOATOTOBKM K  TPE3CHTAllMd  CTyJIEHTaM  pPEKOMEHIYeTCS  IOJb30BAaThCS  CalTOM

http://www.academicearth.org/, Ha KOTOpPOM TNpEACTaBICHBI ayaHO W BHACOMATEPHAIBI 10

JEKUUsAM, NpoBoAMMBIM B Jydmux yHuBepcuretax CIIIA. IloaroroBka mnpe3eHTauuii 1o
IPEUIOKEHHBIM TeMaM OyAeT CIOCOOCTBOBATHh PAa3BUTHIO IMOMCKOBOM M HMH(OPMAaLMOHHON
KOMIIETEHIIUM CTYJEHTOB, T.K. IMPEAINOJaraeT MCI0Jb30BaHUE COBPEMEHHBIX HHCTPYMEHTOB
(MEHTaJIbHBIX KapT, MHTEPAKTUBHBIX IJIAKATOB U MPE3EHTaLUi, 00J1aKka KJIFOYEBBIX CIIOB) JUI UX
CO3JIaHMSL.

ABTOp PEKOMEHIYeT pEryJspHO HCIOJb30BaTh MaTepHalibl JUlsl  ayJWpOBaHMS,
pa3MEIICHHbIE TAaK)KE€ Ha JPYIMX CalTax M IOJKACTax, MPEICTaBICHHBIX B IPWIOKEHUU IO
OpraHu3ali CaMOCTOATENBbHOM paboThI CTYIEHTOB B KOMITBIOTEPHOM 0Oyuarorieit cpee.

Pabota ¢ mocoOuem B LIEJIOM U BBINOJIHEHUE 3aJaHUH Ha IEPEBOJL B YACTHOCTH
IpeJoiaraeT yMeHHE M0JIb30BaThCsl AJIEKTPOHHBIMU CIIOBAPSIMHU U TOMCKOBBIMU CUCTEMAMH.
JlanHO€e mocobue MOXKeT ObITh HCIOIB30BAHO KaK CaMOCTOSITENbHO, TaK U B IOMOJIHEHUE K
OCHOBHOMY yU€OHHUKY Kypca, PEKOMEHJIOBAHHOMY pabodell mporpaMMoil pu n3y4eHuu

COOTBETCTBYIOIIECH TUCIUTIIINHBI.
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UNIT 1
TEXT 1. The Ablation Process

The ablation
process of hydrogen
fuel pellets in hot
magnetized plasmas is
investigated using a
newly developed two
_ dimensional time
_ dependent

g -~ ,* hydrodynamics  code,
P2D. Surface evaporation and ablated fluid flow are evolved, coupled with a

kinetic calculation of the non-local heating due to slowing down of hot Maxwellian
background electrons in the cold ablated plasma. Results of the neutral gas
shielding model of pellet ablation are extended to include effects due to no-
spherical ablation flows, proper treatment of scattering in the kinetic calculation of
the hot electron heat deposition, and atomic physics processes in the ablation cloud
and at the pellet surface. These effects have been considered previously, though
never as a comprehensive whole. The non-spherical nature of the ablation flow
reduces the ablation rate by about a factor of two, while the use of a full
Maxwellian distribution for the hot electrons increases ablation by a factor of about
four. With Maxwellian hot electrons, atomic physics effects (principally due to
dissociation and sublimation) can reduce the ablation rate by up to a factor of two.
These effects are systematically quantified using simple physical arguments and

code results. For comparison with experiment, we give a simple fit to the code



ablation rate results for spherical deuterium pellets: G,,.. ~ 165 X
10®R, [cm]**n [em=]**T [eV]** atoms/s, where R, is the pellet radius and n,
(T.) is the plasma density (temperature). This fit is compared with measured local

ablation rates in Ohmic discharges on TFTR and JET. Predicted ablation rate
profiles agree well with those on TFTR, but poorly with those on JET; pellet
penetration depths agree well on both machines. Probable causes of the observed
discrepancies (both experimental and theoretical) are discussed; in particular,
transport processes in the post injection plasmas are shown to be able to account
for some of the differences.

Pellet injection in magnetic fusion reactors allows fuel to be deposited deep
within the plasma, and has allowed access to plasma operating regimes with better
confinement properties. The ablation process, which involves complex interactions
between the pellet’s partially conducting ablation cloud, the background plasma,
the ambient magnetic field and the pellet’s motion is poorly understood and
diagnosed. While the basic self-shielding mechanism that allows pellet lifetimes in
hot plasmas to be interesting has been appreciated for some time, most theoretical
approaches to the problem have been oversimplified, neglecting much of the
important physics. The difficulties inherent in diagnosing the rapid and highly
perturbing ablation process have, until recently, made for a dearth of direct
measurements with which to compare theoretical predictions. Also contributing to
the sow advancement of understanding of pellet ablation was the apparent success
of the early neutral gas shielding (NGS) model of the ablation process in matching
measurements of the day; | fact, many more complete models of ablation seemed
to yield poorer agreement with experiment.

In particular, inclusion of a full Maxwellian distribution function for the hot
background plasma electrons in calculations of the driving heat flux seem to
indicate excessive ablation rates. Atomic physics effects incorporated into the NGS
model seem to have little effect on the ablation rate. Non-spherically symmetric
pellet ablation has been investigated, but such geometrical effects are not generally
accepted in the field. So-called ‘plasma shielding’, in which the cold conducting

8



ablatant streams along the lines of force providing additional shielding for the
pellet, has also been investigated, though principally in zero and one dimensional
models. Owing to their low dimensionality these models cannot properly treat the
interaction between the (presumed) spherical ablation flow near the pellet and the
channel flow along the lines of force.

Topic vocabulary:

Ablation process — mpouecc abmsauum (aOasmUs — yHOca BEIIECTBA C
noBepxHoctu), pellet ablation — abmamms mnemner (memwieTsl — TBEpIbIC
MHUKPOYACTHUIIBI, COAEPIKAIMEe OJHO WM HECKOJbKO AaKTHBHBIX ICHCTBYIOIINX
BEIICCTB, B (U3MKEe IUIa3Mbl — TOIUIMBHBIE dyacTtuibl), ablation flow -
aONAMOHHBIN MmoTok, ablation cloud — abnsiuonHoe oOiako, comprehensive
whole — eaunoe uemnoe, Maxwellian hot electrons — ropsiame 37€KTpOHBI C
MaKCBEJUIOBCKMM pacrpezieliecHueM ckopocteit, dissociation and sublimation —
nucconmarsa u cyommmanust, Ohmic discharges — omudeckue paspsiabl, observed
discrepancies — naOmomaeMbie HecooTBeTcTBHsA, pellet injection — wumxekims
nemeT, background plasma — ¢onosas mazma, ambient magnetic field — Buernnee
marauTHoe mojie, pellet’s motion — aBwkenue mnemier, perturbing (adj) -
Bo3MmyiInaromuii, dearth of direct measurement — oTcyTcTBHE MPAMBIX U3MEPEHHI,
neutral gas shielding —sxpanupoBanue HelTpanpHOro rasa, to yield an agreement

with smth/smb — noctuus coriacus ¢ yeM-To

Task 1.1. Answer the questions
1. What is the use of pellet injection?
2. Why is it necessary to study pellet ablation?
3. Why was earlier advancement of understanding of pellet ablation slow?
4. How is the NGS model extended in this paper?
5. Is the solution analytical or computational?
6. How does the inclusion of Maxwellian distribution function into the NGS

model affect the calculated ablation rate?



7. What is the influence of the geometrical effects?

8. How does the inclusion of atomic physics processes change the ablation
rate?

9. Is there good agreement between the model and the experimental results?

10.What is ‘plasma shielding’?

Task 1.2. Compare the original abstract from the text with its machine-

translated versions and edit the latter ones, pointing out the mistakes.

Original text

The ablation process of hydrogen fuel pellets in hot magnetized plasmas is
investigated using a newly developed two dimensional time dependent
hydrodynamics code, P2D. Surface evaporation and ablated fluid flow are evolved,
coupled with a kinetic calculation of the non-local heating due to slowing down of
hot Maxwellian background electrons in the cold ablated plasma. Results of the
neutral gas shielding model of pellet ablation are extended to include effects due to
no-spherical ablation flows, proper treatment of scattering in the kinetic calculation
of the hot electron heat deposition, and atomic physics processes in the ablation
cloud and at the pellet surface. These effects have been considered previously,
though never as a comprehensive whole. The non-spherical nature of the ablation
flow reduces the ablation rate by about a factor of two, while the use of a full
Maxwellian distribution for the hot electrons increases ablation by a factor of about
four. With Maxwellian hot electrons, atomic physics effects (principally due to
dissociation and sublimation) can reduce the ablation rate by up to a factor of two.
These effects are systematically quantified using simple physical arguments and
code results. For comparison with experiment, we give a simple fit to the code

ablation rate results for spherical deuterium pellets: G,,., ~ 165 X
10®R, [cm]**n, [cm2]°** T [eV]** atoms/s, where R is the pellet radius and n,
(T,) is the plasma density (temperature). This fit is compared with measured local

ablation rates in Ohmic discharges on TFTR and JET. Predicted ablation rate
10



profiles agree well with those on TFTR, but poorly with those on JET; pellet
penetration depths agree well on both machines. Probable causes of the observed
discrepancies (both experimental and theoretical) are discussed; in particular,
transport processes in the post injection plasmas are shown to be able to account

for some of the differences.

Google translation

[Ipoutecc abnsuu  BOJOPOJIHBIX TOIUIMBHBIX TaOJETOK B ToOpsuei
HAMarHM4eHHOW  IIa3M€  HCCIENYeTcs €  HCIOJBb30BAaHWEM  HEJABHO
pa3paboOTaHHOIO JBYMEPHOIO KOAAa TUAPOAMHAMUKH, 3aBUCAIIETO OT BpPEMEHH,
P2D. [1oBepXHOCTHOE UCTTAPEHUE U TOTOK a0JIMPOBAHHOM KHIKOCTH Pa3BUBAIOTCS
B COYETAaHMM C KUHETUYECKUM pacdeTOM HEJIOKAJbHOTO HarpeBa BCIEIACTBUE
3aMeIJICHUsI TOPSYMX MAKCBEJUIOBCKMX (DOHOBBIX 3JEKTPOHOB B XOJOJHOMU
a0JSIIMOHHON T1a3Me. Pe3ynbrarhl MOJEnu alislyMU OKaThIIeH HEHTpaibHBIM
ra3oM paclMpeHbl U BKIIOYAIOT B ce0sl 3 (PeKThl, CBA3aHHBIE ¢ HECPEPUUECKUMU
aOJIALIMOHHBIMU ~ TOTOKaMH,  HaJIeXallyl0  00pabOTKy  paccesHus IpH
KMHETHYECKOM pPacyeTe TEIUIOBOIO OCAXKIAEHUS IOpSAYUX 3JIEKTPOHOB U ITPOLIECCHI
aTOMHOU (U3MKHU B 0oOsiake aOjsilMK W B TpaHyJie. MOBEPXHOCTb. ITU 3(D(PEKThI
ObLIM  PAacCMOTPEHBl paHee, XOTS HHUKOrJa He ObUIM €JAUHBIM  LENbIM.
Hecdepuueckas mnpupona moroka aONsSIMM yMEHBIIACT CKOPOCTh a0JsAIUN
IPUMEPHO B J[BA pa3a, B TO BPeMsI KaK UCIOJIb30BAaHUE MOJHOTO MAaKCBEJUIOBCKOTO
pacnpeziesieHust AJi1 TOpSYMX SJIEKTPOHOB YBEJIMUYMBAET aOJSALMIO NMPUMEPHO B
4eThIpe pa3za. B ciyyae MakCBEIOBCKUX TOPSYMX JEKTPOHOB 3 (HEKTH aTOMHON
¢bu3uky (raaBHBIM 00pa3oM M3-3a AMCCOLMALMMU U CYOJIMMAlMU) MOTYT CHU3HTH
CKOpPOCTh aONAIMHM TOYTH B JBa paza. OTH SPPEKThl CHUCTEeMAaTHYECKH
OLICHMBAIOTCA C MCIOJIb30BAHMEM TMPOCTHIX (U3MUECKUX AaApPTYMEHTOB H
pe3yapTaToB Koja. [l cpaBHEHMS C SKCHEPUMEHTOM IMPUBEIEM IPOCTOE
COOTBETCTBHE PE3YyJbTATOB KOJOBOW CKOPOCTU aOmsauuu Uil chepUuecKux
nevirepueBbix mapukoB: G 1,65 x 10 R [cM] n [cm] T [2B] aromoB / ¢, rae R -

paauyc mapuka, a n ( T) - IIoTHOCT Mm1a3mel (TeMnepaTrypa). ITO COOTBETCTBHE
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CPaBHUBAETCS C U3MEPEHHBIMU JIOKATBHBIMU MOKA3aTEIsIMU a0JISIIIUM B OMUYECKUX
paspsanax Ha TFTR u JET. Ilpenckazannbie npopuian CKOPOCTH a0ISIUU XOPOIIO
cornacyrotrcsi ¢ manabiMd 1o TFTR, wHO moxo ¢ mamaeimMu mo JET; ['myGuna
MIPOHUKHOBEHUS TPaHyJI XOPOLIO corjacyercs Ha o0enx MammHax. O0cyxaaroTcs
BO3MOXXHBIE MPUYMHBI HAOJIIOAAEMBIX PACXOXKACHUN (KaK SKCIIEPUMEHTAIbHBIX,
TaK U TEOPETUYECKHUX); B YACTHOCTHU, MOKA3aHO, YTO TPAHCIIOPTHHIE MPOLIECCHl B

I1a3sMe 1oCJIC THbCKIINHN CITOCOOHBI OOBSICHUTH HCKOTOPBIC pAa3JININA.

PROMT translation

IIpouecc ynaneHuss BOAOPOAHBIX TOIUIMBHBIX IIAPUKOB B TOpPSYEM
HaMarHM4eHHOM plasmas ucclieloBaH, HUCIOJb3ysl HENaBHO pa3paboTaHHBbIE IBa
pa3sMEpHBIX KOJEKCa TUAPOJAWMHAMHKH C BPEMEHHOW 3aBUCUMOCTBIO, P2D.
[ToBEpXHOCTHOE MCHAPEHHME M YJIAJEHHBIM MOTOK JKUJIKOCTU Pa3BUTBI, BMECTE C
KMHETHYECKUM BBIYMCICHHEM HEJIOKAJIbHOIO HArpeBaHMs U3-3a 3aMeJICHUs
rOpsiYMX AJIEKTPOHOB HcTopun Maxwellian B yaameHHOW mia3Me XoJoja.
Pe3ynbrarhl HEHTpadbHOM MOJENM OTPAXKIACHHUS Ta3a yAAJEHUS OKaThllla
paclmMpeHbl, 4ToObl BKJIOYaTh A(G(EeKThl u3-3a HecPHEepUueCcKuX MOTOKOB
yaaJeHus, HaJuiexkalie oOpaboTKH paccerBaHMsl B KHHETHUECKOM BbIUMCICHUU
TOpSYEro 3JEKTPOHHOTO TEIMJIOBOIO0 CMENIEHUS U aTOMHBIX MPOLIECCOB (DPM3UKU B
oOJake yJajneHusi 1 B TOBEPXHOCTH OKaTbla. DTH 3(h(PEKThl paccCMOTpEIN paHee,
XOT HHKOrJa Kak BcecTopoHHee uenoe. Hecdepuueckas mnpupoma mnoroka
yAAJICHUsS YMEHbILIAeT TEMIl YJaJeHHs NpUOIU3UTENbHO Ha (hakTop 1Ba, B TO
BpeMs KakK HCIOJb30BaHHWE MOJHOTO pacmupenencHuss Maxwellian st ropsamx
AIIEKTPOHOB YBEJIMYMBAET YyJajieHue (HAKTOpOM MpUOIU3UTENBHO ueTbipex. C
ropsuuMu  anekTpoHamu  Maxwellian  atomubie  3¢dexkTsl  PU3NKHU
(MpeuMyIIEeCTBEHHO HM3-3a Pa300ILEHUS U BO3BBILIECHUS) MOTYT YMEHBIIUTh TEMII
yaaneHuss a0 ¢akrtopa aBa. OTH A(DPEKThl CUCTEMATHYECKU OMPEACIISIIOTCS
KOJIMYECTBEHHO, HCMOJb3ysl MPOCThbie (PU3UUECKHE apryMEHThl M KOJUPYIOT
pe3ynbTaThl. JJI1 CpaBHEHHsI C 3KCIEPUMEHTOM MBI JAEM IPOCTYIO MOATOHKY K

KOJIOBBIM pe3yjibTaTaM TeMIIa yAaneHus s chepudeckux mapuxkoB aeitepus: G
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1.65 x 10 R [cm] n [cm] T [eV] atoms/s, tne R - paauyc okateima u n (T),
SBJISIETCS MJIA3MEHHOU TUIOTHOCTBIO (Temmeparypa). Ta MOJIrOHKA MO CPABHEHUIO
C U3MEPEHHBIMU MECTHBIMH TeMIIaMH yJaleHus B oMuueckux BoiOpocax Ha TFTR
u CAMOIJIETE. IIpenckazannble mpouin Temna YIaJdeHHUs COTJallaroTcs
xopomo ¢ temu Ha TFTR, #HOo mmoxo ¢ Temu Ha CAMOJIETE; rayGuns
IIPOHUKHOBEHUS OKATHIIIA COTJIAIAIOTCSA XOPOIIO Ha 00enx MalnHax. BepoarHbie
OPUYMHBI  HAOJIOAAEMBIX  HECOOTBETCTBUM (M JKCHEPUMEHTAIbHBIA U
TEOPETUUECKHIT) OOCYKIEHBI; B YaCTHOCTH, TPAHCTIOPTHBIE MPOIIECCHI B TOUYTOBOU
UHBEKIUN plasmas, Kak NOKa3bIBalOT, B COCTOSHUM COCTaBJISATb HEKOTOpPbHIE

pa3indus.

Task 1.3.  Match words or phrases in column A with their synonyms in
column B. Find sentences in the text with the words from column A and

translate them. Make your own sentences with the words from column B.

A B
a discrepancy 1 upload
b dearth 2 difference
C account for 3 produce
d yield 4 explain
e discharge 5 lack
f inherent 6 characteristic

Task 1.4. Choose the correct word for the context:

Both living and inanimate microscopic objects are (1) subject to/owing to
thermal (2) fluctuations/vacillations that cause them to (3) jiggle/jigzag about
incessantly when viewed under an optical microscope. Many biological organisms
(4) modify/rectify thermal (5) hesitations/fluctuations to facilitate transport of

molecules and to move through their (6) medium/environment. (7) Motility/motion
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in biological systems is crucially important in a wide range of biological processes
including the (8) script/transportation of DNA in viruses, the (9) propulsion/effort
of bacteria as they search for food and the exercise of striated muscle (when a
dumb bell is lifted). Initially, an understanding of the driven process of passive
(10) diffusion/dissolution due to thermal energy is developed, and this is then
extended to the analysis of the (11) motions/movements produced by molecular
motors. (12) Thanks for/owing to the importance of this ability in determining
biological process, a series of non-invasive methods have been developed to
measure molecular spectroscopy, pulsed laser (13) mechanics/techniques, dynamic
light (14) scattering/scanning, neutron/X-ray inelastic (15) scattering/dissipating,
video particle (16) pacing/tracking and nuclear magnetic resonance spectroscopy.
Due to this impressive range of dynamic experimental techniques, the field of
biological (17) locomotion/motility has been proved with firm (18)

foundations/backgrounds.

Task 1.5. Translate the text into English:

3HaueHUEe BOJBI U BOJIHBIX PACTBOPOB COJICH M KUCJIOT TPYIHO NIEPEOIICHUTb.
OHU HE TOJIBKO COCTABJISIIOT OCHOBY JKM3HU, BCIEJCTBHUE YETO MOHSITEH UHTEPEC K
TUM 00BEKTaM OMOJIOTOB, HO M HAXOJAT YPE3BBIYANHO IIMPOKOE MPUMEHEHHUE B
TEXHUKE, TJ¢ WMEHHO Ha WX WCIOJb30BAaHUN Oa3upyeTcs MHOYXKECTBO
TEXHOJIOTUYECKNX  mporeccoB. Bce ot 00OCTOSTENHCTBA  BBI3BIBAIOT
HEOCJIA0EBAIOIINI WHTEPEC K M3YUYEHUIO (DU3MYECKUX CBOWCTB BOJBI M BOJHBIX
pactBOpoB 31ekTponauToB (BPD). bonbiioe BHUMaHue yaenseTcs ONpeaeIeHUI0 UX
JTUDJICKTPUUECKUX XAPAKTEPUCTUK — JTUAJICKTPUUECKOM TPOHUIIAEMOCTH U
TaHTeHCA yTiia JUAJIEKTPUUECKUX MOTEPh. DTOMY BOMPOCY MOCBAIIEHO MHOXKECTBO
cTaTed, 0030poB U psl MoHOrpaduit. OgHAKO 10 CUX MOp AaHHBIE 00 yKa3aHHBIX
BEIMYMHAX, a TaKXE€ W3 3aBUCHMOCTH OT YacCTOThl HENb3sS 3aCMAaTPUBATh Kak
nojHbie. B mocnemHue necATUICTUS B JUTEpaType TMOSBUIUCH CBEIACHUS O
dbopMHpOBaHUY B BOJIE TUTAHTCKHUX TeTepoda3HbIX KIACTEPOB pa3MepaMu BILIOThH
JI0 JTOJIeW MIUIJTUMETpa ¥ BpeMeHeM penakcaruu 6osee 10c. ITu pe3ynbTarsl Jat0T
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OCHOBAHHME TNPEANOJIOKUTh BO3MOXKHOCTh BO3HHUKHOBEHHS OCOOCHHOCTEH B
CHEKTpPE IUANEKTPUUECKUX MOTEePh BOJBI B HHU3KO- U HMH(PPAHU3KOYACTOTHOM
obOmacTsax. Mexay TeMm, HauOOJBIIYI0 CJIOKHOCTH BBI3BIBAIOT HM3MEPEHUS W
WHTEPHpETalUs JaHHBIX O JUAJIEKTPUYECKUX XapaKTepUCTUKaxX Bojasl U BPD
WMEHHO B OTOH 00JacTH dYacTOT, YTO CBS3aHO C BO3HUKAIOIIMMH B
MPURJICKTPOHHOUW 00J1aCTH TBOWHBIMH YJIEKTPUICCKUMH CIIOSIMHU.

B nureparype mnpakTHUECKH OTCYTCTBYIOT JAaHHBIE O JUAJIEKTPUUECKUX
xapaktepuctukax BoJbl 1 BPD nmns wactor menee 100I'n. Ham m3BectHa nuiib
olHa paboTa, B  KOTOpPOM  M3MEpPEHHUS  DJIEKTPUYECKOTO  HMMIIeAaHca
JTUCTUUIMPOBAHHOM BOJBI MpoBOoAWIMCH Ha dyacTtoTax 0,01 T'm — 100 xI'u, a mpu
aHaNMM3€ OKCIICPUMEHTAJIBHBIX JaHHBIX YYHTHIBAIUCh BIWUSHUEC W  CIOXKHAS
CTPYKTypa JIBOMHOTO CJIOS. Crnenyer OTMETUTh, YTO B JIBOMHBIX AJIEKTPUUECKUX
CJIOSIX, BO3HUKAIONIMX HA TpaHHUIE pa3aeia ‘METAUIMYECKHA DJICKTPOa —
MPOBOJAIIAS  JKUIKOCTH', MOXXHO  BBIICTUTh IUIOTHYIO W Pa3MBITYIO
(muddy3nonnyro) yacte. [InoTHas yacte (cnoit ['enbmronbiia) odpasyercs iubo B
pe3ynbpTaTe Iepexojla HWOHOB MeTala B JKHAKOCTh (BCJICACTBHE HYETrO €ro
AJIEKTPOHEUTPATBHOCTh HAPYIIAETCS M K MOBEPXHOCTH METajlla MPUTATUBAIOTCS
MOJIOKUTENIbHBIE MOHBI U3 pacTBopa), JUOO MyTeM aJcOpPOIMU MOBEPXHOCTHIO
MeTajula TOJIAPHBIX MOJICKYJ JKHIKOCTH. B crmoe ['embmrosbiia cocpenoTOYeHBI
YaCTHI[bl, MPOYHO CBSI3aHHBIE C TIOBEPXHOCTHIO METAJUIMUECKUX DJIEKTPOJIOB.
[IpoTsSDKEHHOCTh JTAHHOTO CJIOS HE3HAYMTENIbHa, HO WMEHHO B JTOW 00JIacTh
HaOJIOMaeTCs pe3Koe M HanOOoJIbIIIee MMaIeHue MOTEHITAaA.

OOpazoBaHue pa3MbBITOW YacTH JABOMHOTO CIJIOSI CBSI3aHO C TMPOIECCaMU
muhPy3ur HOHOB M TOJIAPHBIX MOJICKYJ M3 IJIOTHOW YacTH B 00BEM JKHUIKOCTH.
[Tanenue motenrmana B qudPy3noHHON 00J1aCTU — HE CTOJb PE3KOE, KaK B CIIOC
['enmpMrospia ¥, Kak TOJAraroT, MPOUCXOJUT IO SKCIOHCHIIMAJILHOMY 3aKOHY.
Hudbdy3nonHbii ciaoii — 3TO0 MeHee CTa0WiIbHOE O00pa3oBaHUE, YeM CIOoU
I'enbmronbia.  Jlaxke mpu cmaboM  JIBMIKEHWH OJKUIKOCTH B IEpEMEIICHUE

BOBJICKAIOTCSI MOHBI TU(P(Y3UOHHON YaCTH, YTO MOXKET MPUBECTH K U3MECHEHUIO
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ero TOJILIMHBI, BRIHOCUMOTIO 3apsijia U JaKe 3HaKa 3apsiia. B HanOoubIel cTenenu
3TOT CJIOW TIOJBEPKCH BIIMSIHUIO TEMIIEPATYPHI.

Words and expressions to help:

Bopnbie pacTBOpEI cosiei u kucaotT — aqueous solutions of salt and acids
Hwmanextpudeckue xapaktepuctuku — dielectric characteristics of water
Jmanextpudeckas nmponunaeMocts — dielectric permeability

Tanrenc yria qusiaekTpuieckux motepsb — 10ss angle

[erepodasnsiii kaactep — heterophase clusters

Bpewmst penakcaruu — relaxation time

Jmanexrpuueckue norepu Buabl — dielectric loss of water

GRAMMAR POINT

HexoTopsie criocoObI iepeBozia ciioBa ‘due’:

Due — nomxHbIi, HY>KHBIH, TOIXOISIINMN, 00s3aTEIbHBIN.

Example — They paid due attention to the problem. — Onm ynenuau momKHOE

BHHMaHHE JIAaHHOU Mpooieme.

Due to — 1) - 6iarogaps (0aronpusiTHas CUTYyaIus, SIBJICHHUE);

- U3-3a (HeOIaronpusaTHas CUTYyaIus, IBJICHUE);
Example: The experiment was stopped due to the lack of proper equipment. —
IKcnepumenm OblLl OCMAHOBIEH U3-3a HeOOCMAMKa HeobX00UMO020 060PYO0BAHUSL.

- gcreocmeue (HeumpanbHas cumyayus, A6leHue).

2) paspabomaHHblil, COCMABIEHHbIU, NPEOCMABIECHHbIU, NPEeONIONCEHHBLI
(ecnu
UCNONb3Yemcs nepeod 00YULeGNIeHHbIM CYUeCBUMETbHbIM)

Example: The theory due to Stephen hawking is of great interest. — Teopus,

paspabomannas Cmugom XoyKunom, npeocmasisaen 02poMHblI UHmMepec.

To be due to — npoucxoauTh u3-3a (01aromaps, BCIESACTBHE), 00YCIOBINBACTCS.
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Example: This was due to the development of new non-invasive methods. — 9mo

npouU3oULIo 61a200apst pa3eUmuio Ho8bixX, 6ECKPOBHbIX MemOo0o08.

Exercise 1.1. Translate into Russian:

1.
2.

The error is due to the latter values.

Due to this impressive range of dynamic experimental techniques, the field
of biological motility has been provided with firm foundations.

Doe to the importance of motility in determination biological processes, a
series of non-invasive methods have been developed to measure molecular
mobility.

He is due to speak at the conference.

The disagreement was due to misunderstanding among the members of the
group.

In this regime, efficiency chargers only slightly due to changes in Te.

After due consideration of the paper we passed over to other items on the

agenda.

Exercise 1.2. Write your own sentences with the words and expressions:

due, dueto, to be dueto

Relative Clauses:

The relative pronoun: A relative clause is used to form one sentence from two

separate sentences. The relative pronoun replaces one or two identical noun

phrases and relates the clauses to each other. The relative pronouns and their uses

are listed below.

Pronoun Use in formal English
That Whose

Which things

Who people

Whom people
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Whose

people/things
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The relative pronoun completely replaces a duplicate noun phrase. There can be no
regular pronoun along with the relative pronoun.

Examples:

Incorrect: This is the problem I studied it at the university.

Correct: This is the problem that | studied at the University.

Who/Whom — ‘who’ is used when the noun phrase being replaced is in the subject
position of the sentence. “Whom’ is used when it is in the complement position.
NB: In speech, whom is rarely used, but it should be used when appropriate in
formal written English. If you have difficulty deciding whether ‘who’ or ‘whom’
should be used, remember the following rule:

... ‘who’ + verb

...’ whom’ + noun

Examples: He was the first who referred to this article.

Dr. Jones is the only doctor whom | have seen about this problem.

‘Whom’ is also used after a preposition. In this case, the preposition should also be
moved to the position before ‘whom’ in formal written English.
Example: Mr. Harrison, for whom the room had been reserved in advance, arrived

at the hotel one day late.

‘Whose” — This relative pronoun indicates possession.

Example: The president, whose advisors have quit, is giving a press conference.

NB: Remember that a sentence with a relative clause can always be presented as
two separate sentences, so clause must contain a verb.
Examples: | read books, which | borrowed from the library. — I read books. |

borrowed them from the library.
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We know professor N., whose articles were published in Scientific

Observer. — We know professor N. His articles were published in Scientific

Observer.

Exercise 1.3. Present the following sentences with a relative clause as two

separate sentences:

1.

John’s wife, who is a professor, has written several papers on the subject.

2. The number of students who have bee counted is quite high.
3. The book that is on the shelf is the one that I need.

4,
5

. Mr. Parker is the man who was chosen to represent the committee at the

All money that was accepted has already been released.

convention.

Most labs have small machines which are used for demonstration purposes.
These particles were named quarks by the Caltech physicist Murray Gell-
Mann, who won the Nobel Prize in 1969.

It was thought that protons and neutrons were ‘elementary’ particles, but
experiments in which protons were collided with other protons or electrons
at high speeds indicated that they were made up of smaller particles.

The ablation process, which involves complex interactions between the
pellet’s partially conducting ablation cloud, the background plasma, the
ambient magnetic field and the pellet’s motion is poorly understood and

diagnosed.

10.The difficulties inherent in diagnosing the rapid and highly perturbing

ablation process have, until recently, made for a dearth of direct

measurements with which to compare theoretical predictions.
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Task 1.6. RENDERING PRACTICE
Preparation for rendering: Read the text / Find key words / Make up a plan / Retell

the text in your own words.

Tools for Plasma Control in Tokamak

This is not nuclear fission that is currently in use, but nuclear fusion, which
many regard as the main energy source of the future. Among others, the ITER
project, the third most expensive in history, is seeking to turn this venture into
reality and is making use of the Tokamak reactor for this purpose. Reactors of this
type and the plasma used in them to carry out fusion have a number of control
problems, and to solve them the electronics engineer Goretti Sevillano has come up
with some tools in her thesis defended at the University of the Basque Country.
Her thesis is entitled “Tools for plasma control in Tokamak nuclear fusion
reactors: Astra-Matlab integration and control in real time”.

What happens in fission is that the nucleus of an atom is split; this is in stark
contrast to fusion in which two lightweight atoms join together. Sevillano explains
that the latter could generate more energy than fission, on which nuclear power
stations are currently based. But that is not all. "In fission reactions there is a risk
of explosion, but not in fusion, so nothing like what took place in Chernobyl or
Fukushima would ever happen. What is more, the waste generated in fission has a
very long life and is radioactive; but this is not the case in fusion. Likewise, the
fuels are more accessible. Uranium or plutonium is used in fission, and its access is
not so widespread; but in fusion, helium or tritium, which can be obtained from
water or earth, are used," she explains. So her PhD thesis is another step along the
path to fusion.

Among all the reactors it is the Tokamaks studied by this researcher which
are best placed in the race to obtain efficient energy from nuclear fusion. Sevillano
has detailed how they function: "The materials used in fusion must have certain
specific features, and these materials have to be turned into plasma. At the same

time, the plasma has to be restricted to a limited space to enable the reaction to be
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generated and the energy to be used. To achieve this, magnetic confinement is
applied in the case of the Tokamaks." In other words, the magnetic field creates
lines that act as a wall to keep the plasma in the space where it is meant to remain.
But the plasma and the device itself have several problems that have yet to be
solved, and Sevillano has worked on some of them.

"To develop Tokamaks, many of the plasma's parameters must be controlled,
as well as the whole device itself; the currents that are going to be used, the
voltage, the intensity, etc. Until all these things are controlled, it will not be
possible to use these machines to produce marketable energy,” the researcher
points out. In connection with this, Sevillano has embedded a code known as
ASTRA into the Matlab software; ASTRA is frequently used to simulate the
behaviour of Tokamak reactors, and the embedding of this code into Matlab will
facilitate the development of controllers suited to these devices. The control
problems are of several kinds, but in this case some very specific parameters
relating to the plasma have been explored in depth. "Control of the parameters is
necessary to obtain the maximum energy possible from the plasma, and the amount
of this energy that can be extracted is calculated on the basis of the current: the
greatest amount of current possible has to be maintained during the longest time
possible. That is why these parameters have to be controlled by means of the
control, in turn, of the numerous coils and voltages within the structure,” she adds.
Sevillano points out that this PhD thesis has produced only a single branch of what
would be a complete tree. "All | have achieved is no more than a step towards
doing more things. The aim of all these tasks is to design a machine capable of
generating marketable energy within the ITER project,” she explains. It is a long-
term task: they have been working on nuclear fusion for the last 50 years and they

calculate they will obtain some results around the year 2050.

Task 1.7. Work in pairs. Make up 5 questions on the text and address
them to your partner.

Task 1.8. Discuss the text with your partner.
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Task 1.9. Create an infographics or a mind map based on the information

you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 1.10 Watch the video and in your own words report the main idea of it.

https://www.youtube.com/watch?v=WavEMOp9EdO

Task 1.11 Academic Writing

Study the information on academic writing and do the exercises.

THE PURPOSES OF ACADEMIC WRITING

1.11.1.The most common reasons for writing:

to report on a piece of research the writer has conducted
to answer a question the writer has been given or chosen
to discuss a subject of common interest and give the writer’s view to

synthesize research done by others on a topic

1.11.2.Common types of academic writing

Notes

Reports

Projects

Essays
Dissertations/Thesis

Papers

1.11.3.The most common written sources

Textbooks

Websites

Journal articles

Official reports (e.g. from government)
Newspaper or magazine articles

e-books
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1.11.4.The most common requirements to your academic text
« your should give reasons for your initial hypothesis
« you should obtain more well-rounded data
« you should show the logic of your experiments
« you should present clear, consistent logical argument to somebody else

involved in the research of this field.

Exercise 1.11.4. Read the introduction and answer the questions.

1 Introduction

Understanding and controlling instabilities in a magnetically confined plasma is of
major importance on the road to the production of electricity through nuclear
fusion. One major difficulty lies in the computational cost associated to the kinetic
study of the micro-turbulence (in microseconds and millimeters) at the global
confinement time (in seconds and meters), which exceeds the capabilities of
current top-Tier computers. Solutions based on multiscale modelling or using a set
of reduced models (using fluid, MHD description) can be used in order to alleviate
the computational load. This comes nonetheless at the cost of more complex
software development and maintenance. To build such multiscale or multi-models
application, an interesting approach [1] consists in coupling single scale
components (where a scale can be either spatial, temporal or refer to a different
physics or numeric model), where each single component is easier to develop,
validate and maintain. Such coupling can rely on the usage of a data structure
common to allcomponents, and possibly using a dedicated 1/O library to access the
data, as proposed by the EFDA ITM-TF task force [2, 3]. The coupled application
Is then described using a script based approach or controlled by a scientific
workflow manager. In such workflows, coupled components can be legacy codes,
possibly running in parallel, at different core count and runtime, making its optimal
execution on the targeted environment more complex. A solution to simplify the
execution of such workflow consists in running the simulation platform within a

regular parallel allocation in a single computer. The Integrated Plasma Simulator

24



[4] is based on such principle: it runs in a single (possibly very large) computing
allocation and handles internally the scheduling of load balancing of the tasks
associated with each component, considering several layers of abstraction for the
parallelism. We have implemented within the IPS platform two fusion workflows
with different computational needs: an acyclic (loose-coupling) chain composed of
a high-resolution equilibrium reconstruction and its stability study, and a cyclic
(tight-coupling) turbulence transport time evolution. The acyclic case involves a
parameter scan for which the runtime of each run can differ a lot, whereas the
cyclic case is composed of codes which have to be executed in sequence with
different level of parallelism and computational cost. This contribution presents
briefly the characteristics of the IPS platform and compares them to other
platforms used by the fusion community in Europe. The layered implementation
required to embed legacy codes coming from the ITM community into the IPS
platform is presented for generic components. Finally, targeted cyclic and acyclic
workflows are presented and their characteristics are discussed to highlight the

benefits of using one or another platform in the different configurations.

