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BCTYII

Meroanuyni Bka3ziBku «ENGLISH FOR STUDENTS OF PHYSICS AND
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3100yBayiB nepIoro (6akaaaBpChbKOro) piBHS BUIOI OCBITU J€HHOT (OpMHU HABYAHHS

cnerianbHOCTI 104 «®Di3uka Ta acTpOHOMISI.

Mertoro kypcy  «lHozemHa wmoBa (3a mnpodeciiiHUM CHpSMYBaHHSAM) €
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3aBJIaHHSI CTIPSMOBAHI Ha BJIOCKOHAJICHHS HABUYOK MOITYKY 1H(popMartii B [HTepHeri, ii

B1100pY 1 KpUTUYHOTO OL[IHIOBAHHS.
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MIIBUIIUTH €PEKTUBHICTh MPO(dECItHOTO CIIIKyBaHHS Ta GopMyBaHHA y 3700yBadiB

KOMILJIEKCY 3HaHb, YMIHb, HEOOXITHUX JJIs1 MOAANBIIOI MPO(eCIHHOT AISIBHOCTI.



Unit 1.

I. Read and translate the text. Learn the new vocabulary

The History of Electricity

Learning about the history of electricity is a great way of putting into perspective
how advanced modern technology really is. Who discovered electricity? Benjamin
Franklin is credited for discovering electricity in the 1700s with his Kkite experiment, in

which he flew a kite with a metal key tied to it during a thunderstorm.

In science, electricity and its history is a fascinating topic that can help

understand how life has changed because of electricity.

A Greek named Thales discovered that amber when rubbed with silk,
600 attracted feathers and other light objects. This is static electricity. The Greek
BC  word for amber is 'éelectron’, which is where words such as 'electricity' and

‘electron' come from.

William Gilbert, who was a scientist and physician to Queen Elizabeth I,
invented the term ‘electricity’. He was the first person to recognise that there
1600 was a connection between magnetism and electricity, and the first to describe

the Earth's magnetic field.

In the 1700s, machines to produce static electricity were first introduced. At
1700s first, they were just for fun and nicknamed 'parlour trick machines'. Over the

century, they developed and advanced.

Francis Hauksbee invented neon light. He created electrical effects by

1705 placing mercury into a glass globe, pumping out the air and spinning it.



1752

1780

1800

1820

1821

When he did this in the dark and then rubbed it with his bare hand, it

glowed. He had invented neon light, without even knowing it.

Benjamin Franklin, a famous U.S. politician, proved that lightning is a form

of electricity by flying a kite with a metal tip into a thunderstorm.

An Italian man named Luigi Galvani discovered that when he touched a dead
frog's leg with a knife, it twitched violently. Later, Alessandro Volta showed
that this was because electricity is created when moisture (from the frog)

comes into contact with two different types of metal (the steel knife and a tin

plate), then electricity is created.

Alessandro Volta created the very first simple battery using pure silver and
zinc discs, placed between muslin which was dampened with a salt solution.
This was developed from Galvani's experiment with the frog's legs.

During the same year, Sir Humphry Davy discovered electrolysis. When he
passed an electrical current through some substances, they'd begin to
decompose. This became known as electrolysis. Davy's experiments later led
to the discovery of a range of elements, including calcium, magnesium,

strontium, and barium.

Magnetic fields caused by electricity were discovered. Hans Christian
Oersted, from Denmark, found that when electricity flows through a wire, it

generates a magnetic field which affects the needle of a nearby compass.

Michael Faraday discovered that when a magnet is moved inside the coil of a
copper wire, a tiny electric current flows through the wire. This discovery

led to the invention of electric motors.



1826

1827

1829

1830

1831

1834

1838

In the same year, Thomas Johann Seebeck discovered thermo-electricity. He
found that when the junctions of certain metals are heated, electricity flows

through them.

André Ampere published his theories about electricity and magnetism,
explaining the electro-dynamic theory. He was the first person to explain this

theory. The unit for electrical currents, ampere or amps, is named after him.

A German college teacher named George Ohm published his complete
mathematical theory of electricity. Now, the unit of electrical resistance

(ohm) is named after him.

Joseph Henry showed that a wire wrapped in coils produces a greater

electromagnetism than a straight one.

Joseph Henry discovered the principles of the dynamo — an electrical

generator.

Michael Faraday demonstrated electromagnetic induction by passing a
magnet through a coil of wire.
Charles Wheatstone and William Fothergill Cooke also created the first

telegraph machine.

Using a revolving mirror and four miles of wire, Charles Wheatstone

successfully measured the velocity of electricity.

Samuel Morse invented Morse Code at an exhibition in New York. He

demonstrated sending 10 words a minute by his new telegraph machine.



Thomas Edison built a DC (direct current) electric generator. After this, he

1870s provided all of New York's electricity.

1876 Alexander Graham invented the telephone using electricity.

A British scientist named Joseph Swan demonstrated the first electric light
1878 With a carbon filament lamp. Thomas Edison made the same discovery a few

months later in America.

Nikola Tesla developed an AC (alternating current) motor and a system of
AC power generation. Thomas Edison believed this to be a threat to his DC
supply, so he spread stories that it wasn't safe to use. However, after Tesla's
system was used to power 100,000 electric lights at Chicago's World Fair in
1893, AC became the established power supply in the USA.

18805 Tesla also invented the Tesla Coil. He used this coil to make ordinary
household currents produce extremely high-frequency currents. This was
used to develop some of the first neon and fluorescent lights.

Between 1880 and 1883, the Wimshurst machine (an electrostatic generator)
was developed for generating high voltages of electricity. It was invented by

a British inventor named James Wimshurst.

The first public electricity supply in the UK was generated in Godalming,
1881

Surrey, using a waterwheel at a mill.
Magnus Volks built the first electric railway. It was opened on Brighton
1883 seafront. Named the Volks Railway, it was built just for pleasure rides, is

one mile long and still runs during summer.
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Charles Parsons built the first turbine, a type of engine which uses jets of
high-pressure gases to operate. This type of engine was later developed to

drive boat propellers, including the ones on the Titanic.

Heinrich Hertz produced and detected electric waves in the atmosphere.
Turbine-driven generators were introduced to produce electricity.

A Dutch physicist named Hendrik Lorentz published his electron theory.

Wilhelm Fein invented the first electric hand drill.
Wilhem Roentgen, a German physicist, discovered invisible rays that made a

screen glow and passed through objects. These rays were X-rays.

Nikola Tesla's hydroelectric power generators at Niagara Falls come into
operation. Within a few years, these generators were supplying electricity to
New York City for the elevated railways, the subways, and the lights on

Broadway.

Guglielmo Marconi sends a radio message from the Isle of Wight to Poole,
which is 20 miles (ca. 32 km) away. He later sends a message across the
Atlantic.

Albert Einstein demonstrated that light energy could be used to produce

electricity.
Electric refrigerators and washing machines first become available.

The first National Grid was introduced in the Electrical Supply Act.



In the 1930s and 1940s, hydroelectric power stations were built in Scotland
and Wales, even though most electricity still came from burning coal.

1930s Household electrical appliances were introduced, and mains powered radios,
vacuum cleaners, fridges, and irons became a part of almost every household
by the 1940s.

1936 The television was invented by John Logie Baird.

At Calder Hall in Cumbria, the world's first large-scale nuclear power station
1956 Was opened. The reactors were a prototype of the Magnox gas-cooled

reactor.

The UK developed advanced gas-cooled reactors to improve on the previous
1960s Magnox stations. France and the USA adopted water-cooled reactor

technology.

The UK's first pressurised water reactor (PWR) was opened at Sizewell B in

1994 Suffolk. It had taken 7 years to build.
The world's first commercial wave power station, located on the Scottish
island of Islay, began to generate electricity. Devices on the shoreline or out
2000 at sea use motion from the waves to compress air to drive a turbine or
hydraulic pumps. It can provide energy for around 400 homes.
(From https://www.twinkl.com/teaching-wiki/the-history-of-electricity)
Vocabulary
amber ['aem.bor] OypIITHHOBHIA
a feather ['fed.ar] nepo

10



‘parlour trick machines
mercury ['ms:.kja.ri]
to twitch

moisture [ 'mois.tfor]

muslin ['maz.lin]

dampen ['deem.pan]

a salt solution

substance ['sab.stons]

coil

ampere ['&em-pior]

velocity [va'lps.a.ti]

a carbon filament lamp

an AC (alternating current) motor
fluorescent light [flo: 'res.ant lart]
neon ['ni:.on]

a mill

a turbine ['ts:.ban] US[ 't3-:.bin]
an electric hand drill

the elevated railways

"MarmuHu 171 POKyCiB y canoHax'
pPTYTh

CMUKATHCS

BOJIOTA

MYyCIIiH (TOHKa M'sKa IIIOBKOBA a0

0aBOBHSHA TKAHWHA)
3BOJIOKHUTH

PO3YHH COJIi

pevYoBUHA

KOTYIIIKa

amrep

MIBUIKICTH

JlaMI1a 3 BYTUIbHOIO HUTKOIO
JIBUTYH 3MIHHOTO CTPyMY
(bayopeciieHTHE CBITIIO
HEOH

MJTUH

TypOiHa

CJICKTPUYHA PYYHA APUITH

HaJI3EMHI 3a113HALI
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a subway METPO
to become available CTaTH JOCTYITHHM
the national grid HalllOHAJIbHA MEPEKa

a hydroelectric [ hardrov.i'lek.trik] rigpoenexrpocTaniis

power station

mains powered radios pamiocTaHIIil 3 JKUBJICHHSM Bil MEpexki
a nuclear ['nju:.klior] power station aTOMHa €JICKTPOCTAHIIis
a hydraulic pump [har'drol.1k pamp] TiIpaBIiYHUN HACOC

Exercise 1. Answer the following questions

1. Who discovered electricity? 2. Why is “The History of Electricity” a
fascinating topic? 3. Who discovered that amber when rubbed with silk, attracted
feathers and other light objects? 4. Who invented the term ‘electricity'? 5. What
happened in the 1700s? 6. Who invented neon light? How was it done? 7. What did
Benjamin Franklin, a famous U.S. politician, prove? 8. What can you say about Luigi
Galvani and Alessandro Volta? 9. How was electrolysis discovered? 10. What did Hans
Christian Oersted find? 11.What did Michael Faraday find? 12. Thomas Johann
Seebeck discovered thermo-electricity, didn’t he? 13. Did André Ampére publish his
theories about electricity and magnetism, explaining the electro-dynamic theory?
14. Who published his complete mathematical theory of electricity in 1827? 15. What
did Joseph Henry show? 16. What happened in 18317 17. Who created the first
telegraph machine? 17. How was the velocity of electricity measured? 18. What can
you say about Morse Code? 19. What happened in 1870s? 20. When was the telephone
invented? 21. A British scientist named Joseph Swan demonstrated the first electric
light with a carbon filament lamp, didn’t he? 22. What do ypu come to know about

12



Nicola Tesla and James Wimshurst? 23. How was the first public electricity supply in
the UK generated? 24. Did Magnus Volks build the first electric railway in 1883?
25. What did the first turbine use? 26. Who detected electric waves in the atmosphere?
27. Who was the author of the electron theory? 28. What was discovered in 1895?
29. Did Nikola Tesla's hydroelectric power generators at Niagara Falls come into
operation in 1897? 30. What happened in 1897? 31. What did Albert Einstein
demonstrate in 1905? 32. When did electric refrigerators and washing machines first
become available? 33. What important events in the history of electricity could be
mentioned while speaking about 1930s? 34. What did John Logie Baird invent?
35. When was the world's first large-scale nuclear power station opened? 36. France
and the USA adopted water-cooled reactor technology in the 190s, didn’t they?
37. What happened in 19947 38. What began to generate electricity in 2000?

Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

nmepe/oBl  CydacHl TEXHOJIOTii, BBa)kKaTH, 3axOIUIO0Ya TeMma, CTaTUJHa
€JIEKTPHKA, FTEHEPYBaTH MarHiTHE 1oJie, OyTH MPEACTABICHUM, CKIISIHA KYJIs1, BCTyHaTH
B KOHTaKT, 3 €JHAHHS NIEBHUX METaJIIB, ONMyOJIKyBaTH CBOIO TE€OPit0, OyTH Ha3BAHUM
Ha 4YeCTb K-H., OJMHHULS EJIEKTPUYHOTO OIMOpy, APIT, HAMOTAHUNH Ha KOTYILKH;
CJIEKTPUYHUNA TEHEepaTop, AEMOHCTPYBATH €JIEKTPOMArHITHY 1HAYKIIIO, KOTYILIKa
JIPOTY, BHUMIPIOBATH IIBHUJKICTh PO3MOBCIOJDKCHHS  CIICKTPUKH, 3a0€3MeunTH
CJIEKTPUKY, PO3POOUTH IBUTYH 3MIHHOTO CTPyMy, OyTH 3arpo3010 1Jis, NOIIHUPIOBATH
icTopii, OyTu O€3NeYHUM Yy BHUKOPUCTaHHI, JHKEPEJO >KUBJICHHS, BUPOOISATH
HA/A3BUYAHO BHCOKOYACTOTHI CTPYMH, BUKOPHUCTOBYBATH BOJSHE KOJECO Ha MJIMHI,
TUT JBUTYHA, MPHUBOJUTH B PyX TBUHTU YOBHIB, BHSIBISITH €JIEKTPUYHI XBWJII B
aTMocdepi, HiIMEIbKUN (DI3UK, 3MYCUTH €KpaH CBITHUTHCS, MPOXOIUTH KPi3h 00’ €KTH,
HaJIC/IaTH TIOBIJIOMJICHHA 4epe3 ATJIaHTUKY, CTaTh JOCTyHHHM, 3akOoH TIpo

€JICKTPONIOCTaYaHHs, T1IPOEIEKTPOCTAHIIIT, Mepla B CBITI BeJIMKOMACIITaAOHA aTOMHA
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CJICKTPOCTAHIIIsI, Ta300X0JI0/KYBAHUI PEaKTOP, IEPIINN pEaKTOP 3 BOJIOKO ITi/I THCKOM,
mepimia B CBITI  KOMEpIIHHA XBWJIbOBA EJEKTPOCTAHINS JIJIi  BUPOOHHUIITBA

€JIEKTPOEHEPT1i, CTHCHEHHS MOBITPsI, 3a0€3MEYEHHS EHEPTIEIO.

Exercise 3. Match the sentences

1. Electrical energy has always been a) but at that point, the circuits still had

around us, but for most of human to be wired by hand.Greeks, Romans,

history, and Egyptians reportedly used electric
fish as a treatment for epilepsy and
gout.

2. The 20th century also b) to describe objects that attracted dust

brought breakthroughs in the realm “like amber,” and this eventually led to

of electricity generation, with the modern usage of the word
“electricity.”

3. The first attempt to use electrical c) we haven’t understood it or been able

energy may have been in medicine: to control it.

4. An English scientist named William d) but he also played a major role in

Gilbert came up with the word the history of electricity.
“electricus”

5. Benjamin Franklin might be best e) that could be used to protect tall
known as one of America’s Founding buildings.

Fathers,

14



6. This wasn’t the first time anyone had
identified the link between electricity

and lightning,

f) but he’s credited with developing the

idea of the electromagnetic field.

7. He used this knowledge to invent

a lightning rod

g) wind power, nuclear power, and tidal
power all making their way onto the

scene.

8. Michael Faraday may not be as
famous as some of the other names in

the history of electricity,

h) including the Tesla coil, a high-
voltage, low-current transformer that’s

often used for entertainment.

9. One of Thomas Edison’s biggest

achievements

1) which uses uranium to generate power

through nuclear fission.

10. Tesla also developed several

different types of transformers,

J) as rolling blackouts and extreme

weather events put a strain on regional

power grids.

11. One of the most promising ideas

was nuclear power,

k) was opening the first power
plant in New York City in 1882,
the Pearl Street Station.

12. There’s one more technology that

wouldn’t exist without electricity:

I) but he was the first to put the pieces

together and explain how it worked.

13. The first circuit board was invented
by Albert Hanson in Germany in 1903,

m) computers and other electronics.
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14. We may also see a trend towards n) Greeks, Romans, and Egyptians
more self-reliance, reportedly used electric fish as a

treatment for epilepsy and gout.

Exercise 4. Translate the following sentences into English

1. Cy4acHe >KUTTS IPOCTO HEMOXKIIMBO YSIBUTH 0€3 CBITJIA Ta €JIEKTPOIPHUIIAIIB.

2. Tomy BIIKPHUTTS €JIEKTPUKHU - HAWBaKIIUBIIIA TIO/iS B 1CTOPIi JIIOJICTBA.

3. Enextpuka - 11e pyx 3apsKEeHUX YaCTOK i JII€I0 eIEKTPOMArHiTHOTO OIS
a00 B OJIHOMY HampsIMKy (ITOCTIHHHUI CTPyM), a00 3 MEPIOTUIHOIO 3MIHOKO HAIPSAMKY
(3MIHHHI CTPYM).

4. Ilepmmii KoHAEHCATOp, KUK OTpuMaB Ha3By JlelineHcbka OaHka, OyB
CTBOpEHUM roanacbkum ¢izukom [litepom Ban MyIieHOpyKOM.

5. el mpucTpiii ckiIanaBcs 31 CKISIHOI KOJIOM, 110 OyJia 00IIKTa IapoM 0J0Ba
330BHI 1 BCEpPEIUHI.

6. banka 3akpuBanacs JAepeB'sTHOIO KPUIIKOIO, 1 B HE1 BCTaBJISBCS METAJICBHIM
IITHD.

7. Ilpm momaui enextpoeneprii JlelmeHcbka OaHkKa MoOrJia HAKOMUYYBaTH
JTIOBOJT1 MOTY>KH1 3apsiau.

8. Taxkox 3a ii gomomoru OyJia OTpUMaHa mepiia eJeKTPUIHA ICKpa.

9. BoubT 1 rajmpBaHIYHUN €JIIEMEHT - I J00pe 3HaloMi HaM O3HAYCHHS
HacmpapAl MOXOIATH BiJ MPI3BUIN JABOX BUeHUX - Asekcanapo Bombra 1 Jlyimxi
["anbBaHi.

10. dapaneit BIAKPUB SIBUIIE €IEKTPOMArHITHOI 1HIAYKIIIi, 310paB Nepinii B CBITI
reHepaTop €JIEKTPOCHEPTii 1 eIEKTPOIBUTYH, BUBIB 3aKOHH €JICKTPOJII3Y 1 31rpaB uu HE
TOJIOBHY POJIb B CTAHOBJICHH1 TEOPIi EIEKTPUKH.

