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English on Electronics

ITepenmoBa

MetoanuHi BKa3iBKM ‘“‘AHTIIIMChKa MOBa” JI0 TMPaKTHYHUX 3aHATh Ta
CaMOCTIMHOI poOOTH CKJIQJICHI Y BIAMOBIAHOCTI JO BHMOT IPOTPaMM BHUKJIAJAaHHS
aHrIiicekoi MoBH TipodeciitHoro cminkyBanHs (Kuis, 2012 p.) Ta mpusHauyeHi AJis
CTYJEHTIB 1-ro Ta 2-ro KypciB JeHHOI (OpMH HABUaHHS HANpsSMy MIATOTOBKU —
6.050802 — “EnexkTpoHHI MPUCTPOI Ta CUCTEMH HEMOBHHUX BY3iB, SIKI POJOBKYIOThH
BHUBUCHHS aHTJIIACHKOI MOBU Ha 0a3l 3HaHb, OTPUMAHUX B cepefHiil mkomi. ['onoBHa
MeTa BKa31BOK — PO3BUTOK HAaBHYOK PO3YMIHHS W aHami3y TEKCTIB, HAKOMHYEHHS
CJIOBHMKOBOTO 3amacy, yMIHHsS BECTH Oecimy, OpaTH y4acTh y AUCKYCISIX aHTJIIHCHKOIO
MOBOIO, (H)OPMYBATH MO3UIIIIO (PAXIBLS Y TaTy31 €JIEKTPOHIKH.

MeTtoauuHl BKa3iBKM BKJIOYAIOTh 2 OCHOBHHMX pO3JLUIIB, SIKI MICTSITh
TEKCTH, IOB’s3aHl 3 TOJOBHUMH MOHATTAMHM B rany3l (I3UKd Ta eJeKTpoHiku. [o
KOXXHOTO TEKCTYy JOJAlOThCSl BIIPAaBMU, SKI 3HAYHO CIPUSAIOTH OMPAILFOBAHHS
npodeciiiHo CIIpsSIMOBAHOTO MaTepiaily Ta TPaMaTUKH.

Texctu m0omaTKOBOrO MaTepially, MOB’A3aHl 3 1HHOBAIIWHUMU MOITYKaMU
B Tally31 €JIEKTPOHIKHU, MPU3HAYEHI JIJIT CAMOCTIHOTO OMNpAIfOBaHHS 1 CIIPSIMOBAaHI Ha
30arayeHHs] 3HAHHS JIGKCMKA HAyKOBO TEXHIYHOTO CIPSMYBaHHS Ta TMOJETIIECHHS
MOBJICHHEBOT 310HOCT!I.



1 THE BINDING ENERGY OF A NUCLEUS

1.1 Read and translate the text.

We shall now discuss how nuclei are built up of neutrons and protons. In
particular, we are interested in the energy with which neutron and proton are held
together in any given nucleus, i. e. in the binding energy of the nucleus. These binding
energies are very large. They are conveniently measured in millions of electron volts.
A million electron volts (Mev) is the energy which an electron would acquire if it were
allowed “to fall” through a potential difference of one million volts. Such potential
difference can actually be established, and either by using large potential differences or
by other means, protons, electrons, and other charged particles can be accelerated to
energies of many millions of electron volts and can the be used for nuclear
experiments.

Concerning the unit of energy, it should be noted that one million electron volts
is 1.6 x 10° erg, which appears to be not very much energy. However, one nucleus is
also not much matter. If one considers instead all the nuclei contained in a gram of
matter, then if each has one million electron volts, all of them together would have an
energy content of about 10® ergs, or 25 million kwhr, and this of course is a great deal
of energy.

The binding energy of nuclei is determined experimentally in various ways. One
of the simplest is by means of Einstein’s relation between mass and energy, i. e. by
measuring the mass of a nucleus. This is done by placing an ion of an atom in an
electric and a magnetic field. Then its mass can be determined by the amount of
deflection. Another way of determining the mass of nuclei is to measure the energy
released in a nuclear transformation; this method will be discussed further on.

1.2 EXxercises
1.2.1 Answer the questions. Use the preposition at with the words:
temperature, energy, speed, velocity, voltage, rate, pressure, inten-
sity.
Example: When do the collisions of molecules become violent?

(high temperature).
The collisions of molecules become violent at high
temperature.

a. When do the molecules of a gas disrupt? ( high temperature).

b. How was the experiment carried out? ( normal pressure).

c. When do atoms act as elementary particles? ( low energies).

d. In what way is electric current carried by long transmission lines? ( voltages as
high as 250,000).

e. When does the reaction go slowly? ( low temperature).

f. How does light travel? ( the speed of 300,000 km per sec.).
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. When does superconductivity occur? ( low temperature).
. How does the neon lamp operate? ( a rather high voltage).

In what way is the light from fluorescent lamp emitted? ( low intensity).
When does the reaction rate increase? ( elevated temperature).

Insert the right preposition: at or under

The collisions of molecules become violent ... high temperatures.

A state of equilibrium is achieved ... certain circumstances.

Electrons reach practically the velocity of light ... energies of millions of
electron volts.

The stars revolve around the galactic centre ... a rate of about 300 km per
second.

This assumption holds true ... certain conditions.

Cryogenic physics is the physics of matter ... low temperatures.

The body is kept ... pressure.

The experiment was carried out ... normal pressure.

The molecules get ionized ... the influence of high temperature.

The Hall electric current increases ... the action of magnetic field.

The rate ... which the speed of an object changes is called acceleration.
Gases ... normal conditions are poor conductors of electricity.

Translate into English.

CrocTepexeHHs MPOBOAMIINCA MPU KIMHATHIN TeMIeparypi.

. BumiproBanHs Oynu 3p00JieHI IPU BUCOKUX €HEPTIsX.

Csitio pyxaetbes (travels) 31 muakictio 300 000 kM / cek.

. JIocBi MPOBOAMBCS TPU HOPMATBHOMY aTMOC(HEPHOMY THUCKY .