1.What is a piece of research the writer has conducted?

2. Did the writer give an answer to the question that he/she has been given or
chosen?

3. Was it the subject of the common interest?

4. Did the writer manage to synthesize research done by others on a topic?

5. What is the difference between textbooks, websites, journal articles, official
reports, newspaper or magazine articles, e-books?

6. Find examples of the mentioned above writing formats in the Internet.

7. What are the most common requirements to an academic text?

1.11.5 Look at Punctuation rules in the Appendix and find examples of some
rules in the Text 1.11.4
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UNIT 2

TEXT 2. Wauve field Calculation and the Ray Tracing Method.

Radio frequency heating and current drive are important features of many
tokamaks. In order to predict the efficiency of the current drive and where it takes
place in the tokamak profile, computational techniques which couple calculations
of the wave field to Fokker—Planck solutions of the electron distribution function
have been developed. In the electron cyclotron and lower hybrid (LH) frequency
ranges the wave field is often calculated using ray tracing techniques, though more
recently some full wave calculations have been done. Ray tracing provides a
simpler way of proceeding, but the problem arises of dealing with the situation in
which there is not a single well defined beam and diffraction and beam divergence
are important. Since an LH antenna produces a complicated spectrum, launching
waves in a range of directions, the problem is particularly acute there. In this paper
we suggest a way of calculating the wave field from tracing of multiple rays using
a technique based on the stationary phase approximation. We demonstrate how it

can be used and its effectiveness through a number of simple examples.
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Heating and current drive by radiofrequency waves are important features of
most large tokamaks and a number of numerical codes have been written to predict
their effectiveness. We shall be particularly concerned with the electron cyclotron
(EC) and lower hybrid (LH) frequency ranges, in both of which the wavelengths
are sufficiently short compared with the size of the system for ray tracing
techniques to be useful. The EC range is the simpler of the two since the waves can
be launched from a simple waveguide and propagates from the vacuum into the
plasma in a straightforward way. LH is more complicated in that it requires waves
to be launched with parallel wavelengths which are evanescent in vacuum and
needs a more complex waveguide structure to achieve this. In both cases ray
tracing is widely used to calculate the radiation pattern within the plasma and the
region where wave absorption takes place. In the EC case there is quite a well
collimated beam, but in the LH case the antenna launches a range of wave
numbers. Especially in a small tokamak like the Compass machine in Prague, in
which we have a particular interest, the launch spectrum is broad. In both cases ray
tracing has a number of problems such as the neglect of diffraction and the need
for a large number of rays in some cases.

Recently full wave calculations have been carried out in the LH regime but
this is very computationally demanding and it would still be useful to find a
simpler approach which takes account of diffraction while retaining the simplicity
of ray tracing. One method which has been developed, particularly by Pereverzev
and collaborators, is paraxial beam tracing. This is based on methods initiated by
Maslov and basically involves following the path of a beam, but expanding the
parameters around the axis of the beam so that it has a Gaussian envelope whose
width reflects the effects of diffraction on the beam. If an LH antenna is large
enough then it might be a reasonable approximation to consider just a single ray at
the peak of the spectrum and approximate its width in this way. The radiation from
a smaller antenna is not well approximated by a single beam, even if it has a finite
width. A number of rays might be launched to try to cover the spectrum, but then

the problem arises of just how the wave amplitude at any point in the tokamak is
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related to these rays. The problem is less acute in the EC regime, but even there the
approximation of a Gaussian beam may not give a very exact representation of the
diffraction pattern produced by the antenna. In this paper we suggest a different

method based on the use of the asymptotic method of stationary phase.

Topic vocabulary:

Current drive — reneparus Toka, computational techniques — MeToabI BbIUKCIICHHS,
ray tracing techniques — merombl ompeneneHust Tpaekropuu inyda, full wave
calculations — pacuetsr moHOW BOJHBEI, Way Of proceeding — crmoco6 oOpaboTkH
nanabix, beam of divergence — ortkioHeHue Jyda, acute problem — ocrtpas
npobiieMa, Stationary phase approximation — npuOGirkeHre cTalMOHApHBIX (a3,
propagate - pacmpocTpaHsAThCS, €vVanescent — HUYTOXKHO Majbli, complex
waveguide structure — cmoxxHast ctpykrypa BosiHOBoaa, Well collimated beam —
XOpoIIo KOJUIMMHUPOBAHHBIN Iy4ok, paraxial beam tracing — ortcnexuBaHHe
TpaeKTopuu oceBoro Jsyda, finite width — koneunas mupuna, wave amplitude —

BOJIHOBAasA aMINJIMNTY 4, axis — oce.

Task 2.1. Answer the questions

1) What is the general goal of wave field calculations?

2) Which methods of a wave field calculation are discussed?

3) What are the features of the EC and the LH frequency ranges?

4) Which restrictions does the ray tracing method have?

5) Why aren’t full field calculations always possible?

6) What is the basis of the paraxial beam tracing method?

7) Which approach might be used if an LH antenna is large?

8) What is the problem of beam tracing in case of a small antenna?

9) Does the paraxial beam tracing method allow of correct treating the diffraction
in case of a small EC antenna?

10) Which method of wave field calculations is suggested in this article?
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Task 2.2. Compare the original abstract from the text with its machine-

translated versions and edit the latter ones, pointing out the mistakes.

Original text

Radio frequency heating and current drive are important features of many
tokamaks. In order to predict the efficiency of the current drive and where it takes
place in the tokamak profile, computational techniques which couple calculations
of the wave field to Fokker—Planck solutions of the electron distribution function
have been developed. In the electron cyclotron and lower hybrid (LH) frequency
ranges the wave field is often calculated using ray tracing techniques, though more
recently some full wave calculations have been done. Ray tracing provides a
simpler way of proceeding, but the problem arises of dealing with the situation in
which there is not a single well defined beam and diffraction and beam divergence
are important. Since an LH antenna produces a complicated spectrum, launching
waves in a range of directions, the problem is particularly acute there. In this paper
we suggest a way of calculating the wave field from tracing of multiple rays using
a technique based on the stationary phase approximation. We demonstrate how it

can be used and its effectiveness through a number of simple examples.

Google translation

PaguouyacToTHBIE HarpeB M TOKOBas Iepelnadya SIBISIIOTCS BaXKHBIMHU
XapaKTEPUCTUKAMU MHOTMX TOKaMmakoB. YUToObl mpencka3zath 3()QPEeKTHBHOCTDH
OpUBOJAa TOKA M MECTO €ro BO3HHUKHOBEHHUS B mpoduie Tokamaka, ObUIU
pa3paboTaHbl BEIUMCIUTEIHHBIC METO b, KOTOPHIE CBSI3BIBAIOT PACYECTHI BOJHOBOTO
noJisi ¢ permennsivMu Dokkepa — [Inanka QyHKIMM pacmpeseneHus JIeKTpoHOB. B
JUarna3oHax YacToT DJIEKTPOHHOTO IMKJIOTpoHAa M HmwkHero rubpuaa (LH)
BOJIHOBOE TIOJIE YacTO BBIYUCISICTCS C HWCIOJIB30BAHUEM METOAOB TPACCUPOBKHU
Jdy4eil, XOTs B MOcjienHee BpeMsi ObUIM CJeNaHbl HEKOTOPHIE IOJHOBOJIHOBBIC
BBIYHCIICHUS. TpaccHMpoBKa Jiyded oOecneunBaeT ©Oojee MpOCTO Ccrocod

MPOJIOJKEHUS, HO BO3HHMKAET Mpolsema, CBA3aHHasl ¢ CUTyalueil, B KOTOPOM HET
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HU OJIHOTO YETKO OMNPENEJICHHOrO Jy4ya, U Ba)XHbl NU(PPaKIUS U PacXoguMOCTh
nyya. [Tockonbky LH-aHTE€HHA CO3/1a€T CIOMKHBIA CIEKTP, 3ayCKAIOIIAN BOJIHBI B
pa3HBIX HaNpaBlIEHUSX, MpolieMa 37ech OCOOEHHO ocTpa. B 3Toii craThe MbI
npeajiaraeM crnoco0 pacuera BOJHOBOTO IMOJS M0 TPACCUPOBKE HECKOJIBKUX JTyuei
C WCTIOJIb30BAaHUEM METO/a, OCHOBAHHOTO HA MPUOIMIKEHUN CTAI[MOHAPHOH (hasbl.
Mg 1eMOHCTpUpYeM, KaK €ro MOYKHO HCIIOBh30BaTh W €ro 3(h(HEKTUBHOCTH, Ha

HCCKOJIBKHUX ITPOCTBIX ITPUMCEpPAX.

PROMT translation

HarpeBanue paanoyacToThl U TEKYLIUH JBUTATENb - Ba)KHbIE OCOOEHHOCTH
MHOTUX TOKaMmakoB. UToOBI npeacka3aTh 3p(HEKTUBHOCTh TEKYILEro JBUTATENs U
I7Ie 3TO MPOUCXOJUT B TOKamake profile, BBIYMCIUTENBHBIE METONbI, KaKHe
BBIYMCIIEHHUS Tapbl oOyiacth BoJiHBI K pemeHussiM Fokker—Planck snextponnoit
GyHKIUM pacrpeneiaeHus ObUIM pa3BUTHL. B 3JEKTPOHHOM LMKIOTPOHE W
YACTOTHBIX JuariazoHax Oosiee Hu3koro rudpuga (LH) obGmacts BOJIHBI 4acTo
BBIYMCIIAETCS, MCIOJb3Yys IOMCKOBBIE METOIBI Jy4a, XOTsS II03XKE HEKOTOpbIE
MOJIHBIE BBIYMCIICHUSI BOJIHBI ObUIN clenaHbl. OTCleXUBaHUE Jyda 00ecreynBaeT
0oJyee mpoCTOM Crmoco0 MPOJOKUTHCS, HO MpPoOJieMa BO3HUKAET CHPABICHUS C
CUTyallMe, B KOTOPOW HET HHU OJHOTO XOpOLIO OIPEAEIIEHHOIO Jy4a, H
mudpakiys U pacxoxkaeHue Jsydya BaxkHbl. Tak kak aHteHHa JIFOOTI'AH3bI
IPOU3BOJAUT CJIOXKHBIM CHEKTp, HAauMHas BOJHBI B JMana3oHe HallpaBJICHUH,
npobiemMa OCOOCHHO ocTpas TaM. B JaHHOU cTaTbe MBI MpeijiaraeM Ccroco0
BBIYHMCIIUTh OOJACTh BOJIHBI OT OTCJICKMBAHMS HECKOJIBKUX JIy4yeH, HCIONb3ys
TEXHUKY Ha OCHOBE MOCTOSIHHOTO IpuOmkeHus (a3bl. Mbl 1eMOHCTpUpPYEM, Kak
TO MOXET MCHOJB30BAThCS M €ro 3(PQPEeKTUBHOCTh YEpPe3 MHOTHE MPOCTHIE

MIPUMEPBI.
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Task 2.3.  Match words or phrases in column A with their synonyms in
column B. Find sentences in the text with the words from column A and

translate them. Make your own sentences with the words from column B.

A B
a propagate 1 Sharp
b trace 2 Spread
C divergence 3 Deviation
d carry out 4 very small
e pattern 5 Way
f acute 6 make complete
g approach 7 Detect
h evanescent 8 Model

Task 2.4.  Words often confused. Put the words into the sentences:
Track  step  progress pace
1.1 followed the.................. of the scientific research in the report.
2.We mustkeepin................ with modern development in our scientific brand.
3.The professor spoke so quickly that I couldn’t keep............... with him.
4. With the help of modern telescopes it is not difficult to................ of asteroid’s
position on the orbit.
NB: track — (cren), oTciexuBath, mpocaeKuBaTh (00bIUHO ¢ mpeaaoramu Of, out,
up, down)
step — (urar) to keep in step with... wuaTH BHOTY C ....
pace — (remm) to keep pace with .... He orcraBats...

Progress - pasBuTHE

Task 2.5. Write your own sentences with the words
track, track out, track down, track up, step, to keep in step with, pace, to keep

pace with, progress
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Task 2.6. Read the text and fill in the gaps with the correct words A, B or
C from the box:

The scattering phenomenon which we have just discussed was observed
experimentally by A.H. Compton in 1922. It seems that he was ...... (1) to his
experiment by a previous observation by Barkla that when hard X-rays are
scattered at large ...... (2) by a solid materials, the scattered rays seemed to consist
of two components: one component having properties identical ...... (3) the
incident radiation but the other component ...... (4) different, which difference
manifested itself through a difference in the rate at which this radiation was
...... (5) by intervening media. On the basis of the wave picture we can readily
understand the ...... (6) of the first component. The incident electromagnetic
waves, i.e., the incident X-rays, set the electrons ...... (7) in the atoms in oscillation
at the same frequency w as the frequency of the wave, and these oscillating
electrons will then ...... (8) .electromagnetic radiation in all directions at the
frequency w.. In this process, the ...... (9) of the atom 1is only temporarily

disturbed, and the electrons are not ejected. We may expect that it is mostly the

tightly bound electrons which will give ...... (10) to this kind of scattering.

1 [Aled B resulted C directed

2 A corner B angle C curve

3 |Ato B by C with

4 | Abeing B been C be

5 | Askimmed B absorbed C detected

6 | Alincidence B recurrence C occurrence
7 | Alink B bound C connection
8 |[Aemit B issue C get off

9 | Astate B condition C structure
10 | Aarise B increase C rise
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Task 2.7.  Translate the text into English:

KBapk-rmoonnas mnazma (KI'TI) mpencraBiasier co0oil COCTOSTHUE CUIIBHO
B3aMMOJICHCTBYIOIIEH MaTepuu, B KOTOPO OCBOOOXK/IEHHBIC LBETHHIE KBApPKU U
IJIIOOHBl  O00pa3yloT  HENpEphIBHYIO  Ccpeny  (XpomoIuia3My) U MOTYT
pacnupocTpaHsATbCd B HEH KaKk KBa3UCBOOOJHBIE 4YacTHUbL. Bo3HuKaer
«LBETONIPOBOAMMOCTBY», AHAJIOTUYHAs JJIEKTPOIPOBOAMMOCTH, BO3HUKAIOWIEH B
OOBIYHOM 3EKTPOHHO-NOHOH IUIa3Me.

ITo coBpemenHbsiM mnpencraBiaeHusiM, KI'TI moxker 00pa3oBbIBaTBCS MIpH
BBICOKMX TeMIlepaTypax W/win OOJNbIIUX IUIOTHOCTSAX aJpOHHOW MaTepuu.
IIpennonaraercs, 4TO B €CTECTBEHHBIX YCIOBMAX Takas IUla3Ma CYyIIECTBOBAJIA B
nepseie 10° cexynn mocne Bonbimoro B3peiBa. YenoBus 11 €€ 00pa3oBaHHMS
MOT'YT CYLIECTBOBATh B LICHTPE HEUTPOHHBIX 3BE3I. OKCIEepUMEHTAIIBHOE
HaOmoaenne KITI — ogHa M3 NpPUOPHUTETHBIX 3a/Ja4 COBPEMEHHOW SIAEPHOM
¢buzuku. Haunbonee mnepcnektuBHbIM MeTtogoMm mnonydeHuss KITI cuuraercs
COYJIapEHUE PEIATUBUCTCKUX TsKENBIX MOHOB. [I03TOMY MccienoBaHue siepHO-
anepHbIX (A + A) B3auMOAECMCTBUI — OJTHO U3 BAXKHEUILIMX HAYYHBIX HAMPABICHUN
B (hU3UKE BHICOKUX DHEPTHUH.

Pacuersl, BBIIOJHEHHBIE HAa OCHOBE KBAHTOBOM XPOMOAMHAMHUKH Ha
peneTKe, NpeacKa3blBalOT, YTO MIPU NOBBIIIEHUU TEMIIEPATYPHI SIEPHON MaTEpUU
0 3HavyeHus npumepHo 170M»aB pomxkeH MpoUCXOaUTh MEpexoj U3 OObIYHON
anepHor marepuu ¢ coctossnue KI'TI. B TakoM coctossHnM HapymaeTrcs IpUHLMIT
KoH(pallHMeHTa (IUICHEHHWE KBapKOB B aJHOHAaX) M NPOUCXOAMT YACTUYHOE
BOCCTAHOBJIECHME KHUpaJbHON cuMMeTpun. OXKHaaercs, 4TO MCCIECI0BAaHUE
NMOJ00HOTO COCTOSIHMSI BeIlleCTBa IMOMOKET JaTh OTBET Ha (yHAAMEHTAIbHBIN
BONPOC (U3HUKH CHIIBHBIX B3aUMOJCHCTBHUI O MPUPOAE CHUJI, CBA3BIBAIOIIUX KBAPKU
1 OECIIBETHBIC aIPOHBI.

B TedyeHume mnocineqHUX HECKOJIBKHMX JIET OCHOBHBIM YCKOPHUTENIEM IS
u3ydeHus: B3aumojeicTBuil Tsokenbix sgaep umoHoB (RHIC) B bpykxeitBeHnckoi
HanmoHanbHOU Jabopatopuu, CIIA. OnuH n3 n1Byx OONBIIMX YKCIEPUMEHTOB Ha

nanHoMm yckoputene — crektpomerp @EHUKC, xotopsiii mpeacrasisier coboi
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CIIO>KHBIH AKCIIEPUMEHTAILHBIN KOMILIEKC, npeIHa3HaYCHHBIN ISt
JETCKTUPOBAHUS U UICHTU(UKAIINN 3apSHKCHHBIX M HEHTPATBHBIX YaCTHII, a TAKKE
JUTSL OTIPENICTICHUSI WX HMITYJIbCOB W SHEpruil. s m3MepeHus XapakTEepPUCTHK
3apsbkeHHbIX yactul B akcrnepuMente PEHUKC peanmnzoBana yHHKanbHas
TPEKOBasi CUCTEMa, OCHOBHBIMHU 3JIEMEHTAMH KOTOPOH SIBJISIOTCS ApEer(OBBIC U
MajoBble  Kamepbl. YHUKAIBHOCTh CHCTEMBI  3aKIIOYaeTCI B  BBICOKOU
sbdextuBnoctu (75 — 100%) BOCCTAaHOBIIEHMSI TPEKOB 3apsHKEHHBIX YacTHI] B
YCIOBHSIX OOJIBIIION MHOKECTBEHHOCTH, BBICOKOM OBICTpOAEHCTBUU (BpeMs
u3Mepenust mpumepHo 500 HC), Majoil paJuallMOHHON JJIMHE, a TaKK€ BBICOKOM
UMITYJIbCHOM pa3penieHuu. Tpeku, BOCCTAHOBJICHHBbIE B JpeilhOBBIX Kamepax,
AKCTPATOJIUPYIOTCS 7O TEPECCUSHUs C IPYTUMHU JIETEKTOPHBIMU ITOACUCTEMAaMH,
MpEeIHA3HAYCHHBIMU IS WACHTHU(UKAIIMK YaCTUIl, U3MEPEHUs] HMX OHEPTUid,
BpEeMEHHU TpoJieTa U T.1. J[JIT MOATBEPKICHUS TPEKOB HCITOJIB3YETCS HECKOIBKO
CJIOEB TMAJOBBIX KaMmep, KOTOphIE H3MEPSIOT KOOPAWHATHI TOYEK IEPECCUCHHS

TPCKOB 3aps’KCHHBIX YaCTHUI C UX IINIOCKOCTAMM.

Words and expressions to help:

KBapK-TIIooHHas tasma — quark-gluon plasma
BeTHbIe kBapku — colourful quarks

HenpepbIBHas cpena — uniform medium
I[BETOMPOBOIUMOCTH — Colourconductivity
3JIEKTPOHHO-MOHHas mia3ma — electron-ion plasma
anpoHHas marepus — hadronic matter

Bonbmoit B3psiB — Big Bang

NpUOPUTETHBIC 3a1auun — crucial questions
s7IepHO-sAepHBIC B3aumoeiicTBus — nucleon-nucleon interactions
npuHIMn koHgaitamenta — principle of confinement
KupaigbHas cummeTpust — Kiral symmetry

OecuBetHbie agpousl — colourless hadron
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GRAMMAR POINT

Singular and Plural forms of the nouns of Greek and Latin origin

singular Plural
Phenomenon Gr. (sBieHue) Phenomena  (sBicHwms)
Datum Lat. (mamHOe) Data (manHbIe)
Thesis  Gr. (te3uc) Theses  (te3uchn)
Radius Lat. (pammyc) Radii  (pammychr)
Formula Lat. (¢popmyia) Formulae/formula  (dbopmybn)
Analysis Gr. (anamus) Analyses  (aHamu3bi)
Axis Gr. (ocp) Axes (ocn)
Basis Gr. (6a3a) Bases (6a3mi)
Criterion Gr. (kputepuii) Criteria  (xputepun)
Medium Lat. (cpena) Media (cpenpbr)

Most word roots are never used alone. They may have prefixes and suffixes
to them. Once you recognize word root, you will see connections among many
words. This will make it easier for you to understand and remember their
meanings. Every time you look up a word in the dictionary, look at its word root

(most roots in English come from Latin or Greek).

Example:
DUC — to lead <~ DUCT

\J \
to induce viaduct
conductive to conduct
ductile to deduct
a duct
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1.to conduct = to lead
The inspector was conducted around the factory.
2. conductive = helpful; that contributes to
A dark room is more conductive to sleep than a bright one.
3.aduct = atube or canal that carries fluids, or one that carries electric power,
telephone cables
Most glands in human bodies have ducts to carry their secretions.
4. to deduct = to subtract, or take away
Income tax is deducted from the paycheck of a wage earner.
5. ductile = -easily lead; pliable
Copper is a ductile metal.
6. to induce = to cause an effect
Political repression and poverty induced many people to leave their
homeland and emigrate.
7.viaduct = along high bridge which carries a road or railroad
Some of the old viaducts are not high enough for today’s tall trucks to go
under.
8. aqueduct = asystem of canals and bridges which carry water
Some of the aqueducts built by the Romans still bring water to modern

cities.

Exercise 2.1. Write two examples of words for each of the Greek/Latin root

below.
Root Meaning Examples
1 | Aster star
2 Auto self
3 Bio life
4 Capit head
5 Corp body

36



6 Cycl wheel, circle
7 Domin master

8 Dynamo power

8 Flex bend

9 Form shape

10 | Gen birth

11 | Geo earth

12 | Hetero other, different
13 | Hydro water

14 | Leg law

15 |Loc place

16 | Mar sea

17 | Mob move

18 | Nom name

19 | Omni all

20 | Phone sound

21 | Port carry

22 | Rupt break

23 | Scope watch

24 | Spec look, watch
25 | Term end, limit
26 | Tract draw, pull

Task 2.8. RENDERING PRACTICE
Preparation for rendering: Read the text / Find key words / Make up a plan /Retell

the text in your own words.

Tungsten and Tungsten Alloys
Tungsten and tungsten alloys are presently considered as candidate materials

for the helium cooled divertor and possibly for the protection of the helium cooled
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first wall in DEMO designs, mainly because of their high temperature strength,
good thermal conductivity, and low sputter rates. There are two types of
applications for these materials which require quite different properties: one is for
their use as plasma-facing armor or shield component, the other is for structural
purposes. An armor material needs high crack resistance under extreme thermal
operation conditions and compatibility with plasma—wall interaction phenomena,
while a structural material has to be ductile within the operation temperature range.
Both material types have also to be stable with respect to high neutron irradiation
doses and helium production rates.

The long-term objective of the present EFDA program is to provide
structural as well as armor materials in combination with the necessary production
and fabrication technologies for future divertor components. On a European level,
fusion materials research is strengthened by integrating new partners, in particular
large-scale facilities like synchrotron and neutron laboratories, into the materials
development and characterization process by the FP7 coordination action
“FEMaS”. Presently there are many unsolved issues, contradictions, and problems
related to the use and properties of tungsten materials. Therefore the roadmap is
structured into four lines of classical engineering research: (1) Fabrication process
development, (2) structural material development, (3) armor material optimization,
and (4) irradiation performance testing. They are complemented by an additional
basic research line: (5) Materials science and modeling.

Irradiation performance testing provides experimental information on
neutron irradiation damage of tungsten and tungsten alloys. In the near future, this
area will be kept at a low level, since all the presently available tungsten grades,
which have been irradiated, show extreme post-irradiation brittleness. Also, this
EFDA program and the cooperation with external irradiation programs will give
new directions for improvement, which will have to be formulated into a
metallurgical specification to fabricate improved W-based materials and/or W-
alloys for functional and structural applications. However, the main objective of all

research areas is the identification of applicability restrictions for tungsten and
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tungsten-based materials for their use as helium cooled divertor parts. This will be
performed in the short- and mid-term program so that by the end of 2012 possible
show stoppers will be identified and possible alternative solutions might be
presented, if necessary. To make the program as economic as possible, the
different research areas are also interlinked to other EFDA and external groups

with respect to information and materials exchange.

Task 2.9. Work in pairs. Make up 5 questions on the text and address

them to your partner.
Task 2.10. Discuss the text with your partner.
Task 2.11. Create an infographics or a mind map based on the information

you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 2.12. Watch the video, in your own words report the main idea of it.
https://www.youtube.com/watch?v=AVEGJZxgllg

Task 2.13 Academic Writing

Study the information on academic writing skills and do the tasks and

exercises.

WRITING A PARAGRAPH

A paragraph- a group of related sentences that discuss mainly one idea. It
* can be long enough;
« the number of sentences is unimportant;

« visually organized
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2.13.1.Three parts of a paragraph:

The topic sentence - states the main idea of the paragraph
- names the topic

- limits the topic to one specific area

The controlling idea - announces the specific area

Supporting Sentences - develop the topic sentence;
- explain or prove the topic sentence;

- give more information

Concluding sentence - signals the end of the paragraph;

- summarizes the paragraph. with important points to
remember.( It can do this in two ways: by
summarizing the main points of the paragraph or
by repeating the topic sentence in different words)

- is needed only for stand-alone paragraph.

Exercises :

I. Agree or disagree with the following points about paragraphs

1). A good topic sentence:

a) is a complete sentence with a subject, a verb, and a controlling idea;

b) states the main idea of the paragraph

C) is neither too general nor too specific;

d) the controlling idea limits the topic to one specific area that can be discussed.
e) is usually the first sentence in the paragraph

f) the helpful guide to both: the Writer and the Reader

40



2. Good supporting sentences :
a) develop the topic sentence (explain or prove the topic sentence by giving more
information about it).
b) are specific and factual

c) can be examples, statistics, or quotations

3. A good concluding sentence:
a) signals the end of the paragraph and leaves the reader with important points to
remember.
b) summarizes the important points briefly or restates the topic sentence in
different
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UNIT 3

TEXT 3. Electronegative and Electropositive Plasmas

The fluid equations

by electron impact
containing more than one

species of positive ion are

examined in detail when the
ionization frequencies are assumed to be spatially constant with a view to
generalizing the Bohm Criterion. It is shown that in this specific situation the
various ion spatial distributions and transverse ion speed distributions are
geometrically similar and thus each species arrives at the sheath with its own
Bohm speed, when the plasma is collisionless. The collision situation is also
examined with the conclusion that in that case as well, ion densities and ion speeds
are again geometrically similar. The transition between the collisionless and
collision cases is discussed but not examined in detail.

The current interest in using plasmas formed from molecular gases for
plasma processing means that there is a need to understand the way in which more
exotic plasmas differ from simple electropositive ones. Much effort has gone into
the understanding of electronegative plasmas with two negative species, namely,
electrons and negative ions, from Thompson (1959) to more recently Lieberman
and Lichtenberg (1994), Franklin and Shell (1999), Lichtenberg et al (2000),
Franklin (2000) and references therein.

This paper is concerned with the converse situation where there are several
species of positive ions, and electrons. An earlier consideration of this situation

was discussed by Valentini and Hermann who, amongst other things, sought to
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generalize the Bohm Criterion. They effectively set up the relevant plasma
equations but did not solve them in detail. This paper takes essentially the same
model and pursues it further. Their composite expression for Bohm Criterion is
confirmed but, using the plasma generation and loss equations, it is found that
there is a separate criterion for each species when all ions are generated by electron
impact. Other relevant work concerning the Bohm Criterion with multiple ion
species by examining the sheath equations has been performed by Benilov, who
discussed matching sheath and plasma in the multi-ion situation.

We will give results separately for the collisionless and collision cases so far
as the ion motion is concerned. It is to be expected that a generalization along the
lines of that given by Forrest and Franklin (1996) for simple electropositive
plasmas will allow the transition to be mapped out in a smooth manner but we have
adopted the approach of introducing only two new parameters here. They are the
ratio of the ionization frequencies, each being assumed to be constant, and the ratio
of the ion masses. Describing the transition would require a further two new
parameters, namely the ratio of collision frequency-ionization rate for each species.
It is reasonable to expect that the transition will be smooth, but we examine that
situation in a later paper.

We have solved the problem concerned both analytically and
computationally, but in the light of insight gained from the computed results we
concentrate on analytical work here. We set the ion temperatures to zero, but a
systematic method of dealing with the regular singularities associated with non-

zero ion temperatures. So the inclusion of non-zero ion temperatures is feasible.

Topic vocabulary:

Electronegative plasma — otpurarenbHo 3apspkeHHas Mia3ma, Converse situation —
obOpatHas cutyanus, electron impact — snekrtponHslii ymap, sheath equation —
ypaBHenue juisi cios, collisionless and collision cases — GeccTOIKHOBUTEIbHBIE U

CTOJIKHOBUTEIIbHBIC ClTydad, t0 map out - crutanupoBaTh, i0nization frequencies —
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yactoThl noHu3aiu, the ratio of collision frequency —ionization rate — orHoreHue
YacTOTHl CTOJIKHOBEHHMH K CKOPOCTH HOHM3amuu, i0n spatial distribution —
POCTPAHCTBEHHOE pacrpesielicHne WOHOB, transverse ion speed distribution —

PacCpCaAciICHUC HOHCpe‘{HOfI CKOpPOCTH NOHOB.

Task 3.1.  Answer the questions

1) Why are the presented studies necessary?

2) ls it the first effort to study plasmas with more than one species of positive ion?

3) Does this paper study electronegative plasmas with two negative species?

4) Which model is pursued in this paper?

5) How was the Bohm Criterion with multiple ion species obtained in earlier
works?

6) How are sheath and plasma matched in this paper?

7) Which new parameters are introduced in addition to the case of simple
electropositive plasmas?

8) What ion temperature value is taken?

9) Is the solution analytical or computational?

10) Is the sheath-plasma transition described?

Task 3.2. Compare the original abstract from the text with its machine-

translated versions and edit the latter ones, pointing out the mistakes.

Original text

The fluid equations for active plasma generated by electron impact
containing more than one species of positive ion are examined in detail when the
ionization frequencies are assumed to be spatially constant with a view to
generalizing the Bohm Criterion. It is shown that in this specific situation the
various ion spatial distributions and transverse ion speed distributions are
geometrically similar and thus each species arrives at the sheath with its own

Bohm speed, when the plasma is collisionless. The collision situation is also
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examined with the conclusion that in that case as well, ion densities and ion speeds
are again geometrically similar. The transition between the collisionless and
collision cases is discussed but not examined in detail.

The current interest in using plasmas formed from molecular gases for
plasma processing means that there is a need to understand the way in which more
exotic plasmas differ from simple electropositive ones. Much effort has gone into
the understanding of electronegative plasmas with two negative species, namely,
electrons and negative ions, from Thompson (1959) to more recently Lieberman
and Lichtenberg (1994), Franklin and Shell (1999), Lichtenberg et al (2000),

Franklin (2000) and references therein.

Google translation

YpaBHEHUS KUJIKOCTH JJIsI aKTUBHOM I1JIa3Mbl, TEHEPUPYEMOM 3IIEKTPOHHBIM
yAapoM, COJEpKaluM O0oJiee OJTHOTO BHUJA IOJOXKUTEIHLHOTO HOHA, JCTAIbHO
UCCIENYIOTCS, KOIJa MpEeArnojaraeTcs, 4YTO 4YacTOThl MOHHU3ALMHU  SBISIOTCS
MIPOCTPAHCTBEHHO MOCTOSIHHBIMU C 11€J1bI0 000011eHus kputepus boma. [TokazaHo,
YTO B 3TOM KOHKPETHOM CUTYyalMH pa3IMYHbIE TPOCTPAHCTBEHHbIE paclpeieeHus
MOHOB M MOIEPEYHbIEC PaCIpeIeTIEHUs] CKOPOCTE HOHOB T€OMETPUUYECKU CXOXKH, U,
TaKUM 00pa3oM, KaxAbld BUJ JOCTUTaeT OOOJOYKU C COOCTBEHHOW CKOPOCTHIO
boma, korma minasma He crankuBaercd. CUTyalHsi CO CTOJKHOBEHUEM TaKKe
paccMaTpUBaEeTCsa C BBIBOAOM, YTO B 3TOM CJIy4ae MOHHBIE INIOTHOCTU M CKOPOCTHU
MOHOB CHOBa TEOMETpHYEecKH cxoxu. llepexon wmexay ciaydasmu 0Oe3
CTOJIKHOBEHHU M CTOJIKHOBEHUM 00CYXIAaeTCsl, HO HE pacCMaTPUBAETCs OAPOOHO.
B mnHactosimee Bpemsi WHTEpeC K HCMIOJIB30BAHMIO IIJIa3Mbl, OOpa30BaHHOU W3
MOJIEKYJIIPHBIX Ta30B, [Js OOpaOOTKM TIa3Mbl O3HAYaeT, 4YTO CYIIECTBYET
HEOOXOJMMOCTh TOHSTh, YE€M OTJIWYAIOTCS 0ojiee HK30THYECKUE IUIa3Mbl OT
MPOCTHIX AJIEKTPOIONIOKUTEIBHBIX. MHOTO yCWINA OBLIO yAENEHO MOHWMAHUIO
AIIEKTPOOTPULIATEILHON IJIa3Mbl C ABYMS OTPUIIATEIBHBIMU BUJAMHU, a UMEHHO

JIEKTPOHAMHU U OTpPHIIATENIbHBIMU HWOHamu, oT Tommcona (1959) mo OGonee
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no3nuux Jlubepman wu JluxtenGepr (1994), ®panxknmun u lenn (1999),
JluxTen6epr u np. (2000) , dpankaun (2000) 1 CCBUIKK B HEM.

PROMT translation

Kunkue ypaBHEHUs JIsI aKTUBHOW IIJIa3Mbl, ITPOU3BEICHHON 3JIEKTPOHHBIM
BO3JIEUCTBUEM, COJIEpPXKAIIUM OOJIbIIE YeM OJHY PAa3HOBHUIHOCTH MOJOKUTEIHLHOTO
MOHA, WCCIICIOBAHBI MOAPOOHO, KOTJa YacTOThl MOHMU3AINH, KaK MPEIoIaraercs,
MPOCTPAHCTBEHHO MOCTOSIHHBIE B 1essix 0000mmeHus: Kpurepuss Bohm. Iokasano,
YTO B OTOM ONPEHECICHHON CUTyallUd pa3Iu4Hbli HOH MPOCTPAHCTBEHHBIC
pacripefielieHuss U TONEepeYHbIe paclpeelieHuss CKOPOCTH HMOHA T€OMETPUUYECKHU
MOJ00HBI, M TAaKUM 00pa30M KaxkJas pasHOBUAHOCTb MPHUOBIBAET B 00OJIOYKY CO
cBOel COOCTBEeHHOM ckopocThio Bohm, korga mimasma OecCTOIKHOBHUTEIbHAS.
Cutyanusi co CTOJIKHOBEHHEM Tak)Ke HCCIIEIOBaHa C 3aKIIOYEHUEM, UYTO B 3TOM
Cllydae TaKXe, yACIbHbIE Beca MOHA M CKOPOCTH MOHA CHOBA TF€OMETPUYECKHU
nofaoOHbl. Ilepexon Mexay OECCTOJKHOBUTEIBbHBIMU CIOy4YassMd M CIydasiMu
CTOJIKHOBEHHsSI 0OCY’KJIeH, HO HE UCCIEA0BaH MOIPOOHO.

Tekymias mpoleHTHas CTaBKa B HCIIOJB30BAHUU TUIa3Mbl C(HOPMHUPOBAHHBIN W3
MOJIEKYJIIPHBIX Ta30B Uil 00paOOTKU MJIa3Mbl O3HAYAET, YTO €CTh MOTPEOHOCTh
MOHSATH MyTh, KOTOPHIM 0OJie€ K30THUYECKUE IUIA3Mbl OTIUYAIOTCS OT MPOCTHIX
AIEKTPOTIOJIOKUTEIIbHBIX. MHoro ycumnus BOIILJIO B MOHUMAaHUE
ANEKTPOOTPULIATENBHOrO TJIa3Ma C JBYMsI OTPULIATEIIbHBIMU PA3HOBUIHOCTSIMHU, a
UMEHHO, DJICKTPOHAMU M OTPHUIIATEIBbHBIMH MOHaMH, oT Tomricona (1959) no3xe
JIuGepmany u Jluxtendeprom (1994), @panknun u Hlenn (1999), Jluxtenbepr u
ap. (2000), ®paukaun (2000) 1 cChUTKH Tam

NB: Some common words and collocations:

mean — cpeaHuun
a mean — cpeaHssa BEIMYnuHa
a means — croco0, CpeJICTBO
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by means of — ¢ momoiipo
by no means — uu B koeM city4ae
by all means — 00s13aTeIbHO, BO YTO OBI TO HH CTAJIO

to mean 3HAYUThb, UMCTb B BUY, IIOJAPA3YyMCBATh

Task 3.3. Translate into Russian:

1. By the modification we mean application of a partial summation technique.

2. These facts mean that talk about properties might well be in order.

3. The current interest in using plasmas formed from molecular gases for
plasma processing means that there is a need to understand the way in which
more exotic plasmas differ from simple electropositive ones.