(From https://watt-shop.com/ua/blog/226-who-invented-electricity-and-how-its-operating-
principle.html; https://energy365.com.ua/tpost/m72pardfzl-storya-elektriki-v-svt)
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Exercise 5. Read the following interesting pieces of information. Share

your opinion with your classmates

¢ [celand is the country that uses the most electricity annually. Their
consumption is about 23% more than the U.S.

e The world’s biggest light bulb is located in Edison, New Jersey. It’s 14 feet
tall, weighs eight tons, and sits on top of the Thomas Edison Memorial Tower.

e Electricity is present in our bodies — our nerve cells use it to pass signals to
our muscles.

(https://www.oliverheatcool.com/about/blog/news-for-homeowners/13-fun-electrical-
facts/)

Speaking

e Create a lecture about milestones in the history of electricity and present it to the
class.

e Speak about the problems in modern electricity supply.

e Speak about the future of electricity.

e Choose an outstanding physicist and speak about his achievements.

Unit 2.
I. Read and translate the text. Learn the new vocabulary

Electrostatics
Electrostatics, as the name implies, is the study of stationary electric charges. A
rod of plastic rubbed with fur or a rod of glass rubbed with silk will attract small pieces
of paper and is said to be electrically charged. The charge on plastic rubbed with fur

is defined as negative, and the charge on glass rubbed with silk is defined as positive.

17



Electric charge
Electrically charged objects have several important characteristics:

« Like charges repel one another; that is, positive repels positive and negative
repels negative.

« Unlike charges attract each another; that is, positive attracts negative.

. Charge is conserved. A neutral object has no net charge. If the plastic rod and
fur are initially neutral, when the rod becomes charged by the fur, a negative charge is
transferred from the fur to the rod. The net negative charge on the rod is equal to the

net positive charge on the fur.

A conductor is a material through which electric charges can easily flow.
An insulator is a material through which electric charges do not move easily, if at all.
An electroscope is a simple device used to indicate the existence of charge. As shown
in Figure 1, the electroscope consists of a conducting knob and attached lightweight
conducting leaves—commonly made of gold foil or aluminum foil. When a charged
object touches the knob, the like charges repel and force the leaves apart. The
electroscope will indicate the presence of charge but does not directly indicate whether

the charge is positive or negative.

&

®
/ 2\

\/

Fig. 1. An electroscope reports the presence of charge.
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A large charge near a neutral electroscope can make the leaves move apart. The
electroscope is made of conducting material, so the positive charges are attracted to the
knob by the nearby (but not touching) negatively charged rod. The leaves are left with
a negative charge and therefore deflect. When the negative rod is removed, the leaves

will fall.

Now, consider touching the electroscope knob with a finger while the charged
rod is nearby. The electrons will be repulsed and flow out of the electroscope through
the hand. If the hand is removed while the charged rod is still close, the electroscope
will retain a charge. This method of charging is called charging by induction (see

Figure 2).

Elccuon
flow through
leaves to
finger

Fig.2. Charging an electroscope by induction.

When an object is rubbed with a charged rod, the object shares the charge so that
both have a charge of the same sign. In contrast, charging by induction gives an object

the charge opposite that of the charged rod.

Even though the charges are not free to travel throughout the material, insulators
can be charged by induction. A large charge nearby—not touching—will induce an

opposite charge on the surface of the insulator. As shown in Figure 3, the negative and
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positive charges of the molecules are displaced slightly. This realignment of charges in

the insulator produces an effective induced charge.

Fig. 3. Induction of surface charge on an insulator by a nearby charged object.
Coulomb's law

Coulomb's law gives the magnitude of the electrostatic force ( F) between two
charges:
Fe /"1/13/-
&3
where g ; and q , are the charges, r is the distance between them, and k is the
proportionality constant. The unit for charge is the coulomb. If the charge is in
coulombs and the separation in meters, the following approximate value for k will give
the force in newtons: k= 9.0 x 10 ®* N - m ?/C 2. The direction of the electrostatic force
depends upon the signs of the charges. Like charges repel, and unlike charges

attract.

Coulomb's law can also be expressed in terms of another constant (& o), known

as the permittivity of free space:
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N-m

When the permittivity constant is used, Coulomb's law is

4mnE r

/'_ N 1 qi 1( 5

The most fundamental electric charge is the charge of one proton or one electron.
This value () ise= 1.602 x 10 7' coulombs. It takes about 6.24 x 10 8 excess

electrons to equal the charge of one coulomb; thus, it is a very large static charge.
Electric fields and lines of force

When a small positive test charge is brought near a large positive charge, it
experiences a force directed away from the large charge. If the test charge is far from
the large charge, the electrostatic force given by Coulomb's law is smaller than when it
is near. This data of direction and magnitude of an electrostatic force, due to a fixed
charge or set of fixed charges, constitutes an electrostatic field. The electric field is
defined as the force per unit charge exerted on a small positive test charge (q o) placed

at that point. Mathematically,

Note that both the force and electric field are vector quantities. The test charge is
required to be small so that the field of the test charge does not affect the field of the

set charges being examined. The Sl unit for electric field is newtons per coulomb (N/C).

Figure 5 is a pictorial representation of the electric fields surrounding a positive

charge and a negative charge. These lines are called field lines or lines of force.
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Fig. 5. Electric field lines of (a) positive and (b) negative point charges.

Figure 6 shows the electric fields for opposite charges, similar charges, and
oppositely charged plates.
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Fig. 6. Electric field lines of (a) two opposite charges, (b) two like charges, and

(c) two oppositely charged plates.

Electric flux

Electric flux is defined as the number of field lines that pass through a given
surface. In Figure 7, lines of electric flux emerging from a point charge pass through an
imaginary spherical surface with the charge at its center.
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Fig. 7. Electric flux due to a point charge + q.

This definition can be expressed as follows: ® = YE - A, where ® (the Greek
letter phi) is the electric flux, E is the electric field, and A is area perpendicular to the
field lines. Electric flux is measured in N - m 2/ C 2and is a scalar quantity. If the
surface under consideration is not perpendicular to the field lines, then the expression
iIs®=> EA cos 6.

(From www.cliffsnotes.com/study-guides/physics/electricity-and-magnetism/electrostatics)

Vocabulary
rod CTPUKCHb
conserved 30epexeHn i
net charge PE3yIBTYIOUHIA 3apsiT
fur [f3:(1)] XyTpO
a conducting knob [nob] NPOBiIHA pydKa
conducting leaves MIPOBIJTHI JIUCTKH
deflect [dr'flekt] BIIXHIISATH
repulse [ri'pals] BiJICIKATH
insulator ['1n.sjou.ler.ts] 130J1ITOp

realignment [ ri:.o'lainmont] of charges  meperpymnyBanss 3apsiis
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Coulomb's [ 'ku:.lIomz] law 3akon Kyrona
magnitude [ 'meg.nr.tju:d] BEJIMYMHA

permittivity [p3:mr'tiviti] of free space nmienekTpuyHaA IPOHUKHICTD BIJIBHOTO
pOCTOPY

excess [ik ses] electrons HA/IJTMIIOK €JICKTPOHIB

Exercise 1. Answer the following questions

1. What is electrostatics? 2. When is the rod said to be electrically charged?
3. When is the charge defined as negative? 4. When is the charge defined as positive?
5. What several important characteristics do electrically charged objects have? 6. What
Is a conductor? 7. What is an insulator? 8. An electroscope is a simple device used to
indicate the existence of charge, isn’t it? 9. What happens when a charged object
touches the knob? 10. What will the electroscope indicate? 11. What is electroscope
made of? 12. When will the leave of electroscope fall? 13. When will the electroscope
retain a charge? What is this method of charging called? 14. Does the charging by
induction give an object the charge opposite that of the charged rod? 15. How can
insulators be charged? 16. The negative and positive charges of the molecules are
displaced slightly, aren’t they? 17. What does the Coulomb’s law give? 18. What does
the direction of the electrostatic force depend upon? 19. How can Coulomb’s law also
be expressed? 20. What is Coulomb's law, when the permittivity constant is used?

21. What is the most fundamental electric charge?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

JOCIIIJIKEHHSI ~ CTAlllOHApHUX  EJEKTPUYHUX 3apsAliB, OyTH €JIeKTPUYHO
3apAJKEHUM, BU3HAUYEHMM SIK HEraTUBHUM, €JIEKTPUYHUN 3apsll, MaTH KIJbKa

BOKJIMBUX XapaKTEPUCTUK, HE MaTU MIiACYMKOBOIO 3apsly, MPOBITHUK, 130JIATOD,

24



eJIEKTPOCKOII, BKa3yBaTH Ha HAsBHICTh 3apsly, pyUKa eJleKTPOCKOIa, 30epertu 3apsiz,
TPOXHU 3MICTUTH, MIEPETPyIyBaHHs 3aps/iB, BEINYHHA €IEKTPOCTATUYHUX CUJ, KYJIOH,
JIeJIEKTPUYHA MPOHUKHICTD BIIBHOTO MPOCTOPY, €NEKTPOCTATUYHE MOJIEe, BEKTOPHI

BEJIMYMHU, CUJIOBI JiHI1, €JIEKTPUYHUN NOTIK, MOKHA BUPA3UTU HACTYITHUM YHHOM.

Exercise 3. Match the sentences

1. Electrostatics is a branch of physics

a)because it acts along the line joining

two charges.

2. The attraction of the plastic wrap to
your hand after you remove it from a
package and the attraction of paper to a

charged scale

b) play a very large role in how atoms

and molecules behave.

3. Electrostatic forces play a large role at
the nanoscale; for instance, the force
between an electron and a proton, which

together make up a hydrogen atom,

c)the work done on the charge is

independent of the path taken.

4. Because they are large at small scales,
Coulomb forces between electrons and

the positively charged nuclei

d)are the examples of electrostatics.

that: 'The

magnitude of the electrostatic force of

5. Coulomb's law states

attraction or repulsion between two point

charges

e)equal the numbers of negative ions.
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6. If the two charges have the same sign, | f)equal numbers of protons and

the electrostatic force between them is | electrons.

repulsive;

7. Electric field lines are useful g)and terminate on negative charge.

8. Field lines begin on positive charge h)is more than 39orders of
magnitude stronger than

the gravitational force acting between

them.

9. Neutral particles include

1) if they have different signs, the force

between them is attractive.

10. They have both protons, neutrons and

J) is directly proportional to the product

electrons; however, the numbers of | of the magnitudes of charges and

positive ions inversely proportional to the square of
the distance between them.

11. The electrostatic force is | k)for visualizing the electric field.

conservative in nature because

12. The electrostatic force is called a

central force

) that  studies

stationary electric charges.

slow-moving  or
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Exercise 4. Translate the following sentences into English

1. Illapas Ortocren ne Kymon (1736 — 1806) (Charles Augustin de Coulomb),

dbpaniy3pkuii Gi3uK, pO3M0YaB CBOIO Kap €py sK BiicbKOBUH 1HXXeHep y BecT-Inmii.

2. Y 1776 pomui BiH noBepHyBcs 10 Ilapuka 1 ycamiTHUBCS B HEBEIMKOMY

Ma€TKYy, 1100 3aiiMaTUCsI HAYKOBUMH JTOCITIDKCHHSIMH.

3. BiH BuHAWIIOB KpyTWIbHI Bard IS BUMIPIOBAHHS BEIMYMHU CHIIM 1
BUKOPUCTOBYBAaB iX Il BHW3HAYEHHS CWJI EJICKTPUYHOTO TIPHUTITAHHS abo

BiI[HITOBXyBaHHH MK MaJINMH 3apAIKCHUMU KYJIbKaMU.

4. Takum unHOM y 1785 poui BiH NpUKIIOB 10 3aKOHY 0O€pHEHOro KBajpara,

SAKUU Tenep BiAOMUM 5K 3akoH KynoHna.

5. Ipictni, a Takoxx Kasenaimem (Cavendish) panime mpairoBany Ha/t 3aKOHOM,

xoua KaBenzim HikosM He MyOJIiKyBaB CBOI pe3yJIbTaTH.

6. KyJoH Takox 3HaWIIOB 3aKOH 00€PHEHUX KBAJPaTiB CHJIM MK PI3HOPIIHUMHU

Ta OJHAKOBUMH MarHiTHUMH ITOJIOCAMHU.

8. Kasenmim panimie Kynona BcTaHOBUB (ajie He OIy0JIiKyBaB) 3aKOH 3BOPOTHUX
KBaJpaTiB JJIsl B3a€MOJIl €JIEKTPUYHUX 3apsijiiB, 3aliMaBCsi MEXaHIYHOI TEOPIEIO

TEIJIOTH, PO3PAXYBAB CEPEAHIO MIUIBHICTH 1 Macy 3eMiIi.

9. KaBeHily HaleXUTh KiJIbKa pOOIT O BUBYEHHIO BIACTUBOCTEH €IEKTPUKH,
HAIMCAHUX ISl KOPOJIBCHKOTO CYyCHIIBCTBA, ajie O1IbIlIa YaCTUHA HOT0 €KCTIEPUMEHTIB

OyJia 310pana i omyoOikoBaHa Jlxeiimcom MakcBesiom Titbku B 1879 porii.

10. B 1935 p. MixHapoaHuii acTpOHOMIYHUN COIO3 TMPHUCBOIB iM'ss ['eHpi

Kapenpima kparepy Ha BUANMIi cTOpoH1 Micsiis.

(https://uk.wikipedia.org/wiki/)
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Exercise 5. Read the following interesting pieces of information. Share

your opinion with your classmates

« A spark of static electricity can measure thousands of volts, but has very little
current and only lasts for a short period of time. This means it has little power
or energy.

- Lightning is a powerful and dangerous example of static electricity.

« As dangerous as lightning is, around 70% of people struck by lightning survive.

. Temperatures in a lightning bolt can hit 50,000 degrees F.

o Static electricity will build up faster on a dry non-humid day.

(https://www.ducksters.com/science/static_electricity.php)

Speaking
e Speak about Electrostatics.
e Speak about Henry Cavendish and his discoveries.
e Speak about Charles Augustin de Coulomb and his discoveries in physics.

e Speak about Electric field.

Unit 3.
I. Read and translate the text. Learn the new vocabulary
The Electric Current
Electric current, any movement of electric charge carriers, such
as subatomic charged particles (e.g., electrons having negative charge, protons having

positive charge), ions (atoms that have lost or gained one or more electrons), or holes

(electron deficiencies that may be thought of as positive particles).
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Electric current in a wire, where the charge carriers are electrons, is a measure of
the quantity of charge passing any point of the wire per unit of time. In alternating
current the motion of the electric charges is periodically reversed; in direct current it is
not. In many contexts the direction of the current in electric circuits is taken as the
direction of positive charge flow, the direction opposite to the actual electron drift.

When so defined the current is called conventional current.

Current is usually denoted by the symbol I. Ohm’s law relates the current
flowing through a conductor to the voltage V and resistance R; that is, V = IR.

An alternative statement of Ohm’s law is | = V/R.

Current in gases and liquids generally consists of a flow of positive ions in one
direction together with a flow of negative ions in the opposite direction. To treat the
overall effect of the current, its direction is usually taken to be that of the positive charge
carrier. A current of negative charge moving in the opposite direction is equivalent to
a positive charge of the same magnitude moving in the conventional direction and must
be included as a contribution to the total current. Current in semiconductors consists of

the motion of holes in the conventional direction and electrons in the opposite direction.

Currents of many other kinds exist, such as beams of protons, positrons, or

charged pions and muons in particle accelerators.

Electric current generates an accompanying magnetic field, as in electromagnets.
When an electric current flows in an external magnetic field, it experiences a magnetic
force, as in electric motors. The heat loss, or energy dissipated, by electric current in a

conductor is proportional to the square of the current.

A common unit of electric current is the ampere, which is defined as a flow of

one coulomb of charge per second, or 6.2 x 108 electrons per second. The centimetre—
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gram-second units of current is the electrostatic unit of charge (esu) per second. One

ampere equals 3 x 10° esu per second.

Commercial power lines make available about 100 amps to a typical home; a 60-
watt lightbulb pulls about 0.5 amp of current and a one-room air conditioner about 15
amps.
Difference between voltage and current
Voltage is another term that’s used in regards to electronic circuits about as often
as current. VVoltage is measured in volts (V). Like current, voltage is also related to
the flow of electrons in a circuit. Current refers to the flow of electrons, while

voltage refers to the amount of force pushing the flowing electrons.

The higher the voltage, the more current will flow; a lower voltage means a weaker

current.

Resistance also has a significant impact on current flow. Think of resistance as the
width through which electrons flow. The greater the resistance, the narrower the
width through which the electrons must flow, and therefore the lower the current.
By contrast, a lower resistance increases the width through which electrons can

flow, allowing more current to flow at once.

The wider the river, the more water there is.

Fig.1. Resistance and current can be compared to the flow of a river
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If you want more current to flow at a given resistance value, you can
accomplish that by raising the voltage. Power is generally calculated by
multiplying current (A) by voltage (V), yielding a result that is expressed in watts
(W). In this way, current and voltage are completely different, but both are

important elements in the world of electricity.

A typical example of direct current is the electricity provided by dry cells
and the lithium-ion batteries used in cars. With a direct current, the voltage is
always positive (or always negative), and the current always flows in the same
direction. As a result, a device may not operate if its battery is installed with the

poles reversed.

Fig.2. Direct current

By contrast, alternating current (AC) refers to current and voltage whose
direction and magnitude vary regularly over time. AC current waveforms are
distinguished by a variety of shapes, including sine waves, square waves, sawtooth

waves, and triangular waves.

+
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Fig. 3. Alternating current
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AC electricity is used by the power grid, for example in household outlets.
However, most standard electronic devices convert it into DC current with their

internal circuitry. Why, then, does the power grid use AC current?

The reason has to do with transmission. Resistance in power lines causes
losses when current is transmitted, but that loss can be reduced by increasing the
voltage. However, it’s difficult to create high-voltage DC current, so electricity is
transmitted as AC current and then stepped down to a lower voltage by
transformers before being supplied to electric devices via the power grid. Then
those devices, in most cases, convert the AC current into DC current with their
internal circuitry so that it can be used.