Pamiocurnanu rmocuiaaucs 3 MOCTIMHOK YaCTOTOXO.
Marmaa 1xajia 3 BEJIMKOIO IIBUIKICTIO.

Under

. Y HamoMy A0CBijl ra3. nepedyBaB MijJ BEIUKUM TUCKOM.

g
h.
I.

BriacTuBOCTI Mj1a3Mu BUBYAIKMCS 32 IEBHUX YMOBAX.
3a sIKux 00CTaBHH 1€ CTaI0Cs?
CBITJI0 BIIXWISIETHCS T11]1 BIVIMBOM TPaBITAIlIMHOTO TOJIS.

K. CriocTepekeHHs IPOBOIMIINCS Y BAXKKHX YMOBaX.

B pocaunax (plants) HeopraniuyHa pe4oBHHA MOKE TIEPETBOPUTHUCS B OpraHiuHy

T JI€F0 COHSAYHOIO CBITIIA.



At or Under

HanamnposinHicTh BUHUKaE (OCCUIS) MpH Iy»e HU3BKUX TeMIIepaTypax.

m. [Tpu mesxkux ymMoBax Matepiro MokHa neperBoputu B (to transform into)
EHEeprilo.

n. Peakuist mpoTikae (proceeds) nmpu HOpMaJIBHOMY THCKY 1 KIMHATHIH
TEeMIEpaTypi.

0. BigkputTs Oymno 3po6iieHO Ipr HACTYITHUX 0OCTaBUHAX.

p. EnexTpoHu AoCATarOTh MIBUIKOCTI CBITJIA TIPH Ty’KE OUTBIINX €HEPTisX.

g. Llew 3aK0H CripaBeyIMBHI JIMIIE 32 ICSIKUX YMOBAX.

r. HeoHOBI1 TaMITy IPALIOIOTh MPHU JOCUTH BUCOKIH HAMpys3i.

1.2.4 Translate into Russian paying attention to the verbs followed by the prepositions
to and into.

To
. The compound has been subjected to a preliminary heating.
. Our eyes react to a much smaller range of light than our ears to sound
frequencies.

c. In our experiment the body is exposed to ultraviolet light.

d. We shall confine our discussion to four main points.
e
f

O

. The paper is devoted to the properties of plasma.

Maxwell applied the ordinary laws of mechanics to the molecules.

Into

. The water is decomposed into hydrogen and oxygen by means of electric
current.
Electrical energy can be turned into a number of forms.
Solids can be made to diffuse into each other.
Potential energy can2 change into kinetic and kinetic into potential
The beam from radium sample splits into three parts: alpha, beta and gamma
rays.
I. Heat energy is transformed into mechanical energy by means of steam engine.
m. Atoms can be broken into simpler substances.
n. Energy can be classified into mechanical, heat and chemical kinds of energy.
0. The gas engine converts heat into mechanical energy.

(=]
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1.2.5 Insert prepositions to or into.

. A molecule becomes ionized if exposed ... rough treatment.

. By adding heat to a solid body we transform it ... a liquid.

In our experiment we bring a hot body ... contact with a colder one.
. The substance was subjected ... ultraviolet, light.

oo oW

7



During ionization some of gas molecules split ... ions and electrons.
The first chapter is devoted ... plasma physics.
During recombination ions and electrons recombine ... a molecule.
In completely ionized plasma all the molecules are divided ... ions and
electrons.
The apparatus was sensitive ... all changes of atmospheric pressure.
These data can be classified ... two groups.
The law of reflection applies ... light as well as ... sound.
Potential energy can be converted ... kinetic energy.

. Heat from the sun is transferred ... the earth.
The light emitted by a galaxy is subjected ... spectroscopic analysis.

oQ o
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1.2.6 Translate into English.

a. JSIkmio Mosexyla miagaeThes Al X-IpoMEeHIB, BOHA PYUHYEThCSL. .

b. Ilna3ma MOBHICTIO 10HI3YETHCS, KOJIM BCl MOJICKYJIH PO3IAAA0ThCs Ha 10HH i
€JICKTPOHHU...

®dororpadivna maacTuHkKa (MIaCTUHH) YyTIWBA JI0 CBITIA.

[ToTentiiina eHeprisi MOXe MEPETBOPIOBATUCS B KIHETHYHY.

Januii (the above) meToa MOXkHA 3aCTOCOBYBATH JI0 PIIMHH 1 rasis.
OTtpumMaHi 1aH1 MOYKHA NOJUTMTH Ha JB1 TPYIIH.

[1ix yac peakiiii oHa peuOBUHA EPEXOIUTH B 1HIILY.

[Tix BrumBOM CBIiTJIAa XiMiYHHM ckiaa (COMPOSItion) MOJIeKy/ M 3MiHUBCHL. .
S xouy OOMEXHUTH CBOE TTOBIIOMJICHHS JIBOMa MUTAHHAMHU.

PeuoBuna mimsisirasnia o6poOiii.

k KOHq)epeHulﬂ npucBsiYeHa (13Ul MI1a3MHU

— o Se e a0

2 THE KINETIC THEORY OF HEAT
2.1 Read and translate the text.

There are three fundamental states — the solid, the liquid, and the gaseous. We
know that any substance in nature can be brought into each of these three states. Even
iron evaporates at several thousand degrees, and even air free-zes into a solid block at
sufficiently low temperatures. Thus, the difference between the solid, liquid, and
gaseous state of a given body depends upon its thermal condition.

By adding heat to a solid body we transform it into a liquid. By adding still
more heat we transform the liquid into a gas. But what is heat?

According to the molecular theory of matter a hot body differs from a cold body
only in the state of motion of its particles. The molecules of every material body at
normal temperature are in a state of permanent motion; and the faster they move, the
hotter the body seems. If we bring a hot body into contact with a colder one, the fast-
moving molecules of the first will collide, on their common boundary, with the slower-
moving molecules of the second and transfer to them a part of their kinetic energy.