These facts should be taken into consideration by all means.
The problem of stating a new system is by no means easy.

Those statements were similar in their meaning.

N o g bk

In the electron-cyclotron and lower hybrid frequency ranges the wave field

is often calculated by means of ray tracing techniques.

8. Our present-day formulation of quantum electrodynamics means a theory in
which the electron and the positron play a completely symmetric role.

9. Then the mean is the best estimate of ray peak location.

10.This question by no means can be answered at present, although one might

be inclined to believe that anti-galaxies do not exist.

Task 3.4.  Write your own sentences using the expressions with the word
‘mean’ from the above.
Task 3.5.  Read the text and fill in the gaps with the correct words A, B or

C from the box:

Let us see how we can understand the last mentioned ...... (1) theoretically.
First of all, we note that according to classical electromagnetic theory a ...... 2)
moving electron cannot ...... (3) radiation. We can draw the same ...... (4) on the
basis of the photon theory ...... (5). Consider the rest-frame of the electron before
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any possible emission: in this frame the total energy is mc?. If an emission of one
or more photons could take place these photons would ...... (6) energy, and the
total final energy after the emission would be larger than mc?, which violates
energy conservation. The emission should therefore not ...... (7).

The situation is different, however, when the electron ...... (8) the strong
electric field of a nucleus in the target. It is then possible for the electron to transfer
some energy and momentum to the nucleus, and the conservation equations for
energy and momentum can be balanced. Let us see how this ...... (9). The nucleus
of mass M is originally at rest (in the laboratory frame) and the electron, of mass m
and initial momentum p;, impinges upon it. After the collision the electron has
momentum p;, and the nucleus has momentum p,. The equations taken together
give us four ....... (10) equations.

There are, however, nine variables which characterize the final situation,

...... (11) the nine components of the three vectors. The detailed investigation of

the permissible range of these vectors is ...... (12) involved and we shall not
attempt it.

1 A term B circumstance C element

2 A uniformly B steadily C continuously
3 A produce B issue C emit

4 A jolt B collision C jerk

5 A as concerns B as regards C as follows

6 A carry away B carry on C carry out

7 A take into account B take in turns C take place

8 A passes away B passes through C passes by

9 A works out B works away C works off

10 A reservation B conservation C concentration
11 A namely B surely C exactly

12 A somehow B somewhat C somewhere
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Task 3.6. Translate the text into English:

B craree mnpoBeAeH KauyeCTBEHHBIM aHAIW3 MOJEIA HEUTPaJIbHOIO
DKPAHUPOBAHUS Y HEUTPATbHO-TUIA3MEHHOM MOJICNIM JKPAHUPOBAHUS. YKA3aHBI
OCHOBHBIE busnueckue MIPOLIECCHI, ONPENEIAIONINE dbopmMupoBanue
JKpaHHpyIoliero olnaka, a 3HAYUT, U CKOPOCTh wHcmapeHus. [ias wmopenu
HEUTPaANBbHOTO SKPAHUPOBAHUS TPUBEACHBI MPOCTHIE (POPMYIIBI, CBS3BIBAIOIITUE
CKOPOCTh UCHApEeHHsl M MapaMeTphbl oOJiaka ¢ rnapamerpamu (OHOBOW IJIa3MbI U
newtera. [IpoBenaeHa cpaBHUTENbHAS OIEHKA 3()DPEKTUBHOCTH HEUTPATBLHOTO M
IJIA3MEHHOTO 3KPAaHUPOBAHUSI, U IOKA3aHO, YTO OCHOBHAs JOJIS1 NIOTOKA SHEPTUU
(OHOBBIX 9JIEKTPOHOB 3aJIepPKUBACTCS B IJIa3MEHHOM ooOmake. [lomyueHsl
dbopMysbl 11 CKOPOCTH HUCIIAPEHHUs] M MapaMeTpoB IIa3Mbl B paMKax MOJEIH
HEHUTpaNbHO-TIJIA3MEHHOTO  3KpaHupoBanus. OOcyxnaercs, IMO4YeMy MOJIEIhb
HEUTPAJIBbHOIO SKPAHUPOBAHUS XOPOIIO OMUCHIBAET CKOPOCTh UCTIAPEHUA TEIUIETA,
HECMOTpPSI Ha TO, YTO OHA HE YUuThIBaeT 3(HEKTOB, CBI3AHHBIX C MOHM3ALUEH U
B3aMMOJECHCTBUEM MOHU30BAHHBIX YACTHI] C MAarHUTHBIM MOJIEM. JTO CBSI3aHO C
T€M, 4YTO CKOPOCTh HCIApEHMs CcJa00 3aBUCUT OT MOTOKAa HHEPrUU TOPSUYUX
AIIEKTPOHOB, TIOATOMY OCJIA0JICHHE 3TOTO MOTOKA 3a CUET AJIEKTPOCTATUYECKOTO U
IUIa3MEHHOTO JKPAaHMPOBaHUs C1ab0 BIMSIET HA CKOPOCTh HCHAPEHUs. ITO
00CTOSITENIbCTBO ~ OOOCHOBBIBAET  HMCIIOJIb30BAHME  MOJEIM  HEUTPaAIBbHOTO
HKPAHUPOBAHMS JIJIsI OIEHKU CKOPOCTH HUCTapeHus (C TOYHOCTBIO O IBOMKH) ISt

IIMPOKOI'0 IMana3oHa napaMeTpoB NessieTa U (POHOBOM IUIa3MBbl.

GRAMMAR POINT

Need to do / need doing

| need to do something = it is necessary for me to do something.
Example: There is a need to understand the ways in which exotic plasmas differ

from simple electropositive ones.
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Need doing = need to be done (the meaning is passive)
Example: The way in which exotic plasmas differ from simple positive plasmas

needs understanding.

Exercise 3.1. Make sentences with need + ing
1. This problem hasn’t been studied yet. (study) It....................... :
2. This theory is very sophisticated. (simplify) It................o..l .
3. These calculus are not accurate.  (rectify)  They ..................... :
4. The results of two recent experiments haven’t been summed yet. (sum up)

Theresults .............oo..... )

Noun as an attribute (cymecTBuTe/IbHOE B POJIH ONpe/IeIeHHs)

B ponu ompeseneHus CyiecTBUTEIBHOEC MOXKET ObITh C MPEATIOroM (mocie
OTpEeIeNIIEMOT0 CJI0Ba) U 0€3 mpeiora.

Example: calculus of variations — sapuayuonnoe ucuucnenue
a simulation technique — memoo mooenuposanus

CyI1ecTBUTEIbHBIC, BRICTYIAIOIINE B POJIM OTPEACICHHS, OOBIYHO HE
UMEIOT MHOKECTBCHHOTO YHCIIA M, HHOT1a, MOYKET IIEPEBOIUTHCS KaK
HpUIaratesibHoe.

Example: a clay ball — arunsanwsiir wap.

[TpaBuno pspga:

CyIIeCTBUTEAbHBIX B POJM  ONpPEACICHUS K JApyroMy (TJIaBHOMY,
OIpEeIIIEMOMY) CYIIECTBUTEILHOMY MOXET OBITh HECKOJbKO. [loatomy mipu
nepeBojie CIeAyeT IMOMHHTh MPaBWIO psaa. Ero MokHO chopMyIHpOBaTh
CICAYIONIMM 00pa3oM: €Clu TOocCie apTUKIA (WIM JPYyroro OMpeacTuTeNs
CYIIIECTBUTEIILHOTO) CTOMT PSI CIOB, 4Yalle BCEro CYIIECTBUTECIBHBIX B
CIMHCTBEHHOM YHCIie 0€3 MPEeJIOroB, TO apTHKIIbL OTHOCHTCS K MOCTICIHEMY CIIOBY
U3 OTOrO psa, U MMEHHO C 3TOr0 CJIOBa CjeAyeT HauyuWHaTh MepeBoa. Bce
OCTaJIbHBIE CJIOBa OYIyT ABIATHCS ONPEAEICHUSIMHU.

Example: isotopic correlation technique — memoo uzomonnoii koppensyuu.
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CnemyeT MOMHHUTH O TOM, YTO YacTO BHYTPH CaMOTO psga BCTPEYAOTCS
CYIIECTBUTEILHBIC, OTPECIISIONINE OJTHO U3 CIIOB psia, a He TIOCIIeIHEEe CIOBO.
Example: The Leningrad region nuclear instrument industry exhibition opened in
Moscow yesterday. — Buepa ¢ Mockse omkpulLiace 8blcmaska npoMbluLIeHHOCTU
sA0eprnoeo npubopocmpoenus Jlenunepaockou obnracmu. Bce nATH ClOB, B
KOHEYHOM cUeTe, OIpeIeisatoT ciioBo ‘exhibition’.

O BO3MOYKHOCTH TaKOW CJIOKHOW CBSI3M BHYTPH IEMOYKH CJIEITyEeT MOMHHTH

Bcerna. Wrtak, mpu mepeBoie psda CYHIECTBUTEIBHBIX CBS3b MEXIY CIOBAMU
OTpeeNsIeTCs] M3 WX JIEKCUYECKOro 3HAY€HHUs, TPU HSTOM MOXKHO BBOJHTH
MHOKECTBEHHOE YHCJIO, MCIOJb30BaTh pa3HbIe MaJIeKd, MPEJIOTH, HO BO BCEX
CIIydasx ONpeaesieMoe CJI0BO OyIeT MOCIICTHUM.
Example: It is desirable to find a minimal order linear time-invariant differential
feed back control system. — JKeramenvno navimu auneinylo, UH8APUAHMHYIO 60
epemenu, oupgepenyuanvrylo cucmemy YnpaeieHus ¢ O0OPAMHOU CB53bl0
MUHUMATLHO20 NOPALOKA.

Psin, cocrosimuii W3 NIByX CJIOB, Ka3ajloch Obl, HE JOJDKEH BbI3BIBATH
TPYJIHOCTH Tpu mnepeBoge. Ho Ha mpakThke, MMEHHO MPHU MEPEBOJE MOAOOHOTO
psna JOMYyCKAaIOTCS OIMMOKH, TIOTOMY YTO CYIIECTBHTEIIBHOE, WUTPAroIIee pPOJib
OTIpE/ICIICHHS TTIEPEBOANTCS TIPHIIaraTeIbHbIM, YTO JAJICKO HE BCET/Ia MPABHIIBHO.
JInbo mepeBOJ HAYMHAETCS C TMEPBOTO CJIOBA, YTO MPUBOAUT K HMCKAKCHHUIO
CMBICIIA.

Example: the particle velocity — ckopocme vacmuy (no ne wacmuunas ckopocms)
measurement parameters — napamempvl  usmepenuss (HO  He
uzmMepumesnbHvle napamempuol)

EnuncTBeHHBIN cioco0 M30€KaTh OMINOKU — DTO BCETAa MOMHHUTH, YTO €CIIU
JIBYMSI CYIISCTBUTEIBHBIMM HET TMPEAJIora, TO BTOPOE U3 HHUX OCHOBHOE,
ompefensieMoe M C HEro HaJao HaYMHATh TIEPEBOJ, a IIepBOE SBIIACTCS
OTIPEJICTICHUEM K HEMY.

Example : regulation speed — ckopocms peeyruposku

regulation of speed — peeyauposka ckopocmu
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YacTo psi COCTOMT W3 TpPEX CJIOB, CpelHEe W3 KOTOPBIX MOXET OBITh
npujaraTebHbIM, MPHYACTHEM WM TepyHaueMm. llepeBon Takoro psaa, Kak
0OBIYHO, CIICAYET TaK)Ke HAYMHATH C IMOCJICIHETrO CJIOBa M MPOJIOJDKATH CTPOTO B
OoOpaTHOM TOps/IKe, TpHUYEM, IMPH TIEPEeBOAC JO/DKHA OBITh COOJIIOACHA
rpaMMaTudeckas opma CpeHero CIlioBa.

Examples: photon-absorbing region (Participle 1) — o6racmo nozrowenus
gdomonos

breaker-triggered system (Participle 2) — cucmema 3axcucanus c
KOHMAKMHbIM Npepbléamesiem

flight training procedure (Gerund) — memoouka nemmoii noocomosku

Ecnu cpenHee ¢10BO B TaKOM PsiTy BBIPaXKSHO MPHIIaraTelIbHbIM, HalPHUMeED,
TakuM Kak: dependent — 3aBucumsbiii (ot), free — cBoOomHBIN (OT), prone —
CKJIOHHBIU (K), TO IIPH MEPEBOJI€ OOBIYHO CIEAYET BBOJUTH MPEIJIOT.

Example: a replication dependent process — npoyecc, 3asucumviii om peniuxayuti
oxygen free gas — eas, ne codepaicawuii Kuciopoo
the failure prone device — npubop, ckronnwiti kK omkazam (nenaodesxicuolil
npuoop).

Ecnu B psiiy mepBbIM CTOMT MpHIIaraTelIbHOE, TO OHO OOBIYHO OTHOCHUTCS K
MIOCJICTHEMY CJIOBY.

Example: The important measurement parameters are presented in Table A. —

Omu 8asicHvie napamempul UsMeperus npeocmasiensl 8 maoauye A.

Exercise 3.2. Translate these sentences into Russian, paying attention to the word

groups in bold:

1. Particles with large diffusion coefficients fluctuate a considerable amount
and vice versa.
2. Quasi-elastic scattering techniques often provide information on

translational mutual diffusion.
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In  molecular biophysics diffusion predominantly occurs under low
Reynolds number conditions.

One of the main restrictions of current compact state — of — the — art THz
(terahertz) imaging system is the low spatial resolution which is limited to
about 1mm due to a lack of available THz lenses with strong focusing
capabilities.

Argument force rather than force argument should dominate.

They have constructed a gas-filled high pressure cell.

The detection scheme was conceived as follows.

On the other hand, we ensured that the probe pulses changed their
polarization state due to the optically included change of the refractive
index by the momentary THz field.

The additional large centrifugal type heat pump water heaters have been

provided.

10.The optical probe beam is scanned over THz beam to determine the spatial

field distribution.

11.System identification has arisen in different areas of application where

system model is completely unspecified but one wants to predict the system

response, to regulate the system or to simulate the system.

12.Here frequency dependent rate equations are applicable.

Task 3.7. RENDERING PRACTICE

Preparation for rendering: Read the text / Find key words / Make up a plan / Retell

the text in your own words.

A Test Stand for US ITER

Engineers at the Oak Ridge National Laboratory recently completed a new

test stand for US ITER to demonstrate that large-scale 12 inch coaxial
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transmission lines can perform at ITER specifications for the ion cyclotron heating
system. Testing to demonstrate continuous 6 MW operations will begin within the
next month at ORNL's Energy Systems Test Complex. "These transmission lines
are not off-the-shelf components,” Rick Goulding, a scientist in the Plasma
Technology and Applications Group at ORNL's Fusion Energy Division said.
"They have to carry up to 6 MW each. This is roughly a factor of 3 higher than any
radio frequency transmission line that has ever been built for fusion research, and
in addition it must operate steady state."

The ion cyclotron resonance ring test stand will also test specific high power
components such as gas barriers, phase shifters, coaxial switches, tuning stubs,
capacitors and directional couplers. When their tests are completed, the researchers
will be able to confirm that the transmission lines, as well as components with
moving parts such as capacitors, will be ready to transfer power efficiently from
the transmitters into the antennas and finally into the plasma. "As the plasma
particles orbit the magnetic field lines, they can be heated at a frequency that is the
same as the orbiting frequency, or is a multiple of that frequency. In this way, you
can transfer energy from the radio waves or the microwave field to the ions and to
the electrons," explains Goulding.

The ion cyclotron heating system will transfer its energy into the plasma via
two launchers that each consist of an array of 24 antenna elements or "current
straps." Energy moves through the massive transmission lines to the launcher
array. Up to 20 MW of energy from the launchers is transmitted into the plasma
through two ports located in the tokamak wall. The new test bed is shaped like a
ring, with water cooling lines laid on the outside of the coax. Inside the ring they
have configured a transmission line that simulates the power flow through these
lines at ITER. Each section of line consists of an inner core of copper, an outer
shell of aluminum, with ceramic and glass insulators to keep the two apart.

The test ring is called "resonant” because, much like giving a push at the
right time to a child on a swing makes the swing go higher, the researchers can add

power to the ring with an electrical field that matches the electrical field direction
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and timing inside the line. "Unlike the swing analogy, which is a standing wave,
the waves in the ring will be traveling waves, but the resonance rise in the power
will be the same," says electrical engineer Phil Pesavento, who helped to develop
the test bed. In this way, a transmitter putting out less than 0.5MW can generate 6
MW of power through the ring. "We built the resonant ring so that we can
duplicate the currents and voltages and the distribution of those that we will
actually have in ITER," Goulding said. "We've confirmed this by first making low
power measurements that agreed very well with circuit model predictions used in
the design of the device. Next, we ran high power, but with no cooling other than
natural convection."

"Without cooling, we can run it for 2 minutes before the copper core
conductor reaches the high temperature limit, which is enough time for us to verify
that we put 4 MW through it. We looked at how the temperature increases in
different parts of the line. The temperature and the electrical measurements agreed
with each other, confirming that we had the predicted power flowing through the
system." With their eyes on 6 MW of power, the researchers rebuilt their ring,
adding water lines for cooling plus circulating pressurized nitrogen gas between
the inner and outer coax conductors. The circulating gas transfers heat from the
copper inner conductor to the aluminum outer conductor, where the heat is
removed by the water cooling lines. The pressurized nitrogen also improves the

high voltage handling capabilities of the transmission lines.

Task 3.8. Work in pairs. Make up 5 questions on the text and address

them to your partner.

Task 3.9.  Discuss the text with your partner.
Task 3.10. Create an infographics or a mind map based on the information
you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it
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Task 3.11. Watch the video, in your own words report the main idea of it.

https://www.youtube.com/watch?v=b8iH1930p2s

Task 3.12

Academic Writing

Study the information on academic writing skills and do the tasks and

exercises.

LINKING PARAGRAPHS TOGETHER

Each new paragraph begins with a phrase that links it to the previous paragraph, in

order to maintain continuity of argument:

Despite this (i.e. the lack of a conclusive link)

All these claims (i.e. arguments in favour of the previous idea)
In order to begin a new topic you may use:

Turning to the issue of . . .

Some (points,elements,arguments...)must also be examined . . .
... is another area for consideration

Paragraphs can also be introduced with adverbs:

Traditionally, few examples were . . .

Finally, the performance of . . .

The following expressions make up links and connectors accounting for

a). Conjuncting
b). Adjuncting

c). Correlating

d). Opposing

e). Orientating

f). Coordinating

g). Determining
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ahead, against, in order to, though, regardless, unless, concerning,
notwithstanding; but, if, hence, since, rather than, namely, that is, above/
after all, aside, besides, according to, consequently, furthermore,
according/ due to, because, nevertheless, regarding, respectively, with,
without away, as well, counter, whether, only, versus, next, now, vice
versa, otherwise, whereas, aside, back, backward, behind, neither, against,
between, here, to trans-, under, up, upon, via, where, within, therefore,
which, despite, after, still, while, as yet , such, with respect to, each, other,

the same, something, what, , whose, why, thereby.

Task 3.12.1. Put these phrases under a corresponding title:
a)...
b)...
c)...
d)...
e)...
f)...
g)...

Task 3.12. 2. Analyze the text and say what linking phrases are used to

maintain continuity of argument.

Layered generic component implementation.

Building a complex simulation from a set of coupled codes has numerous
advantages, such as code reusability, ease of validation against others, extensibility
and ease of maintenance. Nevertheless, it can also be considered as a burden if it
requires developing a specific version of the physics code, tied to a specific
framework without any guarantee about its long term maintenance. In order to
reduce the amount of extra work on the developer, we followed a nonintrusive

approach based on layers of wrapper codes as shown in Figure 1. Following this
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onion peel design, changing the common data structure to transfer data between
components requires to modify only the Data wrapper, changing the coupling and
execution platform requires to modify the Coupling wrapper and to adapt the
implementation of the Simulation workflow. Of course, modifying the internals of
the physics solver is always possible and only requires to modify the Native code,
as long as its signature remains identical. Once all wrappers are implemented,
several use cases can be investigated by modifying only the Simulation workflow,
its parameters and its logic. In our specific case, native codes correspond to the
implementation in Fortran of different physics models, while the data wrappers are
converting the native codes internal data representation into the common CPO data
structures (derived types in Fortran). These two layers are under the responsibility
of the physics code developers, as deep knowledge of the physics codes is required
to understand and translate CPO data into another representation. The
implementation of the coupling wrapper necessitates a good knowledge of the
coupling platform and its API, but it usually requires only an overview of the
underlying physics layers (e.g the type of code and its signature). Consequently,
implementation of this layer can be generated automatically or semi-automatically.
At last, the simulation workflow is build by a modeller with good understanding of
all underlying physics as well as knowledge of the coupling platform capabilities.
Usage of high-level graphical tools, as offered by Kepler or MAD tools, tends to

reduce the level of expertise required for designing a new simulation from scratch.

Task 3.12.3 Look at Punctuation rules in the Appendix and find examples of

some rules in the Text 3.12.2
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UNIT 4

TEXT 4. Electron-free, Positive- and Negative-ion (ion—ion) Plasmas

Relatively electron-free, positive- and
negative-ion (ion—ion) plasmas have been

achieved in the afterglow of pulsed-

powerCL, discharges. The application of a

pulsed dc bias phase locked to the source power modulation and exclusive to the

ion—ion plasma, allows selective bombardment by positive (CL;) or negative (CL")

ions onto a silicon substrate. This allows an equitable comparison of etching by

equal energy ions of both polarities. We find that at 50 eV, CL; etches twice as fast

as CL.

Halogen chemistry discharges, used extensively in modern semiconductor
fabrication, are rich in negative ions; however, the mass and temperature disparity
between positive ions and electrons leads to positive plasma potential confining
negative ions to the discharge center even at high electronegativities. Negative ions
could participate in ion-assisted etching and reduce wafer charge up if their surface
flux could be made substantial; however, extraordinarily large electronegativities

(N_ /N, >1000) are required to extract negative ions from the discharge center.

Such high electronegativities are obtained in practice in ion—ion plasma. As

reported in 1973 in an 1, dc discharge and later in pulsed-power O, and CL,

afterglows, ion—ion plasmas have extremely large electronegativities.

We had produced alternating fluxes of positive and negative ions to a
processing surface (and mass spectrometer inlet) using an ion—ion synchronous
low-frequency sinusoidal bias. This so called ‘‘ion—ion synchronous’’ bias is also
pulsed and its modulation envelope is phase locked to the modulation of the

plasma excitation such that the ac bias is exclusive to the ion—ion phase of the
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plasma. Such an ac bias can allow damage-free plasma processing, however, the
etch rate has contributions from both negative and positive ions. In this work, a
pulsed dc bias (of the ion—ion plasma) allowed us to discriminate between etching
induced by positive and negative ions. The polarity and magnitude of the pulsed dc
voltage, controls the polarity and the energy of the bombarding ions, respectively.
A Texas Instruments PAC-200 etch tool was converted to a Faraday shielded
pulsed-power inductively coupled plasma (ICP) reactor. A nickel coated aluminum
(Ni-Al) disk placed atop the lower electrode allowed dc biasing of the wafer. The
wafer clamp was modified to allow a nickel wire to press against the top surface of

the wafer and pick up the wafer surface potential (Vv

) @S it was being processed.
A Langmuir probe measured plasma properties 1 cm above the wafer. The probe
was removed during etching. A grounded, nickel coated aluminum ring served as a
reference electrode for probe measurements and the return path for dc currents in
the etch experiments. An ENI-1000 amplifier supplied 500 W peak power at 13.56
MHz to the ICP antenna. The power was square-wave modulated at 1 kHz and

50% duty ratio. In a 3 mTorr CL, discharge under this excitation, electrons vanish

25us into the afterglow by dissociative attachment providing an ion—ion plasma for
475 us. The Ni—Al disk was biased with pulsed dc +50 V during this ion—ion
phase of the afterglow using a HP 6826A DC amplifier. The disk is biased to zero
during the electron—-ion phase of the plasma. Boron doped 150 mm Si wafers with
<100> orientation and resistivity 5-10 Q-cm were patterned using Shipley 1813
photoresist with 21 points exposed and a small clearing along the periphery for the
Vv

serf

probe to contact. All exposed surfaces were treated with buffered-HF just

before a 15 min etch process. After etch, the resist was stripped and etch depths
measured using a Tencor Alpha-step 1000 profilometer. Figure 2(c) shows the

measured wafer surface potential, V for +50 V biases. At first, we observed

serf 1

that v

serf

did not equal the applied bias (v,,,) for 150V, even though it did for

app
250V. That discrepancy between the voltage on the Ni—Al disk and the wafer
surface was found to be the result of a Schottky diode contact between the disk and
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the wafer backside. This Schottky contact would not allow positive applied

voltages to pass current through the wafer and attract negative ions!

Topic vocabulary:

Electronegativities - amexrpooTtpunarenpbHocTh, Wafer — miacTrHa (BBITIOTHEHHAS
u3 Kpuctaiia), substrate — mommoskka, ion-ion plasma — MOHHO-MOHHAs IIa3Ma,
bias — HakIOH, YKIJIOH, HalpaBJieHHe/OTKIIOHEHUE/CMeTeHe/ MCKaKeHHE,
synchronous  low-frequency  sinusoidal bias —  cCHHXpPOHHM3HpPOBaHHOE
HU3KOYaCTOTHOE CHHYCOHWJANIbHOE cMeleHue, t0 etCh — TpaBuTh, MPOTPABIUBATS,
etching bias — xmuH TpaBnenus, dC Dbias — cmemeHue, BBI3BAaHHOE
MOJMarHUYMBaHUEM TIOCTOSSHHBIM TOKOM, ac bias — cmerieHue, BBI3BaHHOE
IO0JIMarHMYMBaHUEM TIepeMeHHBIM TokoM, dC amplifier — ycumuTelb mocTosSHHOTO
toka, Dbuffered HF — nmemndupoBanHas BbicOokas uacrora, afterglow -
nociecBeucHue, wafer clamp — ¢uxcarop mmactunbl, doOping - JerupoBaHue,

modulation envelope — oru6aroriast MOIYISIIMOHHOTO CUTHAJIA.

Task 4.1. Answer the questions

1) Why is negative-ion etching investigated?

2) When is it possible to extract negative ions from the discharge center?

3) How are alternating fluxes of positive and negative ions produced with ac bias?

4) Why was an ion-ion synchronous bias applied earlier?

5) What is the advantage of a pulsed dc bias?

6) How are the polarity and the energy of the bombarding ions controlled in the
experiment?

7) How is the surface potential picked up?

8) How are plasma properties measured?

9) How fast did an ion-ion plasma appear in the afterglow of a Cl, discharge?

10) How are the etch depth measured?
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Task 4.2. Compare the original abstract from the text with its machine-

translated versions and edit the latter ones, pointing out the mistakes.

Original text
Relatively electron-free, positive- and negative-ion (ion—ion) plasmas have

been achieved in the afterglow of pulsed-powerCL, discharges. The application of

a pulsed dc bias phase locked to the source power modulation and exclusive to the

ion—ion plasma, allows selective bombardment by positive (CL;) or negative (CL")

ions onto a silicon substrate. This allows an equitable comparison of etching by

equal energy ions of both polarities. We find that at 50 eV, CL; etches twice as fast

as CL.

Halogen chemistry discharges, used extensively in modern semiconductor
fabrication, are rich in negative ions; however, the mass and temperature disparity
between positive ions and electrons leads to positive plasma potential confining
negative ions to the discharge center even at high electronegativities. Negative ions
could participate in ion-assisted etching and reduce wafer charge up if their surface
flux could be made substantial; however, extraordinarily large electronegativities

(N_ /N, >1000) are required to extract negative ions from the discharge center.

Such high electronegativities are obtained in practice in ion—ion plasma. As

reported in 1973 in an 1, dc discharge and later in pulsed-power O, and CL,

afterglows, ion—ion plasmas have extremely large electronegativities.

Google translation

OTHOCUTENBHO O€33J1eKTPOHHAs!, MOJOKUTENbHASI U OTPULIATEIbHAS HOHBI
(MOH-MOHHBIE) TUIa3Mbl OBUTM  JIOCTUTHYTBI B IOCJIECBEUYCHHH Pa3psoB
UMITYJIbCHOW ~ MOIMHOCTH.  [IpuMeHeHne WUMIyJIbCHOM  (a3pl  CMEIIeHUs
NOCTOSIHHOI'O TOKA, MPUBSI3aHHOM K MOJAYJISLUMU MOIIHOCTH HCTOYHUKA U
VCKJIFOYAKOIIE HOHHO-MOHHYKO IUIa3My, ITO3BOJISIET NPOBOJIWUTH CEJEKTHUBHYIO
OOMOApIUPOBKY  TOJIOKHUTEIBHBIMA WM  OTPULIATEIbHBIMH ~ HOHAaMH  Ha

KPEMHHCBYIO ITIOJJIOXKKY. OTO MO3BOJISACT CIIpaBCAJIMBO CPAaBHHBATL TPABJICHHC
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HOHAMU OJIMHAKOBOM SHEPruu o0eux moJispHocTel. Mbl HaxoauM, uto npu 50 5B
POTPaBIUBAETCA BABOE ObICTpEE, YEM.

["anoreHHble XUMHYECKUE Pa3psIbl, LIMPOKO UCIIOIb3YEMBIE B COBPEMEHHOM
MPOU3BOJICTBE MOJYIIPOBOJIHUKOB, OOraThl OTPUIATEIBHBIMM HOHAMH; OIHAKO
PacXOKJIEHHME MACChl M TEMIIEPATypbl MEXIY IIOJOKUTEIbHBIMU HOHAMHU U
DNEKTPOHAMH NPUBOAUT K IIOJIOKUTEIBHOMY IUIA3MEHHOMY IOTEHUMAIy,
OTrPaHUYMBAIOLIEMY OTPUUATEIBHBIE NOHBI K LIEHTPY pa3psia 1aKe MPU BBICOKOM
AIEKTPOOTPHULIATENBHOCTH. OTpUUATENbHBIE HOHBI MOTYT Yy4acTBOBaTh B HOHHOM
TPABJICHUH ¥ YMEHBIIATH 3apsi/l IJIACTUHBI, €CIIU UX MOBEPXHOCTHBIN MMOTOK MOKET
OBITh 3HAUUTENBHBIM; OJHAKO, YPE3BbIYAHO OOJBIINE 3JIEKTPOOTPULIATEIBHOCTH
(/ 1000) HEOOXOOMMBI IJii M3BJICUEHUS OTPHUIATENIBHBIX HOHOB U3 Pa3psaHOrO
neHTpa. Takue BBICOKHME 3JIEKTPOOTPULATENBHOCTH JOCTUTAKOTCS HA MPAKTHKE B
MOHHO-MOHHOU Mma3me. Kak coobmanocs B 1973 1. B pa3psijie TOCTOSHHOTO TOKa,
a 3aT€M B HMIIYJIbCHOW MOIIHOCTH M IIOCJIECBEYECHUH, MOHHO-MOHHAS IUIa3Ma

06J1a;[aeT I-Ipe?)BI:.ILIElI\/’IHO OOIBIIION QJICKTPOOTPpUIATCIIBHOCTBIO.

PROMT translation

OTHOCHUTENBHO 0€3 IIEKTPOHOB, MOJIOKHUTEIBHBIA - U OTPULIATETBHBIN HOH
(MOH wWoHa) Tmja3Mbl OBUIM JIOCTUTHYTBI B  IIOCJIECBEYEHUU BHIOPOCOB
nyjabCUpoBaBIie Biactu. IlpuMeHeHue mynbcupoBaBiieit ¢asbpl ykiaoHa dc,
3anepTOM K HMCXOJHOW MOIYJSLIMM BJIACTHU U HMCKIIFOYMTEIBHOM K IJIa3M€ MOHA
HMOHA, TIO3BOJISIET  OTOOpPHYIO  OOMOApIUpPOBKY  IMOJOXHUTEIBHBIMU  WJIU
OTPHULIATENBHBIMU MOHAMHU Ha KPEMHHUEBOE OCHOBAaHHE. OJTO TO3BOJISET
pPaBHOIMPABHOE CPaBHEHHUE TPABIOPHI PaBHBIMU YHEPTreTUUECKUMU HOHAMH 00X
noJjsipHocteil. Mpl Haxoaum, 4to Ha ypoBHe 50 3B, 3ameuatnieBaeT JBaXKAbI C
TaKOW CKOPOCTBIO, KaK.
BrIOpochl XMMHUHU TajoreHa, HCIOJIb3yeMble SKCTEHCUBHO B COBPEMEHHOM
MOJIyITPOBOJTHUKOBOM HM3TOTOBJICHUH, OOTaThl OTPHUIATEIIBHBIMA MOHAMU; OJTHAKO,
MacCOBO€ U TEMIIEPATypPHOE HEPABEHCTBO MEKIY MOJOKUTEIbHBIMU HOHAMHU U

QJICKTPOHAMHU INIPUBOAWUT K  IIOJOXUTCIbHOMY INNIA3SMCHHOMY  IIOTCHIOHATTY
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OrpaHUYMBAIOLINIA OTpULIATENIbHBIE MOHBI B IIEHTP BhIOpOCa Jake B BBICOKHX
AIIEKTPOOTPHUIATENbHOCTAX. OTpHuIaTenbHble HOHBI MOIJM  y4acTBOBaTh B
NOMOTTIIIEH C HMOHOM TpaBIOpE M COKpaTUTh Tapud B Badie, ecaum Hx
MOBEPXHOCTHBIA TOTOK MOT OBl OBITh CHEJaH CYIIECTBEHHBIM; OJHAKO,
Yype3BbIUaiiHO Oonbiine 3nexTpooTpuniatenbHocTd (/1000) TpeOyroTcs, YTOOBI
U3BJIEKaTh OTpUIATENIbHBIE HMOHBI M3 IEeHTpa BbIOpoca. Takue BBICOKHE
AIIEKTPOOTPHUIIATEILHOCTH MOJydYeHbl HAa MpPAaKTUKE B IUla3Me HOHa uoHa. Kak
coobmaercss B 1973 B BeIOpoce dc W moO3ke B MyJbCUPOBABIICH BIACTH
UIOCJIECBEYCHNE, Yy HWOHAa HWOHa plasmas ecThb upe3BbIYAHO OoJbIIHe

QICKTPOOTPpUIATCIbHOCTH.

Task 4.3. Match words or phrases in column A with their synonyms in
column B. Find sentences in the text with the words from column A and

translate them. Make your own sentences with the words from column B.

A B
a property 1 usage
b vanish 2 persuade/move to action
C discrepancy 3 disappear
d flux 4 feature
e discriminate 5 distinguish
f induce 6 difference
g amplify 7 increase
h application 8 application

Task 4.4. Find in the text English equivalents to the following expressions:

1. Tpou3BOACTBO MOIYNPOBOTHUKOB
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2. KpEMHHUCEBAs IMOAJIOXKKA

3. aJIIOMHUHUEBBIN AUCK C HUKCIICBBIM ITIOKPBITHUCM

4. HECOOTBETCTBHE TEMIEPATYPHI U MACCHI Y TIOJIOKUTEIBHO 3aPSKEHHBIX

HOHOB U JJICKTPOHOB

5. pa3HOHANpPABJICHHBIE MOTOKU

6. Ooratelif OTPUIIATENBHO 3apaKEHHBIMH HOHAMHU

1. YCHUIIUTCIIb IIOCTOAHHOI'O TOKA

8. TbhUJIbHAasA ITOBCPXHOCTD IINIACTHHBI

9. wusMepeHue TIIyOUHBI TPABICHUS

10. kpeMHHEBBIC TUTACTUHBI, JISTHPOBAHHBIE OOPOM
Task 4.5. Read the text and fill in the gaps with the correct words A, B or C
from the box:

The success of scientific theories, particularly Newton’s theory of gravity,
led the French scientist the Marquis de Laplace at the beginning of the nineteenth
century to argue that the universe was completely deterministic. Laplace ...... (1)
that there should be a set of scientific laws that would ...... (2) us to predict
everything that ...... (3) happen in the universe, if only we ...... (4) the complete
state of the universe at one time. For example, if we new the positions and speeds
of the sun and the planets at one time, then we ...... (5) use Newton’s laws to
calculate the state of the Solar System at any other time. Determinism seems fairly
obvious in this case, but Laplace went further to assume that there were similar
laws ...... (6) everything else, including human behavior.

The doctrine of scientific determinism was strongly resisted by many people,
...... (7) felt that infringed God’s freedom to intervene in the world, but it remained
the standard assumption of science until the ...... (8) years of this century. One of
the first indications that this belief would have to be abandoned came when
calculations by British scientists Lord Rayleigh and Sir James Jeans suggested that
a hot object, pr body, such as a star, must radiate energy at an infinite rate.
According to laws we believed at the time, a hot body ought to ...... 9)
electromagnetic waves (such as radio waves, visible light, or X rays) equally at all
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frequencies. For example, a hot body should radiate the same amount of energy in
waves with frequencies between one and two million millions waves a second as in
waves with frequencies between two and three million millions waves a second.
Now since the number of waves a second is unlimited, this would ...... (10) that the

total energy radiated would be infinite.