(From https://www.britannica.com/science/electric-current; https: www.hioki.com/us-

en/learning/electricity/current.html)

Vocabulary
ion ['ar.on] i0H
deficiency [dr fif.on.si] aedinuT

alternating current ['ol.ta.ner.tiy 'kar.ont] 3miuHMI cTpyM

direct current [dar rekt] MOCTIHHUN CTPYM

[dr'rekt ‘kar.ant]

to denote [di naut] 03HAYaTH

conductor [kon'dak.tor] IPOBITHUK

magnitude ['meg.nr.tfu:d] BEIMYMHA

semiconductor [ sem.i.kon'dak.tor] HaITiBIIPOBITHUK

pion ['paron] iOH

muon ['mju:on, -a:n] MIOOH; B&XKKUH €JIEKTPOH; 0apUTpOH
accelerator [ok'sel.a.rer.tor] PUCKOPIOBAY
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to dissipate ['dis.1.peit]

In regards to

resistance [r1'zis.tons]

to accomplish [o'kam.plif]

to yield [ji:1d] a result

pole

sawtooth wave ['so:tu:0 werv]
triangular wave [trar &n.gja.lor werv]
power grid

household outlet
transmission [traenz mif.on]

internal circuitry [in'ts:.nal 's3:.krtri]

PO3CIOBATUCS
B1JTHOCHO

orip

JOCSATaTH

JaTH pe3ybTaT
TIOJTIOC
MTAJIKOTIO11I0HA XBHIIS
TPUKYTHA XBHJIS
eHeprocucreMa
noOyToBa po3eTKa
crocib nepegaBaHHA

BHYTPIILIHI CXEMU

Exercise 1. Answer the following questions

1. What is electric current? 2. What is electric current in a wire? 3. What is the
difference between alternating current and direct current? 4. How is current usually
denoted? 5. What can you say about current in gases and liquids? 6. What does current
in semiconductors consist of? 7. Currents of many other kinds exist, such as beams of
protons, positrons, or charged pions and muons in particle accelerators, doesn’t it?
8. What does electric current generate? 9. What is the common unit of electric current?
10. What does ampere equal? 11. What is the difference between current and voltage?
12. Does resistance have a significant impact on current flow? Comment upon it.
13. What do you have to do if you want more current to flow at a given resistance
value? 14. How is power generally calculated? 15.What is a typical example of

direct current? 16. How are AC current waveforms distinguished? 17. Where is AC
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electricity used? 18. Do most standard electronic devices convert it into DC current
with their internal circuitry? 19. Why does the power grid use AC current? 20. Why
Is electricity transmitted as AC current and then stepped down to a lower voltage

by transformers before being supplied to electric devices via the power grid?

Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

Oynb-SKW pyX HOCIIB €JIEKTPUYHOrO 3apsay, CyOaTOMHI 3apsKeHl
YAaCTHHKH, Mipa KUJIBKOCTI 3apsay, Y 3SMIHHOMY CTPyMi, IEPIOTUYHO PEBEPCOBAHUM,
MOTIK TO3UTUBHOIO 3apsANY, 3BUYANHUN CTPYM, 3a3BUYAI TO3HAYAETHCS CUMBOJIOM,
3akoH Owma, HeraTMBHUM 3apsj, y NPUCKOpIOBadax YAaCTUHOK, MarHiTHa cuJa,
3arajbHa OJMHULS €JIEKTPUYHOTO CTPYMY, MOTIK €JIEKTPOHIB y JAHIIO31, IKa Ma€
3HAUYHUN BIJIMB HA CyX1 €JIEMEHTH Ta JITiM-10HH1 O0aTapei, 110 BUKOPUCTOBYIOThCSA
B €JICKTPOMEPEXKI, IMUIAXOM MIJABUIICHHS HANPYrd, MHOXKCHHS, BHYTPIIIHI CXEMH,

301JIBIITUTH HATIPYTY.

Exercise 3. Match the sentences

1. The current is a physical

a) Amp and is abbreviated by the unit
symbol A.

2. As a physical quantity, current is the

rate

b) passing through a cross section of a

wire every 1 second.

3. The current is simply the ratio of

c) flowing into, along, and out of a slide

per unit of time.

4. The standard metric unit for current is
the ampere. Ampere is often shortened
o

d) quantity that can be measured and

expressed numerically.
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5. A current of 1 ampere means that

there is 1 coulomb of charge

e) a closed conducting loop through

which the charge can move.

6. The particles that carry charge

through wires in a circuit

f) negatively charged electrons.

7.Charge will not flow in a circuit
unless there is an energy source capable
of creating an electric potential

difference and unless there is

g)at which charge flows past a point on
a circuit. passing through a cross section

of a wire every 1 second.

8. By convention, the electric current

direction is the direction

h)which positive charge would move.

9. In wires, the actual charge carriers are

1) are mobile electrons.

10. The average speed of an electron
within a circuit is very, very slow. This

IS due primarily to the

j) the quantity of charge and time.

11. Electric current is the rate at which
electric charge flows past a point on the

electric circuit. Water current is the rate

k) countless collisions with the fixed

atoms in the wire.

12. As such, current is analogous to the

number of gallons of water

I) at which water flows past a point on

the water circuit.

Exercise 4. Translate the following sentences into English

1. EnextpudHmii CTpyM — 1€ MOTIK €IEKTPUYHOTO 3apsiay B KOJIL.

2. TouHiIIe KaKy4H, eISKTPUIHUN CTPYM — I1€ MIBUAKICTh TIOTOKY 3apsiy 4epe3

JlaHy TOYKY €JIEKTPUYHOTO KOJja.
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3. 3aps/10M MOKYTh OYTH HETaTUBHO 3apsJPKEHI1 €JIEKTPOHU a00 MO3UTUBHI HOCIT
3apsy, BKIIOYAl0UW IPOTOHU, MO3UTUBHI 10HU.

4. BennunHa €JIEKTPUYHOTO CTPYMY BHUMIPIOETBCS B KYJIOHaxX 3a CEKYHIY,
3arajbHOI0 OJIMHUIICIO JJIS IBOTO € aMIep, AKUM MO3HAYAETHCS JIITEPOIO «AY.

5. [loTik cTpyMy B JIaHLIO31 3a3BUYail O3HAYAETHCS JITEPOIO «I», 1 11 OykBa
BUKOPHUCTOBYETHCS B PIBHSAHHAX, TAaKUX SIK 3akoH OMma, ne V=I-R.

6. OCHOBHA KOHIIENIlisSl CTPYyMy IMOJSTa€ B TOMY, LIO II€ PyX €JIEKTPOHIB
yCepenHl PEYOBHHH.

7. EnextpoHn — 11¢ ApiOHI YaCTHHKH, SKI ICHYIOTh SIK YaCTHHA MOJICKYJISIPHOL
CTPYKTYpPH MaTepiaiB.

8. EnexTpon# € 3apsKeHUMHU YaCTUHKAMU — BOHU HECYTh HETaTUBHUUN 3apsijl.

9. SIk1mo BOHU PYyXalThCS, TO PYXA€EThCS KUIBKICTh 3apsy, 1 1€ HA3MBAETHCS
CTPYMOM.

10. Crtpym € oIHUM 13 HaWBKIUBIMKX 1 (yHIAMEHTAIBHUX EJIEMEHTIB

EJICKTPUYHHUX Ta EJICKTPOHHUX TEXHOJIOTIH.
(From https://futurenow.com.ua/shho-take-elektrychnyj-strum/)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

Electric cars actually date back as far as 1832

While most see electric vehicles as a relatively new invention, they actually date
back as far as the 1800s. Between 1828 and 1835, Hungarian and American innovators
were the first to experiment with small-scale electric cars. Budding inventor, Robert
Anderson, developed the first crude electric vehicle in 1832; however, it wasn’t until
the 1870s that the car became ‘driveable’ and able to transport passengers from A to B.

More than 60 years after its first invention, the electric vehicle started to grow in
popularity. Models were finally easy to drive and no longer gave off a pungent smell
of pollutants. They were particularly sought-after amongst women, who wanted a
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stylish vehicle to travel around the city. By the next century, it is thought that electric
cars accounted for up to one-third of all vehicles on the roads!

(https://www.heathelectricalservices.com/news/10-fun-facts-about-electricity)

Unit 4.

I. Read and translate the text. Learn the new vocabulary

Electric power

Electric power, energy generated through the conversion of other forms of
energy, such as mechanical, thermal, or chemical energy. Electric energy is unrivaled
for many uses, as for lighting, computer operation, motive power, and entertainment
applications. it is competitive, as for many industrial heating applications, cooking,

space heating, and railway traction.

Electric power is characterized by current or the voltage or the potential of charge
to deliver energy. A given value of power can be produced by any. If the current is
direct, electronic charge progresses always in the same direction through the device
receiving power. If the current is alternating, forth in the device and in the wires
connected to it. For many applications either type of current is suitable, but alternating
current (AC) is most widely available because of the greater efficiency with which it
can be generated and distributed. A direct current (DC) is required for certain industrial
applications, such as electroplating and electrometallurgical processes and for most

electronic devices.

The wide-scale production and distribution of electric power was made possible
by the development of the electric generator, a device that operates on the basis of
the induction principle formulated in 1831 by the English scientist Michael
Faraday and independently by the American scientist Joseph Henry. The first public
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power station employing an electric generator began operation in London in January
1882. A second such station opened later that same year in New York City. Both used
DC systems, which proved inefficient for long-distance power transmission. By the
early 1890s the first practical AC generator was built at the Lauffen power station in

Germany, and service to Frankfurt am Main was initiated in 1891.

There are two primary sources for driving generators—hydro
and thermal. Hydroelectric power is derived from generators and turbines driven by
falling water. Most other electric energy is obtained from generators coupled to turbines
driven by steam produced either by a nuclear reactor or by burning fossil fuels—

namely, coal, oil, and natural gas.

Until the 1930s, hydroelectric-power plants equipped with water-turbine
generating units produced the largest percentage of electric energy because they were
less expensive to operate than thermal-power plants using steam-turbine units. Since
that time, major technological advances have reduced the cost of thermal-power
generation, while the cost of developing more remote hydroelectric sites has increased.
By 1990, hydroelectric-power production constituted only 18 percent of global electric
energy output. Thermal plants using nuclear energy or gas turbines to run steam-
electric units are among these technological advances. Alternative electric energy

sources include solar cells, wind turbines, fuel cells, and geothermal-power stations.

Electric energy generated at a central power station is transmitted to bulk delivery
points, or substations, from which it is distributed to consumers. Transmission is
accomplished by an extensive network of high-voltage power lines, including overhead
wires and underground and submarine cables. Voltages higher than those suitable for
power plant generators are required when transmitting alternating current over long
distances in order to reduce the power losses that result from the resistance of

transmission lines. Step-up transformers are employed at the generating station to
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increase the transmission voltage. At the substations other transformers step down the

voltage to levels suitable for distribution systems.

All the principles of generating electricity had been worked out in the 19th
century, but by its end these had only just begun to produce electricity on a large scale.
The 20th century witnessed a colossal expansion of electrical power generation and
distribution. The general pattern has been toward ever-larger units of production, using
steam from coal- or oil-fired boilers. As the market for electricity increased, so did the
distance over which it was transmitted, and the efficiency of transmission required
higher and higher voltages. Hydroelectric power, using a fall of water to drive water
turbines, was developed to generate electricity where the climate and topography make
it possible to combine production with convenient transmission to a market.
Remarkable levels of efficiency were achieved in modern plants. One important
consequence of the ever-expanding consumption of electricity in the industrialized
countries has been the linking of local systems to provide vast power grids, or pools,
within which power can be shifted easily to meet changing local needs for current.

(From https://www.britannica.com/technology/history-of-technology)

Vocabulary
thermal [ '03:.mal] TEILIOBI
unrivaled [an'rar.vald] HETIepeBEPIICHUN
motive power ['mou.tiv pava(r)] pyluriiiHa cuia
railway traction 3aJTIi3HAYHA TATa
current [ 'karant] CTpyM
voltage values ['vol.tid3 'vel.ju Z] 3HAYCHHS HAMpyTH
direct [do'rekt] IpSIMUI
alternating 3MIHHHAN
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to move back and forth
electroplating process

electrometallurgical

[i'lek.trov met.al'3:.d31.kal] process

long-distance power transmission

turbines ['t3:.bainz]
to obtain

coupled to [ 'kap.ld]
fossil fuels

coal

steam-turbine units

solar cells

wind turbines

fuel cells

geothermal-power stations
[ d3i:.00'03:.mal]
bulk delivery points

distribute

consumer

high-voltage power lines

overhead wires

underground and submarine cables

to reduce the power losses
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pyxaTHcsl Bepea-Ha3a
MPOIIEC TaIbBAHIYHOTO OKPUTTS

eJIEKTPOMETAIYPIiiHMIA TTpoLiec

nepeaayda eJIeKTPOCHEPrii Ha BEIUKI
BI/ICTaHI

TypOiHK

OTpUMATH

y TIOE€THAHHI 3

roproYl KOPUCHI KONATUHU
BYT1JUIS

napoTypOiHHI YCTaHOBKH
COHSIYHI €JIEMEHTH

BITPOBI TypO1HU

MaJIMBHI €JIEMEHTH

reoTepMaibH1 €JIEKTPOCTAHIIIT

MyHKTH OTMITOBOI JOCTaBKH
MOIIAPIOBATH

CIIO’KHUBAY

BHCOKOBOJIBTHI JIIHIT €JIEKTporiepeaayd
MOBITPSIHI APOTHU

MI3EMHI Ta M1ABO/IH1 Kabel

3MEHIIUTH BTPATU MOTYKHOCTI



step-up transformers MiABUILYBaJbHI TpaHCHOpPMaTOpU

step down the voltage 3HU3WUTHU HAMIPYTY

Exercise 1. Answer the following questions

1. What is electric power? 2. What kinds of energy are used to generate electric
power via conversion? 3. How many uses of electrical power do you know? 4. What
Is the difference between direct and alternating current? 5. What is the principle of
electric generator operation? 6. Who formulated the principle of induction first in the
world? 7. The DC electric power stations proved to be inefficient for long distance
power transmission, didn’t they? 8. How many primary sources for driving generators
do you know? 9. In what way does a nuclear reactor take part in electricity production?
10. What was the percent of hydro electrical power production of global electrical
power output in 1990? 11. Are natural gas, coal and oil used in electrical power
production? 12. Where is electric power of the central power station transmitted to?
13. Substations are the bulk delivery points, aren’t they? 14. What is the reason of
electrical power losses during transmission? 15. What is the structure of electric power
distribution network? 16. What types of cable are used for electric energy transmission?
17. What transformers are employed at generating power station to increase the
transmission voltage? 18. Why did the efficiency of transmission require higher and
higher voltages? 19. What is the principle of hydroelectric power station operation?
20. What was the reason for creating vast electric power grids or pools in modern

industrial countries?
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Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

nepeTBOpeHHs 1HIMMX (GOopM €Heprii, HemepeBeplleHa, pyIIiiHa Ccuia,
PO3BaKaJIbH1 MPOTPAMH, TIOTIK €JIEKTPUYHOTO 3aps1y, KOMOIHAIlisS 3HAYEHb CTPYMY Ta
Harnpyru, 3MiHHuN cTpyM (AC), HeoOXITHUHN ISl IEBHUX MPOMUCIIOBUX 3aCTOCYBaHb,
MIpOKOMaciTabHe BUPOOHUIITBO, pO3poOKa EJIEKTPUYHOrO TeHepaTopa, Iepiia
€JIEKTPOCTAHIIIS 3 BUKOPUCTAHHSAM €JIEKTPUYHOTO T€HEpaTopa, CUCTEMHU IMOCTIHOTO
CTpPYMYy, TIepe/1adl eJICKTPOCHEPT1] Ha BEIUKI B1ICTaH1, IEPBUHHI JKepea JIsl IPUBOTY
reHepaTopiB, 3’ €HaHI 3 TypOiHAMU, €IEKTPOCTAHIlT TEIUIOBOI eHeprii, mapoTypOiHHi
YCTAHOBKH, O0'€IHAHHS JIOKAJIBHUX CHUCTEM, 3a0€3MEYUTH BEJIMKI E€JIEKTPOMEPEXI,

MOTYXHICTh MOXKE OyTH JIETKO PO3MO/IiIeHa, 3aJ0BOJILHUTH MIHJIMBI MICLIEB1 TOTPEOH.

Exercise 3. Match the sentences

1. In an electric circuit under steady- a) semiconductors according to
state conditions, their electric conductivity.
2. Materials are classified b) that reduces the voltage because of its
as conductors, insulators, or effect on the electric field.
3. Electrostatics is the study of c) the flow of charge does not change

electromagnetic phenomena that occur | with time and the charge distribution

when there are no moving charges— stays the same.

4. Alternating current, flow of electric | d) i.e., after a static equilibrium has been
charge that periodically reverses. It established.

starts, say, from zero, grows to a
maximum, decreases to zero, reverses,
reaches a maximum in the opposite
direction, returns again to the

original value,
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5. Eddy current, in electricity, motion
of electric charge induced entirely

within a conducting material

e) generally following a direction

parallel to the Earth’s surface.

6. John Hopkinson was a British
engineer and physicist who invented the
three-wire system

for electricity distribution and

f) the electric energy stored in such
capacitors maintains the information

during the temporary loss of power.

7. Telluric current, natural electric
current flowing on and beneath the

surface of the Earth and

g) improved the design and efficiency of

electric generators.

8. Capacitors have many important
applications. They are used, for
example, in digital circuits so that
information stored in large computer
memories is not lost during a

momentary electric power failure;

h) for example, by bending, twisting, or

squeezing it.

9. One method for increasing capacity
IS to insert between the conductors an

insulating material

1) wire and radio communication, the
stored-program
electronic computer, radar, and

automatic control systems.

10. Piezoelectricity (literally “pressure
electricity”) is observed if a stress is

applied to a solid,

j) by a varying electric or magnetic

field or by electromagnetic waves.

11. Electrical engineering deals with
electric light and power systems and
apparatuses; electronics engineering

deals with

k) and repeats this cycle indefinitely.
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Exercise 4. Translate the following sentences into English

1. EnexTpuyHwMii 3apsi] — 1€ BIACTHUBICTh TiJ, IO MPOSIBIIAETHCS, HACAMIICPEI,
y 3JaTHOCTI CTBOPIOBAaTH HABKOJIO ce0e eJIEKTPUYHE TOJIe 1 32 JOMOMOTOI0 HBOTO

BIUIMBATH Ha 1HIII 3apsKEH] Tiia.
2. EnexTpuyHi 3apsay MOAUIAIOTh HA TO3UTUBHI Ta HETaTHUBHI.