8



Thus, the fast molecules will gradually slow down, and the slow ones speed up, until a
state of equilibrium is reached in which the molecules in both bodies have equal
average energies. We say then that both bodies possess the same temperature and that
the «flow of heat» from one into the other has ceased.

Thus, it follows at once that there should exist a lowest possible temperature, or an
absolute zero, at which the molecules of all material bodies are completely at rest. At
this temperature the constituent particles of any sub-stance will stick together, because
of intermolecular cohesive forces, and demonstrate the properties of a solid.

As the temperature rises, and the molecules begin to move, there comes, sooner or
later, a stage when the cohesive forces are no longer able to keep the molecules rigidly
in their places, though still strong enough to prevent them from flying apart. The body
ceases to be rigid but still keeps its finite volume, and we then have matter in the liquid
state. At still higher temperatures, the molecules move so fast that they tear apart from
each other and fly off in all directions, thus forming a gas with a tendency toward
unlimited expansion.

2.2 Exercises

2.2.1 Answer the questions. Use to be able to.
Example: When did you complete this work?
| was able to do it in summer (last week, two days ago, before
holidays, after all).

When did you present your paper?

When did you obtain these data?

When did you perform this experiment?
When did you make this analysis?

When did you get these results?

When did you begin to study semiconductors?
When did you resume your work?

When did you do research in plasma?

When did you write this article?

—mSTQ@ P o0 o

2.2.2 Supply extended answers.
Example: Are you ready with your report?
Not yet. I have not been able to finish it. I am afraid I won’t
be able to finish it before Monday (by six o’clock).

Are you through with your work?
Have you completed the experiment?
Are you ready with your task?

Have you finished your paper?

Have you already written this article?
Are you ready with your thesis?

Have you made the measurements?

@000 ow
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2.2.4

Recast the following sentences using the conjunction t4e... the+an adjective or
an adverb in the comparative degree. The link verbs to be, to become, to grow
are usually omitted.
Examples: 1) As the nucleus becomes heavier, the energy levels are
denser.
The heavier the nucleus, the denser the energy levels.
2) As a substance burns faster, it gives off more heat.
The faster a substance burns the more heat it gives off.

As the magnetic field becomes stronger, the radio radiation is faster.
As the molecules move faster, the body seems hotter.

As the excitation energy grows higher, the energy levels are denser.
As the subject is examined further, the problem seems more complex.
As the plasma density becomes greater, the annihilation is faster.

A3 the temperature of a substance becomes higher it burns faster.

As the magnet becomes stronger, the distance at which its influence may be
detected is greater.

When the molecules are smaller, the mean free path becomes longer.
As a wire becomes thicker, its resistance is less.

As the kinetic energy grows higher, fewer particles are emitted.

Answer the following questions.

Example: What are the relations between the cross section of a wire and
its resistance? (large little).
The larger the cross section of a wire the less its resistance.

What are the relations between the electromagnetic wave-length and the amount
of energy it transfers? (short, much).

Is there any relation between the nuclear charge and the mass number? (high,
high).

In what way does the potential difference affect the strength of electric current?
(great, strong).

Does the refraction index depend upon the density of a body? (large, great).
What is the relation between the velocity of a body and its friction? (great,
large).

In what way does centrifugal force depend upon the radius of a curvature?
(great, little).

10



2.2.5 Translate into English.

a.
b.

C.
d.

Ywum noBiie Apit, TUM OUIBIIE HOTO OITip.

S BuB4aro Ppi3uKy rrazMu, 1 UM OLUIbIIE s 3aliMaroCs i€ MTPOOJIEMOI0, THM
[[IKaBIIIOO BOHA MEHI 34a€THCH.

[{ro po6OTy MOTPIOHO 3aKIHYMTH, 1 YUM IIBUJIIIE, TUM Kpallle.

Uwnm GisibIlie OTpUMAHO JaHWX, THM BaKde iX IMiJICyMOBYBATH.

IcHye meBHa 3aJeKHICTh MK IIUIBHICTIO cepenoBuina (the density of the medium) ta
IIBUJIKICTIO) 3BYKY. UMM MeHIIE HIIBHICTh CEPEAOBHUINA, TUM OLUIbIIE MIBUAKICTH

3BYKY

2.2.6 Recast the following using according to.

Q ~h
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Example: The molecular theory states that a hot body differs from a
cold body only in the state of motion of its particles.
According to the molecular theory a hot body differs from a
cold body only in the state of motion of its particles.

The molecular theory states that the molecules are in a state of a permanent
motion.

The molecular theory holds that the faster the molecules move the hotter the
body seems.

The theoretical analysis suggests that there should exist a lowest possible
temperature at which the molecules are completely at rest.

The molecular theory maintains that as the temperature rises the body ceases to
be rigid.

The molecular theory states that at still higher temperatures the molecules move
so fast that they tear apart from each other.

The author believes that to formulate a general rule is difficult.

The author considers that the book in question is a contribution to plasma
physics.

The observations show that this problem can be approached in several ways.
The equation shows that this is the case.

The data show that this is not the case.

The author believes that considerable progress has been made in this field.

The analysis made proves that we are faced with a completely new type of force.

. The theory of relativity states that no particle of matter can actually attain the

speed of light.

11



2.2.7 Answer the questions using according to.
Example: How are substances classified? (their properties).
Substances are classified according to their properties.

How are semiconductors classified? (their electrical properties).

How should the word be chosen? (its meaning).

How are the papers in the journal arranged? (their contents).

How are the elements in the table arranged? (their chemical properties).
How are the pupils organized in groups? (their knowledge).

How are the papers distributed among sessions? (their contents).

How are these bodies differentiated? (their size and colour).

@ +~ooo0 o

2.2.8 Translate into English making use of according to.

3riJIHO MOJIEKYJISIPHOL T€OPii, MOJEKYIH Nepe0yBatoTh y OCTIHHOMY PYCI.
3a TBEpKEHHSIM aBTOPa, LIS II0Te3a JOCUTh CYMHIBHA.