1 A suppose B think C consider D suggest

2 A let B allow C make D force

3 A will B would C would have D should have
4 A knew B know C had known D have known
5 A could B might C may D should

6 A ruling B supervising C governing D conducting
7 A which B that C whom D who

8 A early B first C forthcoming | D initial

9 A give out B give away C give off D give in

10 | A matter B mean C denote D designate

Task 4.6. Translate the text into English:

Beenenne  Takoro - mapaMeTpa  Kak  JJIEKTPOHHAsg  TeMIIeparypa
Mo/ipasyMeBaeT  JOMyIICHHE  MAaKCBEJUIOBCKOW  (YHKIMHM  pacupeneraeHus
AIEKTPOHOB 10 dHeprusiM (PPID). D10 3ameTHO obJieryaeT 3a/1auy AUArHOCTUKU
mia3Mbl (BMECTO MHOTHX 3HaueHuit ®POD Hamo ompenenuTs BCETO JUIIL OJTHO
3HaueHue Te), koropas u 0e3 TOro SBJSETCS HEMPOCTOH, IMOCKOJBKY IIeNb
JIMarHOCTUKHU — HAXOXKJIEHUE HE YCPEIHEHHBIX MO 00BhEMY 3HAUCHUH MapaMeTpoB
IJIa3Mbl, @ UX paJIHAIbHBIX pacnpeaeneHuil. Jlomymenrne MakcBewioBckoit @PID
IIMPOKO U IUIOAOTBOPHO MCHOJIB3YyeTCs B (DM3UKE Ta30BOr0 paspsjia U IJIa3Mbl,
OJIHAKO BCEM SICHO, YTO OHO TPEJICTaBIIICT COOOI OMpeneNeHHYIO HJIeaTu3aINIo.
Uucnennpiii pacuer ®PDD wm3ydaemplx B paboTe paspsoB, HAMpUMep MpH

nomomn nporpammbl BOLSIG, mnokaszeiBaer, yto ®PDD mno cpaBHEHHIO C
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MAaKCBEJIJIOBCKOM O6€,IIH€H8. QJICKTPOHAMHU C DHEPTHUAMM, IIPCBLIINAIOIIMMHA HepBblf/’I

mopor B036y}KII€HHH HHCPTHOI'O ra3a.

Words and expressions to help:

nojipa3ymMeBaTh — mean

nomnyiieHne MakcBesutoBckor ¢pynkmuu — Maxwell function allowance
obnergats — to take smth easier

yCpeaHeHHbBIN — averaged

panuanbHoe pacnpenenenue — radial allocation

yrciaeHHbIH pacyet — digital calculation

nopor — threshold

Task 4.7. Chose the appropriate equivalent to each of the following
expressions:
1. An acrimonious argument
a) long-winded
b) sharp, biting, sarcastic
c) dull, pointless, incoherent
2. A soporific lecture
a) so boring as to put one to sleep
b) brilliant and informative
c) well-attended
3. An evanescent feeling
a) compressed of both dread and desire
b) fading away quickly
C) SO unique that it is experienced by very few people
4. To drive adroitly
a) nervously
b) inattentively
c) skillfull
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5. A facetious remark
a) totally irrelevant to the situation
b) tending to make peace between people in the conflict

C) witty and joking at an inappropriate time

GRAMMAR POINT:

Multiple comparatives.
Multiple Numbers can include half, twice, three times, four times etc.

Study the following rule:

Subject + verb + number multiple + as + much/many + (noun) + as +
noun/pronoun
Examples:

1. This encyclopedia costs twice as much as the other one.

2. Jerome has half as many records now as | had last year.

3. We find that at 50eV, CI; etches twice as fast as Cl .

Exercise 4.1. Make some sentences of your own using number multiples.

Task 4.8. RENDERING PRACTICE

Preparation for rendering: Read the text / Find key words / Make up a plan / Retell
the text in your own words.
A Phase-to-ground Fault

Carried by a double 400kV power line, an intense electrical current will run
through the RTE switchyard that is situated on the southwest end of the platform.
Under nominal operating conditions, power will pass through a complex array of
conductors, busbars, switches, pantographs and circuit breakers to be dispatched to

a set of seven transformers; the transformers in turn will convert the power to a
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lower voltage and distribute it to the ITER scientific installations. But conditions
are not always nominal. "Things can happen," says Joél Hourtoule, section leader
for ITER's Steady State Electrical Network Section. "Someone can make a
mistake, an insulator might break ... and of course one never knows when and
where lightning might strike."

Such incidents could cause what is known as a "phase-to-ground"” fault:
instead of being channeled into the transformers, the current could short-circuit
with the ground and reach intensity some one thousand times higher than its
nominal value (the value consumed under normal circumstances by the ITER plant
systems). "For a very short moment until the circuit breakers operate," explains
Joél, "we might have a current of more than 10 kA locally.” This so-called "short-
circuit current” could be damaging for the installation and dangerous for someone
standing in and around the switchyard. In order to prevent the consequences of a
phase-to-ground fault, switchyards are equipped with an "earth mat,” which
consists of a network of rods and copper cables buried some 50 cm underground.
This conductive network will decrease the overall area resistivity and ensure that,
in case of fault, all the different metallic structures present a homogenous electric
potential (termed “equipotentiality").

RTE installed such an earth mat in the switchyard enclosure. However,
according to codes and standards and the best industrial practice, it is important for
ITER to know how far onto the platform, and with what intensity, the rise in earth
potential would extend in case of a phase-to-ground fault. Two weeks ago, in order
to measure the effects of a phase-to-ground fault, a generator placed in the RTE
enclosure was used to "inject" current pulses into the ground. Teams were
dispatched to several locations on the ITER site to measure what is called the step
voltage—the voltage that would pass through (and possibly hurt) a standing
person.

The RTE teams spent about two days performing measurements, not only on
the ITER platform but also far into the nearby forest. "At a distance of 800 meters

from the impact point, the earth potential, although already very feeble, was still
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measurable,” says Joél. Measurements were also performed outside the ITER
perimeter (almost two kilometers beyond the fence into the forest) in order to get a
clear overall picture.

Measurements indicate that personnel operating outside the RTE switchyard
will not be affected by a potential phase-to-ground fault. However, small potential
differences can still induce perturbations in the control command signals of the
installation's plant systems or in the electrical distribution networks. Consequently
every building on the ITER platform will be surrounded with an “earth loop"
buried some 50 c¢cm underground. Once interconnected, the loops will form a
network of several tens of kilometers of copper cable—an earth mat covering the

42-hectare of the platform.

Task 4.9. Work in pairs. Make up 5 questions on the text and address them
to your partner.

Task 4.10. Discuss the text with your partner.

Task 4.11. Create an infographics or a mind map based on the information
you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 4.12 Watch the video, in your own words report the main idea of it.

https://www.youtube.com/watch?v=ZW YCWLyV6A

Task 4.13  Academic Writing
Study the information on academic writing skills and do the tasks and

exercises.
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WRITING AN ESSAY
4.13.1. Some steps that should be taken into consideration while preparing an
essay

- Brainstorming

- Organizing

- Drafting

- Reviewing

- Reuvising

- Publishing

4.13.2. Choosing a topic
The topic must:
- not be too broad
- not be too narrow
- be interesting and important
- be something that you know about
- be researchable

- have a point,

4.13.3. Writing a thesis statement in an essay
A thesis statement for an essay functions like the topic sentence of a
paragraph; it tells the reader the main idea of the essay. However, while a
topic sentence of a paragraph is often the first sentence, the thesis statement

of an essay is usually the final sentence of the introduction.
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UNIT 5

TEXT 5. Compact Toroid Plasmoid

~,.;",-r_,g : Several advantages are gained by fueling

;!‘ e RpR—— ... directly in the core of fusioning tokamak

®

plasma, varying from more efficient utilization
_ of DT fuel to improvement in the energy
confinement time. The conventional method of fueling by pellet injection may not
be adequate for large hot fusion-grade plasmas because of the demanding
technological requirements needed to accelerate pellets to the necessary high
velocities > 10km/s. However, compact toroid (CT) plasmoids have been
produced and routinely accelerated to velocities of > 10° km/s in the RACE
coaxial gun experiments of Hammer, Hartman and Eddeman. By virtue of their
high velocities, fueling tokomak plasmas by hypervelocity plasmoid injection has
recently been proposed by Perkins, Ho and Hammer as a candidate fueling scheme
for the experimental test reactor (ETR).

This letter describes a model for the interaction between a moving CT
plasmoid and magnetized plasma in relation to the feasibility of the scheme. We
first examine how the moving CT is held fixed in equilibrium by the background
tokamak magnetic field, which is diamagnetically excluded from the interior of the
CT. We then estimate its deceleration time and the time to decay by surface and
volume resistive dissipation processes. We specialize to the case of a spherically
shaped CT without the hole, i.e., a spheromak. For definiteness we choose ETR
parameters. The CT mass for a ~ 10% density perturbation (1-Hz rate coaxial
injector) is around M, ~ 4.5 mg. Bearing in mind that the CT must be small
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enough to pass through a wall aperture, we choose a radius r, ~ 10 cm, giving an
average CT ion density of n, ~2 x 10" cm .
We assume that the CT is injected with velocity V,; X perpendicular to the

undisturbed background magnetic field Bo Z. After the CT exits the gun, it is for
an instant deconfined. Its poloidal magnetic field will then appear to have a dipole

character, with dipole moment m ~ z1,r”/cx originally oriented perpendicular to the
background magnetic field, where I, is the toroidal current inside the CT. As soon

as the CT enters the vacuum tokamak magnetic field region, it will begin to rotate
under torque m x B until the magnetic moment and B« are aligned parallel to

each other. The characteristic time constant for this being z,, u(mB_/1)"* in
which | = ngrf Is the appropriate moment of inertia. The characteristic

magnetic field inside the CT, B,, must be comparable to B_ in order that the
closed magnetic field line topology remain intact. Since I, « r B, the ‘tilt time’
can be expressed as t,,~ z,, =r,/V, where V,=B_/(4~n,m )" is the Alfven
speed in the CT. Taking the above parameters with B = 50kG gives V, =
154km/s and t,, = 0.65 x s. This will be seen to be the shortest time scale of interest

here so that the realignment of the CT with its axis of rotation parallel to the
background magnetic field occurs almost immediately after its encounter with this
field. Numerical magnetohydrodynamics (MHD) simulations also show that the
CT tilts 90° in about an Alfven time ¢,,,.

In the following, we demonstrate how the CT, once embedded inside the
tokamak magnetic field, may propagate across the field without expanding and
stopping prematurely. We consider the mode of propagation in which the injected

Kinetic energy density at injection exceeds the ackground magnetic field energy
density %min1V$nj>B§O/87r. This assures penetration of the CT through the
background magnetic field which will be excluded from the interior of the CT and

slip around its periphery. Since the injection energy goes into translational kinetic
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energy and the energy needed to exclude the magnetic field, the CT begins to move
through the field with initial velocity
Vo= (Vi - Vi)™,

The final configuration is such that no external magnetic flux links the CT
region making it possible for it to easily penetrate the tokamak plasma region
without stretching or breaking field lines. A spheroidal current sheet appears at the
boundary separating oppositely directed tangential magnetic fields on each side of

it. Since the speed of the CT is such that V<< V,, where V,, = (B2/4zm n,)
is the Alfven speed of the background tokamak magnetic field B, will respond

quickly by setting up a series of quasiequilibria characterized by vanishing current

density, VxB, = 0, to lowest order in Vi, /V3, .

Topic vocabulary:

Confinement - yaepxxanue, pellet injection — umxekmus nemier, compact toroid
plasmoid — koMImakTHBIH TOpOMIANBHBIN IIa3Moua, coaxial gun experiment —
IKCIICPUMEHT C KOAaKCHalbHOW mmymikoi, vVolume resistive dissipation process —
nporiecc 00ObeMHOW pe3ucTeHTHOM muccumanuu, poloidal magnetic field —
HoJIOWIajlbHOe MarHuTHoe mosie, toroidal current — TopomnmanbHbId TOK, tilt -
HakioH, tilt time — Bpems wnakiona, mode of propagation — pexum
pacnpoctpanenus, tangential magnetic field — TanrennuanbHOE MarHUTHOE TOJIE,

aperture - aneprypa, premature — npexxaeBpeMEHHBIM.

Task 5.1.  Answer the questions
1. What are the advantages of fuelling directly in the plasma core?
2. Why is injection of compact toroids proposed for ITER fuelling?
3. Which processes of interaction between the CT and the tokamak plasma are
considered in this paper?
4. What is a spheromak?
5. What happens after the CT exits the gun?
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6. When does the CT begin to rotate?

7. How fast does the rotation axis become parallel to the background magnetic
field?

8. Is there magnetic field inside the CT moving through the tokamak plasma?

9. Please describe the final magnetic configuration around the CT.

10.How does the deformed background tokamak magnetic field respond the CT

injection?

Task 5.2.  Compare the original abstract from the text with its machine-

translated versions and edit the latter ones, pointing out the mistakes.

Original text

Several advantages are gained by fueling directly in the core of fusioning
tokomak plasma, varying from more efficient utilization of DT fuel to
improvement in the energy confinement time. The conventional method of fueling
by pellet injection may not be adequate for large hot fusion-grade plasmas because
of the demanding technological requirements needed to accelerate pellets to the
necessary high velocities > 10km/s. However, compact toroid (CT) plasmoids
have been produced and routinely accelerated to velocities of > 10° km/s in the
RACE coaxial gun experiments of Hammer, Hartman and Eddeman. By virtue of
their high velocities, fueling tokomak plasmas by hypervelocity plasmoid injection
has recently been proposed by Perkins, Ho and Hammer as a candidate fueling
scheme for the experimental test reactor (ETR).

This letter describes a model for the interaction between a moving CT
plasmoid and magnetized plasma in relation to the feasibility of the scheme. We
first examine how the moving CT is held fixed in equilibrium by the background
tokomak magnetic field, which is diamagnetically excluded from the interior of the
CT. We then estimate its deceleration time and the time to decay by surface and
volume resistive dissipation processes. We specialize to the case of a spherically
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shaped CT without the hole, i.e., a spheromak. For definiteness we choose ETR
parameters. The CT mass for a ~ 10% density perturbation (1-Hz rate coaxial

injector) is around M, ~ 4.5 mg. Bearing in mind that the CT must be small
enough to pass through a wall aperture, we choose a radius r, ~ 10 cm, giving an
average CT ion density of n, ~2 x 10" cm~°.

Google translation

Heckonbko mnpeuMymiecTB jocTuraercss Omarogaps HENOCPEACTBEHHOMY
3ampaBKe B SIApE TEPMOSIAEPHOM IUIa3Mbl, KOTOpas BapbUpyeTcs OT OoJiee
s PekTUBHOTO UCOJIb30BaHUs ToriuBa DT 10 cokpallleHusl BpeMEeHU yAep:KaHus
sHeprud. OOBIUHBIN METOJI 3alpaBKU TOIUIMBOM ITyTEM BIIPHICKA T'PAHYJ MOMKET
OBITh HENOCTATOYHBIM JJISI OOJBIIMX TOPSYMX TEPMOSJIEPHBIX IUIa3M H3-3a
BBICOKHX TEXHOJIOTHYECKUX TPEOOBaHUH, HEOOXOUMBIX JUIsl YCKOPEHUS TPaHyI JI0
HEOOXOIUMBIX BBICOKMX cKopoctet 10 kM / c. TeM He MeHee, KOMIAKTHbHIE
topounanbhubie (CT) miazMouibl ObUIA MPOU3BEICHBI U MOCTOSHHO YCKOPSUTUCH J0
ckopocreii™> 10 kM / ¢ B OIKCHEpUMEHTaX MO KoakcuanbHOU mymke RACE
Xammepa, XapTMaHa U DajeMana. BeneacTtsue ux BRICOKUX cKopoctei, [lepkuHc,
Xo u XamMmep HEJaBHO TMPEUIOKWIM 3ampaBKy IUIa3Mbl TOKaMaKOM ITyTEM
BIIPBICKA CBEPXCKOPOCTHOTO TJIa3MOHU/Ia B KAYECTBE BO3MOXHOM CXEMBbI 3alPaBKU
JUTSL DKCIIEPUMEHTAIBHOTO UCTibITaTeNbHOTO peaktopa (ETR).
B sTOoM mnmceMe oOmnuchIBaeTCs MOAENb B3auMoaeucTBus aBuxkyuierocs KT-
MJ1a3MOKJIa ¢ HAMAarHUYEHHOW IIJIa3MOM B CBS3U C OCYIIECTBUMOCTBIO CXEMBI.
Cuauvania MbI uccnenyem, kak aswxkymascs KT yaepxkuBaercs B paBHOBECHH C
MOMOIIbI0  (POHOBOTO MATrHUTHOTO TIOJII TOKAaMakKa, KOTOpPOE JIUaMarHWTHO
uckiroueHo u3 BHyTpeHHed wactu KT. 3areM MBI OlleHMBaeM BpeMsl €ro
3aMeJUICHUsI UM BpEMsl 3aTyXaHus C TOMOIIbIO MPOIECCOB MOBEPXHOCTHOM U
00BbEeMHON pEe3UCTUBHON auccunanuu. Mpl crneuuanusupyemcs Ha ciydae KT
chepuueckoit popmbl 6€3 O0TBEpCTHs, TO €cTh chepomaka. [lis onpeaeseHHOCTH
BeiOMpaem mapamerpbl ETR. Macca KT nmns Bo3mymienus tuiotHocTH ~ 10%
(koakcuanbpHbIN HHXEKTOp ¢ vactoTtol 1 I'm) cocrtaBisier okosmo M ~ 4,5 wmr.
VYuuteiBas, uro KT nmomxeH ObITh JHOCTaTOYHO Maj€HbBKUM, YTOOBI MPOXOIUTH
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yepe3 OTBEPCTHE B CTEHE, Mbl BbIOMpaeM paauyc r ~ 10 cm, 4TO JaeT CpelHIo

I10THOCTH MOHOB KT n ~ 2 X 10 cwm.

PROMT translation

Heckonbko mpeuMyInecTB MOJMY4YeHbI, MUTas HEMOCPEICTBEHHO B sJpe
CIMSTHUST TOKaMaka Iia3My, Bapbupysch OT OoJiee 3G (HEKTUBHOTO MCIOIb30BaHUS
torumBa DT k ynydilleHHI0O B 3HeEpreTudyeckoe Bpems 3akimoueHus. OObIYHBIN
METO/ 3alpaBKH MHBEKIIMEH OKaThIIIa MOXKET HE OBITh JOCTATOUEH ISl OOJIBILIOTO
ropsiYero copra cCIulaBa IUIa3Mbl M3-32 TPeOOBATENbHBIX TEXHOJOTUYECKHUX
TpeOOBaHUIl, JOKEH ObLI YCKOPUTh IIAPUKH K HEOOXOAMMBIM BBICOKUM
ckopocTsiM  10km/s. Opnako xommnakTHbeii Topous (CT) mnnmasmoupa ObLl
npousBeeH U OOBIYHO yckopsuica K ckopoctsm> 10 km/c B T'OHKE
KOAKCHAJIbHBIE JKCIIEpUMEHTBI Opyxus Moiotka, XaptmMana m OanemeHa. Ha
OCHOBAHMM  MX  BBICOKMX  CKOpPOCTEW, TMHTasi  IUIa3MEHHBIA  TOKaMak
TUIIEPCKOPOCTHIO TIa3MOUJ UHBEKLUS ObUT HeaBHO mpenoxeH Ilepkuncom, Xo
u MonotkoM Kak cxeMa 3ampaBKd  KaHAuAaTa  AKCIEPUMEHTAIBbHOTO
ucneiTaTeapHoro peakropa (ETR).

OTO NMUCHMO ONUCHIBAET MOJEIIb JUUISl B3aUMOAECUCTBUSA Mex 1y nepemerienrnem CT
mia3MouJa M HaMarHMYEHHOM TJIa3MOM OTHOCHUTEIBHO BBIMOJIHUMOCTH CXEMBI.
Mpsl cHavana uccrnenyem, kak nepemeuienue, CT cuurtaeTcss PUKCHPOBAHHBIM B
paBHOBecHH (DOHOM TOKaMakK MarHUTHOE 10Jie, KOTOPOE JMAMArHUTHBIM 00pazoM
UCKIIIOUeHO M3 uHTepbepa CT. MbI TOrna OLeHUBaeM, 4TO €ro BpeMsi TOPMOKEHHUS
U BpeMsl paszjarailoT IOBEPXHOCTbIO U OOBEMOM HMEIOIIUE COMPOTHUBIICHUE
IpolLecchl  pasfiockeHus. Mpl  cnenuanu3upyeMmcss K ciayyar  chepuuecKu
umetromero Gopmy CT 06e3 oTBepcTus, T.e. chepomak. (s onmpeneneHHOCTH MbI
BbeiOMpaem mnapameTpbl ETR. Macca CT nmns ~ 10%-ro BodHEHHMS IJIOTHOCTH
(ypoBenb Ha 1 'ty KoOakcuanbHBIA UHKEKTOP) - BOKpYr M ~ 4,5 mr. [Ipunumas Bo
BHUMaHue, 4to CT moimkeH ObITh JOCTATOYHO MaJIeHbKUM, YTOOBI MPOMTH uepe3
CTEHHYIO anepTypy, Mbl BelOMpaeM paauyc r ~ 10 cMm, JaBas CpeiHIo IIOTHOCTh

nona CT n~2x10 cm.
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Task 5.3. Match words or phrases in column A with their synonyms in
column B. Find sentences in the text with the words from column A and

translate them. Make your own sentences with the words from column B.

A B
1 conventional a possibility
2 core b spreading
3 velocity C reconstruction
4 by virtue d speed
5 feasibility e remember
6 realignment f for accuracy
7 bear in mind g disappear
8 application h owing to
9 for definiteness i generally accepted
10 propagation J very centre
11 embed Kk insert

Task 5.4.  Fill in the gaps, choosing words from the list below:

Rainbow, star, atmosphere, feature, means, spectra, light, vary from,

size, temperature, chemical, tell, center, colors, rotating, spectrum

brightness, prism, since, opaque

We live in a galaxy that is about one hundred thousand light-years across
and is solely....... (1); the stars in its spiral arms orbit around its....... (2) about
once every several hundred million years. Our sun is just an ordinary, average-
sized, yellow........ (3), near the inner edge of one of the spiral arms. We have
certainly come a long way......... (4) Aristotle and Ptolemy, when thought that the

earth was the center of the universe!
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Stars are so far away that they appear to us to be just pinpoints of...... (%).
We cannot see their....... (6) or shape. So how can we....... (7) different types of
stars apart? For the vast majority of stars, there is only one characteristic........ (8)
that we can observe — the color of their light. Newton discovered that if light from
the sun passes through a triangular-shaped piece of glass, called a........ (9), it
breaks up into its component........ (10) and its spectrum as in a......... (11). By
focusing a telescope on an individual star or galaxy, one can similarly observe
the......... (12) of light from that star or galaxy. Different stars have
different......... (13), but the relative......... (14) of the different colors is always
exactly what one would expect to find in the light emitted by an object that is
glowing red hot. (In fact, the light emitted by any......... (15) object that is
glowing red hot has a characteristic spectrum that depends only on its........ (16) —
a thermal spectrum. This......... (17) that we can tell a star’s temperature from the
spectrum of its light. Moreover, we find that certain very specific colors are
missing from stars’ spectra, and these missing colors may......... (18) star to star.
Since we know that each........ (19) element absorbs a characteristic set of very
specific colors, by matching these to those that are missing from a star’s spectrum,

we can determine exactly which elements are present in the star’s......... (20).

Task 5.5.  Study the words which are often confused and do the exercises:
55.1. question point theme topic aspect case factor

a) topic — the topic of conversation, composition, lesson

b) case — is one particular example or one thing or person considered separately of
others

c) factor — it is a part of a situation or an action

d) point — somebody’s opinion or idea

e) question —something that is discussed or has to be decided

f) aspect — one of the parts that something consists of

g) theme — the theme of a book, film, play, speech
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Ex. 5.5.1 Fillin the gaps with appropriate words:

1. The temperature fluctuations were the main ............... affected the results of
calculations.

2. We discussed................ of the problem thoroughly.

3. The scandal is the main................. of conversation in the country at the
moment.

4. The origin and Fate of the Universeisa ............... that runs through the whole
monography.

5. My main................ is that [ don’t think the assumption will work.
6.Inthe............... of that experiment, the conditions were entirely different.
7.The................ of whose fault it was never arouse.

55.2. defy decline dissent disown reject

a ) defy — to resist openly, to refuse to obey

b) decline — to refuse /decline the invitation — say politely that one cannot accept it/
c )dissent — to express a different opinion

d) disown — to refuse to acknowledge as one’s own, to reject all connection with

e) reject — to refuse to accept, to react against

Ex. 5.5.2. Fill in the gaps with appropriate words:

1. She politely................ to reveal the results of her scientific research.
2. The scientist............... his colleague’s controversial remark.

3. All my suggestions were............... as totally unsuitable.

4. Very few academicians.............. from the general view.

S.He.oooviiinil . the opinion of his senior colleagues and went ahead anyway.
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5.5.3. consideration view regard relation

a)consideration — careful thought; on no consideration — no matter what the
circumstances may be

b)view — what can be seen from specified point; with a view to — with the hope or
intention of

c)regard — heed, consideration; with regard to — any concern or attention

d)relation — the way in which one thing is related to another, a connection or
correspondence or contrast between people or things or events; in relation to — as

regards, concerning

Ex. 5.5.3. Fill in the gaps with appropriate words

1. I am writing with................ to our recent discussion.
2.0nn0........ccee..n. , I decided that the proposition did not suit me.

3. | asked a number of questions in.................. to the details of the scheme.

4.1 contacted him witha.................. to setting a date for a meeting.

NB: Latin expressions in scientific articles
1.i.e.—idest = thatis— To ecTh, HHEIMH CIIOBaMHU.

We specialize to the case of a spherically shaped CT without the hole, i.e., a
spheromak.
2.etal. —etaltrui = and others — u apyrue.

Nevertheless, the successful experiments by Gerlich et al. show that it is
possible to reproduce important aspects of this thought experiment with large
organic molecules.

3.e.g. —example gratia = for example - mHanpumep, B KauecTBe puMepa.

Erwin Schroedinger wondered whether it was possible to realize states of

extreme superposition such as, e.g., that of a cat which is simultaneously dead and

alive.
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4.ita = Thus — urak, Takum oOpa3om.

The international and interdisciplinary team of scientists ita sets a new record in
the verification of the quantum properties of nanoparticles.
5.infacto = practically; in fact; virtually; actually — ¢paxktuuecku.

This could, in facto, be described by a particular solution of Einstein’s
equations that had been known since 1917.

In facto, that confinement prevents one from observing an isolated quark or
gluon might seem to make the whole notion of quarks and gluons as particles
somewhat metaphysical.

6. in vivo = in natural conditions, in living organiSm — B eCTECTBCHHBIX
YCJIOBHUSAX, HA )KUBOM OPraHMU3MC.

Because the light propagates through water and air, an optical microscope can
be used to see, in vivo, the details of living matter and other materials in their
unperturbed natural conditions.
7.insitu = atits place — mo MecTy, Ha CBOeM MecCTe, 10 MECTY HaXOXKICHHS.

This behaviour, along with in situ second-harmonic conductivity observations,
led us to postulate an expanded two-carrier model.
8.invitro = in the test-tube — B mpoOupke, B 1a00paTOPHBIX yCIOBHSIX.

The crystal under study was produced in vitro.
9.v.—vide = see—cmoTpH, 0OPATHUCH K...

Most of our understanding of stellar evolution is based on rather simplified
numerical models (v. also STELLAR INTERIORS).

10. a.m. — ante meridiem = before noon — o monymHs

11. p.m. — post meridiem = after noon — mocne moyaHs

12. viz. (vid.) — videlized/videlicet = namely — a umMeHHO, OYEBHIHO, SICHO,
pasymeeTcst, MOKHO BUIETD.

The detailed properties of stellar matter vid. equation of state, radioactive transport
and energy generation, often referred to as the microphysics, are treated in
considerable detail.
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Task 5.6.  Translate the text into English.

Bo MHorux ciydasx mpu pacdyerax pexuma paOoThl TOKamMaka U3JTydeHHE
IPUMECEH UIPaeT ONPEAEISIONIYI0 poJib B OanaHce 3HEpruu. Takue CUTyaruu
BO3HMKAIOT BOJIM3M IUIACTUH JUBEPTOPA, MPU UHKEKIIUU MPUMECHBIX MEIJIET, MpU
yIOpaBIsieMbIX CpbIBaX paspsga U B JpPYrux curyanusax. Pacder wuzmydeHus
npuMeceld — JOBOJIBHO T'POMO3JIKasi 3ajiadya, MOCKOJIbKY MOIIHOCTh HU3IIy4YEHUs
OTpeeNsIeTCsl pachpefe’IeHueM M0 BO30YXICHHBIM COCTOSIHUSM HOHOB W
CKOPOCTSIMU 3JIEMEHTAPHBIX MPOLECCOB H3JIYYEHUS W TMOIVIOIIECHUA. 3a4acTyro
TaKOM pacyeT sBIsieTcsl Hambosee TPyAHOW YacThio 00miel mpobnemsl. Llenbio
JTAHHOM paboOThI SBJISETCS TPHUBEACHHE B OJHOW CTaThe AammpOKCHMAIlMOHHBIX
dbopmys, MO3BOJSIONIMX JIFOOOMY MCCJIEAOBATENI0, YYUTHIBAIOIIEMY B CBOMX
pacderax M3JIy4eHHE IUIa3Mbl, JOCTATOYHO MPOCTO, HE Mpubderas K creruaibHON
JUTEpAType, BKIIOUUTH ATO H3JIy4YeHHE i1 HauboJiee 4YacTO BCTPEYAIOLIUXCSA
npuMeced. Jlig msaTy npumeceit:  Oepwilivs, yIiepoja, KUCIopoia, HEOHAa U
aproHa TMpPUBEIACHBI MPOCTHIC ANMPOKCUMAIIMOHHBIE (OPMYJIbI, OMHCHIBAIOIIHE
MOHU3AIMI0, PEKOMOUHAIIMIO, W TIepe3apsaKy, a TaKXKe paJuallMOHHbIC MOTEepU
MOHOB C 3aJaHHBIM 3apsafaoM. [lpuBeneHbl Takke OIEHOYHBIE (DOPMYIIHI,
MO3BOJISIONINE YUUTHIBATh HEMPO3PAYHOCTh IIa3Mbl ISl PE30HAHCHBIX (POTOHOB

TP U3JIYUYCHHUH B JIMHUAX.

GRAMMAR POINT
Modal auxiliary verbs expressing certainty, probability, possibility

Each modal verb has at least two meanings. One use of all modal verbs is to
talk about the possibility or probability of a situation or event. Some of these verbs

are used to say that a situation is certain; others that it is probable or possible;

others that it is impossible.
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1. Certainty - verbs used: must, will (won’t), can’t, couldn’t, shall (shan’t),
would (wouldn’t)

Examples:

a) This mechanism must produce some straight line movements. — 3tot MexaHu3m
(caM) MOJDKEH BBIMOHSTH IBHYKSHHUS 110 TIPSIMOM JIMHUH.

b) Poloidal magnetic field will then appear to have a dipole character. —
[TomonansHOE MAarHUTHOE TIOJIE TOT/IA BEPOSTHO UMEET JUIIOJIBHBIN XapakTep.

c) That can’t be professor Wilkins — he is in London, at the conference. — He
MOXET ObITh, 4TOOBI 3TO ObLT Tpodeccop Bunkunc — on B JloHAoHe Ha
KOH(EPEHITUH.

d) I knew it couldn’t be him. — S 3Ha1, yTO 3TO OBLT HE OH.

e) We shall observe the results of the experiment tomorrow. — 3aBTpa MbI
HEIMpeMeHHO OyAeM HaOJt01aTh PE3yabTaThl OMbITA

f) It would be in year 1961. — Oto npousonuio npumepHo B 1961 roxy.

g) You wouldn’t know the answer to the question. — Bpsia nu Bel 3HaeTe oTBeT Ha

3TOT BOIPOC.

2. Probability — verbs used: should (shouldn’t), ought to (oughtn’t), may (may
not)

Example:

a) Such tasks should be significant in solving such scientific problems. — JlomkHo
OBbITh, TMOCTAHOBKA TAKHUX 3a7ad SIBIACTCS BaXHBIM (YCIIOBHEM) ISl PELICHHUS

TaKUX HAy4YHBIX MPOOIIEM.

3. Weak possibility — verbs used: might (mightn’t), could ( couldn’t) — in
affirmative sentences.

Examples:

a) If an LH antenna is large enough, then it might be a reasonable approximation to

consider just a single ray at the peak of the spectrum. — Ecimu LH antenHna
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JIOCTATOYHO OOJIbIIAsl, TO MOXKET ObITh OyJET pasyMHO PaCCMOTPETh €IMHUYHBIM
JIy4 Ha ITUKC CIICKTpaA.

b) Eddington thought it simply not possible that a star could collapse to a point. —
DIIMHITOH AyMaJl, 4TO MPOCTO HEBO3MOXKHO, UTOOBI 3B€3/1a MOTJIa ObI CKAThCS J10

TOYKMU.

4. Theoretical or habitual possibility — verbs used: can
Examples:

a) The ‘tilt time’ can be expressed as t, ~ 7, =r,/V,, where ... — «Bpewms

A
OTKJIOHEHHUS» MOKET OBITh BHIPAXKEHO KaK t,, ~7, = r /v a o DOC ...

b) Although light is made up of waves, Planck’s quantum hypothesis tells us that
in some ways it behaves as if it were composed of particles: it can be emitted or
absorbed only in packets or quanta. — XoTs nmpupoja cBeTa BOJIHOBAas, KBAHTOBas
teopust [l;maHka rOBOPUT O TOM, YTO CBET HEKOTOPHIM 00pa3oM BeHeT cels Tak,
CJIOBHO COCTOMT M3 4YaCTHIL], CBCT MOXCT H3JIYyHYaTbCAd MW IIOIJIOIIATHCA TOJIBKO

IHaxk€rtaMu HUJIM KBaHTaMU.

Exercise 5.1. Translate into Russian, paying attention to the meaning of the

modals:

1. Consider a partition with two narrow parallel slits in it. On one side of the
partition one places a source of light of a particular color. Most of the light will hit
the partition, but a small amount will go through the slits. Now suppose one places
a screen on far side of the partition from the light. Any point on the screen will
receive wave from the two slits. However, in general, the distance the light has to
travel from the source to the screen via the two slits will be different. This will
mean that the waves from the slits will not be in phase with each other when they
arrive at the screen: in some places the waves will cancel each other out, and in
others they will reinforce each other. The result is a characteristic pattern of light

and dark fringes.
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Words and expressions to help:
Partition — neneHue, pa3aeneHue
Slit — mpope3p, 1miens

Fringe — mepudepus, odpamieHue

2. The stars that we can see in our galaxy and other galaxies, the total is less than
one hundredth of the amount required to half the expansion of the universe, even
for the lowest estimate of the rate of expansion. Our galaxy and other galaxies,
however, must contain a large amount of ‘dark matter’ that we cannot see directly,
but which we know must be there because of the influence of its gravitational

attraction on the orbits of stars in the galaxies.

3. Moreover, most galaxies are found in clusters, and we can similarly infer the
presence of yet more dark matter in between the galaxies in these clusters by its
effect on the motion of the galaxies. When we add up all this dark matter, we still
get only about one tenth of the amount required to half the expansion. However,
we cannot exclude the possibility that there might be some other form of matter,
distributed almost uniformly throughout the universe that we have not yet detected
and that might still raise the average density of the universe up to the critical value

needed to half the expansion.

4. All of the Friedmann solutions have the feature that at some time in the past
(between ten and twenty thousand million years ago) the distance between
neighboring galaxies must have been zero. At that time, which we call the big
bang, the density of the universe and the curvature of space-time would have been
infinite. Because mathematics cannot really handle infinite numbers, this means
that the general theory of relativity predicts that there is a point in the universe
where the theory itself breaks down. Such a point is an example of what

mathematicians call a singularity.
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5. The work of Lifshitz and Khalatnikov was valuable because it showed that the
universe could have had a singularity, a big bang, if the general theory of relativity
was correct. However, it did not resolve the crucial question: Does general
relativity predict that our universe should have had a big bang, a beginning of

time?

6. Light rays too must follow geodesics in space-time. Again, the fact the space is
curved means that light no longer appears to travel in straight lines in space. So
general relativity predicts that light should be bent by gravitational fields. For
example, the theory predicts that the light cones of points near the sun would be
slightly bent inward, on account of mass of the sun. This means that light from a
distant star that happened to pass near the sun would be deflected through a small
angle, causing the star to appear in a different position to an observer on the earth.
Of cause, if the light from the star always passed close to the sun we would not be
able to tell whether the light was being deflected or if instead the star was really

where we see it.

Task 5.7. RENDERING PACTICE

Preparation for rendering: Read the text / Find key words /Make up a plan / Retell

the text in your own words.

The Wendelstein Fusion Experiment

The last major component of the Wendelstein fusion experiment, a section of
the outer shell, is scheduled for installation on 21 December 2011. This completes
the base machine: The research device, to be commissioned at the Greifswald
branch of Max Planck Institute of Plasma Physics (IPP) in 2014, has then attained
its final form.