3. Bubip, sxuii came 3apsn Ha3BaTH TO3UTHBHHUM, a SIKH HETaTUBHUM,
BB@)XAETHCS Y HAYIII CYyTO YMOBHHM, 32 KOKHHM 13 3apsi/IiB 3aKPIIJICHO IIJIKOM TTEBHHM

3HaK.

4. Tina, 3apaKeH1 3apsA0M OJHOTO 3HAaKa, BIIIUTOBXYIOTHCS, & MPOTUIIEKHO

3apAIKEH] TPUTSITYIOThCS.

5. HaliGinb1 3aranpHa (pyHIaMEeHTalIbHA HAayKa, 110 BUBYAE €JIEKTPUYHI 3apsi/y,
iX B3a€EMOJII0 Ta MOJS, L0 HUMH MOPOMKYIOThCA Ta JIIOTh Ha HUX - L€

GJ'IeKTpOI[I/IHaMiKa.

6. 3a3Buyail JuiI  BUPOOHMIITBA  EJIEKTPOCHEPrii  3aCTOCOBYIOTHCS
eJIEKTPOMEXaHIuHI TeHEPaTOpH, 1110 MPUBOAATHCA B /1110 200 32 paXyHOK CIaTIOBAaHHS
BUKOITHOTO TaJiuBa, a00 3 BUKOPUCTAHHSM €HEprii BiA SAEPHUX peakiliii, abo uepe3

CUJTY TIOBITPSTHUX 200 BOJHUX TEHiil.

7. bmwxue no kxiHng XIX cromitrs OyB BUHaWACHWH TpaHcpopMarop, IO
J03BOJIMJIO OUIbII €()EKTUBHO MEpeaBaTH €JEKTPOEHEPTrii0 MpHU BUIIM Hampy3i Ta

MEHIIIN CHIII CTPyMY.

8. 3aranom, nounHaroun 3 XIX cTOMTTS, €1eKTpUKa MIUIBHO BXOJUTh Y KUTTS

Cy4acHOT ITUBLII3aIlI].

9. ENeKTpuKy BUKOPHUCTOBYIOTh HE TUIBKM JJIsl OCBITJICHHS, @ W Ui Tepeaadi

iHdopmarii (tenerpad, tenedoH, paaio, TereOAuCHHS), a TAKOX JJIS MPUBEICHHS
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MEXaHI3MIB pyXy (EJIeKTPOJBUIYH), 110 AaKTUBHO BUKOPUCTOBYETHCS Ha TPAHCIOPTI
(TpamBaii, MeTpo, TpOJIeHOycC, eJIeKTprUUKa) Ta y MOOYTOBIM TEXHIII (MpacKa, KyXOHHHM

KOMOaliH, mpajibHa MalluHa, MOCYA0MUITHA MaIlIMHA).

10. ¥ Mipy TOro, sIK TpMBAa€ MOJIEpHI3allisl Ta PO3BUBAETHCS CKOHOMIKA TI€T YU

THIIIO1 ACPiKaBH, IIOIIUT Ha CIICKTPUKY HNIBUIKO 3POCTAE.

(From https://uk.wikipedia.org/wiki)

Exercise 5. Read the following interesting piece of information. Share your

opinion with your classmates

In the 1880’s, there was a “war of currents” between Nikola Tesla and Thomas
Edison. Tesla helped invent AC current and Edison helped invent DC current, and both
wanted their currents to be popularized. Tesla developed the alternating-current power
system that provides electricity for homes and buildings. He also pioneered the field

of radio communication and was granted more than 100 U.S. patents.
(https://en.wikipedia.org/wiki/War_of the_currents)
Speaking
e Speak about electrical power.
e Speak about Nikola Tesla and his inventions.
e Speak about outstanding scientists who contributed to the development of

electrical theory.

e Speak about the production of electricity in Ukraine.
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Unit 5.
I. Read and translate the text. Learn the new vocabulary

The electron theory

The understanding of the behavior of electrons in solids is one of the keys to
understanding materials. The electron theory of solids is capable of explaining the
optical, magnetic, thermal, as well as the electrical properties of materials. In other
words, the electron theory provides important fundamentals for a technology which is
often considered to be the basis for modern civilization. A few examples will illustrate
this. Magnetic materials are used in electric generators, motors, loudspeakers,
transformers, tape recorders, and tapes. Optical properties of materials are utilized in
lasers, optical communication, windows, lenses, optical coatings, solar collectors, and
reflectors. Thermal properties play a role in refrigeration and heating devices and in
heat shields for spacecraft. Some materials are extremely good electrical conductors,
such as silver and copper; others are good insulators, such as porcelain or quartz.
Semiconductors are generally poor conductors at room temperature. However, if traces
of certain elements are added, the electrical conductivity increases.

Since the invention of the transistor in the late 1940s, the electronics industry has
grown to an annual sales level of about five trillion dollars. From the very beginning,
materials and materials research have been the lifeblood of the electronics industry.

For the understanding of the electronic properties of materials, three approaches
have been developed during the past hundred years or so which differ considerably in
their philosophy and their level of sophistication. In the nineteenth century, a
phenomenological description of the experimental observation was widely used. The
laws which were eventually discovered were empirically derived. This "continuum
theory" considered only macroscopic quantities and interrelated experimental data. No
assumptions were made about the structure of matter when the equations were
formulated. The conclusions that can be drawn from the empirical laws still have
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validity, at least as long as no oversimplifications are made during their interpretation.
Ohm’s law, the Maxwell equations, Newton’s law, and the Hagen-Rubens equation
may serve as examples.

A refinement in understanding the properties of materials was accomplished at
the turn to the twentieth century by introducing atomistic principles into the description
of matter. The "classical electron theory" postulated that free electrons in metals drift
as a response to an external force and interact with certain lattice atoms. Paul Drude
was the principal proponent of this approach. He developed several fundamental
equations that are still widely utilized today.

A further refinement was accomplished at the beginning of the twentieth century
by quantum theory. This approach was able to explain important experimental
observations which could not be readily interpreted by classical means. It was realized
that Newtonian mechanics become inaccurate when they are applied to systems with
atomic dimensions, i.e., when attempts are made to explain the interactions of electrons
with solids. Quantum theory, however, lacks vivid visualization of the phenomena
which it describes. Thus, a considerable effort needs to be undertaken to comprehend
its basic concepts; but mastering its principles leads to a much deeper understanding of
the electronic properties of materials.

Electron theory states all matter is comprised of molecules, which in turn are
comprised of atoms, which are again comprised of protons, neutrons and electrons.
A molecule is the smallest part of matter which can exist by itself and contains one
or more atoms.

If you turn on a light switch for example you will see the light bulb glow and
emit light into the room. So what caused this to happen? How does energy travel
through copper wires to light the bulb? How does energy travel through space? What

makes a motor turn, a radio play?
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To understand these processes requires an understanding of the basic
principles. For the light to glow requires energy to find a path through the light switch,
through the copper wire and this movement is called electron flow. It is also
called current flow in electronics. This is the first important principle to
understand.

The word matter includes almost everything. It includes copper, wood, water,
air....virtually everything. If we were able to take a piece of matter such as a drop of
water, divided it by two and kept dividing by two until it couldn't be divided any
further, we would eventually have a molecule of water.

An atom is also divisible - into protons and electrons. Both are electrical
particles and neither is divisible. Electrons are the smallest and lightest and are said
to be negatively charged. Protons on the other hand are about 1800 times the mass of
electrons and are positively charged. Each are thought to have lines of forces (electric
fields) surrounding them. In theory, negative lines of force will not join other negative
lines of force. In fact, they tend to repel each other. Similarly positive lines of force
act in the same way.

The fact that electrons repel electrons and protons repel protons, but electrons

and protons attract one another follows the basic law of physics:
Like forces repel and unlike forces attract.

When an electron and proton are brought in close proximity to one another it
is the electron which moves because the proton is 1800 times heavier. It is the electron
which moves in electricity. Even though the electron is much smaller, its field is quite
strong negatively and is equal to the positive field of the proton.

Since the electric-field strength of an electron varies inversely with the distance
squared, the field strength a centimetre away would be quite weak. The fields
surrounding protons and electrons are known as electrostatic fields. "Static" means

stationary or not moving.
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When electrons are made to move, the result is dynamic electricity. "Dynamic”
means movement. To produce a movement of an electron it is necessary to either
have a negatively charged field "push it", a positively charged field "pull it", or, as
normally occurs in an electric circuit, a negative and positive charge (a pushing and
pulling of forces).

Most atoms have a nucleus consisting of all the protons of the atom and also
one or more neutrons. The remainder of the electrons (always equal in number to the
nuclear protons) are whirling around the nucleus in different layers. The first layer of
electrons outside the nucleus can only accommodate two electrons. If the atom has
three electrons then two will be in the first layer and the third will be in the next layer.
The second layer is completely filled when eight electrons are whirling around it. The
third is filled when eighteen electrons are whirling around.

Don't think these electrons whirl around in some haphazard manner, they don't.
The electrons in an element of a large atomic number are grouped into rings having
a definite number of electrons. The only atoms in which these rings are completely
filled are those of inert gaseous elements such as Helium, Neon, Argon, Krypton,
Xenon and Radon.

All the other elements have one or more uncompleted rings of electrons.

Some of the electrons in the outer orbit of atoms such as copper or silver can
be easily dislodged. These electrons travel out into the wide open spaces between the
atoms and molecules and may be termed free electrons. It is the ability of these
electrons to drift from atom to atom which makes electric current possible. Other
electrons will resist dislodgement and are called bound electrons.

(From https://what-when-how.com/electronic-properties-of-
materials/fundamentals-of-electron-theory;
https://www.electronics-tutorials.com)

Vocabulary

solids TBEPJIl PEUOBUHU
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thermal ['63:.mol]

solar collectors

heat shield [fi:1d]

lattice ['let.s)
conductor [ken'daktor]
insulator ['in.sjs.ler.tor]
annual sales
sophistication [so fis.tr'ker.fon]
empirically [im'prr.ksl.i]
interrelated [ in.to.rr'ler.tid]
validity [va'lid.vti]
refinement [rr' famn.mont]
proponent [pro'pov.nant]
equation [r'kwer.3sn]
matter

to be comprised of
divisible [di'viz.a.bsl]

to repel [rr'pel]

to whirl [ws:1]

to dislodge [dr'slod3]

TETUIOBUU
COHsAYH1 O6aTapei
TEIUIOBI EKpaHU
pernriTka
MIPOBITHUK
130J14TOP
piuHMii 00CAT MPOaaXKiB
BUTOHYEHICTh
EMITIPUYHO
B3a€MOIIOB'sI3aH1
TEepMIH il
YTOYHEHHS
OOOPHUK
PIBHSHHS
Marepis
CKJIaZaTHC 3
MOILIbHUNA
B1IOMBATH
KPYKIIATH

BUTICHATHA

Exercise 1. Answer the following questions

1. What is one of the keys to understanding materials? 2. What can the electron

theory explain? 3. Where are magnetic materials used? 4. Where are optical properties
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of materials utilized? 5. Are some materials extremely good electrical conductors?
6. Semiconductors are generally poor conductors at room temperature, aren’t they?
7. When does the electrical connectivity increase? 8. How much does the electronic
industry cost? 9. What approaches have been developed in the past hundred years to
understand the electronic properties of materials? 10. How were the laws of physics
discovered in the 19" century? 11. Were any assumptions made about the structure of
the matter? 12. What happened at the turn to the 20" century? 13. What does the
classical electron theory postulate? 14. What did quantum theory explain? 15. What
does the electron theory state? 16. What is a molecule? 17. What is the first important
principle to understand? 18. What does the word “matter” include? 19. What is an atom
divisible into? 20. What are electrons? What are protons? 21. What is the basic law of
physics? 22. Is it electron or proton that moves electricity? 23. What are electrostatic
fields? 24. What happens when electrons are made to move? 25. What do most atoms

have? 26. How are free electrons and bound electrons different?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

PO3yMIHHS IOBEAIHKU €JIEKTPOHIB, €IEKTPOHHA TEOPisl TBEPAUX TiJI, €IEKTPUUHI
BJIACTMBOCTI MaTepiajiB, ONTHYHI BJIACTUBOCTI MaTepiajiB, CIiIN MEBHUX E€JIEMCHTIB,
pIYHHUI piBEHBb MPOJIAXKIB, JKUTTEBA CHUJIA EJIECKTPOHHOI MPOMHUCIOBOCTI, €IEKTPOHHI
BJJACTUBOCTI ~ MarepiajiB, EKCIEPUMEHTAIbHE CIOCTEPEKEHHS, MaKpPOCKOMIYHI
BEJIMYMHHM Ta B3a€EMOIIOB’sI3aH1 €KCIIEpUMEHTAIbHI JIaHl, ApeidyBaTH sIK BiAMOBIIL HA
30BHIIIHIO CUJTY, ()yH/IaMEHTAJIbHI PIBHSHHSA, CTABaTH HETOYHUMH, PO3YMITH OCHOBHI
MOHATTSI, CBITUTHUCS Ta BUIPOMIHIOBAaTH CBITJIO, TOTIK €JICKTPOHIB, MOIIJIbHUH,
SJICKTPHUYHI TIOJISA, BIIITOBXYBATH, 3MIHIOIOTHCSI O0EPHEHO, EIEKTPOCTATUYHI MOJIs, B
oesnocepeaHiid  OMM3BKOCTI, SAPO, OOEPTAIOYHUCH HABKOJIO, SKUMOCH BHUIAKOBUM

YIMHOM, MO€e OyTH JIETKO BUTICHEHO, 3B’s13aH1 €JIEKTPOHH.
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Exercise 3. Match the sentences

1. Joseph John Thomson (J. J. Thomson,
1856-1940)

a) stainless steel, high speed steel from
which our drill bits are made and in

common use in electronics.

2. The object from which electrons move

to another object

b) becomes negatively charged due to an

excess of electrons.

3. The object from which electrons come

to another object

¢) was proposed by Drude and Lorentz.

4. The classical free electron theory

d) are moving freely and randomly
moving in the entire volume of the metal

like gas atoms in the gas container.

5. According to this theory the electrons

e) becomes positively charged due to a

lack of electrons.

6. When an electric field is applied

f) are found on the outer shell of the

atom.

7.Quantum theory states that there are
only certain allowed energy states for an

electron and

g) because of their behavior in an electric
field.

8. The protons and neutrons are found in
the middle of the atom in the nucleus.

Meanwhile, the electrons

h) is widely recognized as the discoverer
of the electron. Thomson was the
Cavendish professor of Experimental
Physics at Cambridge University and
director of its Cavendish Laboratory from

1884 until 19109.

9. An electron

1) that these are quantized.

10. Electrons are referred to as negative

j) is a subatomic particle that

IS negatively charged.
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11. The existence of the electron showed | k) the free electrons gets accelerated.
that

12. Most metals in use today are in fact | ) the 2,000-year-old conception of the
alloys. Common examples are atom as a homogeneous particle was
wrong and that in fact the atom has a

complex structure.

Exercise 4. Translate the following sentences into English

1. Ha mouarky 20 cromTTs Oyna CTBOpEHa KjacH4yHa EJICKTPOHHA Teopis
MPOBITHOCTI METAJIIB, B OCHOBI SIKO1 JIEKAaTh HACTYIIHI MOJIOKECHHSI:

2. Meranmu MaoTh KPUCTAYHY PENITKY, Yy BYy3/JaxX SKOI 3HaXOAATHCS
NO3UTUBHI 10HM, @ MDXK HUMHU pYyXalOThCS BUIbHI €JIEKTPOHM, SIKI Ha3UBaIOTh
€JIEKTPOHAMH MPOBIHOCTI.

3. EnexTpoHM mpOBIAHOCTI MOBOJATHCS MOAIOHO 171€aIbHOMY OJHOATOMHOMY
rasy.

4. Ilpu BiACYTHOCTI 30BHIIIHBOTO €IEKTPUYHOTO MOJIS €JIEKTPOHHU MPOBITHOCTI
3MIHCHIOIOTh XaOTUYHHUH PYX 3 CEPEIHBOI0 KBAIPATUIHOKO MIBUIKICTIO, IO 3aJICKHUTh
BIJl TEMIIEpATypH.

5. Ilpu cBOEMY pyci €NEKTPOHH MPOBITHOCTI BIJUYBAIOTh 31ITKHEHHS 3 10HAMU
KPUCTAJIIYHOI PEIIITKY, SIKUMH BU3HAYAETHCSA iX JOBXKHUHA BUIBHOTO MPOOIry A -
BIJICTaHb, SIKY MTPOXOJHUTH €JIEKTPOH M1k JIBOMA MOCITIIOBHUMH 31TKHCHHIMU.

6. SIKmo MeTay MOMICTHTH B €JICKTPUYHE TI0JIE, TO EJICKTPOHH PyXatOThCs
YHOPSIKOBAHO, YTBOPIOIOYH €IIEKTPUIHUN CTPYM.

/. HannpoBiiHICTh — 1€ SIBUIIIE CTPUOKOIO[IOHOTO 3MEHILICHHS CJIEKTPUIHOTO
OTIOPY METAJIiB JI0 HYJIS TIPH TeMITepaTypax, OJU3bKUX 10 aOCOTIOTHOTO HYJIS.

Bigkpuray 1911 p. Kamepmiar — Oanecom.
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8. Cuna ctpymy | B oqHOpITHOMY METAJICBOMY MPOBIIHUKY TIPSIMO
IIPOTMOpIIiifHA P13HUII MOTEHITIAIIB Ha KIHISX 1IbOTO MPOBIAHUKA 1 00EpHEHO
npornopiiiHa iforo onopy R (3akon OMa a7st 0THOP1THOT JUTSTHKHY KOJIa).

9. o HamiBOpOBIAHUKIB BIIHOCITh PEUOBHHH, SIK1 32 OJTHUX YMOB €
MPOBITHUKAMH, a TP HIIUX - JIEJIEKTPUKAMHU.

10. ko enekTpoHu 3 AK0i-HeOY b MPUUNHHU 3aJTUIIAIOTh TOBEPXHIO METAIY,
TO Ha TIOBEPXHI BUHUKAE HECKOMITEHCOBAHHM €NICKTPUYHUHN 3apsil, IKUN TTOBEPTAE
€JICKTPOHU Ha3al.

(https://naurok.com.ua/lekciya-elektrichniy-strum-u-riznih-seredovischah-
163215.html)

Exercise 5. Read the following interesting pieces of information. Share

your opinion with your classmates

« Electrons are subatomic particles found in the shells around the nucleus in an

atom

« There are four sub-shells. Sub-shell s has one orbital, p has three orbitals, d

has five orbitals, and f has seven orbitals.