BucHoBKY 3p00JieH1 y BIAMOBIAHOCTI 3 OTPUMaHUMU JaHHUMU.

TBepai Tia kacuikyrOThCA 3a IX eNEKTPUYHUMHU BIACTUBOCTSIMU.

3a croBaMu JI0T0OB11a4a, 111 (aKTh MOXKHA TOSICHUTH MO-PI3HOMY.

3a Tpaguitiero KoH(epeHIlisi MIPOBOAUTHCS IMIOPIYHO.

3riHO 3 OTPUMaHUMHU B1JIOMOCTSIMU, KOH(DepeHIis BiaOyaeThcsi B MoCKBi

P00 o

3 SEMICONDUCTORS

3.1 Read and translate the text.

One way of classifying a solid is according to its electrical properties. A conductor
and an insulator are first distinguished by their extreme values of electrical
conductivity. In particular, a conductor has a conductivity of 10* to 10° ohm™ cm™
whereas insulators are characterizes by conductivities less than 10° ohm™ cm™.
Second the conductivity of a conductor decreases as its temperature increases while
that of an insulator varies slightly (but does increase) with increasing temperature.

In addition to conductors and insulators, there is a class of solids with intermediate
values of electrical conductivity (10° to 10° ohm™ cm™) and whose conductivity
increases (more strongly than insulators) with increasing temperature. Such solids
which resemble insulators only at temperatures near the absolute zero are called
semiconductors. One further marked difference between a conductor and a
semiconductor relates to the dependence on the degree of purity of the crystal, on its
electrical conductivity.

The conductivity of a good conductor increases with purification (e. g., the
elimination of foreign impurities from the crystal), whereas the conductivity of
semiconductors generally decreases with purification.

12



There are two basic types of semiconductors. These are the intrinsic type and the
impurity type. An intrinsic semiconductor is usually a pure monatomic or diatomic
solid whereas the impurity type has electrical properties that depend on the type and
amount of foreign-impurity atoms and/or an excess or deficiency of the normally
constituent atoms (i. e. stoichiometric deviations).

Classification of Semiconductors

Type Typical examples
Intrinsic Si, Ge, Se, InSb
Impurity:
Foreign impurity Si or Ge doped with Al or P
Stoichiometric
deviations:

(1)Excess metallic PbS, Ti0,

(2)Excess nonmetallic PbS, NiO, Cu,0

3.2 Exercises

3.2.1 Give answers to the following questions. Pay attention to the expressions to be
characterized by, to be characteristic of
Example: What are solids characterized by? (strength and elasticity).
Solids are characterized by strength and elasticity.
Strength and elasticity are characteristic of solids,

a. What are insulators characterized by? (an extremely small value of
conductivity).

What are conductors characterized by? (a great value of conductivity).
What are semiconductors characterized by? (an intermediate value of
conductivity).

What are neutrons characterized by? (the absence of charge).

What are ionic crystals characterized by? (a relatively strong bond).
What is rubber characterized by? (high molecular weight).

What is modern physics characterized by? (great progress in nuclear research).
What is modern science characterized by? (an enormous amount of
information).

What are accelerators characterized by? (a number of parameters).

oo
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3.2.2 Recast the following sentences making use of the expression to be characteristic
of, to be typical of.
Example: Water expand when freezing.
It is characteristic of water to expand when freezing.

13
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Most substance expand when heated.

Most substance contact when cooled.

Solids have an ordered lattice.

Neutrons penetrate natter without interacting with it electrically.
The molecules of liquid are in a state of permanent motion.

Gas becomes ionized if exposed to ultraviolet light.

lonic crystals have a relatively strong bond.

Insert the necessary preposition.

This substance is characterized ... a number of properties.

The experiments presented are typical ... our research.

It is characteristic ... the present century that new discoveries are put to use very
fast.

The resent decade is characterized ... a great progress in exploration of space.
Such approach to the problem is typical ... him.

It is characteristic ... radio-active bodies to radiate energy spontaneously.
Molecular crystals are characterized ... weak binding.

Translate into English.

JlocniKyBaHa peuOBUHA XapaKTEPU3Y€EThCS BEIMKOO MILHICTIO.

JI1st cydacHO1 HayKHM XapaKTepHUM BEJIUKUN IHTEPEC A0 BUBUEHHS KOCMOCY.
[{s Tema € TUIIOBOIO JIJIs1 HOTO HAYKOBUX JOCIIIKEHbD.

Jl1st npoBeIeHNX BUMIPIOBaHb XapaKTepHA BEJTMKA TOYHICTb.

XapakTepHOIO 03HAKOIO BCIX MPOBIJHUKIB € BUCOKA €JIEKTPOIPOBITHICTD.
Jly>xe HU3bKa XIMIYHA aKTUBHICTH THIIOBA JIJISl BCIX THEPTHHX Ta3iB.

. BciM pajiioakTHBHUM peduOBUHAM BJIaCTHBA BUCOKA MTPOHHUKAIOYa 3/IaTHICTh

(penetrating power) BUnpoMiHIOBaHHs!

Translate the following sentences paying attention to different ways of
expressing the idea of likeness.

In its construction the direct-current dynamo is similar to the motor.

Each molecule in a compound is the same as all the other molecules in the same
compound.

Venus is much like the earth in size, mass, and distance from the sun.

The law discovered in a small laboratory was identical with that of nature.
These expressions resemble each other in form.

Electric currents are analogous in many ways to streams of water.

There is no difference between the data presented.

14



3.2.6 Translate into English.

a. Lli piBHsHHS MO110HI.

b. CrocrepexyBaHe HaMH SIBHIIC aHAIIOTIYHO TOMY, TIPO KK TOBOPUB TIpodecop

IT.

Bci iHepTHI ra3u MaroTh MiX co0010 MO1I0HICTb.