The objective of fusion research is to derive energy from fusion of atomic
nuclei, just as happens in the sun. To ignite the fusion fire, a future power plant
must confine the fuel, hydrogen plasma, in magnetic fields and heat it to
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temperatures exceeding 100 million degrees. Wendelstein 7-X, the world’s largest
fusion device of the stellarator type, when finished, is intended to investigate the
suitability of this configuration for a power plant. Discharges lasting up to 30
minutes are to demonstrate the device’s essential property, its capability for
continuous operation. The core of the device comprises 50 large superconducting
magnet coils. Their bizarre shapes are owed to sophisticated optimization
computation: They are to produce a highly stable and thermally insulating

magnetic cage for the plasma.

The circular device is assembled from five structurally almost identical
modules. Each module comprises a section of the plasma vessel, its thermal
insulation, ten of the superconducting stellarator coils and four planar coils and the
connections linking them, the piping for cooling the coils, and a section of the
support ring, making for a total weight of about 120 tons per module. All five
modules are meanwhile finished and, enclosed in a steel outer shell 16 meters in
diameter, are in place at their final position on the machine’s foundation. All that
1s missing to complete the ring is the “lid” on the last module, the final section of
the thermally insulating outer shell. The component, weighing about 14 tones, is
scheduled for installation on 21 December 2011. “As we have already done this
four times, the 70-millimetre maneuvering gap on either side within which the
crane has to place the large component meanwhile strikes us as extremely
generous”, states installation head Dr. Lutz Wegener. Once this is done, the device
will then appear in its final form, viz. a steel ring with numerous ports projecting
from it. “It’s just a pity”, states Dr. Hans-Stephan Bosch, Associate Director in the
Wendelstein 7-X project, “that there will then be nothing more to be seen of the
machine’s interior, particularly of its hallmark, the coils.”

There is plenty else to be done: Already installed are four-fifths of the ports
linking the apertures in the plasma vessel through the cold coil region into the
outer vessel — about 45 of them per module. These five major components have yet
to be connected up: The brazing areas of the support ring, plasma vessel and outer
vessel have to be closed, and the magnets be connected with the power and helium
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supplies. Then will come main power lines, cooling pipes, interior facilities in the
plasma vessel and repeated control measurements and leakage tests: The base
machine will then be ready. In parallel, the systems for heating the plasma will be
incorporated. Then there are the supply facilities for electric power and cooling,
the machine control and, lastly, the numerous measuring instruments for
diagnosing the plasma’s behaviour. After several years of strict adherence to its

time schedule and budget, Wendelstein 7-X should be finished in 2014.

Task 5.8. Work in pairs. Make up 5 questions on the text and address
them to your partner.

Task 5.9. Discuss the text with your partner.

Task 5.10. Create an infographics or a mind map based on the information
you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 5.11  Watch the video, in your own words report the main idea of it.

https://www.youtube.com/watch?v=HFDrXppnNKkc

Task 5.12.  Academic Writing
Study the information on academic writing skills and do the tasks and

exercises.

WRITING AN INTRODUCTION AND CONCLUSION
An effective introduction explains the purpose and scope of the paper
to the reader. The conclusion should provide a clear answer to any

question asked in the title, as well as summarizing the main points.
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5.12.1. A common framework in an introduction
In an introduction much depends on the type of research a person is conducting,
but a common framework is:

a. Definition of key terms, if needed.

b. Relevant background information.

c. Review of work by other writers on the topic.

d. Purpose or aim of the paper.

e. Your methods and the results you found.

f. Any limitations you imposed.

g The organization of your work.

Task 5.12.1. Agree or disagree with the following statements which are
considered to be parts of introduction:

- Background information or explanation

- An interesting story or event

- Some surprising information (a hook- a sentence or two to catch the

reader’s attention)
- A quotation or saying
- An unusual fact or some surprising statistic

- The beginning of a story

- Aquestion (tricky to use affectively)
5.12.2. Parts of a conclusion

- summary of the main points of the essay

- N0 new arguments or important information

- the arguments (made in the body of the essay) can be logically extended by

making recommendation or prediction

- it’s not a novel; there are no surprising endings

- the best thing is if the conclusion can be tied back to introduction (hard to

write)

- summary of the main points of the essay
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- N0 new arguments or important information

- the arguments (made in the body of the essay) can be logically extended by
making recommendation or prediction

- it’s not a novel; there are no surprising endings

- the best thing is if the conclusion can be tied back to introduction

Task 5.12.2. Read the examples of Introduction and Conclusion. Find there
the components presented above.

Introduction

Laser-ion acceleration has been promptly developing field with the growing
installation of PW class lasers. The striking characteristics of laser accelerated ion
stimulated a eclectic choice of applications in nuclearl and medical physics. The
prerequisite of a reproducible, high-repetition rate ion beam with fine energy
spread and better efficiency is a challenging mission irrespective of extensive
efforts5, primarily due to target behaviour with the interaction with modern high-
repetition rate laser systems. Laser driven ion acceleration mechanism includes the
target normal sheath acceleration (TNSA), radiation pressure acceleration (RPA),
breakout afterburner (BOA), collisionless shockwave acceleration (CSA) and

magnetic vortex acceleration (MVA)

TNSAis one of the most stable and well-understood mechanism, which
necessitates long pulse durations and thin solid targets to approach high cut-off
energies. By employing the solid-density planar target geometries, the highest
proton beam quality has been observed with TNSA mechanism and highest proton

energies experimentally reported with TNSA are 85 MeV. These ion beams have

an inherently broad, thermal energy distribution whereas many potential
applications of these compact sources require some degree of spectral control. This
IS motivating to investigate the new approaches to control the ion energy
distribution at the source. Utilising foil targets at high repetition rates raises

significant challenges with debris, electromagnetic pulse generation (EMP), target
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insertion accuracy at the laser focus and unwanted secondary radiation such as
bremsstrahlung. Thus, the target choice also needs to avoid or suppress build-up of
debris on optical elements in the target chamber to facilitate continuous use for

extended periods of time.

In contrast to distinctive ion acceleration from laser-thin solid foil interaction,
efficient ion acceleration has also been realized in near critical density (NCD)
plasmas from high density gas jets which are measured to have gain of higher
laser-plasma coupling. NCD targets which can be compatible to high repetition
lasers may advance the acceleration mechanism to experience the high-energy ions
at high repetition rate. Recently investigations where MVA mechanism has been
studied theoretically and experimentally and concerned a excessive agreement

owing to its estimation for attaining relativistic electron and proton beams.

Gas jet targets bid the opportunity for high repetition rates, but so far they have
been limited to low particle energies and yields. Recently liquid targets have also
shown a number of attractive features for meeting real world needs and can be
rapidly delivered into the interaction region, and mitigate debris. In our former
simulation research, proton acceleration with tightly focused linearly polarised
(CP) PW laser pulses (2 PW-20 fs) was realised in NCD plasmas (~1.0n;). The
simulation consequences were obtained in a preionized near critical and above
critical density hydrogen plasma which is still challenging to accomplish

practically.

In this article, we demonstrate for the first time the generation of self-modulated
high energy proton micro-bunches, of high energy and monochromaticity, driven
by high-intensity short laser pulses from a novel plasma target of mixed ion
species, specifically a gas target consisting of C and H atoms. Such plasma states
can occur from the effectively instantaneous molecular dissociation and above

barrier ionization of CH4 or other simple alkane gases, due to the high intensity of
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the prepulse for PW-class lasers. Hence, in our simulations, we consider a pre-
ionized plasma (consisting of C and H fully ionized nuclei). Due to transverse
(radial) field components of the plasma field in the generated plasma channel,
micro-bunching of proton beams has been observed. These microbunches are
naturally spaced at the plasma wavelength which may also favour the generation of
a strong plasma wake. These observations could also contribute significantly to the
advanced proton-driven plasma wakefield acceleration research (AWAKE project)

which has recently demonstrated proton-driven plasma wakefields.

Our simulation results illustrate the generation of high-quality proton micro-
bunches, of vital relevance for various applications such as proton cancer therapy,

via a new laser-driven acceleration regime, which utilizes few-cycle (20 fs) high

power (2 PW) laser pulses and gaseous targets. Such laser pulses are expected to
become available, in the near future, at upcoming large scale facilities, such as the
ELI project, while the use of gaseous targets holds great potential for high-
repetition rate operation of the laser-driven accelerator, free from plasma debris
which can disrupt the laser focusing optics and from EMP generation which can
disrupt major optomechanical components, such diagnostic electronics and
motorized stages for target handling. It has also been seen that the interactions
between two or more ion species during plasma expansion can significantly modify
the final ion spectral distribution. The specific changes to the spectra depend on the
ions spatial distribution within the plasma and this provides an approach to
achieving spectral control. The acceleration mechanism considered here seems to
be a combination of ponderomotive acceleration, shock acceleration, and
multispecies expansion. However, these mechanisms were not able to observe or
show such microbunching or density modulation of proton beam. We emphasize in
our simulation investigation of collimated proton microbunches of high energy
which favours strong potential of utilising such mechanism for AWAKE kind of

project.
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Conclusion

The formation of negative ions was proved to occur in low pressure RF
capacitively coupled plasmas operated in a mixture of argon and aniline vapor. The
experimental results show a great variety of negative species with a dominant
negative ion found for a mass to charge ratio of 90 amu, and the formation of
heavy negative ions reaching more than two times the mass of the aniline
precursor. The initial deposition of a thin layer of pPANI on the electrodes appears
to be a necessary condition for the production of negative ions in this type of
plasma. Surface reactions on both electrodes probably involving positive ions are
an essential part of the (probably multi-step) mechanisms leading to the formation
of negative ions. In contrast to the positive ions and most negative ions whose
density is decreasing with increasing distance between the plasma and the mass
spectrometer sampling orifice, the negative ions with m/z = 26, 90 and 144 amu
show a different behavior. Their signal shows a maximum value when the distance
between the spectrometer and the plasma is increased to a certain range. This
indicates a possible different production channel for these ions compared to other
negative species created in this plasma. The attachment of low energy electrons to

neutral species created by the plasma might be the reason for this phenomenon.

Deposition experiments in pulsed and CW discharges performed at different
distances from the plasma suggest that the negative ions might contribute to the

film growth. However, this contribution needs to be studied in more details.

5.12.3 Look at Punctuation rules in the Appendix and find examples of some
rules in the Text 5.12.2

UNIT 6
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TEXT 6. A detailed account of the measurements of cold collisions in a
molecular synchrotron

Collision studies at low temperatures are of
interest from both a practical and

theoretical viewpoint. Interstellar clouds,

which make out a large fraction of our
universe, typically have temperatures well below 100 K. Collision data of simple
molecules at low temperatures is crucial for understanding the chemistry that
goes on in these clouds, which is of special interest because it is from these clouds
that solar systems form. Furthermore, at low temperatures the de Broglie
wavelength, associated with the relative velocity of the colliding molecules,
becomes comparable to, or larger than, the intermolecular distances and
quantum effects become important. Particularly interesting are resonances of the
collision cross section as a function of collision energy. The position and shape of
these resonances are very sensitive to the exact shape of the potential energy
surface (PES) and thus serve as precise tests of our understanding of
intermolecular forces. Precise knowledge of the PES is fundamental to fields such
as combustion physics, atmospheric physics, or in fact any field involving

chemical reactions.

Although several techniques have been developed to create samples of cold
molecules, the obtained densities are low (typically 10smolecules/cm:). As the
cross sections of collisions involving neutral molecules or atoms are small
(typically below 500 A:), the main challenge to studying cold collisions is to reach
a sufficiently high sensitivity. In recent years, several experiments have managed
to measure low energy collisions by leveraging the unique properties of the
systems they study. For instance, by exploiting the extreme state-purity of Stark-
decelerated beams combined with sensitive ion-detection techniques, van de
Meerakker and co-workers have measured quantum-state changing collisions of

OH and NO molecules with rare gas atoms to temperatures as low as 5 K. Costes
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and co-workers have studied inelastic collisions of O. and CO with H. molecules
and helium at energies between 5 and 30 K using cryogenically cooled beams
under a small (and variable) crossing angle. Even lower temperatures have been
obtained by using magnetic or electric guides to merge two molecular beams.
Narevicius and co-workers and Osterwalder and co-workers have exploited the
advantages of metastable helium to study Penning ionization reactions with
various atoms and molecules. In a similar fashion, Merkt and co-workers have
measured collisions between ground-state hydrogen molecules and hydrogen in
highly excited Rydberg states that were merged on a chip. Finally, cold collision
have been studied by sending slow beams of atoms and molecules through
trapped samples of calcium ions, lithium atoms and OH radicals, exploiting the

fact that collision signal can be accumulated over long time-intervals.

We have developed a method that enables the study of collisions at low energy by
exploiting the unique properties of a molecular synchrotron. Our approach
combines the low collision energies obtained in experiments that use merged
molecular beams with the high sensitivity of experiments that monitor trap loss.
In Van der Poel et al., the total cross section for ND, + Ar collisions was
determined from the rate at which ammonia molecules were lost from the
synchrotron due to collisions with argon atoms in supersonic beams. This paper
provides further details on this experiment. Before going into detail, we will first

outline the main principles and virtues of our technique.

Topic vocabulary:
Task 6.1. Answer the questions

1. Why is Collision data of simple molecules at low temperatures crucial?

2. Why do quantum effects become important?

3. What are the position and shape of resonances of the collision cross section
very sensitive t0?

4. What does PES stand for?

5. What is the main challenge to studying cold collisions?
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6. Name the experiments in which low energy collisions have been measured.

7. Who measured quantum-state changing collisions to temperatures as low as
5K?

8. How were the advantages of metastable helium exploited?

9. Which method of studying collisions at low energy have the authors
developed?

10. Which techniques does the approach combine?

Task 6.2. Compare the original abstract from the text with its machine-
translated versions and edit the latter ones, pointing out the mistakes.

Original text

Collision studies at low temperatures are of interest from both a practical and
theoretical viewpoint. Interstellar clouds, which make out a large fraction of our
universe, typically have temperatures well below 100 K. Collision data of simple
molecules at low temperatures is crucial for understanding the chemistry that
goes on in these clouds, which is of special interest because it is from these clouds
that solar systems form. Furthermore, at low temperatures the de Broglie
wavelength, associated with the relative velocity of the colliding molecules,
becomes comparable to, or larger than, the intermolecular distances and
quantum effects become important. Particularly interesting are resonances of the
collision cross section as a function of collision energy. The position and shape of
these resonances are very sensitive to the exact shape of the potential energy
surface (PES) and thus serve as precise tests of our understanding of
intermolecular forces. Precise knowledge of the PES is fundamental to fields such
as combustion physics, atmospheric physics, or in fact any field involving

chemical reactions.

Google translation

97



WccnenoBanusi CTOJKHOBEHMM MpPU HU3KUX TEMIEpaTypax MpeCTaBIsIOT
UHTEpPEC KakK C TMPAKTUYECKOM, TaKk M C TEOPETUYECKOM TOUYKH 3pEHUS.
Mex3Be3aHbie 00j1aKa, COCTAaBIAIONIME OOJBIIYI0 4YacTh Hallled BCEJICHHOM,
OOBIYHO HMEIOT TeMmeparypsl 3HauuTeabHo Hwke 100 K. Jlanabsie o
CTOJIKHOBEHHH NPOCTBIX MOJIEKYJ MPH HU3KUX TEMIIEPATypax UMEIOT PEIIAroIiee
3HAUCHUE ISl TMMOHWMAHWUS XUMHU, KOTOpas MPOUCXOAUT B 3TUX OOJaKax, 4YTO
MPEACTaBIIeT OCOOBI HMHTEpEC, IMOCKOJIbKY M3 JTHUX 00JIakoB o00pa3yrorcs
COJIHEUHbIE cucTeMbl. Kpome TOoro, mpu HU3KUX TeMIlepaTypax JUIMHA BOJHBI €
bpoiins, cBsi3aHHas C OTHOCHUTEIIBHOM CKOPOCTHIO CTaJIKHMBAOIIMXCS MOJIEKYII,
CTAHOBUTCSI COMOCTABUMOM WJIU OOJIbIIIEH, YeM MEXMOJICKYJISIPHBIE PACCTOSHUS, U
KBaHTOBBIE 3(PPEKTh CTAHOBATCS BaXXHbIMU. OCOOEHHO HHTEPECHBI PE30HAHCHI
CEUYEHUS CTOJIKHOBEHMS B 3aBUCMMOCTH OT SHEPrUU CTOJIKHOBeHHUs. [lomoxeHue u
dbopMa 3TUX PE30HAHCOB OYEHb YYBCTBUTEIbHBI K TOYHOH (hOpME MOBEPXHOCTH
noteHuuanbHo sHeprun (PES) u, Takum o0Opa3om, ciiy’kaT TOYHBIM TECTOM
HaIllero TOHUMAHMS MEXKMOJIEKYJIIpHbIX cull. TouHoe 3Hanue PES wumeer
dbyHIaMEeHTAIbHOE 3HAUYE€HME ISl TaKuX obJiacTed, Kak (pusuka ropeHus, pusnxa
aTMocepbl WM (pakTUuecku Jiro0as o00yacTh, CBsI3aHHA C XUMHUYECKUMH

PEaKIUAMH.

PROMT translation
HccnenoBanus CTONKHOBEHUS NPH HUZKHUX TEMIEPaTypax MNPEICTABISIOT

VHTEPEC U C IMPAKTUYECKOM U C TEOPETUYECKOM TOUKU 3peHHUsl. MeX3Be3IHbIe
oOnaka, pazOuparolye OOJBIIYI0 YacTh HAIlleW BCEJICHHOW, KaK MPaBUIIO, UMEIOT
temneparypbl 3HauuTeabHO Hike 100 K. JlaHHbIE O CTOJIKHOBEHHMHM MPOCTHIX
MOJIEKYJl TPU HUBKUX TeMIleparypax KpailHe BaKHbI JUIsl MOHMMAaHUA XUMUH,
MPOJOJDKAIOIIEHCS B 3TUX 00J1aKaX, KOTOPbI OCOOEHHO MHTEPECEH, MOTOMY UTO
3TO - OT ATUX 00JaKoB Ta (opMa COJHEYHBIX cucTeM. Kpome TOro, mpu HU3KUX
TEeMIIepaTypax JJIMHA BOJIHBI /1€ bposiby, CBSI3aHHAs ¢ OTHOCUTENBHOW CKOPOCTHIO
CTAJIKUBAIOIIUXCA MOJIEKYJI, CTAaHOBHUTCS COINOCTAaBUMOM C, WU OOJbIIE, YeM,
MEXKMOJIEKYJIIPHbIE PACCTOSIHUSI U KBAHTOBbIE 3()(PEKThl CTAHOBATCS BaXKHBIMU.
Oco0EHHO MHTEpPECHbII PEe30HAHChl MPOQWIST CTOJKHOBEHUS Kak (yHKIHUS
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dHepruM CToiNKkHOBeHWs. [losunms u ¢Gopma ITHX pPE30HAHCOB OYCHB
YyBCTBUTEJIbHBI K TOUHOH (hopMe MOBEPXHOCTH MOTEeHIMAIbHOU sHepruu (PES) u
TakuM  o0pa3oM  CIOyXaT TOYHBIMA TECTaMH HAa  HaAlle IMOHWMAaHUE
MEKMOJICKYJIAPHBIX CWI. TouHoe 3HaHWe PES sBNsieTCS OCHOBHBIM MPUHITUIIOM
oOnacTel, TakuX Kak pu3MKa cropaHusi, arMochepHas pusuka, Wil Ha CaMOM JIeJie

Tr00as 06J'IaCTI>, BKIIHOYAOMasA XUMUYCCKUC PCAKIIUHU.

Task 6.3.  Match the words with their meaning.

1 combustion (n) A (of a vehicle, machine, or process) reduce speed; slow
down

2 leverage (n) B involving or denoting a speed greater than that of sound

3 decelerate (V) C the exertion of force by means of a lever or an object
used in the manner of a lever.

4 merge (V) D the degree of compactness of a substance

5 metastable (adj) E behaviour showing high moral standards

6 fraction (n) F combine or cause to combine to form a single entity.

7 supersonic (adj) G gather together or acquire an increasing number or
quantity of

8 virtues (n) H (of a state of equilibrium) stable provided it is subjected
to no more than small disturbances

9 accumulate (v) | the process of burning something

10 density (n) J a numerical quantity that is not a whole number (e.g., 1/
2,0.5)

Task 6.4  Insert the prepositions into the gaps.
1. When the capacitor discharges those volts, it delivers an amperage

comparable ..... stun guns.

2. He would walk up to the middle in a carefree manner, and set about his act
....... a masterly fashion.

3. Only in the study of quantum liquids .... temperatures close to absolute zero

does experimental accuracy approach Heisenberg's limit

4. In its natural form it also has a couple of water molecules associated ........ the
molecule

5. The same foolishness, the same sterility, obtains ........ the ‘not serious’ as in the
‘serious’.
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Task 6.5. Match words or phrases in column A with their synonyms in
column B. Find sentences in the text with the words from column A and
translate them. Make your own sentences with the words from column B.

1 response a approach

2 exhibit b reply

3 shape C for example
4 controversially d ambiguously
5 approach e various

6 occurrence f realization

7 viewpoint g show

8 different h form

9 for instance i opinion

10 | support J way

NB: Negative Prefixes dis-, mis-, de-, in-, im-, ir-, un-

Dis- 00bI9HO BBIpakaeT 0OpaTHOE, MPOTUBOIIOJIOKHOE JCHCTBUE WU OTPUIIAHHE.
Example: agree - disagree

Mis- 00BIYHO BBIpaXKAET OIIMOOYHOE JICHCTBHE
Example: understand — misunderstand, matching - mismatching

De- 00b19HO BBIpaKaeT U3bSITUE, YIAJICHUE
Example: aerate — deaerate, composition - decomposition

In-, im-, ir-, UN- OOBIYHO BHIPAXKAIOT OTPHUIIAHHUS
Example: active —inactive, possible —impossible, regular — irregular,
known — unknown

Exercise 6.1. From the words given form nouns with the opposite meaning
using prefixes

1.order, 2.place, 3.dependence, 4.increase, 5. application, 6. ability,
7. balance, 8. possibility, 9. rationality, 10. decent

Exercise 6.2. Fill in the gaps in the sentences with appropriate words with
negative prefixes.

1. I’m not satisfied with the results of the experiment. ’'m ............... with them.
2. The color of the liquid doesn’t seem usual for me. It’s very...................... .
3. Cheating at the exams 1s not fair. It’s very................. :

4. We are not able to solve this problem now. Itisan..................... problem.
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What makes an evaluative inference validor................. ?
We can’t avoid radiation loss. It1S................. )

I don’t see any logic in his speculations. His speculations are.................... :

O N o O

The synthetic utility of his transformation hasn’t been explored so far. It
remains...... .
9. In water-logged soil, which doesn’t contain enough oxygen, there are bacteria

that change nitrates back to nitrogen. These bacteria are

called................. bacteria.
10.Someone who has lost a lot of water from his body is................... and feels
weak or ill.

11.She knows a lot of French words, but she doesn’t pronounce them properly. She
tends to................... them.
His extravagant ideas were not understood properly by scientific community. His

ideas were..............ceenene. by scientific community

Task 6.6. Translate the text into English:

NJIESI MATHUTHOM TEPMOM3OJIALN

TepmosiiepHble peakUUM CUHTE3a SAAep BOAOPOAA IMPOUCXOTAT B HEIpax
3B€3]] IPU OIPOMHBIX TEMIIEpaTypax IOpsAIKa COTEH MWUJIMOHOB I'pPaayCoB HU
COIIPOBOXKIAIOTCA BBIJCIIECHUEM OIPOMHOIO KOJIMYECTBA DHEPIUM, KOTOpas U
MOAJCPKUBAET TOPEHUE 3BE3Mbl. BelmecTBo 3Be3lbl NPU TAKUX TeEMIIEpaTypax
HaXOAUTCS B IJIA3MEHHOM COCTOSIHMM, KOI'Za JIEKTPOHBI OTOPBAaHbI OT MOHOB, a
3apsOKEHHbIE  YacTHULBI, DJJIEKTPOHbBI M HWOHBI, OOpa3ylT B  CpelHEeM
JJIEKTPOHEUTPAIbHBIM ra3 - [uia3My. [0OBOpAT, YTO IU1a3Ma HAaXOIUTCSA B
KBa3MHEHTPaIbHOM COCTOSIHUM, TO €CThb HEOOJbIIOE pa3lieleHue 3apsiioB
[IPUBOJAUT K BO3HUKHOBEHHUIO CHUJIBHBIX CAaMOCOIVIACOBAHHBIX JJIEKTPUYECKUX
I10JIEN, KOTOPBIE U MTOAAEPKUBAIOT IPUMEPHOE PABEHCTBO JIEKTPUUYECKUX 3aPsI0B

B CPEIHEM M0 MPOCTPAHCTBY. UTOOBI OCYIIECTBUTH B JaOOpPATOPUU YIPABIISIEMbII
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tepMosiziepHbiit cuHTe3 (YTC), HeoOXOaUMO BBINIOJIHEHUE JBYX YcioBHil. Bo-
NEePBBIX, MJ1a3Ma J0DKHA OBITh HarpeTa J0 TeMIEPATyphl MOPSAKa CTa MUJUIMOHOB
IpagycoB, 4TOOBI MOJIOKUTEIHHO 3apsKEHHBIE sI/Ipa BOJAOPO/a MOIJIA MPEOI0ETh
KYJIOHOBCKO€ OTTAJIKMBAaHUE M COJIM3UTHCS HA PACCTOSHHUE, HEOOXOAUMOE st
Havajla peakIuu CHHTe3a. B pe3ynpTate CHHTE3a HM30TONBI  BOJOpOJA
MIPEBPAIIAIOTCSA B TEIMA M TOSBISIIOTCS CBOOOJHBIE HEHTPOHBI, a cama PeaKITus
UJIET C BBIJEICHUEM dHEprur. Bo-BTOPBIX, KOHIIEHTpAlUs MJIa3Mbl J0DKHA OBITH
JIOCTAaTOYHO OOJIBIIION W YyJEPKUBATHCA B YCTAHOBKE OHA JIOJDKHA JOCTATOYHO
JI0JITO, YTOOBI peakiiys ObuTa yIpaBisieMol (B OTJIMUKE OT TEPMOSIEPHON OOMOBI),
a DJHeprusi, BbIEIsEMas B pe3yjibTaTe peakiu, MPEBOCXOJuia  Obl
DHEPTreTUYECKUE 3aTpaThl Ha HATPEeB IIa3MbBl J0 TEPMOSICPHBIX TEMITEpaTyp.
HaubGonee ectecTBeHHBIM Cnoco0 yepkaHus IUTa3Mbl OCHOBaH Ha HJiee

YACPKaHWA 3aPsSKCHHBIX 4YaCTHL CUJIbHBIM MAIrHUTHBIM ITOJICM.

Words and expressions to help:

B Helpax 3Be3[ - IN a subsoil of stars; moxnepxuBaet ropenue - sustains
combustion; camocoriacoBanHbie eKkTprueckue moJs - the self-coordinated
electric fields; ympasnsiemblii TepMosiaepHbiii cuaTe3 - controlled thermonuclear

fusion.
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GRAMMAR POINT
Subject - Verb Agreement
Remember that the subject and verb in a sentence must agree in person and
number.
Examples: The apparatus (singular) works (singular) very well.
The apparatuses (plural) work (plural) work very well.
Sometimes it is very difficult to decide exactly what the subject is if the
subject and verb are separated.
Example: The students (plural) in the room are studying (plural).
Very often, if the subject and verb are separated, they are separated by a
prepositional phrase. The prepositional phrase has no effect on the verb.
Subject + prepositional phrase +  verb
Examples: The study (sing.sub.) of languages is (sing.v.) very interesting.
The view (sing.sub.) of these disciplines varies (sing.v.) from time to
time.
The results of the experiments (plural sub.) of the experiment are (plural v.)

likely to be devastating.

The following expressions also have no effect on the verb:

together with  along with accompanied by as well as
Examples: Dyre, together with co-workers, has suggested that the quasiuniversal
spectral shapes contain only little information on microscopic details of the charge
carrier dynamics.

Dyre, along with co-workers, has suggested that the quasiuniversal
spectral shapes contain only little information on microscopic details of the
charge carrier dynamics.

BUT
If the conjunction and is used instead one of the phrases, the verb would be

plural.
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Example: Dyre and co-workers have suggested that the quasiuniversal spectral

shapes contain only little information on microscopic details of the charge carrier

dynamics.

Exercise 6.3. Chose the right form of the verb in brackets

1.
2.
3.

9.

Mr. Smith, along with Mr. Johnes, (is/are) responsible for the project.

The quality of these shots (is/are) not very good.

If the duties of these officers (isn’t/aren’t) reduced, there will not be enough
time to finish the project.

The levels of intoxication (vary/varies) from subject to subject.

Mr. Johns, accompanied by several members of the committee, (have/has)
proposed some changes in the rules.

Finally, polarity reversion tests, as well as linear superposition tests,
(has/have) shown that the signals are truly from the VING.

The voltage, together with the power produced by a single nanowire, (is/are)
insufficient for real devices.

Finally, the integration of a VING with a ZnO nanowire-based pH or UV
nanosensor (have/has) allowed the demonstration of a self-powered
nanosystem solely built from ZnO nanowires.

The use of such devices (have/has) increased rapidly.

10.The output signals of the VING (was/were) stable over a long period of

time.

Task 6.7. RENDERING PRACTICE

Preparation for rendering: Read the text / Find key words / Make up a plan / Retell
the text in your own words.

Schlieren imaging: a powerful tool for atmospheric plasma diagnostic.

The number of industrial and biomedical applications of plasmas at atmospheric

pressure has been steadily increasing over the past decade: nowadays, plasma
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applications include materials treatment for the activation of surfaces or coating
deposition, ozone synthesis, fuel conversion and the treatment of liquids bacterial
inactivation and plasma-assisted medical therapies, plasma actuators for active
flow control on airfoils, gas turbine blades and wind turbines, and high temperature
material processing, such as plasma spraying, arc cutting and arc welding, etc. This
versatility is gained by several possible combinations of driving power supply,
management and composition of working gas, formation and propagation of the
discharge and source architecture.

The need for an optimization of plasma assisted processes has prompted the
scientific community to thoroughly investigate the physics of plasmas and their
complex behavior in interacting with various materials (e.g. biological materials,
liquids, etc.) by means of a range of diagnostic techniques; among these, a
prominent role is held by schlieren imaging, which is nowadays widespread and
extensively used for the investigation of plasma processes by studying phenomena
occurring in transparent media.

In fact, nearly all plasma processes have in common the fact that plasma is
generated and propagates in a fluid medium. The fluid-dynamics inside and outside
the plasma region play a critical role in determining plasma chemical composition
and discharge morphology, the propagation of reactive species, interaction and
mixing of plasma with the surrounding atmosphere, residence time of precursors in
the plasma region and resulting deposition rates, among other process
characteristics. From this perspective it is easy to understand why schlieren
imaging, which allows one to see “the invisible”, is considered a powerful tool for
characterizing atmospheric pressure plasma processes and why its use is steadily
increasing.

Against this background, this paper is meant as an introduction to schlieren
imaging and its use as a tool for plasma diagnostics, highlighting its potentialities
and providing the readers with practical examples associated with different
atmospheric pressure plasma processes. The expected audience includes plasma

scientists that are current and potential users of this technique. The paper is
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developed along two main parts: a theoretical part, concerning the physical
fundamentals of the technique, the many instruments used to implement it and their
preferred configurations, and a more practical part meant to deal with several
examples of its use for the study of the behavior of different plasma sources and
processes, describing both the type and quality of the obtainable information and
the setups and practical measures adopted. As a matter of fact, even focusing only
on atmospheric pressure plasmas, the temperature ranges from room temperature to
several thousand K, while power can go from a few W to several kW; the
characteristics of the adopted schlieren setup should be accordingly tuned. To
show how this tuning of schlieren optics is performed to achieve optimal results, a
selection of best practices in the conduct of experimental activities to investigate
different kinds of processes assisted by atmospheric pressure plasmas is also
reported in the second part of this paper, similarly to a previous paper from some

of the authors concerning best practices in ICCD diagnostics of plasmas.

Task 6.8. Match the words with their meaning.

1 deposition (n) A the quality or state of being different or diverse; the
absence of uniformity, sameness, or monotony

2 conversion (n) B in away that is appropriate to the particular
circumstances

3 airfoil (n) C important; famous

4 versatility (n) D the fact or process of spreading over an area

5 precursor (n) E the act or an instance of converting or the process of

being converted

6 accordingly (adv) | F increase the amount or rate of (something, typically
weight or speed)

7 gain (v) G thick, soft, wet mud or a similar viscous mixture of
liquid and solid components, especially the product of an
industrial or refining process.

8 propagation (n) H a person or thing that comes before another of the same
kind; a forerunner
9 thoroughly (adv) || astructure with curved surfaces designed to give the most

favourable ratio of lift to drag in flight, used as the basic
form of the wings, fins, and horizontal stabilizer of most
aircraft.

10 prominent (adj) | J accurately, in detail
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Task 6.9. Work in pairs. Make up 5 questions on the text and address
them to your partner.

Task 6.10. Discuss the text with your partner.
Task 6.11. Create an infographics or a mind map based on the information

you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 6.12. Reading formulae

How to read signs:

Sign Noun Verb
+ addition Add
- subtraction subtract
X multiplication multiply
/ division Divide

These signs () are called brackets — we say open brackets, close brackets, or a
plus b in brackets.

These signs [ ] are called square brackets.

These signs {  } are called braces.

ABC — are capital letters; def — are small letters.

We read Rx — R subscript x

How are these formulae spoken?

atb=c a plus b equals ¢

a-b=d a minus b equals d

axb=e a times b equals e or a multiplied by b equals e
alb=f a over b equals f or a divided by b equals f

(a—-b)(a+b)=y aminus b in brackets times a plus b in brackets equals y
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a(7-b)=x a open brackets 7 — b close brackets equals x

10+(a+b) _ b

-2 10 plus a minus b in brackets all over 7a equals b

X[(a-b)(@a=b)-7] =0 x open square brackets a minus b in brackets times a plus

b in brackets minus 7 close square brackets equals naught.

—+=- = one over b plus one over ¢ equals one over d

Exercise 6.1. Read out these equations:

l.d+e=c 2.a—d=b
3.d=a+b/c 4. x+y=A/(a-Db)
5, K=a+(n-1)d 6.V=IR
7.v=u+at 8. 1/R =- M/EI

How are these values spoken?
X? — X squared
x* — X cubed
X" — X to the power (of) n, OR xtothen
X" —x to the power (of) n minus one, OR X to the n minus one
X" — X to the power (of) minus n, OR x to the minus n

Jy —square root of y
*Jy —cube root of y
" Jy — nth root of y

Exercise 6.2. Practice reading these expressions:

1. x= 1L 6. X-x1=(uJ y-vy.)
X Yo=Y
2. x"P= P [ x" 7. a_2+b_2+c_2:1
X°y© oz
3. X2 -y?=(x+y)x-y) 8. d*=c?*(1-b?)
4, x=nk®
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5. x=

ab, +cb,

a+cC

9. m*+n*+2pm+2xy+d=0

10. a=\fi(b; —b,)* +(¢,—¢,)* +(d, ~d,)’]

Reading more complex formulae

symbol meaning example | spoken
= equivalent to a=b aisequivalentto b
= not equal to azb aisnotequal tob
S approximately equal to a~9 a is approximately equal to
9
— tends to y—0 y tends to nought
< less than c<3 c is less than three
> greater than c>3 c is greater than three
0 much less than di 10 d is much less than ten
i much greater than di 10 d much greater than ten
< less than or equal to f<2 f is less than or equal to
two
> greater than or equal to f>2 f is greater than or equal to
two
o proportional to mocn m is proportional to n
% infinity Z-—>m z tends to infinity
+ plus or minus a=+1 a equals plus or minus one
therefore ~z2=0 therefore z equals naught
/ per km/hr kilometers per hour
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Read and remember Greek alphabet

a A alfa /> xlfq/ v N Nu Inju/
/s B beta /” bitg/ ¢ & Xi IksQl/
y I gamma /> gxmaq/ o O omicron
/qV'mQlkrgn/
5 A delta /> deltg/ r 11 pi /pQl/
¢ E epsilon lep'sQllgn/ p P rho IrqV/
¢ Z zeta /” zitql/ o X sigma ['sigmaq/
n H eta ['itg/ t T tau tQv/
0 6 theta ['Titg/ v Y upsilon
/jup'sQllgn/
11 iota /Ql'qVtg/ ¢ D phi /fQl/
Kk K kappa ['kxpa/ x X chi /kal/
A A lambda ['Ixmdgq/ p ¥ psi /psQl/
u M mu Imju/ o Q Omega ['qVmigq/

Exercise 6.3. Read out these expressions:

1. 1>90°
2.y >

3. p=0
4.c,#d,
5. #=3.142

Exercise 6.4. Write down the formulae:

6.E>+ 05

7.61125
8. yoxx

9. ,u<1

10. w# ¢

1. C equals one over three pi times the square root of RC

2. E equals lambda P to the power of five

3. Capital V subscript 2 equals two pi small y over capital U

4. Lambda equals Kappa subscript oh over two pi R all times C
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5. Epsilon subscript oh equals five pi times 10 to the power of minus six over
capital D small n to the power of minus one

6. E equals O over M squared minus omega squared N squared

7. U subscript 2 equals the square root of open brackets, two ¢ over p times
capital V subscript one, close brackets

8. V equals a half lambda subscript upsilon cubed all over S

9. Mu equals capital P small x small z all over capital N, plus capital R over Q

10.Sigma equals three P over four pi R squared times, open brackets, R squared

minus sigma squared, close brackets

Exercise 6.5. Read the formulae:

1. R=Y 6. =
| 3R NP
2. E=mc? 7.2 = M
Zn 2A,
2
3. P,Q,=P.Q, 8.C=2:R[R, - iR )]
1 1_1 _ 3Q 2
LS +=-== L a = -
4 = 9. « 47rR2(R £)
5 F= my* 10. Fmﬁ

r

Task 6.13.  Academic Writing
Study the information on academic writing skills and do the tasks and

exercises.