« The number of protons and electrons are equal in an atom but different in

cation and anions.

. lonisation energy is the energy change measured when one electron is removed

from a gaseous atom.

« An electron has a larger angle of deflection than a proton.

« Electrons play a very important role in bonding.

« Electron affinity is the addition of one electron into a gaseous atom
(https://alevelchemistry.co.uk/definition/electrons/)
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Speaking

Speak about Joseph John Thomson.

Speak about the theory of electrons.

Speak about atoms.

Speak about the difference between classical and free electron theory.

Unit 6.
|. Read and translate the text. Learn the new vocabulary
Magnetism

Magnetism, phenomenon associated with magnetic fields, which arise from
the motion of electric charges. This motion can take many forms. It can be an electric
current in a conductor or charged particles moving through space, or it can be the
motion of anelectronin anatomic orbital. Magnetism is also associated
with elementary particles, such as the electron, that have a property called spin.

Basic to magnetism are magnetic fields and their effects on matter, as, for
instance, the deflection of moving charges and torques on other magnetic objects.
Evidence for the presence of a magnetic field is the magnetic force on charges moving
in that field; the force is at right angles to both the field and the velocity of the charge.
This force deflects the particles without changing their speed. The deflection can be
observed in the torque on acompass needle that acts to align the needle with
the magnetic field of Earth. The needle is a thin piece ofironthat has been
magnetized—i.e., a small bar magnet. One end of the magnet is called a north pole and
the other end a south pole. The force between a north and a south pole is attractive,
whereas the force between like poles is repulsive. The magnetic field is sometimes
referred to as magnetic induction or magnetic flux density; it is always symbolized
by B. Magnetic fields are measured in units of tesla (T). (Another unit of measure
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commonly used for B is the gauss, though it is no longer considered a standard unit.

One gauss equals 10~ tesla.)

A fundamental property of a magnetic field is that its flux through any closed
surface vanishes. (A closed surface is one that completely surrounds a volume.) This is
expressed mathematically by div B = 0 and can be understood physically in terms of
the field lines representing B. These lines always close on themselves, so that if they
enter a certain volume at some point, they must also leave that volume. In this respect,
a magnetic field is quite different from an electric field. Electric field lines can begin
and end on a charge, but no equivalent magnetic charge has been found in spite of many

searches for so-called magnetic monopoles.

The most common source of magnetic fields is the electric current loop. It may
be an electric current in a circular conductor or the motion of an orbiting electron in
an atom. Associated with both these types of current loops is a magnetic dipole
moment, the value of which is iA, the product of the current i and the area of the loop A.
In addition, electrons, protons, and neutrons in atoms have a magnetic dipole moment
associated with their intrinsic spin; such magnetic dipole moments represent another
important source of magnetic fields. A particle with a magnetic dipole moment is often
referred to as a magnetic dipole. (A magnetic dipole may be thought of as a tiny bar
magnet. It has the same magnetic field as such a magnet and behaves the same way in
external magnetic fields.) When placed in an external magnetic field, a magnetic dipole
can be subjected to a torque that tends to align it with the field; if the external field is

not uniform, the dipole also can be subjected to a force.

All matter exhibits magnetic properties to some degree. When placed in an
inhomogeneous field, matter is either attracted or repelled in the direction of
the gradient of the field. This property is described by the magnetic susceptibility of the

matter and depends on the degree of magnetization of the matter in the field.
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Magnetization depends on the size of the dipole moments of the atoms in a substance
and the degree to which the dipole moments are aligned with respect to each other.
Certain materials, such as iron, exhibit very strong magnetic properties because of the
alignment of the magnetic moments of their atoms within certain small regions
called domains. Under normal conditions, the various domains have fields that cancel,
but they can be aligned with each other to produce extremely large magnetic fields.
Various alloys, like NdFeB (an alloy of neodymium, iron, and boron), keep
their domains aligned and are used to make permanent magnets. The strong magnetic
field produced by a typical three-millimetre-thick magnet of this material is comparable
to anelectromagnet made of acopperloop carrying a current of several
thousand amperes. In comparison, the current in a typical light bulb is 0.5 ampere.
Since aligning the domains of a material produces a magnet, disorganizing the orderly
alignment destroys the magnetic properties of the material. Thermal agitation that

results from heating a magnet to a high temperature destroys its magnetic properties.

Magnetic fields vary widely in strength. Some representative values are given in
the Table.

(From https://www.britannica.com/science/magnetism)

Typical magnetic fields

inside atomic nuclei 101 T

in superconducting solenoids 20 T

in a superconducting coil cyclotron 5 T
near a small ceramic magnet 0.1 T
Earth's field at the Equator 4(10°) T

in interstellar space 2(107°) T
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Magnetic fields produced by electric currents can be calculated for any shape
of circuit using the law of Biot and Savart, named for the early 19th-century French
physicists Jean-Baptiste Biot and Félix Savart. A few magnetic field lines produced by

a current in a loop are shown in Figure 1.

Fig. 1. Magnetic field from current loop

These lines of B form loops around the current. The Biot—Savart law expresses the
partial contribution dB from a small segment of conductor to the total B field of a
current in the conductor. For a segment of length and

poidl x P

e, (1)

daB e R

orientation dl that carries a current i,

Fig. 2. Magnetic field produced by electric current

(From https://www.britannica.com/science/magnetism)
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Vocabulary

phenomenon [fo'nom.r.nan]
deflection [dr'flek. on]
torque [to:k]

velocity [va'lps.i.ti]

to align [2'lain]

vanish ['ven.1f]

loop [lu:p]

neutrons [ 'nju:.tron]

dipole ['dar.pauvl]
neodymium [ ni:ov dimriam]
exhibit [1g'zibt]

repel [r1'pel]

susceptibility [so sep.tr'bil.i.ti]
domain[da'mein]

alloy[ el.o1]

comparable [ 'kom.par.a.bl]
spin

interstellar

superconducting

SIBUIIIC

BIJIXUJICHHS, 3JIOMJICHHS
KPYTHUM MOMEHT
MIBUIKICTH
BUPIBHIOBATU

3HUKATU

TeTIIs

HEUTPOHU

JTUTIOJT

HEO/IUM

EKCITOHAT

B1IOMBATH
CIPUUHATIUBICTh
JIOMEH, Taly3b, JUISTHKA
CIUIaB

MOPIBHSHHUHT
KPY>KJISATUH, KDy TUTHUCS
MDK30PSTHUN

HaJIITPOBITHUM
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contribution BHECOK

Exercise 1. Answer the following questions

1. What is the name of the phenomenon which is associated with magnetic fields?
2. How do we name the fields which arise from the motion of electrical charges?
3. What forms can this motion take? 4. What is the evidence for the presence of a
magnetic field? 5. Does the magnetic force deflect the particles without changing their
speed? 6. Why does the compass needle act to align with the magnetic field of Earth?
7. What units are magnetic fields measured in? 8. A magnetic field is quite different
from an electrical field, 1sn’t it? 9. What is the fundamental property of the magnetic
field? 10. Is it right to suppose that all matter exhibits magnetic properties to some
degree? 11. What is the most common source of magnetic field? 12. Why does iron
exhibit one of the most strong magnetic properties? 13. Why is an alloy of neodymium,
iron and boron used for production of permanent magnets? 14. Does the heating of
material magnet to high temperature destroy the magnetic properties of the magnet?
15. Can the motion of an electron in an atomic orbital be a source of magnetism?
16. What law can be used for calculation of magnetic fields produced by electric
currents of any circuit shape? 17. What is the value of Earth magnetic field at the
Equator? 18. What is the value of magnetic field in interstellar space? 19. Is the
magnetic field sometimes referred to as magnetic induction? 20. What are some typical

magnetic fields?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

MarHiTHI TIOJISI, pyX EJNEeKTPUYHUX 3apsfiB, CTpPUIKAa KOMIIaca, 3apsKeHl
YaCTUHKH, OCHOBA MarHeTHW3Ma, 30BHIIIHI MarHiTHI MOJIs, 0 PYyXalThCs B IPOCTOPI;
oOepTarounii MOMEHT, CBIJOITBO MPHUCYTHOCTI, MIBHIAKICTH 3apsay, MIK30pSHHMA
MPOCTIp, BIAKIOHSIE YACTKH, BITHOCUTHCS JIO MArHITHOI 1HIYKIli, MAar”iTHI
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BJIACTUBOCTI, TOCTIMHUN MAarHiT, MIBHIYHUM TMOJIOC, TIBACHHUN TIOJIOC, ¥
MaTeMaTHYHOMY BHWPaKCHHI, B IIbOMY BHUIIQJKy, 3aMiCTh, JKEPEIIO MarHeTH3MY,
CTYIIHb HaMarHiuyBaHHs PEYOBMHH, BIUTUB Ha MAaTepilo, aCOIIOETHCS 3, OlIbIle HE
pO3MIISIIA€ThCA  SIK, MIUIBHICTh MArHITHOTO IIOTOKY, 3aJCKHTh BIJ CTYICHS

HaMaron41yBaHHS.

Exercise 3. Match the sentences

1. Magnetism a) each electron to act like

a microscopic magnet.

2. Magnetism b) the nucleus, or core, of an atom.

3. Every substance c) electrons, particles that carry electric
charges.

4. Each atom has d) is made up of tiny units called atoms.

5. Spinning like tops, | €) is caused by the motion of electric

the electrons circle charges.

6. Their f) creates a magnetic field.

movement generates an electric

current and causes

7. In most substances, equal numbers | g) but they are not yet magnets.

of electrons spin in opposite directions,

8. That is why materials such as cloth or | h) most of the electrons spin in the same

paper are said direction.

9. In substances such as iron, cobalt, | i) to be weakly magnetic.

and nickel,

10.This makes the atomsin these | j) which cancels out their magnetism.

substances strongly magnetic —

11.To become magnetized, another | k) line up in the same direction.

strongly magnetic substance must
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12.The magnetic field is the area around

I) while the same poles repel each other.

13.All magnets have

m)is the force exerted by magnets when

they attract or repel each other

14.The force generated by

the aligned atoms

n) enter the magnetic fieldof an

existing magnet.

15.0pposite poles are attracted to each

other,

0) a magnet that has magnetic force.

16.When you rub a piece of iron along

p) north and south poles.

a magnet, the north-seeking poles of

the atoms in the iron

Exercise 4. Translate the following sentences into English

1. MaraeTusm — 11e cuiia, 3 KOO JIIF0Th MarHiTH, KOJIU BOHU MPUTATYIOTh 200

BIJIIITOBXYIOTh OJMH OJTHOTO.
2. MarneTusm 3yMOBIICHUN PYXOM €JIEKTPUUHUX 3aps/IiB.

3. KoxHa peyoBHHA CKJIAJA€THCS 3 KPUXITHUX OJWHHUII, SKI HA3UBAIOTHCS

aTOMaMH.
4. KoxxeH aToM Mae€ eJIeKTPOHHU, YACTHUHKH, SIKI HECYTh €JIEKTPUYHI 3apsi/iy.

5. Konu marnitHe nose crae cunpHimmM npubausno 3a 500 000 "aycc, 06’ektu

IHTEHCUBHO PO3PUBAIOTHCA HA IMIMATKKW CUJIaMH.

6. 3 1€l NMpUYMHM BYEHI HE MOXKYTh MOOYAyBaTH MalIMHY, SIKa CTBOPIOE
MarHiTHe noJie, NoTyXHIcTh sgxoro nepesuirye 500 000 ["aycis, 1 )kUBe AOBILIE YACTKU

CEeKYH/IU.

7. MarueTu3M BUHUKA€E BHACIIIOK JBOX TUIIIB PyXY €JIEKTPOHIB B aTOMaXx: OJUH

— 1I€ PYX EJICKTPOHIB MO OpOITI HABKOJO sapa, MOAIOHHMI M0 pyXy TUIAHET HaIloi
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ConsiuHoi cucteMu HaBKoJI0 COHIIA, a IHIIUN — 00epTaHHS €JIEKTPOHIB HABKOJIO CBOET

0Cl1, aHaJIOTIYHO O0ePTaHHIO 3eMITi HABKOJIO CBOET OCI.

8. byno BusBIeHO Ta Ki1acu]ikoBaHO I’SITh OCHOBHHX THIIIB MarHeTH3My Ha
OCHOBI MAarHiTHOI MOBEIIHKA MaTepiajiB y BIJNOBiAb Ha MarHiTHI MOJIS MPHU PI3HUX
temneparypax. Lli Tunm  Mar"Hetusmy:  QepomarnetusMm, (epiMarHeTHUsM,

aHTU(EpPOMarHeTHU3M, TApaMarHeTU3M 1 JllaMarHeTU3M.

9. MaruitHe nosie abo HIUTbHICTD MOTOKY BUMIPIOETHCSI B METPUUHUX OJMHULIAX
rayc (I') 1 BignmoBigHi# oauHUIN MixkHapoaHoi cuctemu Tecia (T). Hampyxkenictsb
MarHiTHOTO TOJSl BUMIPIOETBCSA B METPUYHUX OAMHUIIX epcTen (Oe) 1 MIKHApOIHUX

OJIMHUIIIX amIiepax Ha MeTp (A/M).

10. [Ins1 BUMiprOBaHHS BEJIMYMHHU MArHiTHOIO MOJIi BAKOPUCTOBYIOTh IIPHJIA[IH,

K1 HA3UBAIOThCA rayCMETPAMH Ta MarHITOMETPAMH.

(https://www.ucl.ac.uk/EarthSci/people/lidunka/GEOL2014/Geophysics9%20-
Magnetism/Useful%20papers/Magnetism.htm#:~:text=Magnetism%?20arises%20f
rom%?20two%20types,the%20Earth%20about%20its%20o0wn)

Exercise 5. Read the following interesting piece of information. Share your

opinion with your classmates

Animal Magnetism

Some animals, such as pigeons, bees, and salmon, can detect Earth's magnetic field
and use it to navigate. Scientists aren't sure how they do this, but these creatures seem
to have magnetic material in their bodies that acts like a compass.

(https://education.nationalgeographic.org/resource/magnetism/)
Speaking

e Speak about electromagnetic radiation.
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e Speak about electricity and magnetism.
e Speak about Michael Faraday and his discoveries.

e Speak about magnetic properties.

Unit 7.
I. Read and translate the text. Learn the new vocabulary
Optics

Optics was started many centuries ago as the science dealing with the properties
of light — a part of the discipline of physics. It also became more and more important
for practical applications and can therefore now also be regarded as an important field
of technology. As the properties of light have already been known quite precisely for
several decades, most of current optics research focuses on applications. For example,
one can study technical optics, which focuses on the operation principles and further

optimization of various optical components and devices.

Optics plays a crucial role in the area of photonics, mainly concerning various
properties of light and on its propagation e.g. through transparent optical materials. It
also has a very substantial economical importance as an enabler for many other modern
technologies. However, many details of the generation and detection of light lie outside
the field of optics, which deals mainly with the propagation of light. Photonics contains

other important fields like laser physics which interface with optical physics.

Nowadays, optics deals not only with visible light, but also
with infrared and ultraviolet light, as these have many properties in common with

visible light, and are often utilized with similar optical components.
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Classical Optics
Geometrical Optics

To some extent, the propagation of light can be described with ray
optics or geometrical optics, where light is considered to consist of rays which
propagate along straight lines, at least in homogeneous optical media. The effects of

optical components on light rays is often described with an ABCD matrix algorithm.

Figure 1: Reflection of light rays at a spherically curved mirror.

Although geometrical optics has serious limitations — it cannot describe various
important physical phenomena involving diffraction or interference, for example — it is
still  useful. For example, many properties of optical imaging systems
containing mirrors, lenses, prisms etc. can be well understood with geometrical optics,
although their performance limitations can not be completely explained with ray optics.
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Physical Optics, Wave Optics

10 49.29% transmission

y (pm)
o

-10 e

x (pm)

Figure 2: Intensity profiles at the end of a multimode fiber for a variable
input beam position, shown as animated graphics. Such calculations need to be
based on wave optics; ray optics are not sufficient. The image is from a case
study with the software RP Fiber Power.

Some physical phenomena show quite clearly that light has properties of waves,
although the rather short wavelengths of light do not always make that obvious.
However, interference and diffraction processes in particular are hard to explain
without optical waves. Around 1865, James Clerk Maxwell managed to demonstrate
that light can indeed be identified with transverse electromagnetic waves
of frequencies of the order of hundreds of terahertz. This quickly explained many
phenomena e.g. in the context of diffraction and polarization. Some of the first practical
results were explanations for the Ilimited optical performance e.g.
of microscopes and telescopes, and hints towards further optimization of their

performance.

Light propagation in optical fibers can also be well described only with ray

optics; see Figure 2 for an example.

Beyond an improved understanding, many new kinds of devices and operation
principles have resulted from the evolution of physical optics and wave optics. For
example,  powerful spectrometers based  on diffraction  gratings have  been

realized, dielectric coatings (thin-film coatings) have become very important in various
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fields of photonics, and optical resonators play important roles e.g. as optical filters and

as laser resonators.

Large parts of physical optics require quite sophisticated and partly abstract
mathematical methods, although greatly simplified mathematical methods are still
sufficient for many purposes. Numerical computation methods have become very

important, greatly simplifying the work in many cases.

Quantum Optics

Although the description of light as classical electromagnetic waves, as
developed in the 19th century, has been extremely successful, it became apparent in the
early 20th century that there are phenomena which are hard to explain on that basis. For
example, Albert Einstein realized that the photoelectric effect seemed to suggest that
light energy is not delivered continuously, but in certain discrete packages, which are
nowadays called photons. The further development of quantum mechanics led to a
physical description which reconciles quite well the wave nature and apparent particle
properties of light, although the resulting physical model is hard to bring together with
intuitive ideas, and some aspects of quantum physics are still a matter of debate,
essentially concerning interpretations. Note, however, that there seem to be no logical
flaws or gaps of understanding in the sense that phenomena could not be properly

described or predicted.

The field of optics which is specifically dealing with quantum effects is
called quantum optics. In recent years, quantum optics has led to interesting
technological developments; important keywords are quantum cryptography (for

secure data transmission based on physical principles) and quantum computing.
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Technical Optics

Technical optics is based on optical physics, but focuses on optical components
and systems for transforming and utilizing light, not on studying the properties of light

itself. Some examples of areas of activity and technical optics are:

Modeling and design methods for developing optical systems are still being
further refined and optimized. Optical materials and their fabrication are further

optimized, and occasionally new materials are developed.