Pe3ynbraT, oTpuMani mij 4ac A0CBiAY, 1IGHTUYHI pe3yJibTaTaM, IepeaBIIEHUM

TEOpI€r0.

Y npoTtoHa Maca mpuOIN3HO Taka K, SK y HSUTPOHA.

OOuBa mpuiIaau OJAHAKOBI M0 KOHCTPYKIIIT 1 BIAPI3HIIOTHCS TUTBKH JETATISIMU.

Buknanena Touka 30py 30ira€ThCs 3 TOUKOIO 30py HAIIUX KOJIET.

Kpusi, oTpumasni B X0/l €KCIIEPUMEHTY, HE BIAPI3HAIOTHCS BI MUHYIIUX

KPUBHX.

BractuBoCTI CHHTETHYHOTO Kay4dyKy (synthetic rubber) cxoxi 3 BIaCTUBOCTIMHU

IPUPOIHOTO KAYyUyKY.

J. JaHuii METOI JOCIIKCHHS OJIOHUI METO/1aM, 1110 3aCTOCOBYETHCS B
CIIEKTPOCKOTIIi.

e
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4  IBM BUILDS THE FIRST GRAPHENE INTEGRATED CIRCUIT

4.1 Read and translate the text.

Graphene, the material made of a single layer of carbon atoms, may be a step
closer to reaching its potential: IBM researchers announced that they have created the
first graphene integrated circuit In the seven years since its creation, graphene has
been praised as the marvelous material that will make cellphones and other electronics
even smaller, thinner and faster. The graphene revolution has happened in incremental
steps, but this week IBM engineers announced a significant one: They published a
paper in Science announcing that they have built an integrated circuit using graphene,
bringing graphene-based technology closer to reality.

Graphene is a two-dimensional solid made up of a single layer of carbon atoms.
Andre Geim and Konstantin Novoselov won last year’s Nobel Prize in physics for
isolating it in 2004. In the seven years since, research into the practical applications of
this new material has expanded explosively. People are interested in graphene not only
for its small size, but also because of its ability to swiftly transfer information. The
arrangement of carbon atoms in graphene causes the material to have a very high
electron mobility, meaning that electrons within the material can move at very high
speeds, potentially speeding up communication times.

The circuit that study co-author Yu-Ming Lin and other IBM researchers built is
an integrated circuit, meaning that all the components of the circuit are concentrated
into one place—just as they are on a computer chip. “If you really want to have a high-
performance device like your cellphone, you need an integrated circuit,” Lin says.
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Previously, circuits that had graphene components were bulky, with different
elements of the circuit connected to one another via wiring. The connections between
these devices often degraded the signal running through the circuit, making the circuit
less effective, in addition to being relatively large. In the context of circuitry, “large”
can mean a range of just centimeters. By contrast, the integrated circuit that the IBM
team built is less than 1 square millimeter in size. “In a circuit, size matters,” Lin says.

IBM’s integrated circuit is designed to function as a frequency mixer. “A
frequency mixer is one of the most important circuits used for wireless
communications,” Lin says. Mixers are devices that take in radio frequency signals
and mix them together, emitting a different frequency at the end. This conversion is an
important part of any modern communications network, turning radio frequency
signals into sounds and information. These mixer circuits are used in radios and
phones, and were used in analog televisions before the United States switched to
digital broadcasting in 2009.

“The graphene function here is a transistor that can modulate a signal,” Lin says.
And the researchers’ circuit operated at 10 Ghz, a capacity greater than that of most
cellphones today. The circuit also worked at very high temperatures, an important
aspect in any computer system in which heat can severely limit a computer’s
performance.

“This work 1s a milestone,” Alexander Balandin says. Balandin is the head of the
Nano-Device Laboratory at University of California Riverside, and has been
researching the properties of graphene for some time. But while the development of a
graphene integrated circuit holds great promise for the communications industry,
graphene still has a long way to go before it is usable as a component of computer
systems. ‘““At this point, graphene has this one major drawback,” Balandin says: “You
cannot turn it off completely.” Turning it off is important for transmitting information
digitally, in which data is sent in on-off patterns (the zeros and ones of basic
computing). Without this ability, graphene’s small size and high electron mobility
remain useless to researchers designing computer chips and central processing units,
according to Carl Ventrice, a researcher at the College of Nanoscale Science and
Engineering at the University at Albany. “The holy grail would be if you could
integrate graphene into the CPU,” he says. It hasn’t been done yet, but this week
graphene may be one step closer to the digital world.

Tags: IBM, graphene, computer circuits, electronics, computers

4.2 EXercises

4.2.1 Answer the following questions using by+Gerund.
Example: How is the binding energy of a nucleus determined? (to
measure its mass).
The binding energy of a nucleus is determined by measuring
its mass.
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a. How is the mass of a nucleus measured? (to place an ion of an atom in an
electric and a magnetic field).

How are alloys usually prepared? (to melt two or more metals together).
How is rubber vulcanized? (to add sulphur).

How can solutions be formed? (to dissolve solids in liquids).

How can molecules of a gas be disrupted? (to subject them to X-rays).

How can a solid be transformed into a liquid? (to add heat).

How can a liquid be transformed into a gas? (to add heat).

How will you start your paper? (to describe the difference between these two
processes).

How is celluloid made? (to treat cellulose with nitric acid).

How can charged particles be accelerated? (to use large potential differences).
How is oxygen prepared in the laboratory? (to heat mercuric oxide).

How can charged bodies be made neutral? (to connect them to the earth).

S@ o o0oT
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4.2.2 Change the time clause into the in+Gerund construction.
Example: He made several mistakes when he was typing the paper.
He made sereval mistakes iii typing the paper.

o

Great difficulties arose when we were applying this method to practice.

Several factors should be considered when we evaluate the experimental results.

c. He confined himself to a few general remarks when he was discussing the new
program.

d. Different methods can be used when we determine the binding energy of nuclei.

When we were selecting instruments, those with low sensitivity were discarded.