COMMUNICATING IN SCIENTIFIC ENVITRONMENT.
6.13.1. Describing texts (articles, scientific papers, studies, reviews, etc)
6.13.1.1. Setting a goal

...The chief/general aim...

...central/ key/ ultimate goal...

...main/particular purpose...
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...major/ primary task of this paper/ study is ...
...one of the main/ principal objectives is...
6.13.1.2. Describing the subject
The subject (matter) of this paper/ study/ analysis/ research/ discussion is ...
The present paper/ investigation/article
.. goes (inquires) into...
.. focuses on...
.. deals with...
. 1S devoted to the questions (problems/ issues) of ...
.. undertakes to survey/ identify the structure of
. considers what factors/ processes influence ...
.. the concluding/ final sections/ comments/ remarks concern/ focus on...
In this article/ section the authors aim to determine...
attempt to explain the mechanisms of...
.. are intended to give/ show/ develop/ provide/ record
.. examine the nature/ characteristics/ features/ functions of ...
.. (will) concentrate on/ argue that/ review
6.13.1.3. Sounding personal
| want to point to/ review/ introduce...
I can/ shall/ should provide ...
[ must emphasize that...
I must say a few words about ...
| should/ would like to illustrate/ suggest/ posit/ stress that
I find it necessary to consider .../ to turn our attention to ...
6.13.1.4. Going further:
One further remark...
Two further points ...

Further questions...
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A further aim of the paper...

The only step needed (here) is ...

The issue that ought to be raised here concerns...

The second point I want to describe here has to do with...

This latter point requires justification.

6.13.1.5. Supplying evidence:
To lend support to our hypothesis...
To base our position...
This issue can serve as a basis for ...
This matter can form a background for a judgment about ...
This point requires justification/ should be examined in detail/ with
accuracy.
This question requires (further) remark/ comment/ explanation.
This problem presupposes deep study/ minute analysis/ understanding of
This method should be precisely/ clearly/ accurately/ explicitly/ rigidly
defined.
This approach can be extensively/ properly/ reasonably applied to...
This topic should be studied/ investigated closely/ carefully/ thoroughly.

6.13.1.6. References
According to...
Following...
I will refer to...
This result was obtained by...
Such problems are fully discussed by .. in ...
The following passage from... illustrates that...
This aspect has (not) received attention (criticism/ scientific support) in
the literature.

References should be made to...
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6.13.1.7. Positive comments:

This article/book/discussion/study
...1s an accurate/ comprehensive/ convincing analysis of ...
...Is an instructive/ minute/ profound/ thorough description of...
...1s a good snapshot of functional analysis...
...supports the theory of...
...sheds new light on ...
...allows a principled decision on ...
...sounds attractive...
...proved to be successful...
...deals with the complex subject in an orderly manner...
...shows very convincingly, that ...
...presents a wealth of data about...
...managed to answer the question with simplicity.

This approach
...Is quite/ highly creative/ effective/ fruitful/
...Is more flexible than...
...1s the best
.. 1s perfect / valuable for ...
...nas aroused wide interest
...has been the stimulus for analytic discussion
...opens prospects for further study of...
...casts (a new) light on the question
...gives convincing (direct/ exact/ good/ plausible/ serious/ sound/ strong/

sufficient/valid) reason to think that...

...gives rise to theoretical discussion

...Is elaborated/ explained in detail.
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6.13.1.8. Criticism and objections:
The study done by...
...1s still under discussion
...does not allow us to answer the question whether...
...leaves many questions open.
The solution offered by .. has been criticized at length.
The approach/ strategy
...neglects (ignores)...
...has a number of disadvantages
...Is not accurately formulated
...I1s a hot topic in debates
..draws sharp criticism
Objections can be raised...
There are a number of objections that can be raised...
There are counter-examples. ..

The negative side of the approach/ method...

6.13.1.9. Personal negative remarks:
| t seems (a bit) artificial
It seems unlikely that ...
It is nonsensical / an error to regard ...
It is doubtful / I doubt that...
| am unsure whether ...
I am afraid / not sure/ I am not convinced that...

I am skeptical / critical / suspicious of ...

6.13.1.10. Exemplification of the problem:
This example can serve as an illustration to....
This procedure may be illustrated by ...

Two sample cases (simple examples,) will help demonstrate ...
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Here I shall give examples which show that ...

To illustrate the point (further), we may take / consider another example...
The following examples may serve as illustrations...

This point can be easily exemplified.

The point will be clearer if we consider another type of example.

Task 6.14. Find an article on your field of study, spot and underline the

expressions presented above.

Task 6.15.  Write a paragraph on the subject you study using some of the

expressions.
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UNIT 7

TEXT 7. Collisions of argon atoms with the stored packets of ammonia in the
synchrotron

In its simplest form, a storage ring is a trap
that confines molecules along a circle rather
than around a point. As such, a storage ring

for molecules in low-field seeking states can

be made by bending an electrostatic hexapole
focuser into a circle, which was demonstrated in 2001 by Crompvoets et al. Since
in such a storage ring no longitudinal forces exist to keep the faster and slower
molecules together, injected packets of molecules will disperse until the ring is
filled homogeneously. As demonstrated in 2007 by Heiner et al., this can be
prevented by breaking the ring into two half-circles and switch the voltages in such
a way that molecules are bunched together as they fly through the gap between the
two half rings. In 2010, an improved synchrotron, consisting of 40 straight
hexapoles placed in a circle was demonstrated by Zieger et al. Using many
segments rather than two has a number of advantages: Due to the high symmetry
of the ring, instabilities resulting from the variation of the trapping force are less
important and the transverse depth of the ring is increased. The longitudinal well is
also increased as bunching happens many times per round-trip. Zieger et al.
illustrated the stability of their design by demonstrating that they could observe
trapped ammonia molecules (ND3) in well-defined, mm-sized packets, after storing
them for more than 10 s in the ring. The fact that elements can be switched
individually implies that different packets can be injected and detected
independently, allowing the synchrotron to hold up to 19 packets simultaneously.
As the stored packets of ammonia molecules have both a small velocity spread
(corresponding to a temperature of 10 mK) and widely (100-150 m/s) tunable
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velocities, they are well suited for collision studies, as will be demonstrated in this

paper.

The main idea of our experiment is illustrated in Fig. 1. Beams of argon atoms are
sent through the synchrotron and made to collide with the stored packets of
ammonia. The argon beams moves in the same direction as the stored ammonia
molecules such that low collision energies can be achieved. The experiment is
triggered in such a way that some of the ammonia packets—the probe packets—
encounter a fresh argon beam every round-trip, while other packets—

the reference packets—do not. When after a certain number of round-trips the
packets are detected, the probe and reference signals are compared to find the rate
at which ammonia molecules are lost from the synchrotron due to collisions with
the argon beam. The longer the packets are stored before detection, the more
molecules are lost from the probe beam. In this way, collision signal is

accumulated and the sensitivity to measure collisions is strongly enhanced.

The expected enhancement in sensitivity is illustrated in Fig. 2. The signals of the
probe (red, Sprobe) and reference packets (blue, Sre), using numbers from the
experiment that was discussed in Van der Poel et al., are shown as a function of
storage time in the synchrotron. Both signals are modelled by exponential decays.
While the probe and reference packets share the same background loss rate (in this
calculation ky,g=1.46% per round-trip), the probe packets are modelled to
experience additional loss due to collisions with particles from the collision partner
beamline (at a rate of ke,=1.26% per round-trip). After a given number of round-

trips rt, the loss rate due to collisions can be found using kcol=1/rtIn(Sref/Sprobe).

The uncertainty in the loss rate is found from the statistical uncertainties in the
probe and reference signals. Since the number of detected ions follows Poisson
statistics, the uncertainty is given by the square-root of this number:
okcol=1/rt\(1/Sref)+(1/Sprobe).
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(2)
The orange curve shows the ratio of the calculated loss rate ke, and its
uncertainty okcol, after a single measurement only (i.e., a single measurement of a
probe and a reference packet, requiring two shots). This signal-to-noise ratio
increases dramatically the first tens of round-trips, due to the factor of 1/rt
in okcol. After about 90 round-trips, roughly 2 times the 1/e lifetime of the probe
packet, the statistical uncertainty in Spope Decomes the limiting factor and the
signal-to-noise ratio decreases again. For the numbers used in this calculation, the
expected signal-to-noise ratio at the optimal number of round-trips is ~1 after a
single measurement of the probe packet and reference packet. The uncertainty can
thus be reduced to below 1% by measuring 20,000 shots, or a little over half an
hour when measuring at a rate of 10 Hz. Note that the signal-to-noise ratio at the
optimal number of round-trips is 34 times larger than after a single round-trip.
Consequently, the sensitivity of the synchrotron reduces the measuring time by
over a factor of 1000 with respect to a hypothetical crossed beam experiment with
the same densities. This enhancement in sensitivity is what motivated us to do this

experiment.

Topic vocabulary:

electrostatic hexapole focuser - anekTpocTaTHUeCKHid TEKCATIOIbHBIN
doxycuporiuk; longitudinal well - mpomonsHbIil iposait; tunable velocities —
perymupyembie ckopocTH; the experiment is triggered in such a way that —
9KCIICPUMEHT IIPOBOIUTCS TAKUM 00pa3oM, 4To; enhancement in sensitivity -
MOBBIIIIEHUE YYBCTBUTEIILHOCTH; Signal-to-noise ratio — oTHOIIeHHEe CUTHAII-IITYM;

beamline - sxciepuMeHTaNbHAS CTAHIIUS KCTOYHUKA CHHXPOTPOHHOTO U3JTyUYCHHSI

Task 7.1. Answer the questions

1. What suggestion was made for a storage ring for molecules in low-field
seeking states?
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2. What will be prevented by breaking the ring into two half-circles and
switching the voltages?

What was the improvement in synchrotron demonstrated by Zieger et al.?
What are the advantages of using many segments rather than two?

How did Zieger et al. illustrate the stability of their design?

What is the main idea of the proposed experiment?

Why is the sensitivity to measure collisions enhanced?

What do the probe and reference packets share?

© ©o N o 0~ W

How is the uncertainty in the loss rate found?

10.How many shots are required to reduce the uncertainty to below 1%?

Task 7.2. Compare the original abstract from the text with its machine-
translated versions and edit the latter ones, pointing out the mistakes.

Original text

In its simplest form, a storage ring is a trap that confines molecules along a
circle rather than around a point. As such, a storage ring for molecules in low-field
seeking states can be made by bending an electrostatic hexapole focuser into a
circle, which was demonstrated in 2001 by Crompvoets et al. Since in such a
storage ring no longitudinal forces exist to keep the faster and slower molecules
together, injected packets of molecules will disperse until the ring is filled
homogeneously. As demonstrated in 2007 by Heiner et al., this can be prevented
by breaking the ring into two half-circles and switch the voltages in such a way
that molecules are bunched together as they fly through the gap between the two
half rings. In 2010, an improved synchrotron, consisting of 40 straight hexapoles
placed in a circle was demonstrated by Zieger et al. Using many segments rather
than two has a number of advantages: Due to the high symmetry ring of the,
instabilities resulting from the variation of the trapping force are less important and
the transverse depth of the ring is increased. The longitudinal well is also increased
as bunching happens many times per round-trip. Zieger et al. illustrated the

stability of their design by demonstrating that they could observe trapped ammonia
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molecules (ND3) in well-defined, mm-sized packets, after storing them for more
than 10 s in the ring. The fact that elements can be switched individually implies
that different packets can be injected and detected independently, allowing the

synchrotron to hold up to 19 packets simultaneously.

Google translation

B cBoeli mpocreiimeit GopMe HAKOMUTEIBbHOE KOJBIO MPEACTaBIsIeT CcoOOMU
JIOBYILIKY, KOTOpask OTPAHUYMBAET MOJIEKYJbl BJIOJb Kpyra, a HE BOKPYI TOYKH.
Takum 00pa3oM, HAKOMHUTEIBHOE KOJIBIO JIJII MOJIEKYJ B COCTOSIHUSIX TOMCKa B
ciaboM TMOJ€ MOXXHO M3FOTOBUTH IyTeM HW3TH0a  3JIEKTPOCTATUYECKOTO
rekcamnoJibHoro (okycepa B Kpyr, 4Tto ObUIO mpoaemMoHcTpupoBaHo B 2001 r.
Crompvoets et al., [lockosibky B TaKOM HaKOMUTEILHOM KOJIbIIE HE CYIIECTBYET
MPOJOJBHBIX CUJI JJISl yIEpKaHUsI 4YeM OBICTpEEe U MEIJICHHEE MOJIEKYJIbl BMECTE,
TO WHBEIMPOBAHHBIE MAKEThl MOJICKYJ OyAYyT pacceuBaThCs, MOKa KOJIBIO HE
Oynet 3anoiaHeHo ogHOpoaHO. Kak npogemonctpupoBano B 2007 roay Heiner et
al., DTo MOXHO MPEJOTBPATUTh, Pa30MB KOJIBIIO HA JIBA MOJYKPYTa U MEPEKIIOUNB
HaIpsHKEHUST TaKUM 00pa3oM, YTO MOJIEKYJIbl COOMPAIOTCS B MYYKH, KOTJa OHU
MPOJIETAIOT Yepe3 3a30p MExXAy AByMsa nosykonsuamu. B 2010 rogy 3urep u ap.
[IponeMOHCTpUPOBAIA YIYUIIEHHBIM CUHXPOTPOH, cocTosiuid u3 40 NpsambIxX
reKcaroj, IMOMELIEHHbIX B Kpyr. McCronp30BaHME MHOKECTBA CEIMEHTOB, a HE
JIBYX, HWMEET psiJ MNPEUMYIIECTB: M3-3a KOJbIA BBICOKOM CHUMMETPUU
HECTAOWJIBbHOCTH, BO3HHUKAIOIINE B PE3yJIbTaTe M3MEHEHMS CHJIBI 3aXBaTa MEHEe
BaXKHBI, a TIONIepeuHas riyOuHa Kosblla yBenuuuBaeTcs. [IpomonbHas sma Takxke
YBEJIMYEHA, TAaK KakK TPYNIHUPOBKA MPOUCXOJAUT MHOTO pa3 3a KpyroBoe
nyTemectBue. llurep W CoaBT. MPOWLIIOCTPUPOBAT  CTAOMIIBHOCTH — HMX
KOHCTPYKIIMHU, TPOJEMOHCTPUPOBAB, YTO OHHU MOTYT HAOJOJaTh 3aXBauCHHbBIC
Mosekyasl aMmMmuaka (ND3) B 4eTko ONpenesIeHHBIX IMakeTax pasMepoM B MM
nocie xpaHeHuss ux Oonee 10 ¢ B kombie. ToT (akT, 4TO 3JIEMEHTHI MOTYT

NEPEKIIOYATBCA MHAWBUAYAJIbHO, ITOAPA3yMEBACT, YTO PA3JIMYHLIC ITAKETBI MOT'YT
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OBITH BBCACHBI U 06H2lpy>K€HI)I HC3aBUCHUMO, YTO TIIO3BOJEICT CHHXPOTPOHY

OJHOBPCMCHHO XPAaHHUTH O0 19 makeTos.

PROMT translation

B mpocreiiiieM Buie KOJBIO XPaHEHHs] MPEACTABISIET COOON JOBYIIKY,
OrpaHUYMBAIOLIYI0 MOJIEKYJIBI 10 OKPY>KHOCTH, a HE BOKpYT ToukH. [lo cymecTsy,
KOJIBLIO I XPAHEHHS] MOJIEKYJ, HaXOJSIIMXCS B COCTOSIHUM TMOHMCKAa HU3KOTO
MOJIS, MOKET OBITh BBIMOJHEHO MyTeM CrHOAHMS 3JIEKTpOCTaTUYecKoro (okyca
TeKcaroJis B KpyT, 4To Obu10 mpoaeMoHcTprpoBano B 2001 roxy Crompvoets et al.
[TockobKY B TAKOM HAKOMMTEIBHOM KOJIBLE HE CYIIECTBYET ITPOIOJIBHBIX CHIT JUJIS
yAepKUBaHHs Oosiee OBICTPBIX M MEIJIEHHBIX MOJIEKYJ BMECTE, BIPHICKUBAEMbIE
MaKeThl MOJIEKYJl OyIyT IUCIEPIHpOBaTHCA IO TE€X MOp, MOKa KOJBIO HE OyleT
3amoJiHeHO oHOpoIHO. Kak nokazano B 2007 roxy Heiner et al., 3to MoxeT OBITH
NPENOTBPAIEHO IYTEM pa3pblBa KOJbIA HA JBA MOJYKpPYra U MEPEeKIIOYEHUS
HAOpsDKEHUH TakuM O00pa3oM, YTO MOJIEKYJbl CTyLIAlOTCSl BMECTE, KOI/la OHHU
MPOJIETAIOT Yepe3 3a30p MEXAY ABYyMs noiykoiabuamu. B 2010 roay yiaydiieHHbIN
CUHXPOTPOH, COCTOSIMN M3 40 MpsAMBIX MECTUTPAHHUKOB, TIOMEIIEHHBIX B KPYT,
Obu1 npoieMoHcTpupoBad Llurep u ap. Mcnonb3oBaHue MHOTMX CErMEHTOB, a HE
JIBYX HMEET psJ MNPEUMYyLIECTB: M3-3a BBICOKOM CHUMMETPUM  KOJIBLIA,
HEYCTOWYMBOCTU B peE3yJbTaTe€ H3MEHEHMsI CHJIbI 3axBaTa MEHEE BaXXHbI, U
nornepeyHas TIyOWHa Kojiblla yBenuuuBaeTcs. [IpomonbHasi CKBaKMHA TaKke
YBEIUYMBAETCS, TaK Kak OypeHHEe MNPOUCXOAUT MHOIO pa3 3a KPYrOCBETHOE
nytemectBue. Lurep u np. WmmoctpupyroT cTaOUIBHOCTh MX KOHCTPYKLUH,
JEMOHCTPUPYS, YTO OHU MOTYT HAOJIOJaTh 3aXBAauYC€HHbIE MOJEKYJbl aMMHAaKa
(ND3) B xopoI1i0 onpejeeHHbIX MaKeTaX pa3MepoM MM ITOCIIC MX XPaHCHHUS B
teueHue Oosee 10 ¢ B kombie. TOT (akT, 94TO FIEMEHTHI MOTYT MEPEKITI0YATHCS
WHIUBUYyaJIbHO, TOJPA3yMEBAET, UTO PA3JIMYHbIE MAKEThl MOTYT BBOJAMTHCS U
JNETEKTUPOBATHCS HE3aBUCUMO, YTO IO3BOJISIET CHHXPOHHU3ATOPY OJHOBPEMEHHO

yAEpKUBaTh 10 19 makeTos.
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Task 7.3. Match the words with their meaning.

1 confine (V) A discover or identify the presence or existence of.

2 disperse (V) B keep or restrict someone or something within certain
limits of (space, scope, quantity, or time).

3 bunch (v) C strongly suggest the truth or existence of (something not
expressly stated)

4 transverse (adj) D a number or quantity that when multiplied with another
produces a given number or expression.

5 imply (v) E situated or extending across something

6 detect (V) F distribute or spread over a wide area

7 probe (n) G the state or process of rotting or decomposition.

8 reference (n) H collect or fasten into a compact group.

9 decay (n) | study, investigation

10 factor (n) J standard, model

Task 7.4. Translate the text into English
HEOKJIACCUYECKHNH IIEPEHOC YACTHI]

Ve B MepBBIX IKCIEPUMEHTAX HAa TOKaAMaKaX BBISICHUJIOCH, UTO YXOJ IJIa3Mbl Ha
CTEHKHM MPOUCXOJAUT HAMHOIO ObICTpee Kiaccuueckoro. OaHa U3 NpUYMH CBs3aHa
C Pa3BUTHEM B IJIa3ME€ MHOTOYMCIICHHBIX HEYCTOMUMBOCTEN U MEPEXOOM ILJIa3Mbl
B TypOyJeHTHOE cocTosiHHE. B To ke Bpems yxke B koHie 60-x romoB XX Beka
CTaJI0 TIOHSATHO, YTO OCOOEHHOCTH TPACKTOPHUH 3apsKEHHBIX YACTUIl B MAarHUTHBIX
JIOBYIIKaxX JIOJKHBI MPUBOAUTH MPEKJE BCErO K YBEIWYECHHIO KIACCUYECKHUX
Ko3((PUIIMEHTOB TepeHoca, TO €CTh KO3(P(UUIMEHTOB TEpPEHOCAa, BBI3BAaHHBIX
MapHbIMUA CTOJIKHOBEHHMSIMU W HE CBS3aHHBIX C Pa3BUTHEM TYpOYJEHTHOCTH.
CootBeTcTBytomIas Teopus Obuia paspadorana A.A. INaneeBsiM u P.3. CargeeBbim,

a HOBBIM MEXaHMU3M MEPEHOCA Ha3BaH HECOKJIACCHUYCCKHM.

YToOBI MOHATH MEXaHU3M HEOKJIACCUYECKOT0 MEPEHOCa, PACCMOTPUM TPAECKTOPUHU
YacTUIl B TOKaMake. MarHMTHOe IMOJ€ B TOKAMaKe COCTOUT M3 OCHOBHOIO
TOPOUJAIBHOTO MAarHUTHOTO TIOJIsl, KOTOPOE€ CO37aeTCsi HAaMOTaHHBIMH Ha TOP
KaTyIlIKaMy, W TOJIOWJAIBHOIO TOJISI, CO3/1aBa€MOT0 TOKOM, TEKYIIUM IO TOpY.
BmecTte OHM [alOT MAarHMUTHOE TMOJIe, KOTOpOE€, KaK HHUTKAa, HAMOTaHO Ha
BJIOKEHHBIE JpYr B Jpyra TOpoWjajibHble mMoOBepXHOCTH (puc. 3). OTu
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MOBEPXHOCTH, KOTOPHIM TMPHUHAJICKAT MAarHUTHAs CUJIOBAsl JIMHUS, HA3bIBAIOTCS
MarHUTHBIMH TOBEpXHOCTSIMH. OCHOBHOE TOPOHJAIBHOE MAarHUTHOE TOJIE €CTh
IPOCTO TOJIe Topouaa (COJCHOWIA, CBEPHYTOTO B TOpP) M IMOITOMY CIIaJaeT C

PaCCTOAHUCM OT MarHuTHOM OCH.

Ha yvacrtuity, Bpamaromyocs mo JapMOpPOBCKOMY KPYXKKY, TaK K€ Kak Ha BUTOK C
TOKOM, JEHCTBYET MpPHU 3TOM CHUJIA CTPEMSIIASACS BBITOJKHYTH €€ B HAIlPaBICHUU
BHEITHET0 00BoAa. B 9TOM ke HampaBiIeHWW IEHCTBYET IEHTPOOSKHAs CHIIA,
CBs3aHHAsl C JBM)KCHHMEM YacTHIIbl BAOJbL CUJIOBOM JMHMM. Eciu Ha dactuily B
MarHdTHOM TMOJIe JEWCTBYET TOCTOSIHHAs CHJIa, TO LIEHTP JIAPMOPOBCKOM
OKPY>KHOCTH HCHBITBIBACT Jpeiid B HAMpaBlICHWHU, MEPHEHAUKYJISIPHOM CHUJIE U
MarHuTHOMY TIOJII0, cO cKopocThio ug = F / eB. Drtor npelid, Ha3piBaeMblii
TOPOUIAJIBHBIM, 3aBUCUT OT 3HAKa 3apsija - /Il MOHOB OH HaIlpaBJIeH BHU3, a JJIs

QJICKTPOHOB - BBCPX.

Words and expressions to help:
yXOJI TUIa3Mbl Ha CTeHKH - plasma exit to the walls

MarHMTHBIC JIOBYIIIKHM - magnetic traps
ko3 dunmeHT nepenoca - transfer factor

BHENIHUU 00BO/I - Outer contour

GRAMMAR POINT

Cause and effect (so, such):
The following constructions are used to indicate a cause and an effect (result)
relationship
1. subject + verb + so + adjective/adverb + that + subject + verb
Note: don’t use a noun after ‘so’
Examples: Judy worked so diligently that she received a scholarship.
The student behaved so badly that he was dismissed from the class.
Her essay was so good that she was asked to make a report at the

scientific conference.
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2. subject + verb + so + many/few + plural countable noun + that + subject
+ verb
Examples: I had so few offers that it wasn’t difficult to select one.
There were so many people at the conference hall that he failed to meet his
colleagues from Spain.
subject + verb + so + little/much + uncountable noun + that + subject +
verb
Examples: He has invested so much money to the project that he cannot abandon it
now.
The glass received so little water that it turned brown in the heat.
3. subject + verb + such + a + adjective + singular countable noun + that +
subject + verb
or
subject + verb + so + adjective + a + singular countable noun + that + subject
+ verb
Note: the first model (such + a + adjective) is more common of the two.
Examples: It was such a hot day that we decided to stay indoors. = It was so hot a
day that we decided to stay indoors.
It was such an interesting book that I couldn’t put it down. = It was so
interesting a book that I couldn’t put it down.
subject + verb + such + adjective + plural countable noun/ uncountable noun
+ that + subject + verb
Examples: She has such exceptional abilities that everyone is jealous of her.
This is such difficult homework that I will never finish it.

Note: It is not possible to use ‘so’ in the above rule.

Exercise 7.1.1.  Put either ‘so’ or ‘such’ in the following sentences.

1. He worked................ carefully that it took him a long time to complete the
project.
2. The program was.............. informative that nobody wanted to miss it.
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3. Those were................ difficult assignments that we spent two weeks

finishing them.

4. The book looked............... interesting that he decided to read it.

5. There were............... few students registered that the class was cancelled.

6. Ray called at............... an early hour that we were not awake yet.

7. Wehad................ wonderful memories of the place that we decided to
come back.

8. The project was............... expensive that it was decided to suspend it.

9. Itwas.............. a good opportunity that we decided to take it.

10.Professor Sands gives............ interesting lectures that his classes are never
boring.

11.He has............... heavy workload that it is difficult for him to travel.

12.1t has been such a long time since I’ve seen him that I’'m not sure if [ will

remember him.

Task 7.5. RENDERING PRACTICE

Preparation for rendering: Read the text / Find key words / Make up a plan / Retell
the text in your own words.

Subcooled heat transfer performance of tested surfaces and Effects of
subcooling on heat transfer performance

The subcooled pool boiling heat transfer performance of the tested surfaces is
shown in Fig. 4. It is found that the boiling curves of each tested surface in
the natural convection heat transfer region shift to the left when the subcooling
increases due to the enhanced natural convection effect. In the nucleate
boiling heat transfer region, different heat transfer performance can be observed
from SS and the micro/nanostructured surfaces. The boiling curves of SS shift to
the left with the increase of subcooling, which means the increased subcooling can
enhance the pool boiling heat transfer performance. However, the boiling curves of

micro/nanostructured surfaces under different subcooled degrees are close to each
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other, indicating the effect of subcooling on heat transfer is not clear. The similar
phenomenon was also discussed in some published literature. EI-Genk and Suszko
found that the pool boiling heat transfer coefficient on dimpled copper surfaces
decreased with the increase of subcooling. Suroto et al. also observed a similar
phenomenon on a mixed-wettability surface. Conversely, Ji et al. found the boiling
heat transfer is enhanced with the increase of subcooling on copper porous coating
surfaces, while subcooling has no distinct influence on boiling heat transfer in the
literature. In fact, although the increased subcooling enhances natural convection,
subcooled working fluids confines the departure of nucleated bubbles, which

decreases the nucleate boiling heat transfer.

Effects of processing spacing on heat transfer performance

The comparison of boiling heat transfer performance on all tested samples is
illustrated in Fig. 5. The heat transfer of all micro/nanostructured surfaces indicates
pronounced enhancement compared to SS. In addition, the heat transfer
performance is significantly affected by the processing spacing. As for LS30 and
LS70, the boiling curves are very steep and the wall superheat decreases with the
increase of the heat flux near CHFs. Regarding LS100, LS200, LS400 and LS800,
the excellent boiling heat transfer performance can also be observed, but the wall
superheat increases clearly with the augmentation of heat flux close to CHF. The
possible reason is the existence of the flat region on the top of micro-pillars (as
shown in Fig. 1(c)—(f)) restrains the merging of the small bubbles, which is
beneficial to maintain the stability of nucleate boiling heat transfer. Therefore the
steady heat transfer can still be maintained when the wall superheat increases
notably. Compared to SS, the enhancement of boiling heat transfer performance on
the micro/nanostructured surfaces climbs up and then declines with the increase of
processing spacing. The best heat transfer performance is achieved from LS200,
with the lowest onset nucleate boiling superheat (6.5-9.6 K) and the highest CHF.
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Task 7.6. Work in pairs. Make up 5 questions on the text and address
them to your partner.

Task 7.7. Discuss the text with your partner.
Task 7.8. Create an infographics or a mind map based on the information

you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 7.9.  Study the following information and do exercises

Describing qualities of materials

Properties of materials
Exercise 7.1. Match the materials with their properties:

Materials Properties
Glass stiff
Rubber flimsy
Steel strong
Polythene weak
Wood resilient
Wool tough
Paper brittle
Porcelain flexible
elastic
rigid
pliable
soft
hard
fragile
ductile

Exercise 7.2. Make sentences to describe the materials like this:

Steel is strong or Steel is a strong material
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Exercise 7.3. Choose the correct alternative to complete these statements. (In
one case, two of the alternatives are correct. In all the other, only one is correct)
1. If you can see very clearly through a material, the material is ...
a translucent b translucent c transparent
2. Ifyou cannot see through a material, it is .........
a opal b opalescent C opague
3. A substance that dissolves in liquid is ..........
a dissolute b dissolvable ¢  soluble
4. A liquid that dissolves substances is a .............
a solvent b solution c  soluble
5. A material that is hard but breaks easily is ............
a battle b brittle c  bristle
6. If a material bends easily, itis ...............
a bendable b flexible c floatable
7. A material that does not bend easily is ..............
a rancid b rigorous c rigid
8. A metal that can easily be beaten into new shapes is ...............
a beatable b malleable ¢ multiple
9. A material that conducts electricity is ...........
a conducive b  conductive c  conductor
10. A material that catches fire easily is ..............
A flameable b flammable c inflammable

How to describe colors and appearance. Modifying the description of colors:

light red
dark blue
pale green
deep yellow
bright orange
dull purple
shiny brown
glossy grey
mat/matt pink
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We can use the modifiers to name the exact color:
Light blue; deep blue; dull brown.

When an object is not exactly one color, we can add —ish to the color;
Red - reddish  Blue - bluish

When an object is between two colors, we often say: reddish-brown; bluish-
yellow; etc.

We can also say: lightish blue; darkish grey.

What colors are these?
Amber, bronze, crimson, mauve, turquoise, khaki

Exercise 7.4. Write sentences of your own using these colors.
Texture of surfaces can be:
smooth, rough, uneven, coarse, grainy, corrugated, pitted, abrasive

Exercise 7.5. Complete these descriptions:

1. Glassisa........... solid which usually hasa .......... surface.

2. Chalk is a porous solid which has a .............. surface.

3. Some cardboard is ............... to give it extra strength.

4. The inside of a camera has a............. surface.

5. Mercury is a liquid metal which has a................. appearance.
6. Sandpaperhasa ............. surface.

7. Anunplained piece of wood has a ......... surface.

8. A piece of rubber has a............ surface.

Exercise 7.6. Describe the color, appearance and texture of the following objects:
A pen, the walls in the room, the floor, the surface of a tree trunk, a leaf.

How to form verbs and nouns from the adjectives

adjective verb Noun

hot heat Heat

warm warm warmth

cool cool coolness

cold cool Cold/coldness
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Exercise 7.7. Form nouns and adjectives from these verbs:

melt,

freeze, boil, liquefy, solidify, vaporize

Exercise 7.8. Complete these statements:

1.

o o bk~ W

At normal temperatures, iron is a solid. However, when it is ........ above
1537°C, it.......... :

Water is a liquid at normal temperatures. However, when it is
........... below 0°C, it...............

When water is .............. to 100° C. it ........... .

When a substance changes from a solid to a liquid, it is said to ........... :
When a substance changes from a liquid to a solid, itis said to ........... .

When a substance changes from a liquid to a gas, itis said to ........... .

Exercise 7.9. Complete the table with regular formation of nouns and verbs

from the adjectives:

adjective

verb

Noun

weak

weaken

Weakness

tough

soft

hard

rough

coarse

Non-regular verb and noun formation is introduced in the following table:

adjective verb Noun
strong strengthen Strength
resilient make something resilient | Resilience
brittle embrittle Brittleness
flexible make something flexible | Flexibility
elastic make something elastic | Elasticity
pliable make something pliable | Pliability
smooth smooth Smoothness
rigid make something rigid Rigidity
ductile make something ductile | Ductility
malleable make something Malleability
malleable
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Exercise 7.10.  Fill in the missing words:

Hardening. Medium and high carbon steel are not very h...... , and so they must be

h.......... . They are h...... slowly to a h......... temperature (above 700° C), and
then rapidly c.......... (or ‘quenched’). Fully h......... steel is, however, extremely
brittle, and has poor shock resistance. The b........... ofh............ steel can be

reduced and the quality of the metal increased by tempering. This process is

described below.

Tempering. The metal is re-h........ to a comparatively 1..... temperature and again
Qovennene at a carefully controlled temperature. The color of the film of oxide on the
brightened surface of the h......... steel gives a good approximate indication of the

temperature of the steel. The oxide first turns a very pale yellow, and changes

through a range of colors to dark blue as it is h..........

Exercise 7.11. Make sentences from the notes:
Example: water/ heat/ 100 degrees C/ boil When water is heated to 100
degrees C, it boils.
1. aluminum/ heat/ 659,70°C/ melt
water/ cool/ 0°C/ freeze
steel/ hard/ become/ brittle
hardened steel/ heat/ 270°C/ turn/ purple
water/ heat/ above/ 100°C/ vaporize
ice/ heat/ 0°C/ melt
liquid steel/ cool/ solidify
rubber/ vulcanize/ become/ tougher

© ©o N o g B~ WD

copper/ heat/ become/ more ductile

10.glass/ tough/ become/ more resilient

11.blue copper sulphate crystals/ heat/ turn/ white
12.steel/ heat/ 300°C/ film of oxide/ turn/ dark blue
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Exercise 7.12. Construct statements which give the main properties and
appearance of these substances.

For example: Mercury is a bright shiny white liquid metal.

1. silver 7. sulphur (S)

2. water 8. milk

3. copper (Cu) 9. sulphuric acid (H2S0.)
4. iron (Fe) 10. coal

5. coffee 11. sand

6. glass 12. sugar

Exercise 7.13. Complete the text using the correct words and expressions
given below:
condense evaporate liquefy solidify vapour vaporize boiling point melting
point
1. The temperature at which a solid becomes a liquid 1s its.............. :
2. The temperature at which a liquid becomes a gas is its................. :
3. When a gas or liquid becomes a solid, it................ :
4. When a gas or a solid becomes a liquid, it................. .
5. When a substance becomes a gas or................. ,
| P (o) R ; if it returns to its previous state,
1| A :
1.3. Cause and reason
When we ask a question beginning with why, we want to know the cause of
something or the reason for it.

Exercise 7.14. Match the questions 1 — 6 to the answers A - F

1 | Why does copper bend easily? A | Because there is a magnetic force

between them.

2 | Why does an electric current flow | B | Because there is a movement of
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through electros through it.
a conductor?

3 | Why do like magnetic poles repel | C | Because helium is lighter than air.

each other?

4 | Why do gases expand when D | Because it is extremely brittle.

heated?

5 | Why does glass break when it hit? | E | Because it is very ductile.

6 | Why does a balloon filled with f | Because they absorb heat energy.

helium float?

Exercise 7.15. Make statements of reason like this:
Alcohol / used in room thermometers — less expensive than mercury.
Alcohol is used in room thermometers because it is less expensive than mercury.
1. copper / used in electric connections — an extremely good conductor
2. asuction pad / stick / to a flat surface — no air between the pad and the
surface
steel / tempered — brittle when hardened
heat / pass along a conductor — the molecules of the conductor vibrate
rubber / not break when it is hit — extremely resilient

the earth / have / day and night — revolve / about its own axis

N o g koo

mercury / used in laboratory thermometers — have high boiling point

8. hydrogen / dangerous — highly inflammable
To state the cause of something we can use the following structure: If a copper bar
is heated, it will expand. If we want to make the cause very clear (i.e. if we want to
emphasize the cause, we re-phrase the statement: Heating a copper bar will cause

it to expand.

Exercise 7.16. Complete these sentences in the same way:
1. Hitting a piece of glass ............... break.

2. Applying a tensile force to a wire .............. extend.



Cooling a metal bar ............. conduct.

Heating water to 100 degrees C .............. :
Cooling water to 0 degrees C ............ .

Filling a balloon with air ................ :

Holding a piece of wood in a flame ................ .

Placing sugar in hot coffee ................ .

© ©o N o 0 b~ W

Puncturing a balloon ........... .

Task 7.10. Academic Writing

Study the information on academic writing skills and do the tasks and
exercises.