Various optical components and devices are also developed further, and new
concepts are introduced. Some progress in optical technology is based on new materials
or improve fabrication technologies, which can be utilized e.g. for improving the
performance of optical systems or making them simpler, more compact and less
expensive. For example, new fabrication techniques for aspheric optics and high-
quality plastic optics allow one to realize extremely compact photo cameras with

astonishing performance figures.

Much of technical optics is based on classical optics, i.e., not involving quantum

effects.

Modern optics deals with light propagation not only in “simple” artificial media,
but also for example in the atmosphere (atmospheric optics) and in

strongly scattering biological materials.

(From https://www.rp-photonics.com/optics.html)

Vocabulary
property of light [ 'prop.a.ti ov lait ] BJIACTHBICTH CBITIIA
precisely [pri'sars.li] TOYHO
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photonics [fou'tpniks]
transparent [traen ' speer.ont]
enabler [1'ner.blor]

homogeneous [ hom.o'd3i:.ni.os]
diffraction [d1'fraek.fon]
interference [ 1n.to'fia.rons]

ray [re1]

transverse [trenz v3:s]
diffraction gratings [d1'fraek. fon]
thin-film coating ['0infilm 'koutin]
reconcile [ 'rek.on.sail]

logical flaw [ 'lod3.1.kal flo:]
quantum cryptography

[ 'kwon.tom Kkrip ‘tog.ra.fi]
fabrication [ faeb.r1'ker.fon]
aspheric optics [er'sferik ‘pp.tiks]

astonishing performance figures
[o'ston.1.fin pa‘fo:.moans "fig.orz]

scattering [ 'skeet.or.1n]

doToHika

MPO30pHUi

aKTUBATOP
OJTHOP1THU N
mudpaKiis

BTpYUYaHHS

IPOMiHb

MONIEPEYHU I
nudpakIliiHi penriTKu
TOHKOIUTIBKOBE IMOKPUTTS
MPUMUPUTHUCS
JIOTTYHUH HEIOJIIK

KBaHTOBA KpUnTorpadis

BHUT'OTOBJICHHA

achepuvHa ONTHUKA

JTMBOBIDKHI TTOKa3HUKH TIPOTyKTUBHOCTI

PO3CIFOBaHHS

Exercise 1. Answer the following questions

1. When was optics started? 2. Why can it also be regarded as an important field
of technology? 3. Why do most of current optics research focuses on applications?
4. What area does optics play a crucial role in? 5. Why does it have a very substantial

economical importance? 6. What other important fields does photonics contain?
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7. What does optics deal with nowadays? 8. How can the propagation of light be
described? 9. What serious limitations does geometrical optics have? 10. What do some
physical phenomena show quite clearly? 11. What processes are hard to explain
without optical waves? 12. What did James Clerk Maxwell manage to demonstrate?
13. What were some of the first practical results? 14. How can light propagation in
optical fibers also be well described? 15. What has resulted from the evolution of
physical optics and wave optics? 16. What do large parts of physical optics require?
17. Have numerical computation methods become very important? 18. What became
apparent in the 19th century? 19. What did Albert Einstein realize? 20. What did the
further development of quantum mechanics lead to? 21. What is called quantum optics?
22. What has quantum optics led to in recent years? 23. What is technical optics based
on? 24. Modeling and design methods for developing optical systems are still being
further refined and optimized, aren’t they? 25. What do new fabrication techniques
for aspheric optics and high-quality plastic optics allow one to realize? 26. How does

modern optics deal with light propagation?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

MaTd CHOpPaBy 3 BIACTHUBOCTSAMHU CBITJIA, BAXJIMBIIIUMHU JJIs1 MPAKTUIHUX
3aCTOCYBaHb, BXKJIMBA rady3b TEXHOJIOTII, OUIBIIICTh Cy4YaCHUX JOCHIIKEHb ONTHKH,
MoJAJIbIIa ONTUMI3ALlS PI3HUX ONTHYHHUX KOMIIOHEHTIB 1 HPHUCTPOIB, BiAIrpaBaTH
BUPIIIANBHY POJb Y Taly3l (POTOHIKM, MPO30pl ONTHYHI Marepiaju, TreHeparis Ta
NETeKTYBaHHSA CBITJIa, BUJHUME CBITJIO, TEBHOI MIPOIK OJHOPIJIHE ONTUYHE
CEpeIOBHINE, MAaTH CEPHO3HI OOMEKEHHS, IIPOMEHEBA ONTHKA, BIACTUBOCTI XBHIIb,
iHTepdepentis Ta gudpakiiiHi IpoIecH, eBOIIOMA (PI3MYHOI ONTHKU Ta XBUIHLOBOI
ONTHKH, JIEACKTPUYHI TOKPUTTS, ONTUYHI (PIIBTPU Ta JIa3€pHI PE30HATOPH, YACTKOBO
a0CTpaKTHI MaTeMaTH4YHI METOAM, YUCEIbHI METOAU OOYHMCIICHBb, OIKC CBITIA SK
KJIACUYHUX EJIEKTPOMArHiTHUX XBWUJIb, (OTOENEKTPUYHUN e(EeKT, MEeBHI AUCKPETHI
NMakeTH, TMpeaMeTr Je0aTiB, KBAaHTOBA ONTHKA, KBaHTOBAa Kpumtorpadis, st
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IMOKpaIICHHSA HpOI[yKTI/IBHOCTi OIITHYHUX CHCTCM, BHCOKOSIKICHA IIJTACTHKOBA OIITHKaA,

HAI3BUYAHO KOMIIAKTHI

MPOJYKTUBHOCTI, KBAHTOB1 €()EKTH.

Exercise 3. Match the sentences

dboTokamepu

3 NPUTOJIOMIUIMBUMHU  ITOKA3HHUKaAMH

1. Optics, science concerned  with the
genesis and propagation of light, the
changes

a) is formed inside an instrument at the
point where diverging rays would cross if
they were extended backward into the

instrument.

2. Originally, the term optics

b) and the hologram as an optical

element.

3.In 1604 Johannes Kepler, a German
published book

on optics in which he postulated that

astronomer, a

c) consists of two lenses.

4. An optical image may be regarded

d) by the development of the laser in the
1960s.

5. A new era in optics commenced in the

early 1950s following

e) an intermediate record is made of the
complex optical field associated with the

object. and information theory.

6. This impetus was sustained

f) as the apparent reproduction of an

object by a lens or mirror system,

employing light as a carrier.

7. Nonlinear effects in optics are

g) the impact of certain branches of

electrical engineering—most notably

communication

8. The basic system required for coherent

optical processing

h) an extended object could be regarded

as a multitude of separate points, each
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point emitting rays of light in all

directions.

9. Regular reflection, which follows a

simple law,

1) now quite readily observable using
the highly coherent and highly energetic

laser beams.

10. in three

groups:

The applications are
image-forming  applications,

non-image-forming applications,

J) was used only in relation to the eye

and vision.

11.

step coherent image-forming process in

Holography IS a two-

which

K) occurs at plane boundaries.

12.

system, where the emerging rays actually

A real image is formed outside the

cross; a virtual image, on the other hand,

[) that it undergoes and produces, and
other phenomena closely associated with
it.

Exercise 4. Translate the following sentences into English

1. OntuuHa ¢i3rKa BUBYAE CBITJIO Ta HOTO B3a€EMO/III0 3 PEYOBUHOIO.

2. BiapmiicTh 13 HaC BBaXKa€e CBITIIO OCBITIIIOIOYOIO SHEPTIEL0.

3. 3a 10nmOMOroI0 CBITIIa MU MOKEMO 0aunTh pedi. bes nboro Mu B TeMpsiBi.

4. Opgnak nnst Bi3UKIB-ONTHKIB CBITIO — II€ Cepisi €NEKTPOMArHiTHUX XBHJIb,

qacToTa Ta IOBKHHA AKUX OYIKC piBHHTBCH.

5. PanmioxBuiii, MIKpOXBHIIL, pafap 1 pEHTIeHIBCbKE BUIIPOMIHIOBAHHS € THIIMMHU

dbopmaMu CBITJIA, 1 KOXEH Ma€ yHIKaIbHUN €rmocid B3aeMojil 31 CKJIOM Ta 1HIIOIO

PEUOBHHOIO.
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6. IndpayepBoHe BUIIPOMIHIOBAHHS, HANPUKIaA, BUSBISE TEIJIO — 1, OTXKE,

O3HaKH JKUTTS Ta aKTUBHOCTI.

7. 111 HayKOBa rayry3b Ma€e MPUPOIHE MOETHAHHS 3 TEXHOJIOTIEIO CKIIa, OCKITBKU
yCTIlIHE BUKOHAHHS 0araThOoX CIEMialbHUX CKJISHUX 3aCTOCYBaHb — ONTHYHUX
BOJIOKOH, TTaHeJIeH TUCIUIEB, HAMIBIIPOBITHUKOBUX CUCTEM 1 IEAKHX IHCTPYMEHTIB JJIs
PO3pOOKHU JIIKIB — 1€ JIUIIIE JIeSIKI 3 HUX — 3aJIeKUTh BIJl TOTO, SIK BOHM IIporpamMu

nepearThb, 00poOIIIIOT, a00 MaHIMYJIOIOTh CBITIOM.

8. Ham ontuyHi KOMYHIKaIlIiHI TPOAYKTH € HAWBIJOMINIMM MPHUKIAIOM
nocBiny Corning y ramay3l onTHYHOI (Pi3MKH, ajieé BOHM TaKOX BIIITPAIOTh BaXKJIUBY

pOJIb y MOOLIBHIN MOOYTOBIN €1EKTPOHILII.

9. CmaptdoH y BalIiii KMIIIEH] Ma€ HAJ3BUYAHO MAJICHBbKI CBITJIOIIOH, 1110 AA€
3MOTy MiJICBIYyBaTH €KpaHM, KI CHOKHUBAIOTh HEWMOBIPHO Mally KUIBKICTh 3apsiTy

aKyMyJIITOpa.

10. TloemnanHs 1i€i Temep y»Ke BCIOAWCYIOI 1HHOBAIli 31 CIeiaIbHUMH

OKYJIIpaMu, SIK1 11 OTOUyI0Th, Ha3aBXIM 3MIHUJIO HAIII CIIOCIO CIIJIKYBaHHS 31 CBITOM.

(https://www.toppr.com/guides/physics/ray-optics-and-optical-

instruments/optics/)

Exercise 5. Read the following interesting pieces of information. Share

your opinion with your classmates

« Hyperspectral imaging is a growing field in which invisible light is used in
highly sophisticated detection programs. Law enforcement and security teams are
turning to hyperspectral imaging for covert fingerprint analysis and detection of
explosive materials. There are also growing applications in monitoring food and drug
safety. And the medical field is finding growing success with diagnosing some early-

stage illnesses through hyperspectral imaging.
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o Corning’s leadership in optical physics earned prestigious recognition in
2000 when three Corning scientists were awarded the National Medical of
Technology for their invention of low-loss optical fiber. Dr. Don Keck, Dr. Robert
Maurer and Dr. Peter Schultz developed the monumental technical breakthrough that
paved the way for the commercialization of optical fiber and the everyday use of the

Internet.

(https://www.corning.com/cala/pt/innovation/materials-science/optical-

physics/optical-physics-facts.html)
Speaking

e Speak about people who contributed a lot to the development of optics.
e Speak about light rays, waves, and wavelets.
e Speak about reflection and dispersion.

e Speak about optical systems.

Unit 8.
I. Read and translate the text. Learn the new vocabulary
Atomic structure of matter

The history of atomic structure and quantum mechanics dates back to the times
of Democritus, the person who first proposed that matter is composed of atoms. The
study of the structure of an atom gives a great insight into the entire class of chemical
reactions, bonds and their physical properties. The first scientific theory of atomic

structure was proposed by John Dalton in the 1800s.

The English chemist John Dalton suggested that all matter is made up of atoms,
which were indivisible and indestructible. He also stated that all the atoms of an element

were exactly the same, but the atoms of different elements differ in size and mass.
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Chemical reactions, according to Dalton’s atomic theory, involve a
rearrangement of atoms to form products. According to the postulates proposed by
Dalton, the atomic structure comprises atoms, the smallest particle responsible for

the chemical reactions to occur.

Matter cannot be separated individually, but it is an arrangement of several
atoms. Atoms are the smallest unit of matter that is having protons, neutrons, and
electrons and cannot be divided. The arrangement of numerous atoms decides the size,
shape, and color of matter.

@S

O _~— Electron orbits
@

Q Nucleus
o
Proton
O Neutron
@ —— Electrons
o /

The Structure of Atom

Fig.1. The atomic structure of matter
(From https://byjus.com/jee/atomic-structure/)

Matter can either be a pure substance or a mixture. Pure substances can either be

elements or compounds. Mixtures can either be homogeneous or heterogeneous.

An element is matter made of only one kind of atom. There are 115 known
elements. Ninety elements are naturally occurring. The elements are organized
according to their properties in the Periodic Table. For example, Hydrogen, Carbon,

Nitrogen, Calcium, Sodium, Oxygen.

Compounds are two or more elements that are chemically combined.

Compounds cannot be easily separated into their elements. For example, H20 Water,
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NaCl Salt, C6H1206 Sugar/Glucose H2 N2 O2. The gases of hydrogen, nitrogen and

oxygen naturally exist as compounds of two atoms of their element.

Mixtures are made of different compounds that are mixed together. Mixtures can
be easily separated into the original compounds. Homogeneous — substances evenly

mixed, heterogeneous — substances not evenly mixed.

Atoms interact through the electromagnetic force and create molecules.
Molecules can include atoms of the same or different elements. Each type of molecule
has its own properties which also define how it reacts with other molecules. The use

and role of each type of molecules in nature is based on its properties.

Does it have constant

elemental composition?

Homogeneous Compound
mixture5

Hetercgeneous
mixture

Fig.2. The structure of matter
(From https://ukrayinska.libretexts.org)
Physical properties of matter can be observed and measured without changing

the kind of matter being studied. These physical properties can be used to identify a

substance; i.e. melting point, boiling point, density (heaviness), color, ph.

Chemical properties of matter are not usually visible and, a change in the matter
does occur. Chemical properties can also help identify a substance. Chemical properties
can only be seen when there is a chemical reaction like burning, rusting, chemical

reactivity.

The three classical states, solid, liquid, and gas of matter, can be distinguished

macroscopically in terms of the properties of density, compressibility, and rigidity
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related to the motion of atoms or molecules. What are elements in structure of matter?
All matter is made up of substances called elements, which have specific chemical and
physical properties and cannot be broken down into other substances through ordinary

chemical reactions.

States of Matter
o—o—0 D © ®
® =atom o—9 OO@ ® @ * .O. .@
@® = nucleus gigi Y ® oo, © .( GJ. .
- S , ®) <} 3 )
® = electron e & o, OO ® @ o ®e oo
Solid Liquid Gas Plasma

Fig.3. The four states of matter at the molecular level
(From https://www.hiclipart.com/free-transparent-background-png-clipart-

mwpjm/download)

Primarily, the atomic structure of matter is made up of protons, electrons and
neutrons. The protons and neutrons make up the nucleus of the atom, which is
surrounded by the electrons belonging to the atom. The atomic number of an element

describes the total number of protons in its nucleus.

Any characteristic that can be measured, such as an object's density, colour, mass,
volume, length, malleability, melting point, hardness, odour, temperature, and more,
are considered properties of matter. Chemical reactions are the processes through which
atoms and/or molecules interact and are combined. There are different types of
chemical reactions but they are mainly categorized depending on whether the system

releases or absorbs energy.

(From https://www.uomus.edu.ig/img/lectures21/MUCLecture_2022_123047822.pdf)
Vocabulary

matter [ 'maeta(r)] MaTepist
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to be composed of

insight ['mn.sait]

entire [m'taro(r)]

bond [bond]

indivisible [ mn.dr'viz.1.bl]
indestructible [ mn.d1'strak.ti.bl]
postulate [ 'pos.tjo.lert]

to occur [o'k3:(1)]

substance ['sabstans]
homogeneous [ hom.o'd3i:.ni.as]
heterogeneous [ het.or.a'd3i:.ni.os]
the periodic table

hydrogen ['har.drr.dzon]
carbon ['ka:.ban]

nitrogen [ ‘nar.tra.d3on]
compound [ 'kom.pavnd]

evenly ['i..van.li]

density ['den.sr.ti]

ph [pi:'ertf]

rust [rast]

compressibility [kompresr biliti]
rigidity [r1'dzid.1.ti]

malleability [ mael.i.o'bil.1.ti]

CKJIaJIaTUCs 3
B I10JIE 30PpYy

88107051

3B'S3b

HENOI1JIbHUHI
HEMIOPYITHUAMN
MOCTyJIaT
B110yBaTUCS
pEYOBUHA
OJTHOP1THUH
HEOHOP1AHUIMA
Tabnuist Mengeneesa
BO/JICHb

BYTJICIIb

azoT

CIIOJTyKa

PIBHOMIPHO
HI{JIBHICTD

M1 all; piBEHb KUCIOTHOCTI
ipka

CTUCJIMBICTh
KOPCTKICTh

JIACTUYHICTh
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odour ['auv.dor] 3amax

Exercise 1. Answer the following questions

1. What did Democritus propose? 2. What does the study of the structure of an
atom give? 3. Who was the first scientific theory of atomic structure proposed by?
4. What did the English chemist John Dalton suggest? What did he state? 5. What do
chemical reactions involve according to Dalton’s atomic theory? 6. What is matter?
7. What are the smallest units of matter? 8. \What decides the size, shape, and color of
matter? 9. What can matter be? 10. What can pure substances be? 11. What can mixtures
be? 12. What is an element? 13. How are elements organized? 14. What are
compounds? Give examples. 15. What are mixtures made of? 16. How do atoms
interact? 17. What can you say about types of molecules? 18. How can physical
properties of matter be observed? 19. What can you say about chemical properties of
matter? 20. What are the three classical states of matter? 21. What is all matter made
up of? 22. What does the atomic number of an element describe? 23. What are the
properties of matter? 24. What are chemical reactions? 25. How can chemical reactions

be categorized?