Some discrepancy was revealed when we were comparing the results of two

experiments.

g. He found an error when he was making an additional check.

h. We obtained the desired information when we were analysing our data.

I.

J.

=3

= D

Various approaches are possible when we solve this problem.
Many factors become important when we consider this question.
4.2.3 Change the if clause into the without + Gerund construction.
Example: You cannot present your paper to the conference if you do
not check it carefully. You cannot present your paper to the
conference without checking it carefully.

a. We cannot use the chamber for more than a few days if we do not clean it.

The work will not be completed if we do not sum up the results.

c. It will be hardly possible to make precise measurements if we do not change the
experimental conditions.

d. We cannot obtain the desired information if we do not conduct an additional
series of experiments.

e. Charged particles cannot be used for nuclear experiments if they are not
accelerated.

=3
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We cannot make progress in our research if we do not take into account the
results of other observers.

The project will never succeed if there is no understanding among the
participants.

He will not be able to study this problem if he does not join the research team.
We shall not start the experiment if we do not get all the necessary equipment.

4.2.4 Change the time clause into the on (upon, after)+Gerund construction.

- Q

Example: After we had arranged everything for the experiment we
started to work.
On arranging everything for the experiment we started to
work.

After he had passed his entrance examinations he went to study at Leningrad
University.

After he had published his paper he received a lot of letters.

After he had arrived in Leningrad he received his Doctor’s degree and was
appointed professor of inorganic chemistry at the University.

After they had pursued the problem for almost ten years they collected and
synthesized some data on the binding energy of nuclei.

After we had changece the experimental conditions we repeated the experiment.
After charged particles have been accelerated they can be used for nuclear
experiments.

After we had tried many various samples we selected one.

After we had finished the experiment we left everything in proper order.
After he had compared some numerical data he could readily obtain new
parameters.

4.2.5 Recast the sentences using either ... or.

STQe "o o0 o

Example: | can complete this work to-day or tomorrow.
| can complete this work either to-day or tomorrow.

He wants to enter the University or the Politechnical Institute.
He will study French or English.

| can get this book in translation or in the original.

She will read her paper in March or in April.

We take readings every day or every two days.

| can use copper or silver for my experiment.

We observed this phenomenon m night or early in the morning.
There is no evidence for or against the idea.

4.2.6 Answer the questions using neither . .. nor. Supply additional information.

Examples: 1) Can matter be created or destroyed?
It can neither be created nor destroyed.
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In fact, its quantity in the universe is constant.
2) Are you a teacher or a doctor?
As a matter of fact I’'m neither a teacher nor a doctor. I am a

physicist.

What kind of sport do you like, skidiving or mountaineering?

Do you study solid state physics or plasma physics?

Have you received a letter or a telegram from your colleague?

Will the conference be held in May or in June?

Will you submit to the conference the full text of your paper or only the
abstracts?

What is the working language of the conference, German or French?
Can energy be created or destroyed?

4.2.7 Recast the following sentences using both ... and.

o

Qo

Example: a rays were deflected by a magnetic and by an electric field.
a rays were deflected both by a magnetic and electric field.

The theory and the results are too extensive to be given here.

Transistor physics and transistor electronics are based upon the properties of
semiconductors.

This consideration is confirmed by theory and by experiment.

Uranium rays discharge positively and negatively electrified bodies.

Direct and indirect evidence shows that a rays from all radioactive substances
are identical in mass.

The deflection of X-rays was observed in a magnetic and in an electric field.

g. The research in plasma is important for theory and for practical applications.

4.2.8 Translate into English.

P 00T

Teopis Ta mpakTUKa MOKa3yOTh, III0 HOBUW METOJ Kpallie.

Sk criocTepekeHHs TaK 1 1aHi He MATBEPKYIOTh 3p00JieH1 (BUIIE) BUCHOBKIB.
He typOyiics (to worry). A6o kepiBHUK, a00 TBOT KOJIETH JOMIOMOXYThH TOOI.
['inoTe3a He Oyna npuitHATa a0 CIIPOCTOBAHA.

[{ro KHUTY MO>KHA 3HAHUTH a00 B 010:10TEL], a00 B UUTATILHOMY 3aJIl.
BinxuieHHs! peHTTeHIBChKUX MPOMEHIB CIIOCTEPIraiocs Ik B MarHiTHOMY, TaK 1
B €JIEKTPUYHOMY TIOJISIX.
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5 LIQUID METAL BATTARIES COULD LEAD TO POWER STORAGE
BREAKTHROUGH

5.1 Read and translate the text.

Scientists at MIT slice super-cooled liquid-metal batteries in half to study the
way the material inside behaves. Thi battery has charged and discharged many times,
but the three layers remain intact.

Plans to add renewable power sources to the electric grid have a common
problem: weak, expensive and small batteries that can't guarantee there will be juice
when the wind isn't blowing or the sun isn't shining. Donald Sadoway, professor of
materials chemistry at Massachusetts Institute of Technology, thinks the solution lies
in novel batteries that use liquid metals. The battery designed by Sadoway and his
team works on the same principle as any other: Two electrodes exchange electrons
through an electrolyte to complete a circuit. But by using liquid metals for electrodes
and molten salt as an electrolyte, their battery can absorb electrical currents that are 10
times higher than present-day high-end batteries. Only the different densities of the
liquids keep them separated inside the battery, which means it would be a poor choice
for most mobile applications--but smart for a fixed location, such as an electrical
installation. Sadoway's team first made shot-glass-size prototypes to experiment with
costly ingredients such as pure magnesium and pure antimony, but is now seeking the
right mix of alloys for optimal performance and cheap manufacture. The Department
of Energy's idea factory, the Advanced Research Projects Agency--Energy (ARPA-E),
is putting $6.9 million behind Sadoway's project. His award is one of the biggest of the
agency's first round of funding, released in late 2009. The batteries need external
heaters to keep their innards molten at operating temperature. “One of the goals of the
ARPA-E-funded project is to determine the smallest size of cell that would not need
booster heaters," Sadoway says.