Speech patterns and rhetorical devices
7.10.1. Intensification
Task 7.10.1. Translate these words into Russian.

absolutely, actually, adequately, broadly, completely, considerably, constantly,
effectively, entirely, equally, essentially, especially, extremely, exactly, far, fully,
fundamentally, inevitably, highly, immediately, greatly, keenly, largely, manifestly,
markedly, naturally, necessarily, particularly, peculiarly, perfectly, primarily,
purely, radically, significantly, specially, specifically strongly; totally, truly;

ultimately, uniquely.

Task 7.10.2. Make up your own sentences with these words.

Task 7.10.3. Translate these sentences, pay special attention to intensifiers.

a) It seems highly probable that the situation might change.

b) This approach is highly complex (controversial) and can’t be accepted at
present.

c) This problem is still left largely unaddressed (unexplored), though one can
find a lot of references to it.

d) This theory ...
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... largely ignores mathematical....
...was greeted with a storm of criticism.
... strongly affects/ depends on/ influences / indicates that ...
.. Is completely comprehensive/ typical/ irrelevant/ unacceptable.
.. is particularly useful.
.. is particularly informative.
.. 1s perfectly acceptable/ (formal/ functional).
... should not be taken as purely negative.
.. is totally clear-cut/ self-sufficient.
.. provides totally naturalistic explanation.
This method
...really entails/ needs/ relates to/ involves
...Indicates how...
... can really be fruitful.
We cannot really understand the nature of this phenomenon.
e) | am not really in a position to speak about this method.
f) This technology will be a step to truly green economics.
g) Investigators can now see how electrons truly interact with one another.
h) This concept should be adequately and explicitly defined.
7.10.4. De-intensification:
Task 7.10.4. Translate these words into Russian.
barely, basically, commonly, customarily, fairly, hardly, merely, mainly, nearly,
normally, possibly, practice rather, slightly, somehow, virtually, weakly, typically,
usually.

Task 7.10.5. Read and translate the following sentences.
a) Such studies have barely begun.
b) The approach developed has a fairly specific meaning.
c) The method used is hardly acceptable (necessary/ ever used).

d) This method gives merely probable results.
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e) This notion/ definition is rather vague (controversial).

f) This constitutes a rather interesting case.

g) This issimply irrelevant.

h) This gas is somehow leaking into the air.

1) This distinction is slightly artificial (different/ odd).

J) This is a slightly odd form of presentation.

k) They are only weakly dependent.

I) This research is basically descriptive/ comparative.

m) | am basically in disagreement with this view.

n) This point of view commonly accepted/ assumed/ exploited/ used. ...is more
frequent than the second one.

0) Such modifications are normally the result of implementation of new

technologies.

7.10.6 Emphatic quantification:

Task 7.10.6. Translate these words into Russian.

great, more, the most, most, much, variety, various;

Task 7.10.7. Use these expressions in sentences of your own.
great interest in .../...a great deal to be done in elaborating.../...pay a great deal of
attention to.../...cost. ..may be very great./...one great value of.../..pay more

attention to .../...no more alternatives to...

Task 7.10.8. Read and translate the following sentences.
a) Now let's look at a more realistic example.
b) This is he most elementary information of all.
c) The most basic feature/ transparent approach/ usual pattern.

d) The most complete/ explicit account of the problem is found in ...
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e) Finding a new approach is the most difficult task.

f) Much depends here on ...

g) This volume provides much insight into the problem.

h) There is an infinite/ huge/ wide variety of phenomena (experiments/
1) This method is used in the manufacturing of a variety of items.

J) A variety of these anomalous features can be easily explained.

k) Various models have been put forward to explain the phenomenon.

7.10.9. Emphatic operators:
Task 7.10.9. Find Russian equivalents of the following words.
enough, non-, none, at least, indeed, by no means, even, just, mere, only, quite,

very

Task 7.10.10. Read and translate the following sentences.
a) This concept is convincing enough (to be used).
b) He fails to make a convincing enough argument for the whole group.
¢) Enough has been said to prove this approach.
d) Itis easy enough to show that...
e) It should be understandable to non-specialists.
f) None of the errors proved serious.
g) The proposed mechanisms are at least plausible.
h) There are at least two applications of this method.
1) Atleast this isthe conclusion of our study.
J) Itisindeed remarkable that ...
k) Such artifacts are indeed distorting the picture.
I) Actual content .is by no means the end of the story.
m) Even in simple cases, such quantities are difficult to calculate.
n) Even complex models may not simulate feedback effects accurately.
0) Even a short computer program can prove difficult to check out.
p) Recent work shows just how systematic such phenomena can be.

q) This principle is really just an extension of the notion of preference.
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r) We shall adopt the scheme of just four categories.

s) Itis relevant only when...

t) The only sure way of doing this is...

u) This algorithm is quite unacceptable/ appropriate/ adequate for / distinct
from...

v) We can do that quite simply.

w) There is a very wide variety of

7.10.11. . General quantifiers

Task 7.10.11. Give Russian equivalents of the following quantifiers.

so far, any, both, alone, single, a bit, some, the same, the whole

Task 7.10.12. Make up sentences of your own to illustrate the usage of these
words.
Task 7.10.13. Read the following sentences, pay special attention to emphatic

guantifiers.

a) Economists do not seem to have made any progress in forecasting future
economic situation.

b) They both have written extensively in this field.

c) These principles have been studied by both economists and lawyers.

d) This book should be of interest to both students and professors..

e) In he book the problem is discussed with both clarity and accuracy.

f) This theory portrays modern economic situation as both under government
and market control..

g) The results that the company is going to achieve are both possible and
desirable.

h) We can’t come to this conclusion from this evidence alone.

1) Mathematics alone cannot give us the base for this approach.

J) No single topic in economics generates more controversy than the one

describing quality standards.
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k) It seems a bit artificial to forecast future.

I) Your point of view suggests that the budget figures need some revision.

m) It was assumed that the results might be positive but some probing proved
otherwise.

n) Some people's immune systems fight AIDS rather effectively.

0) These procedures are approximately (essentially/ exactly) the same in
different economic analytical schemes.

p) Both methods work in basically the same way.

q) If you follow the same rule you will get the same results.

r) This notion refers to a whole set of theories.

s) The experiments undertaken in the company changed the whole picture.

t) The company economists explore how these assumptions fit into the model

as a whole.

7.10.14 . Emphatic connectors:

Task 7.10.14. Give Russian equivalents of the following emphatic connectors

Even if/ though, however, nevertheless, nonetheless, whatever, whenever.

Task 7.10.15. Use these words in sentences of your own.

Task 7.10.16. Translate these sentences, pay special attention to emphatic

connectors.

a) Karl Marks’ and Adam Smith’s theories might be compared even if they
were not historically related.

b) The books written by a famous economist Porter are quite popular even if
one is in disagreement with his views.

c) Even though this issue has been broadly disscused there hasn't been a
unanimous

d) conclusion.

e) Modern scientists have no explanation of this phenomenon, however, they

hope to find some.
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f) In detail, however, we shall see that the budget figures are not so balanced.

g) However, this is what cannot be taken for granted.

h) Before looking at this matter, however, it is worth collecting all possible
data .

1) His book has a variety of virtues; | do, however, have certain criticisms.

J) This approach is the most vulnerable; nevertheless it is rather informative
and convincing.

k) There is no clear way of testing these products, none the less, the company
technologists are trying to find one.

I) The situation in the market is vague, it is none the less clear that positive
tendencies are vivid.

m) Whatever the outcome of the research might be they hope to double the
output.

n) The results of the experiment should be at hand whenever necessary.

141



UNIT 8

TEXT 8. Schlieren imaging: a powerful tool for atmospheric plasma
diagnostic

Schlieren imaging of atmospheric
pressure plasmas is a powerful
technique to address fundamental

studies concerning their fluid-
dynamics as well as to study, characterize and optimize processes assisted by them.
Moreover, being completely non-intrusive, schlieren imaging presents a major
advantage over other techniques, such as Particle Image Velocimetry (PIV), that
use tracers, which could be affected by the electromagnetic field of the plasma.
Since atmospheric pressure plasma sources show marked differences among
themselves, the schlieren setups should be tuned case-by-case in order to achieve a
thorough characterization of the plasma fluid-dynamics occurring in the processes
under study.

From this perspective, even if not comprehensive of all the existing atmospheric
pressure plasmas, three main categories of sources and processes have been
identified among research papers in which schlieren imaging is performed on
atmospheric pressure plasmas and the schlieren setups therein adopted are
discussed in this work: non-equilibrium Atmospheric Pressure Plasma Jets
(APPJs), plasma actuators for flow control and thermal plasma sources. For each
category, a selection of the published work has been made in order to present
useful considerations, suggestions and practical examples on the use of schlieren
imaging to obtain qualitative and quantitative information. These solutions may be
suitably implemented in the readers’ optical setups to achieve new and optimal
results during their research activities.
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Non-equilibrium APPJs

In order to satisfy the requirements and demands involved in different biomedical
and industrial fields for devices able to promote the production of different reactive
and charged species at ambient temperature and deliver them into the surrounding
environment, jet configurations were taken into account, leading to the
development of the cold Atmospheric Pressure Plasma Jets (APPJs). In APPJs,
usually working with noble gases such as helium, neon or argon, a plasma plume
flows from the nozzle into the surrounding atmosphere.

Although devices with jet-like flows have been well studied in the industrial field,
a thorough description of their behaviour requires the use of complex physical
models, necessarily supported by direct experimental measurements, where
schlieren imaging can play an important role for the visualization and
interpretation of fluid-dynamic phenomena. Moreover, since plasma is a reactive
and conductive gas, the fluid-dynamics of an APPJ may be strongly affected by the
chemical and electrodynamics forces, driven by different physical quantities such
as reactive and charged species concentrations, gas temperatures and electric
fields. Under this view, schlieren imaging has been adopted to obtain reliable
measurements of the flow characteristics of APPJs with the aim to evaluate
reactive species transport and process feasibility.

Considering the best practices in the experimental setup of the schlieren imaging of
APPJ, it is worth highlighting that the knife-edge is generally aligned with the axis
of the jet produced by the plasma source, because the highest gradients of
refractive index in the jet region are radial. Moreover, some groups have suggested
investigating APPJs placed in a horizontal orientation in order to emphasize
buoyancy effects due to the different density of the working gas (e.g. helium,

argon...) in comparison with the surrounding air.

Regarding the choice of the light source for schlieren analysis of APPJ, no relevant
trends can be found. Thanks to the low luminous intensity of the plasma plume
produced by APPJs, there is a wide availability of light sources ranging from
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monochromatic lasers to broad-band- spectra lamps. As a general indication, on
one hand, light sources with a narrow spectral range, such as LED or laser, lead to
optimization of the light path because the interaction between radiation and optical
components (lens, mirrors, detectors...) is a function of wavelength and leads to
noise reduction from the self-luminosity of the plasma plume (for example using
green light); on the other hand, high intensity lamps, such as xenon or mercury arc
lamps, characterized by a continuum spectrum, guarantee that a great many
photons reach the detector, enhancing the resolution of collected images and
allowing the use of high-speed cameras for time-resolved investigation.

Topic vocabulary:

Schlieren imaging of atmospheric pressure plasmas - Busyanuzaius IacTOB
atmoc(epHoro gasiacHus 1o Illmuepeny; fluid-dynamics- ruapoauHamMuka,;
atmospheric pressure plasma sources - HWCTOYHUKH TIUIa3MBl aTMOC(HEPHOTO
nasyenus; schlieren setups - ycranorku Lllnuepena; non-equilibrium Atmospheric
Pressure Plasma Jets - Ilna3mMeHHBIE CTpyH C HEPaBHOBECHBIM aTMOC(HEpHBIM
nasienuem; plasma actuators for flow control - mmasmenHble TPUBOIBI IS
ynpasieHus morokoM; ambient temperature - Temmeparypa OKpy>KaroIei cpesibl;
jet configurations - koHdurypamuu peakTuBHBIX CcTpyid; plasma plume -

TUIa3MeHHbIN 1Ieid; nozzle — coruto; buoyancy effects - a¢ddexTsl mTaByvecTH.

Task 1.1. Answer the questions

1. What is the main advantage of Schlieren imaging technique?
Why should the schlieren setups be tuned?

What are three main categories of sources of atmospheric pressure plasmas?

> L N

What was the reason for presenting useful considerations, suggestions and
practical examples on the use of schlieren imaging?

5. Why were jet configurations taken into account?
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6. What led to the development of the cold Atmospheric Pressure Plasma Jets
(APPJs)?

7. Why do schlieren imaging play an important role in complex physical models?

8. What the chemical and electrodynamics forces can affect the fluid-dynamics of
an APPJ?

9. Why is it important to align knife-edge with the axis of the jet produced by the
plasma source?

10. What light sources can be used?

Task 1.2. Compare the original abstract from the text with its machine-
translated versions and edit the latter ones, pointing out the mistakes.

Original text

In order to satisfy the requirements and demands involved in different biomedical
and industrial fields for devices able to promote the production of different reactive
and charged species at ambient temperature and deliver them into the surrounding
environment, jet configurations were taken into account, leading to the
development of the cold Atmospheric Pressure Plasma Jets (APPJs). In APPJs,
usually working with noble gases such as helium, neon or argon, a plasma plume
flows from the nozzle into the surrounding atmosphere.

Although devices with jet-like flows have been well studied in the industrial field,
a thorough description of their behaviour requires the use of complex physical
models, necessarily supported by direct experimental measurements [38], where
schlieren imaging can play an important role for the visualization and
interpretation of fluid-dynamic phenomena. Moreover, since plasma is a reactive
and conductive gas, the fluid-dynamics of an APPJ may be strongly affected by the
chemical and electrodynamics forces, driven by different physical quantities such
as reactive and charged species concentrations, gas temperatures and electric
fields. Under this view, schlieren imaging has been adopted to obtain reliable
measurements of the flow characteristics of APPJs with the aim to evaluate
reactive species transport and process feasibility.
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Google translation
YroObl yNOBIETBOPUTH TpeOOBaHHUA U TpeOOBaHUS, NPEIbSIBISIEMbIC B

pa3IMYHBIX OMOMEAMIIMHCKUX W TPOMBIIUICHHBIX 00JIaCTAX K YCTpOWCTBaM,
CHIOCOOHBIM CTUMYJIUPOBATh MPOU3BOJCTBO PA3IMUHBIX PEAKIIMOHHOCTIOCOOHBIX H
3apsHKEHHBIX YacTHIl IPU TEMIIEpaType OKpY>Kalolled Cpelbl U JIOCTaBJISATh UX B
OKPYXAIOIyI0 Cpeiy, KOHPUTrypaluu cTpyd ObUIM MPUHATHI BO BHUMAHHE, YTO
NPUBENIO K pa3padOTKe XOJOAHBIX TMJIa3MEHHBIX CTPyHl aTMOochEepHOro AaBJICHUS
(APPJ). B APPJ, 00bIuHO pabOTaOIIUX C OJIATOPOJHBIMH Ta3aMH, TAKMMH Kak
TeJIMi, HEOH WJIM aproH, TUIA3MEHHBIM MIIeH( TEeYeT M3 COIUla B OKPYIKAIOIIYIO
atmocdepy.

XOTSl yCTpONCTBAa CO CTPYHOMOJOOHBIMU MOTOKAMHU OBLIM XOPOIIO HM3yYEHBI B
IPOMBINIJICHHONW 00JacTH, THIATENbHOE OINMCAaHUE UX TMOBEJACHHUS Tpedyer
WCIIOJIb30BAHUSL CIIOKHBIX (DU3UYECKUX MOJIeel, 0053aTebHO MOIKPEITICHHBIX
IPSAMBIMA OKCIEPUMEHTAIBHBIMM HM3MeEpeHussMu  [38], rae Bu3yanmsanus I10
[nupeny MOXET UTpaTh BaXKHYIO POJb IS BHU3yalW3alldsd U HHTEPIpPETAIUs
TUAPOJIMHAMUYECKUX sBIeHU. Kpome TOro, mOCKOJbKY IUIa3ma SIBISIETCS
XUMHUYECKH AaKTUBHBIM U TPOBOMSIIMM Tra3oM, Ha JAWMHAMUKY xujakoctu APPJ
MOTYT OKa3bIBaTh CUJILHOE BJIHMSHUE XMMHUYECKUE U DJICKTPOJAMHAMUYECKUE CHIIBI,
OOyCJIOBJIEHHbIE  Pa3NUYHBIMM  (PU3NYECKUMHM  BEJIMYMHAMH, TaKUMU Kak
KOHIICHTpAIlMsl aKTUBHBIX W 3apsODKEHHBIX YaCTHI], TEMIIepaTypbl Ta3a |
anekTpudeckue mojsi. CoraacHO ATOM TOYKE 3pPEHUS, JJIS MOJYyUYEHUS HAJEKHBIX
U3MepeHuil xapakrepucTuk noroka APPJ Obuta npunsra cxema lllnupena c uemnsio

OIICHKM IIEPCHOCA AKTUBHLIX BU0B U OCYIICCTBUMOCTH ITpOoHccca.

PROMT translation
Busyammuzanus mactoB armochepHoro masinenus mno lllnuepeny sBisercs

MOIIHBIM ~ METOAOM  JJii  H3y4YeHUs  (PYHIAMEHTAJIbHBIX  HCCIIEJOBAaHUMH,
KAacaroUMXcs TUHAMUKM HMX KUAKOCTH, a TaKXKe ISl M3yYeHHUs, OMUCAHUS U
ONTUMHU3ALIMK TPOLECCOB, KOTOpPhIM OHM TmomoratT. Kpome Toro, Oymayuun
MOJIHOCTHIO HEUHTPY3UBHBIM, NIJIUEPEHOBOE H300pa’K€HUE MpPENCTaBlAeT cOoO0M
OCHOBHOE€ NPEUMYLIECTBO II0 CPAaBHEHHUIO C APYTMMH METOJAMH, TAKUMHU Kak
BenomeTpus nzoopaxkenus yactuil (PIV), B KOTOpBIX UCHIOIB3YIOTCS UHIUKATOPBI,
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Ha KOTOpPbIE MOXET BIIUATH DJIEKTPOMAarHUTHOe mojie Mia3mbl. [lockombky
WMCTOYHUKH IJIa3Mbl aTMOC(EPHOTO JABJIECHUS MOKAa3bIBAIOT 3aMETHbBIC Pa3INYUs
MEXIy COOOW, yCTAaHOBKM NUIMEPEHA IOJDKHBI OBITh HACTPOCHBI B KaXKIOM
KOHKPETHOM ciy4yae, YToObl 00€CIeYnTh TIIATEIbHYI0 XapaKTEePUCTUKY TUHAMUKU
MJIa3MEHHOM KUIKOCTH, MPOUCXOISIIECH B UCCIEAYEMBIX MPOIECCaXx.

C 3TOl TOUKH 3pEHUs, TaXKE €CIU HE BCE CYIIECTBYIOIIUE IIa3Mbl aTMOC(EPHOTO
JIABJICHUSI HE SBJISIIOTCS KOMIUIEKCHBIMH, CPEIU UCCIEIOBAHUNA ObUIM BBISBICHBI
TPU OCHOBHBIC KAaTETOPUU HCTOYHUKOB M IPOIIECCOB, B KOTOPBIX H300paKEHUE
[IUIHEepPEHa BBITTOJIHIETCS Ha IJIa3Max aTMOC(HEpPHOTO JaBJICHUS, U IPUHATHIC B HUX
YCTAaHOBKHU IITMEpPEHA paccMaTpuBaloTcs B 3Toi padote: HecOamancupoBaHHbBIE
ma3MeHHble cTpyu atMocdeproro nasnenus (AIIIT), miazMeHHble TPUBOABI NSt
yIpaBJIECHUS] MMOTOKOM M HMCTOYHUKHU TEIUIOBOW Ia3mbl. [lo kaxmoil kareropuu
OblIa MpOBEICHA BBHIOOPKA OIMYyOJMKOBAHHBIX PabOT, C TeM YTOOBI MPEICTABUTh
MOJIE3HbIE  COOOpaXeHMs,  MPEIJIOKEHUsS W MPAKTUYECKUE  MPUMEPHI
ucronb3oBanus Schlieren Busyanmsanuu [Uisi  MOJydYeHHs] KadyeCTBCHHOM W
KOJIMYECTBEHHON HH(OpMalMu. DTH PEIICHUSI MOTYT OBITh COOTBETCTBYIOIIUM
o0pa3oM peain30BaHbl B ONTUYECKUX HACTPOUKAX CUMTHIBATEICH IJIs1 TOCTHXKECHUS
HOBBIX M ONTUMAIbHBIX PE3YJbTAaTOB B XOJE MX HCCIEI0BATEIbCKON

JCATCIBHOCTH.

Task 8.3. Match the words with their meaning.

1 intrusive (adj) A starter

2 tracer (n) B causing disruption or annoyance through being
unwelcome or uninvited

3 setup (n) C asmall flow of liguid

4 occur (v) D a thing that traces something or by which something
may be traced, in particular.

5 actuator (n) E place or arrange (things) in a straight line.

6 ambient (adj) F the way in which something, especially an organization
or equipment, is organized, planned, or arranged.

7 plume (n) G he state or degree of being easily or conveniently done

8 nozzle (n) H of or relating to the immediate surroundings of
something

9 feasibility (n) | acylindrical or round spout at the end of a pipe, hose, or
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tube, used to control a jet of gas or liquid.

10 align (v) J to happen; to take place

Task 8.5. Translate the text into English:

AHOMAJIBHBIN ITEPEHOC

B  mmasme  0OBIYHO  MPUCYTCTBYIOT  pa3iuuHble  KojeOanus.  Camble
KpyIHOMACIITa0HbIC U3 HUX, TaKWe, KakK, HApUMeEp, MPUBOAIINE K BBHITCKAHUIO
BOJbl M3 OINPOKUHYTOIO CTAKaHA, yAAE€TCS MOJABUTH 3a CYET HEOAHOPOIHOTO
npoduiisi MarHUTHOTO TMOJS B MAarHUTHBIX JIOBYIIKax. OJHAKO MHOTOYHUCIICHHBIC
MEJIKOMaclTaOHble HEYCTOMYMBOCTH, KakK NPaBWIO, IMEPEBOASAT IJIa3My B
TypOyJieHTHOe cocTosHue. [lnma3smeHHass TypOYJEHTHOCTh XapaKTepu3yeTcs
CIIy4YalHbIMH KOJICOAHUSIMU TUIOTHOCTH M CBSI3aHHBIMM C HHMH KOJCOAHUSIMU
ANEKTPUYECKUX  TIOJIEM,  KOTOphIE  BO3HHUKAIOT,  4YTOOBI  MOJJIEPXKATh
KBa3UHEUTPAIbHOCTD TUIa3Mbl. DJIEKTPOHBI U HOHBI IO/ JEHCTBUEM XA0THUYECKOTO
AIEKTPUYECKOTO TMOJS W OCHOBHOIO HEBO3MYIIEHHOTO MAarHUTHOTO IOJIS
npeidyroT co ckopocthio E / B, TO €CTh MCHBITBIBAIOT ClIy4daiiHbIC OJIyKAaHWS,
npuBoasiye K Aupdy3un. AMiuMtyga ONyXAaHUN ONpenensieTcss ypOBHEM
MJIa3MEHHON TypOYJIEHTHOCTH, a YaCTOTa CMEHbI HAMPaBJICHUMN JIBUKEHUS 3aBUCUT
OT XapaKTEepHBIX YACTOT IJIa3MEHHBIX KojiebaHui. Tak kak THUNOB KojeOaHU B
MJIa3Me€ MOXKET OBITh MHOTO, TO M COOTBETCTBYIOIIUX KOA(D(PUIIMEHTOB mepeHoca

MOJKET OBITh TaKK€ HECKOJIBKO.

Bennuuny anomanbHOro Kodbdunuenta auddy3ud MOXKHO OIECHUTh U3
cienyromux cooopakennit. Kaxxapiii Tin kojaebaHuii B mia3Me XapaKTepu3yeTcs
WHKPEMEHTOM g - BEJIMYMHOM, OOpaTHON XapaKTepHOMY BPEMEHU pacKadyKu
HEYCTOWYUBOCTU. B COCTOSIHMM pPa3BUTOM CTallMOHAPHOW TYpPOYJIEHTHOCTH POCT
HEYCTOMYMBOCTH ypaBHOBEIICH JU(PGYy3MOHHBIM 3aTyXaHHEM. XapaKTepHOE
BpeMsl 3aTyXaHUsi COOTBETCTBYET BpPEMEHHM CMELICHHMS YacTULBl Ha TakK
HA3bIBAEMYIO JUTMHY KOPPEJSIUHU (CPEIHIO0 IJIMHY BOJHBI), e (pa3a koneOaHuH,

KOTOpasi sBJISETCS CIy4YallHOW BEJIIMYMHOM, Y€ COBceM Jpyras. Bpewms
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¢ Gy3MOHHOTO CMEIICHHSI B COOTBETCTBUHU C (2) MPOMOPIHMOHAIBHO KBaapaTy
JUTUHBI BOJIHBI (OOpaTHO MPOMOPIIMOHAIIBHO BOJHOBOMY BEKTOPY k) M 0OpaTtHO
POIMOPIMOHANTEHO Kodhdunmenty nuddys3un: [IpupaBHUBas BpeMst 3aTyXaHUS KO
BPEMEHHM pacKauku KoyieOaHuil (0OpaTHOMY HWHKPEMEHTY), IOJIydaeM OIICHKY
agoManbHOro kod(dpduumenta guddysuu. IlepeOupas pa3nuyHbBIE  THUIIBI
HEYCTOWYUBOCTEH, MOKHO TIOJNYYHTh pa3iudabie Kod(duimentsl quddysun. 1o
COBpEMEHHBIM TIPEJCTABJICHUSAM CaMbli OONBIION KOA(P(OUIIMEHT aHOMAIbHOM

mudy3un cooTBETCTBYET KoapduiueHTy auddysun boma.

Words and expressions to help:
pasnuunbie kojeOanus - different oscillations

ONIPOKHUHYTHIN cTakaH - the overturned glass

MelikoMaciTaOHble HeycToruuBocTH - Small-scale instability
CIIy9aliHBIMH KoJieOaHusMH IIoTHOCTH - accidental fluctuations of density
ciyuaiiHbie Oy manus - random wandering

BPEMCHS pacKkauky HeycToianBocTH - instability swing time

BpeMs 3aTyxaHus - attenuation time

GRAMMAR POINT

Study the words which are often confused and do the exercises.
Mistake error slip slip-up mix-up oversight howler blunder
Mistake — something incorrect that you do, say or write without intending to.
Example: Your essay is full of mistakes.
Error — (a mistake) — use this especially to talk about mistakes in calculating or in
using
language, system or computer.
Example: An error occurred in the processing of the data.
Human error — when a mistake is caused by people, not a machine.

Example: The accident was caused by human error.
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Slip —a small unimportant mistake that is easy to make.

Example: Don’t worry, we all make slips from time to time.
Slip-up — a careless mistake that may spoil a plan or progress

Example: This whole situation only happened because of a slip-up by
the bank.
Mix-up — a careless mistake that causes confusion about details, for example
someone’s name, the time of a meeting etc.

Example: There was a mix-up over the train times and | arrived two
hours late.
Oversight — a mistake that you make by not noticing something or by forgetting to
do something.

Example: | am sure it was just an oversight that your name was not on
the list.
Howler — a very bad mistake, especially one that shows you do not know
something.

Example: He read out a selection of howlers from student’s exam
answers.
Blunder — a stupid mistake caused by not thinking carefully enough about what
you are saying or doing, which could have very serious results.

Example: It seems to be another public relations blunder by the
government.
Fixed expressions:
Spelling mistake, typing error, human error, computer error

Exercise 8.1. Match the word with the Russian equivalent

1 | Mistake A | mpomax

2 | Error B | omtontHOCTH, OmmbKa

3 |Slip C | HemocMoTp

4 | Slip-up D | ommb0ka, 3a0yKIeHHE

5 | mix-up E | ommOka, Hemopa3yMeHHE
6 | Oversight F | rpy0as ommbka, mpocueT
7 | Howler G | myraHuma

8 | blunder H | omtomHoCTH

150



Exercise 8.2. Choose which of the options fits each gap.

mistake error slip slip-up mix-up oversight howler blunder

1. She stopped, finally aware of the terrible................ she had made.

2. Celia corrected.................... with a pen.

3. People doing this kind of precision work can’t afford to make the
slightest.............. :

4. I’m afraid there’s been a................. in the booking. We were expecting
you tomorrow.

5. If we were going to win the contract, we can’t afford any
1010 (R :

6. Due to an administrative..................... , several members of the staff did
not receive pay checks this month.

7. Many teachers collect................... from students essays.

Task 8.6. RENDERING PRACTICE
Preparation for rendering: Read the text / Find key words / Make up a plan / Retell

the text in your own words.

Simulations tackle abrupt massive migrations of energetic beam ions in a
tokamak plasma.

In the 2030s, large-scale fusion experiments with magnetically confined
deuterium-tritium plasmas will be performed at the ITER tokamak, which is
currently under construction in France. These experiments will test the idea of a
self-sustained fusion plasma, where the energy deposited by fusion-born
3.5MeV alpha particles eliminates the need for external heating. In order to
ignite the plasma, however, a large amount of external heating will still be
required, including a set of powerful negative-ion-based neutral beams (N-NB).
Until now, the first and only tokamak equipped with such a system was JT-60U,
which operated during 1985-2008 in Naka-city some 100 km north of
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Tokyo/Japan. The two N-NB lines in JT-60U were able to accelerate deuterium
to energies as high as 400 keV at a combined power of up to 5 MW. Its successor
JT-60SA, which is scheduled to begin operation in 2020, will be equipped with
an upgraded N-NB system designed to achieve 500 keV acceleration at 10 MW.

The N-NB-driven plasmas in JT-60U were found to exhibit short but intense
perturbations dubbed abrupt large-amplitude events (ALE). During an ALE, the
magnetic fluctuations can reach amplitudes 10 times larger than what is seen
between these events. Figure 1 shows a typical example. Following the first
observations of ALEs in the late 1990s, intensive studies during subsequent
experimental campaigns revealed that ALEs are usually accompanied by a
massive migration of energetic deuterons from the plasma core into the
periphery. Since both JT-60SA and ITER will heavily rely on N-NB drive, it is
important to understand ALE-like relaxation events and develop the ability to
predict their occurrence in future experiments.

The current theoretical understanding is as follows. Since N-NBs are injected
tangentially into the plasma torus, as illustrated in Fig. 2, the beam ions are
deposited with a steep density gradient and in a narrow range of pitch angles.
Moreover, the velocity of fully accelerated ions is near or beyond the plasma’s
Alfvén velocity. Under such conditions, and because the beam ions gradually
slow down due to collisions with electrons, many particles will have a chance to
interact with shear Alfvén waves through efficient transit resonances. Such a
resonance occurs whenever the guiding centre velocity of the particle matches
the local phase velocity of an Alfvén wave. The combination of a steep beam ion
density gradient and efficient resonant drive can cause the waves to form
globally coherent structures that withstand phase mixing (continuum damping)
and reach large amplitudes. An example of such a wave field is also shown in
Fig. 2.
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This fundamental wave—particle interaction process can produce a large variety
of phenomena in magnetised plasmas and has also analogies in other areas of
physics. The particular phenomenology depends on the magnetic geometry,
plasma parameters and the distribution of energetic ions, so that numerical

simulations are usually needed to determine the response of a particular system.

Previous numerical studies aiming for an explanation of ALEs used educated
guesses for what the energetic ion distribution may look like shortly before an
ALE. The simulation codes used in those studies employed efficient hybrid
models, where the thermalized (<10keV)(<10keV) bulk plasma is described as a
magnetic hydrodynamic (MHD) fluid and the gyro averaged motion of energetic
ions (>10keV)(>10keV) is simulated using the particle-in-cell (PIC) method.
These studies have given us valuable insights concerning the response of the
plasma on relatively short time scales of 1 ms or less. With suitably chosen
initial conditions, it has even been possible to reproduce the experimentally
observed abrupt flattening of the energetic ion density profile.

Until now, the spatial and velocity distribution of the N-NB ions has been
computed using orbit-following Monte-Carlo (OFMC) simulations, which did
not account for any MHD activity. When the OFMC simulation result was used
as an initial condition for the N-NB ion distribution in a hybrid simulation, the
MHD fluctuation grew excessively large. The initial energetic ion pressure had
to be reduced artificially by about a factor 2 in order for the hybrid simulation to
reproduce the relative drop in the energetic ion pressure that had been inferred
from neutron measurements before and after an ALE in a JT-60U experiment.

153



Task 8.7. Match the words with their meaning.

1 sustained (ad)) A (of a slope, flight of stairs, angle, ascent, etc.) rising or
falling sharply; nearly perpendicular.

2 dubbed (v) B remain undamaged or unaffected by; resist.

3 steep (adj) C continuing for an extended period or without
interruption.

4 pitch (n) D make or become flat or flatter.

5 shear (n) E give an unofficial name or nickname to (someone or
something).

6 withstand (v) F deduce or conclude (information) from evidence and
reasoning rather than from explicit statements.

7 abrupt (adj) G of or relating to space.

8 flatten (v) H the steepness of a slope, especially of a roof.

9 spatial (adj) | sharp; precipitous.

10 inferred (v) J a strain in the structure of a substance produced by
pressure, when its layers are laterally shifted in relation to
each other.

Task 8.8. Work in pairs. Make up 5 questions on the text and address
them to your partner.

Task 8.9. Discuss the text with your partner.
Task 8.10. Create an infographics or a mind map based on the information

you have read. Present it to the group in the classroom. You may use the

websites: https://www.mindmeister.com

https://coggle.it

Task 8.11.  Study the following information and do exercises

Describing graphs

Graphs have a number of uses in physics:
- they give an immediate, visual display of the relationship between
physical quantities;
- they enable the values of quantities to be determined,;
- they can be used to confirm or disprove a hypothesis about the

relationship between variables.
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Here are some words and phrases you need to describe graphs.

verbs nouns
UP go up; take off; shoot up; soar; an increase; arise; a
jump; increase; rise; grow; growth; asurge; an
Improve; rocket Improvement; an

upturn; anupsurge; an
upward trend

DOWN go/come down; fall; fall off; drop; |afall adecrease a

slump; decline; decrease; slip; decline adrop a
plumme;t shrink downturn a downward
trend
NO remain stable; level off; stay at the
CHANGE | same level; remain constant; stagnate
stabilize
AT THE |reach a peak; peak; top up peak

TOP

AT THE | reach a low point; bottom out
BOTTOM | recover

adjectives adverbs
DEGREES | dramatic considerable dramatically considerably
OF sharp significant sharply significantly
CHANGE | substantial moderate substantially moderately slightly
slight

SPEED OF CHANGE abrupt sudden rapid quick steady gradual slow

PREPOSITIONS arise from ...to... to increase by... to fall by... an

increase of 10 per cent over the previous experiment

Exercise 8.11.1.  Describe the following graphs:

155



-
o

o = N W b a o N o© ©
L L L L L L L L L

Task 8.12. Academic Writing

Study the information on academic writing skills and do the tasks and
exercises.

8.12.1. Impersonal constructions accounting for backgrounds:

Task 8.12.1. Find Russian equivalents and make up sentences of your own with
the following phrases.
Itis ...common knowledge (experience )
.. well known/ commonplace that...
... a matter of common observation...
.. generally agreed/ accepted that...
... claimed /being claimed
It is taken for granted that...
It is not entirely clear...
It is encouraging that...
It is hoped that...
It turns out/ proves to be ...
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It would be of great interest to ...

8.12.2. Focusing:
Task 8.12.2. Find Russian equivalents and make up sentences of your own with
the following phrases:
This ...implies/ proves/ shows/ yields/
...IS meant to support our theory
...will allow me to propose...
...offers a way of
...1s another way of approaching ...

8.12.3. Commenting and demonstrating intentions:

Task 8.12.3. Find Russian equivalents and make up sentences of your own with
the following phrases.

...t is important to view...

...1t 1s particularly necessary to underline...

...1t seems impossible ...

...it will be shown that...

...1t 1s easy/ (not) hard/ relatively simple to demonstrate/show/ prove/
verify that...

...1t must be recognized that...

...to make a distinction between ...one should...

...1t may be difficult to understand ...

...1t can be/ is (not) easily shown/ proved...

...on further examination it was discovered that ...

...to grasp this point we must...

...in order to achieve/ clarify...it is necessary to ...

...to argue this, 1’d like to...

.. it is not sufficient to define ...

8.12.4. Evaluating and prospecting:
Task 8.12.4. Find Russian equivalents and make up sentences of your own with
the following phrases.
It is appropriate/ convenient/ desirable/ essential...
... to start with...
... to present/ to outline /to show...
It is ...fair/ fruitful/ helpful/ important/ instructive/ interesting/ logical to...
It is ...natural/ proper/ reasonable/ sensible to mention that...
It is ...safe/ suitable/ useful/ wise/ to introduce some terminology/definitions.
It is ...informative to turn to...
...wise to begin with ...
... natural to recognize (conclude) that ...
It seems ...
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...fair to say
...Important to emphasize that...
...logical to ask whether ...
It would be
...reasonable to assume that...
...safe to predict that ...
It might be helpful to examine ...
It is essential to make clear/ to see that ...
It is (not) good (enough) to appeal to ...
It is (none the less) clear that ...
It became/ 1s (not) clear/ obvious that...
It is/ seems (quite) logical (to assume) ... that...
It is difficult/ possible to imagine that...
It is evident/ self-evident (for us)/ (un)likely/ (highly) probable that...