Exercise 2. Find the English equivalents in the text

ICTOpisI aTOMHOI1 CTPYKTypH, KBaHTOBAa MEXaHIKa, CXOJWUTh 0, JaTH BEJIMKE
pO3yMiHHs, (PI3UYHI BJACTUBOCTI, IEepIIa HAYKOBA TE€OPIsl, BIAPIZHATHUCS 32 PO3MIPOM 1
Macolo, HaliMeHIIIa YaCTUHKA, YUCTa PEYOBHHA a00 CyMIll, MOXe OyTH OJHOPITHOIO
ab0 HEOTHOPIMHO, OYTHU OpraHi30BaHWMH BIATOBIHO J0 IXHIX BIACTUBOCTEH, OyTH
XIMIYHO TO€AHAHUMH, PIBHOMIPHO 3MIIlIAHI PEYOBUHHU, B3AEMOJIATH 4Yepe3
CJICKTPOMATHITHY CHJIy, MOJXHA CIIOCTEpIraTd Ta BUMIPIOBATH, 1AeHTU(IKYBATH
pEUYOBHHY, XIMIYHA peaKIlisi, TBEp/ia, piJika Ta ra3oIoi0Ha peuoBHHA ; PO3IaaTUCS HA
1HIIIl PEYOBUHU, CKJIAJIATUCS 3 TIPOTOHIB, €JICKTPOHIB 1 HEUTPOHIB; SIAPO, B OCHOBHOMY

KJ1acu(iKyBaTUCS 3aJI€KHO BiJl, BUBUIBHSATUA a00 MOTJIMHATH €HEPTIIO.
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Exercise 3. Match the sentences

1. At the most fundamental level, matter

iIs composed of elementary particles

a) astronomical observations that began
in the 1930s and that show that a large

known fraction of the universe consists of “dark
matter.”
2. Quarks combine | b) whose roots go back to Max Planck’s

into protons and neutrons and,

explanation in 1900 of the properties
of electromagnetic radiation emitted by a
hot body.

3. Depending on temperature and other

c) prevents a material body from

conditions, responding instantaneously to attempts to
change its state of rest or motion.
4, At ordinary  temperatures, for | d) the particles annihilate each other.

instance, gold is a solid, water is a liquid,
and nitrogenis a gas, as defined by

certain characteristics:

5. However, all matter of any type shares
the fundamental property of inertia,

which—as  formulated  within Isaac

Newton’s three laws of motion—

e) scientists finally announced in 2012

the discovery of the Higgs boson.

6. Another universal property

f) matter may appear in any of

several states.

7. Einstein’s
relativity (1905)

(as mass) and energy

of special
that

theory

shows matter

g) is gravitational mass, whereby every
physical entity in the universe acts so as

to attract every other one, as first stated
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by Newton and later refined into a

new conceptual form by Albert Einstein.

8. The concept of matter is further

complicated by quantum mechanics,

h) an

particle known

elementary subatomic

as the Higgs

boson imparts mass to all known

elementary particles.

9. Additional complexity in the meaning

of matter comes from

1) solids hold their shape, liquids take on
the shape of the container that holds
them, and gases fill an entire container.
These states can be further categorized

into subgroups.

10. Although a fully satisfactory grand
unified theory (GUT) has yet to be
derived, one component, the electroweak
theory of Sheldon Glashow, Abdus
Salam, and Steven Weinberg (who
shared the 1979 Nobel Prize for Physics
for this work) predicted that

J) can be converted into each
other according to the
famous equation E = mc?, where E is

energy, mis mass, and c is the speed of
light.

11. After years of experiments using the

most powerful particle accelerators

available,

k) along with electrons, form atoms of the
elements of the periodic table, such

as hydrogen, oxygen, and iron.

12. When matter meets antimatter,

of
that

I) as quarks and leptons (the class

elementary particles

includes electrons).
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Exercise 4. Translate the following sentences into English

1. Marepis cKIaga€eThCcsl 3 KPUXITHUX YACTHUHOK, SKI Ha3WBAIOTHCS aTOMaMHU,
10 yTPUMYIOTHCSI pa30M CHJIaMH, 3BaHUMHU 3B'SI3KaMHU.

2. Marepis knacuikyeTbes SIK YUCTa PEUYOBHHA, SKIO BOHA Ma€ MOCTIMHMIM 1
HE3MIHHMM CKJIaj TUIy aToMiB. Harra matepis - e abo eneMeHT, abo 3'€THaHHS.

3. Tpamgumiitno y  ¢i3uuHiii  KapTUHI  CBITYy  BHIAUIAIOTH  JBa
dbyHIaMeHTaNIbHI BUJIM MaTepii — PeYOBUHY Ta (i3UYHI TTOJIS.

4, OpnHak, TakWid TOJAUI € YMOBHHUM, OCKLJIBKM B paMKaX KBaHTOBOI Teopii
1oJIst Oy/ib-sIKa YaCTUHKA OMUCYETHCS KBAHTOBAHUM (PI3UUHUM TIOJIEM.

5. OcranHIMH pOKamu JJIsl TIOSICHEHHSI TIPUCKOPEHHS po3lupeHHst BeecBity,
PO LIO CB1IYaTh aCTPOHOMIYHI CIIOCTEPEKEHHS, BUHUKJIIA HEOOXIHICTh TIIOTE3yBaTH
ICHyBaHHSI HOBOTO BUJTy MaTepii, ska oOTpuMasa Ha3By TEMHOT €Heprii.

6. Ilpupona TeMHOi eHeprii 3aJuIIaeThCs HE3'ICOBAHOIO.

7. HelTpoHHa  peyOBMHAa —  CKJIQJA€ThCA  MEPEBAKHO 3 HEUTPOHIB 1
no30aBJieHa aTOMHOI OYJI0OBU.

8. 3a cydyacHMMH YSBJICHHSIMH KBAaHTOBE TOJIE € yHIBEpCATbHOIO (HOPMOIO
Marepii,

9. KiacuyHna pedoBrHA MOXKe MepeOyBaTH B OAHOMY 3 JIEKUIBKOX arperaTHUX
CTaHIB: Ta30MOAIOHUHN, PIAKUMA, TBEPAUN KpUCTATIYHUN, TBEpaAuN amopdHUil abo Yy
BUTJISI/II PIKOTO KpUCTaa.

10. EneMeHTH TIpeACTaBlIeHI CUMBOJIAaMU, TEpIIUM aidaBiTOM iX aHTIIHCHKOI
a00 HEeaHIMIChbKOI Ha3BM, HANMMCAHUM BeJIMKUMU jitepamu. Hampuknan, C — s
Byriemnto, O —nuis kucHro, a H — nis BogHto.

(From https://uk.wikipedia.org/wiki/Mamepisn_(¢hizuxa);
https://ukrayinska.libretexts.org/)
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Exercise 5. Read the following interesting pieces of information. Share

your opinion with your classmates

e Oxygen is made up of a single atom.

e Pure liquid helium can be converted into solid by heating at -272c.
e Compound gases like CO2 are made up of more than two particles.
e A vacuum is an area containing no matter.

e Plasma can be found in polar auroras.

e The volume of gas is not constant.

e 97% of the water present on earth is salt water.

o When water freezes, it expands up to 9%.

(From https://abbasqaisar313.medium.com/the-amazing-facts-about-the-states-of-
matter-abfe5849c¢3a5)

Speaking

e Speak about the atomic structure of matter.
e Speak about states of matter.

e Speak about matter and energy.
Unit 9.

I. Read and translate the text. Learn the new vocabulary

The Discovery of X-rays

X-ray, electromagnetic radiation of  extremely  short wavelength and
high frequency, with wavelengths ranging from about 10®to 107'> metre and
corresponding frequencies from about 10° to 10?° hertz (Hz).

X-rays were discovered in 1895 by German physicist Wilhelm Konrad
Rontgen while investigating the effects of electron beams (then called cathode rays) in
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electrical discharges through low-pressure gases. Rontgen uncovered a startling
effect—namely, that a screen coated with a fluorescent material placed outside a
discharge tube would glow even when it was shielded from the direct visible
and ultraviolet light of the gaseous discharge. He deduced that an
invisible radiation from the tube passed through the air and caused the screen
to fluoresce. Rontgen was able to show that the radiation responsible for the
fluorescence originated from the point where the electron beam struck the glass wall of
the discharge tube. Opaqgue objects placed between the tube and the screen proved to
be transparent to the new form of radiation; Rontgen dramatically demonstrated this by
producing a photographic image of the bones of the human hand. His discovery of so-
called Rontgen rays was met with worldwide scientific and popular excitement, and,
along with the discoveries of radioactivity (1896) and the electron (1897), it ushered in
the study of the atomic world and the era of modern physics.

X-rays are commonly produced by accelerating (or decelerating) charged
particles; examples include a beam of electrons striking a metal plate in an X-ray
tube and a circulating beam of electrons in a synchrotron particle accelerator or storage
ring. In addition, highly excited atoms can emit X-rays with discrete wavelengths
characteristic of the energy level spacings in the atoms. The X-ray region of
the electromagnetic spectrum falls far outside the range of visible wavelengths.
However, the passage of X-rays through materials, including biological tissue, can be
recorded with photographic films and other detectors. The analysis of X-ray images of

the body is an extremely valuable medical diagnostic tool.

X-rays are a form of ionizing radiation—when interacting with matter, they are
energetic enough to cause neutral atoms to eject electrons. Through
this ionization process the energy of the X-rays is deposited in the matter. When
passing through living tissue, X-rays can cause harmful biochemical changes

in genes, chromosomes, and other cell components. The biological effects of ionizing
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radiation, which are complex and highly dependent on the length and intensity of
exposure, are still under active study (see radiation injury). X-ray radiation

therapies take advantage of these effects to combat the growth of malignant tumours.

The defining characteristics of X-rays—their ability to penetrate
optically opaque materials, their wavelengths of atomic dimension, the high energy of
individual X-ray photons—Ilead to a wide range of industrial, medical, and scientific
applications. Specialized X-ray sources, detectors, and analysis techniques have been
developed to address a range of questions from the study of the interactions of the

simplest molecules to the structure of the human brain.

X-ray images of the body are an indispensable diagnostic tool in modern
medicine. Medical imaging allows for the nonintrusive detection of dental
cavities, bone fractures, foreign objects, and diseased conditions such as cancer.
Standard X-ray images easily differentiate between bone and soft tissue; additional
contrast between different areas of soft tissue is afforded by the injection of a contrast
medium—a liquid or gas that is comparatively opaque to X-rays. In the 1970s a
powerful new X-ray imaging technique, computed tomography (CT), was developed.
Now in widespread use, CT scans produce detailed high-resolution cross-sectional

images of internal organs and structures.

X-rays are a powerful diagnostic tool for revealing the structure
and composition of materials. The great utility of X-ray images derives from the
differential absorption of X-rays by materials of different density, composition,
and homogeneity. In a common application, X-rays are used for quick examination of
the contents of airline baggage. In industry, X-ray images are used to detect flaws

nondestructively in castings that are inaccessible to direct observation.

(From https://www.britannica.com/science/X-ray)
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Vocabulary

wavelength [ 'werv.len0]
ranging from

accelerator [ok'sel.a.rer.tor]
interacting

beam of electrons
electromagnetic radiation

to pass through

living tissue [ 'tif.u:]

ultraviolet light [ al.tra"vara.lot lart]
to deduce [dr'dju:s]

glow

shield [[i:1d]

coated

invisible [n'viz.1.bl]
transparent [traens paerant]
penetrate [ 'pen.r.treit]
applications

a wide range of

indispensable [ 1n.d1'spen.sa.bl]

computed

tomography [kem'pju:tid to'mog.ra.fi] ]

derive [d1'rarv]

density ['den.sr.ti]

JIOB)KMHA XBHIII

BIJT

IPUCKOPIOBAY
B3a€EMOIIIOYH

y4OK EJIEKTPOHIB
€JIEKTPOMArHiTHE BUITPOMIHIOBAHHS
MIPOXOJIUTH Yepe3

KWBa TKAaHWMHA
yIbTpadioneToBe CBITIO
BUBOJIUTHU

CBITIHHSA

AT

3 MIOKPUTTSAM
HEeBUJIUMUUN

MPO30pUH

MIPOHUKATHU

IPOTPaMH, 3aCTOCYHKH
IUPOKUIN ACOPTUMEHT
HE3aMiHHUMN

KOMIT'FOTepHA ToMorpadis

BUBCCTH

IIBHICTH



homogeneity [ hom.o'd3i:.ni. ti] OJTHOPITHICTB

Exercise 1. Answer the following questions

1. What is the X-Ray? 2. Is the wavelength of X-Ray extremely short or not?
3. How are X-Rays commonly produced? 4. Why can no one actually see X-Rays?
5. How can the passage of X-Ray through living tissue be recorded? 6. Why is the
analysis of human body X-Ray images so important for a doctor? 7. What happens
when X-Rays interact with matter? 8. Can X-Ray be harmful for a human body?
9. Whom were X-Rays discovered by? 10. Where did Rontgen place the opaque objects
to prove the existence of new invisible rays? 11. What areas of human activities may
X-Rays be used in? 12. What are the defining characteristics of X-Rays? 13. X-Ray
images of the body are an indispensable diagnostic tool in modern medicine, aren’t
they? 14. Does X-Ray medical imaging allow for the nonintrusive detection of dental
cavities and bone fractures? 15. When was the computed tomography developed?
16. What is the main difference between X-Ray images and computed tomography
scans? 17. How are X-Rays used in welding, casting and luggage inspection in airports

as well?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

PEHTIeHIBChKI MPOMEH1, KOMIT FOTEpHA TOMOTpadisi, e1eKTpOMarHiTHa pajaiaiis,
BHUCOKI 4acToTH, (GparMeHTH KICTKH, PEHTTEHIBChKI 3HIMKH, Martepiajid pi3HOi
IIUTHPHOCTI, CKJIAAy Ta OJHOPITHOCTI, HEMPO30pi MPEAMETH, MOMIIIEHI MK TPYOKOIO
Ta eKpaHOM; Cy4YacHa MEAMIIMHA, €IEKTPOMArHITHHHA CIIEKTP, BUANMI JOBKUHU XBUJIb,
JOBXMHU XBWJIb Yy Jlala3oHi, MPH B3a€MOJIi 3 MaTepi€l0, PEHTTCHIBChKI MPOMEH1
MOKYTb CIIPUYMHUTH HeOe3MeyH1 010XIMiuHI 3MIHU B T€HAX, PEHTT€HIBChKI MPOMEHI €

MOTY>KHUM JIaTrHOCTUYHUM IHCTPYMEHTOM, CIIJIBHO 3 BIIKPUTTSAM PAAI0aKTUBHOCTI Ta
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€JIEKTPOHA, CTPYKTypa Ta CKJIaJ MaTepialliB, JACTAJbHUNA 3HIMOK 3 TIOIMNEPEYHUM

nepepizoM 1 BUCOKOIO PO3JIIIBHOIO 3/IaTHICTIO.

Exercise 3. Match the sentences

1. There are three common mechanisms
for the production of X-rays: the
acceleration of a charged particle, atomic
transitions between

discrete energy levels,

a) a definitive tool in the determination
of atomic numbers in the early days

of atomic physics.

2. In the most common terrestrial source
of X-rays, the X-ray tube, a beam of

high-energy electrons

b) are currently under intense scientific
scrutiny; in some cases the exact
mechanisms of X-ray production are still

uncertain or unknown.

3. Far more powerful (and far larger)

sources of a continuum of X-rays

¢) and the radioactive decay of some

atomic nuclei.

4. In 1913 the English physicist Henry
Moseley discovered a simple
relationship between the wavelengths of
the X-ray emission lines from a target
and the atomic number of the target

element—

d) impinges on a solid target.

5. Known as Moseley’s law, this

relationship proved to be

e) the wavelengths are inversely
proportional to the square of the atomic

number.
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6. Many astronomical sources of X-rays
have been discovered over the past 50

years;

) and this simple technique remains in

wide use in medical applications.

7. X-rays are emitted by the Sun’s

hot corona (outer atmosphere)

g) and by the coronas of other ordinary

stars in the Milky Way Galaxy.

8. Powerful extragalactic sources of X-
rays, including active galaxies, quasars,

and galactic clusters,

h) are synchrotron particle

accelerators and storage rings.

9. Photographic film was used by
Rontgen as one of the first X-ray

detectors,

1) collectively they are a rich resource of

information about the universe.

10. Their common detection schemes

rely on the ability of X-rays

J) to produce visible fluorescence in
crystals and charge separation

in semiconductors.

Exercise 4. Translate the following sentences into English

1. Binsrensm Konpan PeHTreH mnoBiJOMHB MpO BIIKPUTTS PEHTIEHIBCHKUX
npoMeHiB y rpyaHi 1895 poky micis ceMu THXXKHIB HAINOJICTJIMBOI pOOOTH, TIPOTATOM
AKOi BiH BHMBYaB BIJIACTMBOCTI IILOTO HOBOTO THITY BHUIIPOMIHIOBAHHSI, 3/IaTHOTO

MPOXOJIUTU KPi3b €KPAHU MTOMITHOI TOBIIIMHHU.

2. BiH Ha3BaB iX PEHTICHIBCBKUMH MTPOMEHIMH (X-rays), 1100 MmigKpeCIUTH TOK

dakT, 1o X mpupoa HeBiOMA.

3. 3BicTKa MpoO 1€ BIAKPUTTSA HErailHO BUKJIMKAajJa BEJIMYE3HHUM 1HTEpec y
IPOMAJICBKOCTI, @ TaKOXK TMOKJIajia MOYaTOK 1HTEHCUBHUM JOCIIKEHHSIM Y KIJIbKOX

HaIpsMKax.
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4. Jlikapi Ta (i3UKM TMOYaJdd BUKOPUCTOBYBATH PEHTICHIBCHKI IMPOMEHI Ha
narieHTax e B ciuHi 1896 poky JJist AOCIIIPKEHHS CKeJIeTa, a 3T0[0M JIET€HIB Ta 1HIITUX

OpraHiB.

5.V uepBHi 1896 poky mnepmuid namieHT OyB BUIJIIKYBaHHM 3a JOMOMOIOIO

pajioTeparii.

6. L.U. Tomcon (KemOpumxk, BenukoOpuraHis) mokaszaB, IO PEHTTEHIBCHKI
MPOMEHI1 3/1aTHI 10HI3yBaTH ra3, 1 JIOCIIKEHHS I[bOTO SIBUIIA TMPU3BENIO 0 BIAKPUTTS

enexkTpoHiB y 1897 pori.

7. KpiMm TOro, B3a€MOjisi YaCTUHOK, BUIIPOMIHIOBAHUX PaJIOHYKIiIaMHu 1

aToOMaMH, JI03BOJIAJIA CIIOYaTKy BUBYUTHU CTPYKTYpPY aToMa, a 3roJoM 1 Horo sijapa.