5.2 Exercises

5.2.1 Combine two sentences into one without a conjunction Observe the definite
article before the nouns modified by a subordinate clause. Observe also the place
of a preposition (B).

A
Example: You want to read a book. It is to be found in the Public
Library.
The book you want to read is to be found in the Public
Library.

a. He reported his data at the conference. They were of great interest.
b. I have bought a book. It has proved very useful.

20



Q@-+~oaoe

— X o

We have used a new method. It will save a lot of work.
He has observed a phenomenon. It is quite different from those known before.
You are offering an explanation. It can’t be accepted.
We have obtained some data. They will be published.
Mendeleev developed the Periodic Law of Elements. It became the foundation
of modern chemistry.
B

Example: | listened to a paper. It was interesting.

The paper 1 listened to was interesting.

He is looking at the watch. It is wrong.
| am speaking to a man. He is my adviser.
He spoke about an equation. It should be checked.
We are now working at a problem. It is very important.
She told me about the conference. It will be held in summer.
. I am looking for a book on theoretical physics. It was published in the late
sixties.
We have heard of the discovery. It is of great significance.
We started from a series of experiments. It gave us the clue to the solution of the
problem.
He referred to a paper. It was published in Physical Review.
g.  You ask me for a book. It contains much information.

5.2.2 Answer the questions as in the example.

P00 T

g.

Example: Are you familiar with these data? (to refer to).
These are the very data | was referring to (These are the data
| was just referring to).

Do you know that man? (to talk about).

Will you go to the concert? (to look forward to).

Have you read this paper? (to be going to look through).

Did you agree with these terms? (to insist upon).

Would you like to have this book? (to look for).

Have you any idea of this problem? (to deal with at present).
Do you agree with his conclusions? (to object to in my paper).

5.2.3 Translate into English. Observe the absence of a conjunction and the place of a

a.
b.

C.

preposition.

[IpoGnema, siky HaM HaJIEKUTh OOTOBOPUTH, JOCUTh CKJIa/IHA.

JlonoBizb, Ky BOHa 3rajaia, Oyya 3po0iieHa B MUHYJIOMY POLIl Ha MI>KHAPOIHIH
KOH(epeHII1i MPUCBIUCHIN TJIa3Mi.

JlaHi, siKi MM OTpUMaIId, OyIyTh HAJIPYKOBAHI.
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d. Teopis, siKy BiH 3alIpONIOHYBAaB, MIPECTABIISIE BETUKUH 1HTEpEC.

e. ExcnepumenTH, npo siki s XOuy pO3MOBICTH, OYJIM MPOBEJICHI B HAIIH
nmaboparopii.

f. Kuura, Ha sIKy BH BKa3aJld, € B HaIIIii 0101i0TeIIi.

g. CnocrepexxeHHs, mpo siki roBopuB mpodecop I1., onuHumcs nyxe miKaBUMH.
Touka 30py, Ha sKiil HanoJisIrae (to insist on) Mii KoJiera, IOCUTh CYMHIBHA

5.2.4 Translate into Ukrainian paying attention to the prefix mis-.

to misunderstand to misprint

to misinterpret to misinform
to mislead, misleading to misuse

to mispronounce to misrepresent
to misspell

5.2.5 Recast the sentences using the verbs with the prefix mis-.
Example: You do not understand this problem in a proper way.
You misunderstand this problem.

He has not understood me in the right way.

You do not interpret these equations correctly.

| am sure you have not been informed properly.

These results are not leading to proper conclusions.

| spelled his name in the wrong way.

You printed this word incorrectly.

The student did not pronounce the word correctly.

He doesn’t use the term in the right way.

The speaker didn’t represent the situation in transistor physics properly.

—mSQ@he a0 o

5.2.6 Translate into Ukrainian paying attention to different ways of expressing the idea
of consistency.

o

The evidence reported entirely agrees with the hypothesis.

Whatever we are allowed to imagine in science must the consistent with
everything else we know.

The results presented appear to be in agreement with the previous observations.
Maxwell’s equations are valid for superconductors.

This relationship holds for most chemical reactions.

Let us see how certain static phenomena fit into the theory.

This interpretation is in line with our present knowledge.

The conclusion made is in keeping with the above statement.

o

SQ o a0
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6 ADDITIONAL TEXTS FOR READING

6.1 Lithium is lionized.

Silicon has a whole valley named after it. But what about the silent heroes of
modern technology? Rare earth elements—a set of 17 related metals, mostly shunted
off to a tacked-on lower line of the periodic table—are crucial to the way we live now;
responsible for miniaturizing computers powering hybrid cars and more. Increasingly
Important to technology, they're also playing a larger role in geopolitical maneuvering.
Today, more than 95 percent of all rare earth elements come from China, while the
United States produces at most 2 percent. That disparity makes some experts twitch.
After all, what happens when Chinese industry needs so much of the rare earth
elements mined in that country that there's nothing left to export?

With a bill before Congress aimed at restarting America's rare earth industry,
and the Defense Department planning to add rare earths to its strategic stockpiles,
these too often overlooked elements won't stay in the background much longer. The
time has come to get better acquainted with the molecules that make our modern world
run.

6.2 Lanthanum: Driving Excitement

"Rare earth elements are neither rare, nor earth,” says Stephen Castor, recently
retired research geologist with the Nevada Bureau of Mines and Geology. The name
dates to the 18th and 19th centuries, when the elements were first isolated out of
actually rare minerals. "Rare earth" stuck, but the elements themselves turned out to be
pretty common, mixed in small concentrations into rock the world over.
Lanthanum, first discovered in 1893, is a great example of this. There's more
lanthanum on this planet than silver or lead and it's the second most abundant rare
earth element, but there weren't a lot of uses for it in the early days. When Castor
worked with mining companies in the late 1970s and early '80s, lanthanum mostly
went into stockpile, waiting for the day when it could be sold off for higher prices.
That day has come.