8.12.5. Choosing and stating:
Task 8.12.5. Find Russian equivalents and make up sentences of your own with
the following phrases.
- It appears (seems/ may be/ is) fair/ reasonable to say that ...
- It is (would be) accurate to say that...
- It goes without saying that...
- It is (not even a half) truth to say that...
- It's often easier to do ... than...
- Indoing ...it is better to use...
- Instead of working in terms of ...it is more convenient to introduce...
- It might be less confusing to use the theory...
- In order to measure ...it is crucial to calculate...
- In conclusion, it may be said that ...

8.12.6. Arguing by negation
Task 8.12.6. Find Russian equivalents and make up sentences of your own with
the following phrases.

- It is beyond the scope of this paper

- Itis not my purpose/ the purpose of this article

- It is doubtful/ seems unlikely that this theory ...

- Itisin principle impossible

- It would not be productive

- It is thus not surprising

- It needs no argument that...

- It is misleading/ nonsensical/ pointless/ not correct/ an error to focus only

on...
- It would not be adequate to regard/ consider...
- It cannot/ can hardly be denied that..

8.12.7. Arguing by inversion:
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Task 8.12.7. Find Russian equivalents and make up sentences of your own with
the following phrases:

- It is here where these effects are most important.

- Itis in this area of inquiry that much of the terminology originates.

- It is one of the basic principles of ...

- Itis exactly the case.

- It is precisely this that distinguishes...

- Itis our aim to...

8.12.8. Parenthesis :
Task 8.12.8. Find Russian equivalents and make up sentences of your own with
the following phrases:

a) connecting :

- Inview of...

- From this point of view
- Inabroad sense
- In this connection
- In particular
- In detail
- In this framework...
- In our current conception...
- Inresponse to this....
- In practice, ...
- With regard to, ...
- In discussing/ surveying ...
- From this perspective, let us re-examine...
- Methodologically/ Technically, ...this seems to be...
- In any area of science, there will be issues ...

b) explaining:
- Given the notion/ limitation/ difficulty of...we can explain...
- Given the fact that...the conclusion is evident
- Given that, we can extend the interpretation of
- With regard to...a certain clarification is necessary.
- Following ... we will refer to...as ...
- By exploring this paradigm,
- Admittedly, this problem is not new.
- Presumably/ That is to say,...
- Under certain/ experimental circumstances...
- In these (other) cases...
- According to the analysis given here...
- To this end,...

c) comparing and inferring:
- Accordingly/ alternatively/ equally/ equivalently/ similarly
- Likewise/ otherwise/ conversely/ consequently,
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- By analogy/ contrast
- Because of this/ for this reason/ for the present,
- As compared with / in comparison with / as follows from ...
- As aresult (consequence)
- In this respect...
- As always...
- But/ however/ at best/ at the same time/ nevertheless/ still,
- Therefore/ hence/ so/ then/ thus/ whence/ on the contrary,
- On the one hand/ on the other hand...
- From the other side,...
- In reality/ In the latter (that/ this) case,
d) generalizing:
- Generally/ Typically/ Essentially/ Naturally/ Most important/ In general,
- On amore general level/ In a more general context,
- Typically, in other words/ As a general rule/ First of all,
- In effect/ In essence/ In a word/ In brief/ To simplify,
- In principle/ Seen as a whole
- In any case,
- To summarize the ideas...
e) succession:
- To begin with/ Next/ Again/ To repeat,...
- First(ly)/ Second(ly)/ Third(ly),...
- Ultimately/ In closing/ Finally,...
- In short/ In summary /To summarize,...
- At this point,...
- Continuing in the same way,...
- Before looking at this matter, however, ...
- Before we go into these problems,..
- Asfor.../ Asfaras ... is concerned...
- Regarding .../ Apart from .../ Leaving aside.../ As matters stand,...
- To my very limited knowledge,...
- As far as we are aware,...
- In considering ...
- In looking ahead and planning the work...
f) additions and appositions:
- What’s more/Further/ Furthermore/ Moreover/ Besides/ Also/ In addition
to...
- Above all/ After all/ Indeed/ Actually/ Virtually/ Rather
- In these terms/ In other words,
- In fact/ That is/ Namely/ More correctly,
- In abbreviated form,......
- Roughly/ strictly speaking, ...
- Inaway,...
- This means...
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J) attitudes:
- Clearly/ Evidently/ Interestingly (enough)/ Fortunately/ Regrettably,
- To be sure/ Little wonder/ Surprisingly,
- Obviously/ Surely/ Understandably,
- In our opinion,
- Unfortunately,
- Regrettably,

8.12.9. Interrogating:
Task 8.12.9. Find Russian equivalents and make up sentences of your own with
the following phrases:

- Can we say...?

- What does it mean to say...?

- How can we begin to understand that...?

- We can frame the question as follows:

- There are some questions...:

- There are two crucial questions here...

- The question is whether ...

8.12.10. Parameters and quantity intensifiers:

Task 8.12.10. Make up your own sentences using phrases expressing parameters
and quantity intensifiers:

multitude, cost, considerable, extensive, frequent, global, enormous, length,
infinite, pressure, multiple, rate, size, speed, weight; measure, parameter, value,
degree, extent, range, scope, numerous, voluminous, single, to cost, weigh, to
measure, stabilize, underscore.

Task 8.12.11. You are going to write a brief summary of you scientific article to
present it to your scientific supervisor. Ty to do your best to present it in an
adequate form briefly and logically organized. Use connectors and link words as
far as different speech patterns and rhetorical devices.

CONSOLIDATION

Summarize your thoughts on the scientific problems of the part
g PLASMA PHYSICS and write an essay (200-250 words).

Are you creative enough to prepare a presentation (3-5 minutes) on
6221 any problem relevant to the subject of plasma physics? If you are, just
do it via the Internet and PowerPoint.
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CamocTosiTesibHasi pad0oTa CTYyJIECHTOB B KOMIILIOTEPHOI 00y4aromiel cpee

Opranuszanusi caMOCTOATENBHON padOThl CTYJEHTOB C HCIIOJIb30BaHUEM
KOMITBIOTEPHBIX TEXHOJIOTUH SBIISIETCSI OCOOCHHO aKTyalIbHOM, TIOCKOJIBKY B
y4eOHBIX IUTAHAX TEXHUYECKUX (aKyIbTETOB OTBOJUTCS Majl0 BpPEMEHU Ha
ayJUTOPHOE N3y4YEHUE NMHOCTPAHHOTO SI3BIKA.

[TonroToBka CTYAEHTOB K HAy4YHO-HCCIEIOBATENBCKOM paboTe Takke
MOJIpa3yMeBaeT Pa3BUTHE HABBIKOB IOJH30BAHUS SJICKTPOHHBIMU PECYPCAMHU.
[IpuBenenHas HUXKe TabIUIA C KPATKHUM OMHCAHUEM BO3MOYKHOCTEH 3JIEKTPOHHBIX

PECYpPCOB OMOKET OPUEHTUPOBATHCS B MOTOKE MH(POPMAIIMOHHBIX CANTOB.

Ne Buna pecypca Kparkoe onucanue

1. | IIporpammel MAIIMHHOTO | JlaHHBIE MHTEPHET-PECYPCHI
nepesoja PROMT, Google- | 3HakomsT c Pa3IMYHBIMU
translate u ap. IpOrpaMMaMy MAaIIMHHOTO NEPEBOJA,

4TO HacT BO3MOKHOCTL IIPOBCACHUA
CPaBHUTCIIbHOT'O daHaJIi3a
HCIIOJIBb30BaHUA Pa3INIHBIX

pOrpaMM-NePEBOTUUKOB.

2. | http://www.intute.ac.uk/ JlaHHBIN pecypc MpeacTaBiseT co0oM

oOmupHy0 0a3y JaHHBIX, B KOTOPOW
uMeeTCs IITUPOKAST KOJUTCKITUS
pazHooOpazHoi  WHGOpMAMK IO
Pa3IMYHBIM JUCIUIUITMHAM U cdepam
nearenbHocTH. Kpome Toro, Ha
JaHHOM CalWTe€ MOXHO HaWTH U
apyrue TIOJIC3HBIC CEPBUCHI,

Hampumep, internet training, virtual
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training suite u T.1I.

http://www.academicearth.org/

Ha  pmannOM MHTEPHET-pPECypce
IpEICTaBlICHa IUPOKas IMOJ00pKa
BUJICO W  ayJdOMaTepHAIOB  TIO
Pa3IMYHBIM y9€OHBIM TUCIUTIINHAM,
MPEACTABISIONIMX COO00M TOAOOPKY

nekuui. Ha ocHoBe Marepuasios

JQHHOTO pecypca BO3MOKHO
CO37aHue [IpEe3EHTALUN 51
MIPOBEJICHUE JTACKYPCUBHOTO
aHaJIN3a.

http://www.abc.net.au/rn/sciencesh

ow/

http://www.podfeed.net/

http://www.bbc.co.uk/

[IpuBeneHHBIE  HMHTEPHET-PECYPCHI
oOnagaroT  OOMMPHBIMH  Oa3zaMu
JaHHBIX 1O ayaupoBanuto. Ha
NIEPBOM caliTe UMEeTCsl ayIMO03aIuCH,
CBSI3aHHBICE C HAy4YHOU TEMATHUKOM.
Bropoii MHTEPHET-PECYPC
MPENCTaBIAeT CO0OM  MOCTOSITHHO
O0OHOBIISIEMYIO KOJIJICKITHIO
MOJKACTOB MO CaMbIM aKTyaJIbHbIM
TeéMaM COBPEMEHHOCTU. TpeTui caut
MO3BOJISICT ayMpoBaTh

panuonporpammsl BBC.

http://info.ox.ac.uk/bnc

bpuTaHckuii HalMOHAJIBHBIA KOPITYC,
HACUYUTHIBAIOIINI OoJiee MMJIITMOHA
cioB. CalT MO3BOJISIET MOJYYUTH

uHpopmanmro 00  ynorpeOiaeHUU
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11000r0 CJI0OBa WM CIIOBOCOYETaHMS
B pPa3HbIX KOHTEKCTax. ITocne
BBEJACHUS  HMCKOMOIO  CJIOBA B
IIOMCKOBBI  JKpaH  II0JIb30BATEIb
nosygaer g0 S50  ayTEeHTHYHBIX
npemnoxennii u3  bHK, xoropsie
MOTYT UCII0JIb30BAThCS TUISL

IepeBoaa, COCTAaBJIICHHUA IJIOCCaApUsd U

T. 1.
http://www.lextutor.ca/ Caiir COJICPIKUT 00JIBIIIOE
KOJINYECTBO pa3IMYHOM
uHbOpMAaIUH, [IOJIE3HOU UL
CaMOCTOSITEIILHOTO U3yUCHHS

aHrauickoro si3pika. C  MOMOIIBIO
JAHHOI'O calTa MOKHO IIPOBEPHUTH
CBOM 3HAHHs, ITOCTOSSHHO 00OTaIaTh
JIEKCUYECKUM 3amac ¢  IOMOIIbIO
Pa3IMYHBIX YIPAKHEHUW U YTCHUS U
MPOCTYIITUBAHUS JIUTEPATYPHBIX

MPOU3BEICHUMN.

http://www.thesaurus.com/

Pecypc s moucka omnpeneneHuin

CJIOB, UX CHHOHHUMOB 11 aHTOHHUMOB

http://www.merriam-webster.com/

Pecypc mis mnoucka onpeneneHuin
CJIOB, ux ATUMOJIOTUHU u

IMPONU3HOIICHMA.

http://www.multitran.ru/

DONEeKTpOHHBIE  CJOBapH, MPUYEM
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http://lingvo.abbyyonline.com/

MyneTuTpan  siBIsieTcss  Haubolee

3(PEeKTUBHBIM PECYpPCOM

10

http://www.concordancesoftware.c

0.uk/

[IporpaMMbI-KOHKOpAAHCH pabOTaIOT
¢ OoJpIIMMH OOBEMAMH TEKCTOB,
oOecrieynBas JTAaHHBIC T10
YaCTOTHOCTH  CIOB U 1704
COYETaEeMOCTH, MIPEICTABIICHHE

3aJaHHOT'O CJIOBA B KOHTCKCTC U T.I.

11

http://www.linqua.spbstu.tu/

DNeKTpoHHBIA pecypc (axynbTeTa
WHOCTPAHHBIX SI3BIKOB, B YaCTHOCTH
kadeapelr No2, wumeeT OOMMPHBIN
paszen 1Mo rpaMMaTHKE aHTJIMHCKOTO
S3bIKa, B KOTOPOM TeOpeTHuecKas
9acTh COTIPOBOXK/TACTCS
yIpaKHCHUSMH TUTST

CaMOCTOSITEIIbHON paOOTHI.
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KEYS

Unit 1

Task1.3 a-2, b-5 ~c¢—-4, d-3, e-1 f-6

Task 1.4 1-subjectto 2 - fluctuations 3—juggle 4 -modify 5-
fluctuations 6 —environment 7 —motility 8 — transcription 9 — propulsion
10 —diffusion 11 —motions 12 -owingto 13 —techniques 14—
scattering 15 —scattering 16 —tracking 17 — motility 18 — foundations
Task 1.9 Video script.

Published on Sep 8, 2015
"Plasma” is one of the four fundamental states of matter, the others being solid, liquid, and gas.

A plasma has properties unlike those of the other states.

A plasma can be created by heating a gas or subjecting it to a strong electromagnetic field
applied with a laser or microwave generator. This decreases or increases the number of electrons,
creating positive or negative charged particles called ions, and is accompanied by the
dissociation of molecular bonds, if present.

The presence of a significant number of charge carriers makes plasma electrically conductive so
that it responds strongly to electromagnetic fields. Like gas, plasma does not have a definite
shape or a definite volume unless enclosed in a container. Unlike gas, under the influence of a
magnetic field, it may form structures such as filaments, beams and double layers.

Plasma is the most abundant form of ordinary matter in the Universe , most of which is in the
rarefied intergalactic regions, particularly the intracluster medium, and in stars, including the
Sun. A common form of plasmas on Earth is seen in neon signs.

Much of the understanding of plasmas has come from the pursuit of controlled nuclear fusion
and fusion power, for which plasma physics provides the scientific basis. Plasma is loosely
described as an electrically neutral medium of unbound positive and negative particles . It is
important to note that although they are unbound, these particles are not ‘free’ in the sense of not
experiencing forces. When the charges move, they generate electric currents with magnetic
fields, and as a result, they are affected by each other’s fields. This governs their collective
behavior with many degrees of freedom. A definition can have three criteria:

Unit 2

Task23 a-2, b-7, ¢c-3, d-6, e-8 f-1, g-5 h-4
Task 2.4 1-—progress 2-step 3-—pace 4-track

Task26 1-a 2-b 3-c 4-a 5-b 6-c¢c 7-b 8-a 9-a
10-c
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Task7.12 1-B, 2-F, 3—-H, 4-E, 5-B, 6-A, 7-1, 8-J, 9-G, 10
-D

Unit 3

Task35 1-b 2-a 3-¢c 4-b 5—-¢c 6-a 7-¢c 8-b 9-a 10-b
11—a 12—-b
Task 3.10 Video script

The Princeton Plasma Physics Laboratory - Advancing Fusion and Plasma Science

Published on Feb 28, 2014

The Princeton Plasma Physics Laboratory (PPPL) is a world leader in the coupled fields of
fusion and plasma science. Top researchers are making new discoveries that will help develop
fusion energy as a safe, clean, and virtually limitless source for generating electricity for the
world. The National Spherical Torus Experiment Upgrade (NSTX-U) will greatly enhance
national and global fusion research. As a national laboratory funded by the U.S. Department of
Energy and managed by Princeton University, PPPL has access to some of the best minds and
technologies in the world and attracts graduate students who are eager to engage in the mission
of developing fusion energy.

Unit 4

Task43 a—-4 b-3 ¢c-6 d-8 e-5 f-2 g-7 h-1
Task45 1-d 2-b 3-b 4-a 5-a 6-¢c 7-d 8-a 9-c
10-Db

Task47 1-b 2-a 3-b 4-c¢c 5-c

Task 4.11 Video script

How Close Are We to Fusion Energy?

Published on Aug 16, 2018
Fusion energy might be the safe, efficient, reliable and clean energy source that could save our
planet. But, how close are we to a world where fusion energy is powering our homes?

Unit 5

Task53 1-i 2-j 3-d 4-h 5-a 6-¢c 7-e 8-g 9-f
10-b 11-k

Task5.4 1-rotating 2-—center 3-—star 4-since 5-light 6-—size
7—tell 8—feature 9-—prism 10-—colors 11 -rainbow 12— spectrum
13 —spectra 14 —brightness 15 —opaque 16 —temperature 17 — means
18 —vary from 19 — chemical 20 — atmosphere
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Task 5.5.1 1-—factor 2 —aspect 3-topic 4-theme 5-point 6-case 7
— question

Task 5.5.2 1-—declined 2-disowned 3-rejected 4 -—dissented 5-—
defined

Task 5.5.3 1-regard 2 - consideration 3—relation 4 —view

Task 5.10 Video script

How Tokamak Research is Paving the Way for Successful Fusion Energy Reactors | Rachel
McDermott

Published on Feb 18, 2013

Breaking the Wall to  Control Fusion  Power, Falling  Walls  2012:
Following the dream of fusion power, which would provide humanity with the same abundant
energy as produced by the sun, scientific research is focusing on creating and controlling high-
temperature, burning plasma, as it exists in stars, using deuterium, a type of hydrogen abundant
in the oceans. Significant progress toward this goal has been made in the area of tokamak
research that aims to confine the plasma through magnetic fields and provide the basis for ITER,
the next-step fusion device already presented at the 2009 Falling Walls. New technologies have
been developed to protect the walls of fusion reactors against temperatures of 200 million
degrees. Fusion scientist Rachael McDermott received her PhD in Plasma Physics and Fusion
Technology from the Department of Nuclear Science and Engineering at the Massachusetts
Institute of Technology. She is now a member of the ASDEX Upgrade team, a tokamak project
of the Max-Planck-Institut fir Plasmaphysik, and of the Helmholtz Association
Nachwuchsgruppe, and presented in 15 minutes, the most recent advances on the journey to the
ultimate clean energy source.

Unit 6

Task6.3 1-1, 2-C, 3—-A, 4-F, 5-H, 6-J), 7-B, 8—-E, 9-G, 10
-D

Task 6.4 1.to, 2in, 3at, 4with, 5in,

Task65 1-b 2-g 3-h 4-d 5-5 6-f 7-i 8-e 9-c
10-a

Ex. 6.1 1 -disorder 2 — misplacement 3 — independence 4 — decrease 5 -
misapplication 6 - disability 7 - im/disbalance 8 - im possibility 9 -
irrationality 10 - indecent

Ex. 6.2 1-dissatisfied 2-—unusual 3-unfair 4-—insoluble 5 -—invalid

6 —unavoidable 7 — illogic 8 —unexplored 9 -—denitrifying 10—
dehydrated 11 — mispronounce 12 - misunderstood

Ex.6.3 1—-is 2—is 3—aren’t 4—vary 5—has 6—have 7—is 8 —has 9—
has 10 —were
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Task6.8 1-G, 2-E, 3-1, 4-A, 5-H, 6-B, 7-F, 8-D, 9-J, 10
-C

Unit 7

Task73 1-B, 2-F, 3-H, 4-E, 5-B, 6-A, 7-I, 8-J, 9-G,
10-D

Ex. 711 1-so 2-so 3-such 4-so 5-so0 6-such 7-so 8
—-s0 9-such 10-such 1-so 12-such

Ex.73 1-c¢,2-¢,3-¢,4-4,5-b,6-b,7-¢,8-b,9-b,10-bandc
Ex. 7.5 1-transparent/clear, smooth shiny; 2 — rough powdery; 3 — corrugated;
4 — matt black; 5 — bright shiny silvery;6 - rough abrasive; 7 - coarse grainy; 8 —
smooth matt

Ex. 7.7 melting, melting; freezing, freezing; boiling, boiling; liquid, liquid;
vapor, vaporous

Ex. 7.8 1 - heated, melts; 2 — cooled, freezes; 3 — heated, boils; 4- liquefy; 5 —
solidify; 6 — vaporize
Ex. 7.9 weaken, weakness; toughen, toughness; soften, softness; harden,
hardness; roughen, roughness; coarsen; coarseness
Ex.7.10 1-hard; hardened; heated; cooled; hardened; brittleness;
hardened;

2 —re-heated; low; quenched; hardened; heated
Ex. 7.13 1 - melting point 2 — boiling point 3 —solidifies 4 — liquefies 5 -
vapour, evaporates, vaporizes, condenses.
Ex7.14 1-e,2-b;3-a;4-f,5-d;6-cC

Unit 8
Task83 1-B, 2-D, 3—-F, 4-J), 5-A, 6-H, 7-C, 8—1, 9-G,
10-E

Ex.81 1-e 2-d 3-a 4-h 5-g 6-c 7-b 8-f

Ex.8.2 1-blunder 2-—mistake 3—slip 4 —mix-up 5—slip-up 6 — oversight
7 —howlers

Task87 1-C, 2-E, 3-A, 4-H, 5-J, 6-B, 7-1, 8-D, 9-F
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APPENDIX
SOME PUNCTUATION RULES IN WRITING

1. Spacing with Punctuation.

Rule 1

With a computer, use only one space following periods, commas, semicolons,
colons, exclamation points, question marks, and quotation marks. The space
needed after these punctuation marks is proportioned automatically.

Rule 2

Use no spaces on either side of a hyphen.
Example:
We borrowed twenty-three sheets of paper.

2. Periods
Rule 1. Use a period at the end of a complete sentence that is a statement.

Example: | know him well.

Rule 2. If the last item in the sentence is an abbreviation that ends in a period, do
not follow it with another period.

Incorrect: This is Alice Smith, M.D..
Correct: This is Alice Smith, M.D.
Correct: Please shop, cook, etc. We will do the laundry.

Rule 3. Question marks and exclamation points replace and eliminate periods at the
end of a sentence.

3. Commas

Commas and periods are the most frequently used punctuation marks. Commas
customarily indicate a brief pause; they're not as final as periods.
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Rule 1. Use commas to separate words and word groups in a simple series of three
or more items.

Example: My estate goes to my husband, son, daughter-in-law, and nephew.

Note: When the last comma in a series comes before and or or (after daughter-in-
law in the above example), it is known as the Oxford comma. Most newspapers
and magazines drop the Oxford comma in a simple series, apparently feeling it's
unnecessary. However, omission of the Oxford comma can sometimes lead to
misunderstandings.

Example: We had coffee, cheese and crackers and grapes.

Adding a comma after crackers makes it clear that cheese and crackers represents
one dish. In cases like this, clarity demands the Oxford comma.

We had coffee, cheese and crackers, and grapes.

Fiction and nonfiction books generally prefer the Oxford comma. Writers must
decide Oxford or no Oxford and not switch back and forth, except when omitting
the Oxford comma could cause confusion as in the cheese and crackers example.

Rule 2. Use a comma to separate two adjectives when the order of the adjectives is
interchangeable.

Example: He is a strong, healthy man.
We could also say healthy, strong man.

Example: We stayed at an expensive summer resort.
We would not say summer expensive resort, So no comma.

Another way to determine if a comma is needed is to mentally put and between the
two adjectives. If the result still makes sense, add the comma. In the examples
above, a strong and healthy man makes sense, but an expensive and summer
resort does not.
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Rule 3a. Many inexperienced writers run two independent clauses together by
using a comma instead of a period. This results in the dreaded run-on sentence or,
more technically, a comma splice.

Incorrect: He walked all the way home, he shut the door.
There are several simple remedies:
Correct: He walked all the way home. He shut the door.

Correct: After he walked all the way home, he shut the door.
Correct: He walked all the way home, and he shut the door.

Rule 3b. In sentences where two independent clauses are joined by connectors
such as and, or, but, etc., put a comma at the end of the first clause.

Incorrect: He walked all the way home and he shut the door.
Correct: He walked all the way home, and he shut the door.

Some writers omit the comma if the clauses are both quite short:

Example: | paint and he writes.

Rule 3c. If the subject does not appear in front of the second verb, a comma is
generally unnecessary.

Example: He thought quickly but still did not answer correctly.

But sometimes a comma in this situation is necessary to avoid confusion.

Confusing: | saw that she was busy and prepared to leave.
Clearer with comma: | saw that she was busy, and prepared to leave.

Without a comma, the reader is liable to think that "she" was the one who was
prepared to leave.

Rule 4a. When starting a sentence with a dependent clause, use a comma after it.
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Example: If you are not sure about this, let me know now.
Follow the same policy with introductory phrases.
Example: Having finally arrived in town, we went shopping.

However, if the introductory phrase is clear and brief (three or four words), the
comma is optional.

Example: When in town we go shopping.
But always add a comma if it would avoid confusion.

Example: Last Sunday, evening classes were cancelled. (The comma prevents
a misreading.)

When an introductory phrase begins with a preposition, a comma may not be
necessary even if the phrase contains more than three or four words.

Example: Into the sparkling crystal ball he gazed.

If such a phrase contains more than one preposition, a comma may be
used unless a verb immediately follows the phrase.

Examples:

Between your house on Main Street and my house on Grand Avenue, the
mayor's mansion stands proudly.

Between your house on Main Street and my house on Grand Avenue is the
mayor's mansion.

Rule 4b. A comma is usually unnecessary when the sentence starts with an
independent clause followed by a dependent clause.

Example: Let me know now if you are not sure about this.

Rule 5. Use commas to set off nonessential words, clauses, and phrases.
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Incorrect: Jill who is my sister shut the door.
Correct: Jill, who is my sister, shut the door.

Incorrect: The man knowing it was late hurried home.
Correct: The man, knowing it was late, hurried home.

In the preceding examples, note the comma after sister and late. Nonessential
words, clauses, and phrases that occur midsentence must be enclosed by commas.
The closing comma is called an appositive comma. Many writers forget to add
this important comma. Following are two instances of the need for an appositive
comma with one or more nouns.

Incorrect: My best friend, Joe arrived.
Correct: My best friend, Joe, arrived.

Incorrect: The three items, a book, a pen, and paper were on the table.
Correct: The three items, a book, a pen, and paper, were on the table.

Rule 6. If something or someone is sufficiently identified, the description that
follows is considered nonessential and should be surrounded by commas.

Examples:
Freddy, who has a limp, was in an auto accident.
If we already know which Freddy is meant, the description is not essential.

The boy who has a limp was in an auto accident.
We do not know which boy is meant without further description; therefore, no
commas are used.
This leads to a persistent problem. Look at the following sentence:
Example: My brother Bill is here.

Now, see how adding two commas changes that sentence's meaning:

Example: My brother, Bill, is here.
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Careful writers and readers understand that the first sentence means | have more
than one brother. The commas in the second sentence mean that Bill is my only
brother.

Why? In the first sentence, Bill is essential information: it identifies which of my
two (or more) brothers I'm speaking of. This is why no commas enclose Bill.

In the second sentence, Bill is nonessential information—whom else but Bill could
I mean?—hence the commas.

Comma misuse is nothing to take lightly. It can lead to a train wreck like this:
Example: Mark Twain's book, Tom Sawyer, is a delight.

Because of the commas, that sentence states that Twain wrote only one book. In
fact, he wrote more than two dozen of them.

Rule 7a. Use a comma after certain words that introduce a sentence, such as well,
yes, why, hello, hey, etc.

Examples:
Why, | can't believe this!
No, you can't have a dollar.

Rule 7b. Use commas to set off expressions that interrupt the sentence flow
(nevertheless, after all, by the way, on the other hand, however, etc.).

Example: | am, by the way, very nervous about this.

Rule 8. Use commas to set off the name, nickname, term of endearment, or title of
a person directly addressed.

Examples:

Will you, Aisha, do that assignment for me?
Yes, old friend, I will.

Good day, Captain.
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Rule 9. Use a comma to separate the day of the month from the year, and—what
most people forget!—always put one after the year, also.

Example: It was in the Sun's June 5, 2003, edition.
No comma is necessary for just the month and year.

Example: It was in a June 2003 article.

Rule 10. Use a comma to separate a city from its state, and remember to put one
after the state, also.

Example: I'm from the Akron, Ohio, area.

Rule 11. Traditionally, if a person's name is followed by Sr. or Jr., a comma
follows the last name: Martin Luther King, Jr. This comma is no longer considered
mandatory. However, if a comma does precede Sr. or Jr., another comma must
follow the entire name when it appears midsentence.

Correct: Al Mooney Sr. is here.

Correct: Al Mooney, Sr., is here.
Incorrect: Al Mooney, Sr. is here.

Rule 12. Similarly, use commas to enclose degrees or titles used with names.

Example: Al Mooney, M.D., is here.

Rule 13a. Use commas to introduce or interrupt direct quotations.
Examples:
He said, "I don't care."
"Why," | asked, "don't you care?"

This rule is optional with one-word quotations.

Example: He said "Stop."
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Rule 13b. If the quotation comes before he said, she wrote, they reported, Dana
insisted, or a similar attribution, end the quoted material with a comma, even if it is
only one word.

Examples:
"l don't care,” he said.
"'Stop," he said.

Rule 13c. If a quotation functions as a subject or object in a sentence, it might not
need a comma.

Examples:
Is "l don't care" all you can say to me?
Saying "Stop the car" was a mistake.

Rule 13d. If a quoted question ends in midsentence, the question mark replaces a
comma.

Example: "Will you still be my friend?" she asked.

Rule 14. Use a comma to separate a statement from a question.

Example: | can go, can't I?

Rule 15. Use a comma to separate contrasting parts of a sentence.

Example: That is my money, not yours.

Rule 16a. Use a comma before and after certain introductory words or terms, such
asnamely, that is, i.e., e.g., and for instance, when they are followed by a series of
items.

Example: You may be required to bring many items, e.g., sleeping bags, pans,
and warm clothing.

Rule 16b. A comma should precede the term etc. Many authorities also
recommend a comma after etc. when it is placed midsentence.

Example: Sleeping bags, pans, warm clothing, etc., are in the tent.
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4.Semicolons

It's no accident that a semicolon is a period atop a comma. Like commas,
semicolons indicate an audible pause—slightly longer than a comma's, but short of
a period's full stop.

Semicolons have other functions, too. But first, a caveat: avoid the common
mistake of using a semicolon to replace a colon.

Incorrect: | have one goal; to find her.
Correct: | have one goal: to find her.

Rule 1a. A semicolon can replace a period if the writer wishes to narrow the gap
between two closely linked sentences.

Examples:
Call me tomorrow; you can give me an answer then.
We have paid our dues; we expect all the privileges listed in the contract.

Rule 1b. Avoid a semicolon when a dependent clause comes before an independent
clause.

Incorrect: Although they tried; they failed.
Correct: Although they tried, they failed.

Rule 2. Use a semicolon before such words and terms as namely, however,
therefore, that is, i.e., for example, e.g., for instance, etc., when they introduce a
complete sentence. It is also preferable to use a comma after these words and
terms.

Example: Bring any two items; however, sleeping bags and tents are in short
supply.

Rule 3. Use a semicolon to separate units of a series when one or more of the units
contain commas.

Incorrect: The conference has people who have come from Moscow, Idaho,
Springfield, California, Alamo, Tennessee, and other places as well.
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Note that with only commas, that sentence is hopeless.

Correct: The conference has people who have come from Moscow, Idaho;
Springfield, California; Alamo, Tennessee; and other places as well. (Note the
final semicolon, rather than a comma, after Tennessee.)

Rule 4. A semicolon may be used between independent clauses joined by a
connector, such as and, but, or, nor, etc., when one or more commas appear in the
first clause.

Example: When | finish here, and I will soon, I'll be glad to help you; and that
is a promise | will keep.

Rule 5. Do not capitalize ordinary words after a semicolon.

Incorrect: | am here; You are over there,
Correct: | am here; you are over there.

4. Colons

A colon means "that is to say" or "here's what | mean." Colons and semicolons
should never be used interchangeably.

Rule 1a. Use a colon to introduce an item or a series of items. Do not capitalize the
first item after the colon (unless it's a proper noun).

Examples:

You know what to do: practice.

You may be required to bring many things: sleeping bags, pans, utensils, and
warm clothing.

| want the following items: butter, sugar, and flour.

| need an assistant who can do the following: input data, write reports, and
complete tax forms.

Rule 1b. A capital letter generally does not introduce a word, phrase, or incomplete
sentence following a colon.
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Examples:
He got what he worked for: a promotion.
He got what he worked for: a promotion that paid a higher wage.

Rule 2. Avoid using a colon before a list if it directly follows a verb or preposition
that would ordinarily need no punctuation in that sentence.

Not recommended: | want: butter, sugar, and flour.
Recommended: | want butter, sugar, and flour.

OR

Here is what | want: butter, sugar, and flour.

Not recommended: I've seen the greats, including: Barrymore, Guinness, and
Streep.

Recommended: I've seen the greats, including Barrymore, Guinness, and
Streep.

Rule 3. When listing items one by one, one per line, following a colon,
capitalization and ending punctuation are optional when using single words or
phrases preceded by letters, numbers, or bullet points. If each point is a complete
sentence, capitalize the first word and end the sentence with appropriate ending
punctuation. Otherwise, there are no hard and fast rules, except be consistent.

Examples:

| want an assistant who can do the following:

a. input data
b.  write reports
C. complete tax forms

The following are requested:

. Wool sweaters for possible cold weather.
. Wet suits for snorkeling.
Introductions to the local dignitaries.

These are the pool rules:
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Do not run.

If you see unsafe behavior, report it to the lifeguard.
Did you remember your towel?

Have fun!

B~

Rule 4. A colon instead of a semicolon may be used between independent clauses
when the second sentence explains, illustrates, paraphrases, or expands on the first
sentence.

Example: He got what he worked for: he really earned that promotion.

If a complete sentence follows a colon, as in the previous example, authorities are
divided over whether to capitalize the first word. Some writers and editors feel that
capitalizing a complete sentence after a colon is always advisable. Others advise
against it. Still others regard it as a judgment call: If what follows the colon is
closely related to what precedes it, there is no need for a capital. But if what
follows is a general or formal statement, many writers and editors capitalize the
first word.

Example: Remember the old saying: Be careful what you wish for.

Rule 5. Capitalize the first word of a complete or full-sentence quotation that
follows a colon.

Example: The host made an announcement: "You are all staying for dinner.

Rule 6. Capitalize the first word after a colon if the information following the
colon requires two or more complete sentences.

Example: Dad gave us these rules to live by: Work hard. Be honest. Always
show up on time.

Rule 7. If a quotation contains two or more sentences, many writers and editors
introduce it with a colon rather than a comma.

Example: Dad often said to me: "Work hard. Be honest. Always show up on
time."
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Rule 8. For extended quotations introduced by a colon, some style manuals say to
indent one-half inch on both the left and right margins; others say to indent only on
the left margin. Quotation marks are not used.

Example: The author of Touched, Jane Straus, wrote in the first chapter:

Georgia went back to her bed and stared at the intricate
patterns of burned moth wings in the translucent glass of the
overhead light. Her father was in "hyper mode" again where
nothing could calm him down.
Rule 9. Use a colon rather than a comma to follow the salutation in a business
letter, even when addressing someone by his or her first name. (Never use a
semicolon after a salutation.) A comma is used after the salutation in more
informal correspondence.

Examples:
Dear Ms. Rodriguez:
Dear Dave,

6. Parentheses and Brackets

Parentheses and brackets must never be used interchangeably.

Parentheses
Rule 1. Use parentheses to enclose information that clarifies or is used as an aside.

Example: He finally answered (after taking five minutes to think) that he did
not understand the question.

If material in parentheses ends a sentence, the period goes after the parentheses.
Example: He gave me a nice bonus ($500).
Commas could have been used in the first example; a colon could have been used

in the second example. The use of parentheses indicates that the writer considered
the information less important—almost an afterthought.
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Rule 2a. Periods go inside parentheses only if an entire sentence is inside the
parentheses.

Example: Please read the analysis. (You'll be amazed.)

This is a rule with a lot of wiggle room. An entire sentence in parentheses is often
acceptable without an enclosed period:

Example: Please read the analysis (you'll be amazed).

Rule 2b. Take care to punctuate correctly when punctuation is required both inside
and outside parentheses.

Example: You are late (aren't you?).

Note the question mark within the parentheses. The period after the parentheses is
necessary to bring the entire sentence to a close.

Rule 3. Parentheses, despite appearances, are not part of the subject.

Example: Joe (and his trusty mutt) was always welcome.
If this seems awkward, try rewriting the sentence:

Example: Joe (accompanied by his trusty mutt) was always welcome.

Rule 4. Commas are more likely to follow parentheses than precede them.

Incorrect: When he got home, (it was already dark outside) he fixed dinner.
Correct: When he got home (it was already dark outside), he fixed dinner.

Brackets

Brackets are far less common than parentheses, and they are only used in special
cases. Brackets (like single quotation marks) are used exclusively within quoted
material.

Rule 1. Brackets are interruptions. When we see them, we know they've been
added by someone else. They are used to explain or comment on the quotation.
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Examples:
"Four score and seven [today we'd say eighty-seven] years ago..."
"Bill shook hands with [his son] Al."

Rule 2. When quoting something that has a spelling or grammar mistake or
presents material in a confusing way, insert the term sic in italics and enclose it in
nonitalic (unless the surrounding text is italic) brackets.

Sic ("thus" in Latin) is shorthand for, "This is exactly what the original material
says."

Example: She wrote, "I would rather die then [sic] be seen wearing the same
outfit as my sister."

The [sic] indicates that then was mistakenly used instead of than.

Rule 3. In formal writing, brackets are often used to maintain the integrity of both
a quotation and the sentences others use it in.

Example: "[T]he better angels of our nature" gave a powerful ending to
Lincoln's first inaugural address.

Lincoln's memorable phrase came midsentence, so the word the was not originally
capitalized.
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