8. Marepis, eHepris, eJIeKTPUKa, CBITJIO, K1 paHillle BBAXKaIUCS Oe3nepepBHUMHU
BEJIMYMHAMU, BUSBIIIACS TUCKPETHUMH: ICHYIOTh YaCTHHKH PEUYOBHUHHU (€JIEMEHTapHI

YaCTUHKHU), €Hepris (KBaHTH), €JIEKTpUKa (€JIEKTPOH), CBITIO ((hOTOHM).

9. Komr’rorepuuit Tomorpad (KT) — 1e ocoOGnuBUN THUI PEHTIEHIBCHKOTO
amapary, B SKOMY pPEHTIeHIBCbKa TpyOKa CTBOPIOE€ TPOMiHb Yy (opmi Bisuia Ta

PYXa€EThCSI HABKOJIO MALIEHTA 10 KOJTY.

10. PeHTreHiBchke BUMPOMIHIOBAHHS BUSBISETHCS €JIEKTPOHHUM CIIOCOOOM, i

KOMIT FOTE€p BUKOPHUCTOBYE 1HPOPMAILIIO SISl PEKOHCTPYKIIIT 300paskeHHS TIJITHKU T1a.

(https://pubmed.ncbi.nlm.nih.gov/8696882/#:~:text=W.C.,that%20their%20nature%?2
Owas%?20unknown; https://www.arpansa.gov.au/understanding-radiation/what-is-
radiation/ionising-radiation/x-ray#whatisthedifferencebetweengammaraysandx-rays)
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Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

Do you know that Mari Curie was the first woman to receive a Ph.D. in France?
The first female professor at the Sorbonne. The first woman to win the Nobel Prize.
The first person to win more than one Nobel Prize (and to this day, the only woman to
win more than once). And the first person to win a Nobel in more than one scientific
field.

(https://science.howstuffworks.com/dictionary/famous-

scientists/physicists/marie-curie-family.htm)

Speaking

Speak about the discovery of X-rays.

Speak about Marie and Pierre Curie and their discoveries.

Speak about some uses of X-rays in our life.

Speak about some other heroes of progress in radiography.

Unit 10.
I. Read and translate the text. Learn the new vocabulary.

Basic facts of nuclear physics

The world is made up of exceedingly small units called atoms and of groups of
atoms called molecules that exist in dazzling variety. At the center of each atom is a
tiny core called a nucleus that is surrounded by a cloud of electrons—electrically
charged particles that move in the outer regions of the atom. Nuclear physics is the
study of the properties of nuclei and their relationship to the fundamental constituents

and laws of nature. Its numerous applications—in the generation of electrical power, in
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the treatment of cancer and other diseases, and in the development of nuclear weapons,

among many others—have been a major influence in the course of human history.

The size of the atom is about ten billionths of an inch (about 25 billionths of a
centimeter). In 1911 the New Zealand—born British  physicist Ernest
Rutherford discovered that at the center of the atom lurked an object about 100,000
times smaller, the nucleus. By bombarding a piece of gold foil with alpha particles (now
known to be the nuclei of helium atoms), Rutherford noted that while the large majority
of the particles went straight through the foil, occasionally one of them bounced almost
backward. If the gold atoms were made up only of the very light electrons, the heavy
alpha particles would not have bounced back. The fact that they sometimes did led to
the conclusion that a small and heavy mass, the nucleus, resided at the center of the

atom.

In 1919 Rutherford bombarded nitrogen atoms with alpha particles. He observed
that oxygen atoms were produced, along with hydrogen ions—hydrogen atoms with the
sole electron removed. Soon Rutherford realized that the hydrogen ions actually
represented a new particle, which he named the proton. A basic building block of the
nuclei of all atoms, the proton was found to carry a positive electrical charge equal in
magnitude to the negative charge of an electron. The number of protons in a nucleus is
the same as the number of electrons surrounding it, thus making the atom electrically
neutral. The proton has a mass of 1.6726 x 10~ %’ kilograms, more than 1,800 times that

of an electron.

Scientists realized that the nucleus of most atoms was about twice as massive as

the protons they contained.

The number of protons (Z) plus the number of neutrons (N) in a nucleus equals
its atomic mass number (A): A =N + Z. Some elements have atoms that have the same
Z number as each other but a different N number. These different nuclear species of an

element are called isotopes. For example, the isotope heavy hydrogen (deuterium)
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contains one proton and one neutron, whereas regular hydrogen has one proton and no

neutrons.

Nuclei reveal their nature by emitting rays, or fast-moving particles. This process
of nuclear decay is called radioactivity. In 1896 the French physicist Henri
Becquerel discovered that uranium emitted mysterious rays that exposed film. Later,
another French physicist, Marie Curie, found that these rays were emitted in proportion
to the number of uranium atoms present. She also found other, even more radioactive

elements, such as polonium and radium.

By 1900 other researchers (including Rutherford) had found that the rays emitted
by nuclei come in three varieties, called alpha, beta, and gamma in order of increasing
power to penetrate matter. Soon it was found that alpha rays are helium nuclei (two
protons and two neutrons bound together) and that beta rays are electrons. Gamma rays
were found to be very high-energy electromagnetic radiation, or photons—essentially
very energetic light. Alpha and beta decay, the most common radioactive processes,
change the nucleus to that of a different element. Gamma decay leaves the original

nucleus in a lower energy state.

In 1938 the German scientists Lise Meitner, Otto Hahn, and Fritz Strassmann
found that bombarding uranium with neutrons yielded elements with smaller nuclei.
This meant that large nuclei could be induced to fission, or split into smaller pieces. It
soon became apparent that a chain reaction was also possible, with fragments of
fissioning nuclei striking other nuclei and causing them to break apart as well. Very

heavy nuclei can also fission spontaneously, without anything striking them.

Nuclear fission releases a large amount of energy. It was introduced to the world
in a dramatic way in 1945, in the form of two atomic bombs dropped on Japan by the
United States. In such bombs the fissionable nuclei of uranium or plutonium are highly
concentrated, leading to an explosive chain reaction. Fission chain reactions are carried

out in a controlled manner in nuclear reactors, which are used to produce about 20
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percent of the world’s electricity. Heat from the reactor boils water, and the resulting

steam rotates turbines that are connected to generators.

Physicists have found that the world obeys a rather strange set of rules called quantum
mechanics, which is especially important in describing very small objects such as
nuclei. One rule of quantum mechanics is that many quantities can take on only certain
discrete (definite) values. An example is the property called spin, which is in some ways
like the spin of a rotating top. However, unlike a top—which can have any amount of

spin—the spin of a nucleon can have only two values: and —.

Some general properties of nuclei are fairly easy to understand. For example, the strong
interaction attracting nucleons together acts only at very short distances, while the

electrical repulsion between protons continues to act even at long distances.

Generally, scientists find what things are made of by breaking them apart, which
takes energy. To probe more deeply into the structure of matter, more energy is
required. Fire is sufficient to break apart molecules, but more energy is needed to break
electrons away from nuclei. Still higher energies are needed to break apart or otherwise
probe the structure of the nucleus. The primary tool for doing this is the particle
accelerator, which uses electrical forces to accelerate projectiles—such as protons,
alpha particles, or other ions—to nearly the speed of light and crash them into targets,
including nuclei. Devices called particle detectors track the fast-moving particles
resulting from such collisions, and the results provide much information on the
structure and properties of nuclei. Even higher energies enable scientists to probe the
structure of protons and neutrons. At this point, the field is more properly called particle

physics than nuclear physics.
(From https://kids.britannica.com/students/article/nuclear-physics/276132)
Vocabulary

exceedingly [ik'si:.dm.li] HaJ[3BUYAMHO
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dazzling ['dez.lim]

nucleus (nuclei) ['nju:.kli.as] (['nju:kliar,

'nu:k-])

core [ko:(1)]

constituent [kon'stit.ju.ant]
lurk [13:k]

bounce [bauns]
backward [ 'bakwad]

to lead to the conclusion
nitrogen [ 'nar.tra.dzon]
oxygen ['ok.s1.dzon]
hydrogen [ 'har.drr.d3on]
to emit rays

nuclear decay

induced to fission [ 'fif.an]
apparent [o'parant]

to ignite [1g’'nart]

to obey [2'bei]

a discrete (definite) value
spin (n.)

repulsion [ri'pal.fon]

to probe [proub]

the structure of matter

to accelerate projectiles

CIIiImy4e

a11po (siapa)

SATIPO

CKJIaJIOBa

MPUYAITUCA

BIZICKOYUTH

Hazaj

M1JIBECTU JO BUCHOBKY
azoT

KHCEHb

BOJICHb

BUIIPOMIHIOBATH MPOMEHI
AICpHUMN po3naj
1HAYKOBaHUH 10 MOALTY
OYEBUIHUH

3armaatoBaTH

T JIKOPSTUCS

JUCKpETHE (BU3HAUCHE) 3HAYCHHSI
obepranus (i.)
BIJIINITOBXYBAaHHS
30HyBaTH

Oy10Ba peUOBUHU

PO3raHsATH YaCTHHKHU
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[ok'sel.a.rett pro’dzek.tailz]
collision [ka'l13.0n] 3ITKHCHHS

property [ 'prop.a.ti] BJIACTUBICTh

Exercise 1. Answer the following questions

1. What is the world made up of? 2. What is a nucleus? 3. What does the nuclear
physics study? 4. What are numerous applications of nuclear physics? 5. What is the
size of the atom? 6. What did Ernest Rutherford discover in 1911? How did he do that?
7. What conclusion did it lead to? 8. What particle did Rutherford name “proton”?
9. What can you say about proton? 10. What does the formula “A =N + Z” tell us?
11. What are isotopes? 12. What is called radioactivity? 13. What did Henri Becquerel
discover? 14. What did Marie Curie find? 15. What had other researchers found by
19007 16. What was also soon found? 17. What discovery was made in 1938? 18. What
releases a large amount of energy? 19. Was it introduced to the world in a dramatic
way? 20. What are fission chain reactions used for? 21. What kind of a process is
nuclear fission? 22. What set of rules does the world obey? 23. What is one of the rules
of quantum mechanics? 24. What are some general properties of nuclei? 25. What do
scientists find? 26. What is the particle accelerator? 27. What do particle detectors do?

28. What is more properly called “particle physics™?

Exercise 2. Find the English equivalents in the text. Use them in your own
sentences

CKJIaZaTHCH 3, ICHYBaTH B CIIITYYOMY P13HOMAHITTI, KPUXITHE AJIpO, EIEKTPUIHO
3apsA/KEH1 YaCTUHKH, y 30BHINIHIX OOJACcTsIX aToMa, BUBYCHHS BIIACTUBOCTEH sep,
(GyHIaAMEHTAIbHUX CKJIAJO0BHX, 3aKOHIB NPHUPOAM; T€HEPYBAHHS EJIEKTPOEHEPrii,
nepeBaXkHa OLIBIIICTh YACTUHOK, epe0yBaTH B LIEHTP1 aTOMa, OCHOBHHM Oy 11BEJIbHUIMA
OJIOK sifiep yciX aToMiB, PI3HI SIZICPHI BUIM €JIEMEHTA, PO3KPUBATH iX MPHUPOIY,
BUIIPOMIHIOIOUM TPOMEHI; MPOLEC SACPHOTO po3Maay, BUIPOMIHIOBATH Ta€EMHUYI
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MIPOMEHI1, MPOHUKATH B MaTEPil0, HAUMOMIMPEHIII PaJ10AKTUBHI MPOIECH, CIIOHYKATH
0 TOAUTYy, WPU3BOAMTU JI0 BUOYXOBOI JIAHIIOTOBOI peakiii, MPOBOAUTHUCS
KOHTPOJIbOBAaHUM YMHOM, 00epTaTH TypOiHH, SAEpPHUN CHUHTE3, BHIAUISTH €HEPTIIO,
HiAKOPATHCS TOCUTh TUBHOMY Ha0ipy MpaBWil, KBAHTOBA MEXaHiKa, MPUIMAaTH JIHIIE
NeBHI AWCKpeTHI (BM3HAuUeHi) 3HAYEHHS, OyTH JOCUTHh JIETKUM Ui PO3YMIHHS,
po3manaTucs, AOCTIKYBAaTH CTPYKTYpY f1pa, €NEKTPUUYHI CHJIHM, MPUCKOPIOBATH

4acTKH, (i3uKa eJIEeMEHTAPHUX YaCTHHOK.

Exercise 3. Match the sentences

1. The nucleus of an atom consists of a) to penetrate matter.
neutrons and protons, collectively

referred to as nucleons

2. The neutron, discovered in 1932 by | b) These particles and photons are
the English physicist James Chadwick collectively called “rays.”
(1891-1974), carries no electric charge

3. The number of protons in the nucleus | ¢) It carries no electric charge and has a

Is different in different elements mass slightly larger than that of a proton.

4. In an electrically neutral atom, the | d) and has a mass slightly larger than

number of nuclear protons that of a proton.

5. Nuclei that contain the same number | ) and consists of six protons and six
of protons, but a different number of | neutrons.

neutrons,

6. Carbon, for example, occurs in nature | f) for treating certain problems of the
in two stable forms. In most carbon atoms | brain, including benign and cancerous
(98.90%), the nucleus is the 6/12C|tumors as well as blood vessel

isotope malformations.
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7. The gravitational force of attraction
between nucleons is too weak to

counteract the repulsive electric force,

g) and is given by the atomic number Z.

8. This force is the strong nuclear force
and is one of only three fundamental

forces

h) that have  been

fundamental in the sense that all forces in

discovered,

nature can be explained in terms of these

three.

9. When an unstable or radioactive

nucleus disintegrates spontaneously,
certain kinds of particles and/or high-

energy photons are released.

1) equals the number of electrons in
orbit around the nucleus. The number of

neutrons in the nucleus is N.

10. Three kinds of rays are produced by
naturally occurring radioactivity: a rays,
B rays, and y rays. They are named
according to the first three letters of the
Greek alphabet, alpha (a), beta (B), and
gamma (y), to indicate the extent of their

ability

J) so adifferent type of force must hold

the nucleus together.

Knife

becoming a very promising medical

11. Gamma radiosurgery s

k) is the determination of the age of

archaeological or geological samples as

procedure in the case of the mummified remains of
Queen Hatshepsut.
12.One important application of | I) are known as isotopes.

radioactivity
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Exercise 4. Translate the following sentences into English

1. ®i3uka aTOMHOIO sipa — PO3JAUI CydacHOi (Di3UKH, Y SKOMY BHUBYAIOTHCS
cneuudiuni ¢opmMu iCHyBaHHS Marepii Ta ii pyx, a caMme, aTOMHI siApa Ta iXHi
B3a€MOIIEPETBOPEHHS.

2. locmipkeHHs 3 sepHOi (pI3MKHA BIAICpaM BU3HAYHY POJIb Y (OpMyBaHHI
CYy4acHOTO TIOTJISIy Ha IMepeOdir MpoIeciB y IMpHUpoal Ta 0OOB'SI3KOBI OOMEKECHHS —
3aKOHM 30€pEKEHHs, 32 SKUX BOHH MOXYTbh B1IOyBaTUCS.

3. KokHa sk ¢pyHIaMeHTallbHA, TaK 1 eJIEMEHTapHa YaCTUHKA XapaKTepPU3YEThCS
JNEeIKUM HaOOpOM JUCKPETHUX 3HAYEHb MEBHUX (PI3MUHMX BEIUYUH (KBAHTOBUMU
YHUCJIAMH) 1 MaCOIoO.

4.V npupoai ICHYIOTh YOTUPH THUIHU (PyHIAMEHTAIbHUX B3a€MOJIN — CHIIbHA,
€JIEKTPOMArHiTHa, ciadKa 1 rpaBiTalliiHa.

5.Y ¢i3uii aToMHOTO sifjpa BUBYAIOTHCS SIBUINA, K1 BiIOYBAaIOTHCS HAa MaJlUX
BIJICTAHAX 132 BEJIMKUX €HEPT1ii, 0 MPUINIAJAI0Th HA OAHY YAaCTUHKY.

6. BupoOyiienHst eHeprii aTOMHMMM CTaHIISIMH 1 CTBOPEHHS aTOMHOI Ta
TEPMOSIEPHOT 30p0i MAaKPOCKOIMIYHO HAOYHO MIATBEPAWIO OTPUMAHE y CIELiaIbHIN
TeOopii BIAHOCHOCTI CIIBBIAHOIIEHHS MK MacOIO Ta EHEPTIE0.

7. Slnepna (izuka AaBHO BXKE BUMIIIA HA IHXKCHEPHUU pPIBEHb PO3BUTKY.
JlocnmikeHHs y 11d raidy3i CyTTEBO BIUITMHYJIM HA PO3BUTOK CYCIUIBCTBA 1 BUKJIMKAIH
SK BEJIMKI CIOJIBaHHs, TaK 1 3Ha4HI MOOOIOBaHHS, IO TMOB'S3aHI 3 BUKOPUCTAHHIM
SJIepHOI eHeprii.

8. ®i3uka aTOMHOTO S/Ipa € HAyKOBOIO 0a30(0 aTOMHOT €HEPTreTUKH Ta SAEPHOI
TEXHIKH.

9. Po3BuTOK ii BIACHMX TEOPETUYHHUX, €KCIIEPUMEHTAIBHUX 1 TEXHOJOTIYHUX
pPO3AUTIB ICTOTHO BIUIMBA€ HA IHIN JAWCIHIUIIHA 1 CHOPHUS€ BUHUKHEHHIO HOBUX

pO3rallyK€Hb HayKHU.
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10. Kypc ¢i3uku aToMHOTO sijpa 3a3BU4ail BUBYAETHCS CTYJACHTAMH OJIHOYACHO
3 KypcOM KBAaHTOBOi MeXaHiku. Lle 1ae 3Mory BUKOpUCTOBYBAaTH KBAHTOBO-MEXaHI4HI

MOHATTS 1 GOPMYJIH, OCKUTBKU CaMe Ha TaKuX YSBICHHSX 1 6a3yeThcs siaepHa ¢izuka.
(From https://atom.univ.kiev.ua/2016/prof/kadenko_pluyko.pdf)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

Nuclei come in different sizes and shapes. The observed densities of different
nuclei are all about the same, so the volume of a nucleus is proportional to the mass
number (A). Some nuclei are spherical, like a basketball; others are shaped like a

pancake or a football.
(https://kids.britannica.com/students/article/nuclear-physics/276132)
Speaking

e Speak about nuclear physics.
e Speak about nuclear physics applications.
o Speak about outstanding scientists who made a great contribution in the

development of nuclear physics.
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