Today, every Prius hybrid car on the road carries with it about 10 pounds of
lanthanum. And yet, most Prius owners don't even know they use this rare earth
element every day. That's because the car's battery is referred to as "nickel-metal
hydride." The "metal™ in question is lanthanum, but what can we say, rare earth
elements get no respect. A big breakthrough in battery technology, nickel-lanthanum
hydride batteries pack more power into a smaller space—they're about twice as
efficient as the standard lead-acid car battery.

"Toyota is the biggest car company in the world and the Prius is 8 percent of
their manufacturing,” Jack Lifton, an independent consultant and expert on rare earth
elements, says. "Add to that other hybrid cars and the batteries used in small mopeds in
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China, and there's not enough lanthanum on the market today. Toyota is the first and
only car company to invest in a rare earth mine."

6.3 Europium: Savior of the TV Generation

Sir William Crookes, a 19th century British chemist, once wrote that, "rare earth
elements perplex us in our researches, baffle us in our speculations and haunt us in our
very dreams." These weren't easy elements to isolate or to understand, and so there
was a very long lag time between the discovery of the rare earths, and the discovery of
practical uses for them.

It didn't help that individual rare earth elements don't occur by their lonesome—
they travel in packs. To get one, you have to mine all of them. At first, industry didn't
even bother to separate out individual rare earths, instead using them in a blended alloy
called mischmetal. This provided the first commercial applications, says Karl
Gschneidner, senior metallurgist at the Department of Energy's Ames Laboratory. In
1891, mischmetal became an ingredient in lamp mantles—devices that were hung
above open flames, where they burned and produced a bright, white light you could
see and work by.

Europium was the first isolated, high purity rare earth element to enter the public
marketplace, in 1967, as a source of the color red in TV sets. There had been color TV
before europium, but the color quality was weak. The sets relied on phosphors—
substances that glow when struck with struck with electrons or other energized
particles—to get their red, green and blue colors, and the early red phosphors couldn't
produce a very bright color. Europium phosphors made the picture pop.

At the time, rare earth mining wasn't even a twinkle in China's eye. Up until the
1990s, most rare earth elements came from the United States, especially Mountain
Pass, a mine in California near Los Angeles, which supplied most of the late 1960s
europium demand. By 2003, Mountain Pass had closed and no rare earths were coming
out of the United States at all. The problem, though, isn't supply. The U.S. still has
plenty of rare earth elements left to mine—in Mountain Pass and elsewhere. Instead,
those mines were simply driven out of business, undercut on price by Chinese
companies that had lower labor costs, and also benefited from the fact that they were
mining rare earth elements as a byproduct of profitable iron mining.

Today, europium is still used as a phosphor, but as cathode ray tube TVs go the
way of the dodo, it's more likely to turn up in white LED-based lights, which could
someday be an energy efficient replacement for both incandescent and compact
fluorescent bulbs. With this technology, white light is produced by mixing various
colored LEDs and europium red happens to be an ingredient in turning out a high-
quality, attractive shade of white.
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6.4 Erbium: In the Pink

The applications of erbium are both deeply important, and a little silly. For
instance, adding erbium to glass is about the only way to create a stable pink shade. So
erbium-doped glass pops up in novelty sunglasses and decorator vases. At the same
time erbium keeps information flowing around the globe. Add a little erbium to the
optical fibers that carry data in the form of light pulses, and those pulses get amplified.
It can also be used as part of the gain medium that amplifies light in a laser. When you
do this, you end up with a laser that can be used for dental surgery and skin treatments
because it doesn't build up much heat in the human skin it's pointed at.

Erbium is a great example of how rare earth elements work in practical
applications. You won't find very many places where a solid chunk of a single rare
earth element is being used. Instead, they tend to be things that are added, in small
doses, to composites and alloys. In that way, rare earth elements work a bit like
vitamins, says Daniel Cordier, mineral commodity specialist with the United States
Geological Survey. "Rare earths have really unique chemical and physical properties
that allow them to interact with other elements and get results that neither element
could get on its own," he says.

6.5 Neodymium: Little Giant

Once upon a time, there was no such thing as a convenient way to carry your
favorite tunes along on a jog. Rare earth elements changed all that. The key is
magnets. Those things are everywhere, from hard drives to headphones to anything
that incorporates a small electric motor—basically, if there's a component that needs to
spin, magnets are probably involved. Producing a strong magnetic field used to require
a big, heavy magnet and, thus, led to big, heavy pieces of technology.

Then, in the late '70s, Sony introduced the Walkman, a (relatively) small, (relatively)
portable music player. Why were they able to shrink the form factor? Magnets.
Specifically, magnets made from the rare earth element samarium, which were smaller
and stronger than anything then available. Today, the samarium-based magnets have
largely been replaced by magnets made with neodymium, which are even smaller and
even stronger. We have these magnets to thank for the miniaturization of gadgetry. But
they're also responsible for making necessarily chunky tech lighter and cheaper—Ilike
the turbines that turn wind into electricity, and the drills that search for oil deep below
the surface of the Earth.

6.6 6.6 Nuclear Physicist: This Is My Job

James Dunlop is a collision connoisseur, smashing together gold nuclei at nearly
the speed of light to simulate the Big Bang. Not a bad way to make a living.
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James Dunlop re-creates the big bang. At Brookhaven National Laboratory, he
uses the electric fields of a particle accelerator to speed up gold nuclei racing around a
2.4-mile-long track. When the nuclei, guided by the accelerator's powerful magnets,
reach 99.9995 percent of the speed of light, Dunlop makes them collide. Each 4 trillion
degree Celsius crash shatters the gold particles into quarks and gluons, the tiniest
building blocks of a proton. The accelerator's STAR detector photographs the atomic
bits and pieces, allowing him to study matter at its most fundamental level. It's not just
a desk job, either. "There's also a component when you're going out to the detector
with a soldering iron or a roll of duct tape,” Dunlop says. "You've just got to make it
work."
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