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IHEPE/IMOBA

OHOBNEHHS 3MICTy HaBYaHHS 1HO3EMHHMX MOB Y BHIIHMX HAaBUAIBHUX 3aKiIajax
MOB’SI3Y€THCS 3 ACSIKUMH 3MiHAMHU B CTPATETIYHUX HAMPSIMaxX PO3BUTKY Cy4acHOT BUIIO]
OCBITH — CHPSAMYBaHHSIM HaBYaJIbHOI JAISIBHOCTI Ha BUPOOJICHHS Yy 3100yBayiB OCBITH
HEOOXITHUX MKUTTEBUX KOMIIETEHTHOCTEH, 110 B MallOyTHHOMY JaBajid O MOXIJIMBICTH
Bunyckaukam  BH3  komdopTHO  mouyBaTHCS B CYYacHOMY  CBITOBOMY
MYJIBTHHAIIOHATHFHOMY MPOCTOPI.

3anponoHOBaHUN MOCIOHUK 3 AHTIIIHCHKOT MOBH MOKHA PO3IJISAIaTH B SIKOCT1 HOCIS
3MiCTy iHIIOMOBHOT OCBITH Ta 3acO0y HABYAHHS iHIIOMOBHOTO CHiIKyBaHHS. Koro
METOI0 € BIIOOpaXKEHHSI TIEBHOI MOJENl JISUTBHOCTI 3700yBayiB  OCBITH, SKa
3a0e3MevyyeThCsl Ha AUIAKTUYHOMY i METOJAMYHOMY PIiBHSX 3a JOMOMOTOIO JOILLIBHO
nigibpanux 3aco0iB HaBYaHHS, LIO0 Y3TOJDKYIOTBCS 3 KOMYHIKaTUBHO-IISJIBHICHUM
MiIXOJIOM 1 CIIPUSIOTH YCITIIITHOMY BUKOHAHHIO IIJIEH, BU3HAYEHUX YNHHOIO IPOTPAMOIO.

Ileti mociOHUK — TOJMiIPYHKIIOHATBHUI Ta BUTIAHO BUPIZHAETHCA CEpeJl IHIIHUX
BUJIaHb SIK Cloco0aMu TMOJaHHsS (aKTUYHOTO 1 MOBHOIO MaTepialy, Tak 1
3aMpPONOHOBAHOI0 METOAUKOIO POOOTH 3 HUM.

VY 3MmicTi HaBYaJIBHOTO TMOCIOHMKa TepefdadyeHa e(EeKTUBHA cCHUCTEMa 3aco0iB,
30KpeMa BIIPaB 1 3aBJIaHb, K1 CIPHUIIOTh (HOPMYBAHHIO KOMYHIKATHBHOT KOMIIETEHTHOCTI
SIK IPIOPUTETHOT METH OTaHYBaHHS 3/100yBadyaMy OCBITH 1HIIOMOBHHM CIUIKYBaHHSIM 32
npodeciiHUM CIPSIMYBaHHSIM.

3aBmaHHsI, 3aMPONOHOBAHI B MOCIOHUKY, 30aradyioTh JIEKCHKY 3/100yBadiB OCBITH
Ta HAIUTIOIOTH iX HAa aKTHBHE CHPUUHSITTS TEKCTY Ta IUIECTIPIMOBAHUMA TMOIIYK
iHbopmarlii y HboMy. [licnms TEKCTOBI 3aBHaHHS JO3BOJIAIOTH HE JIMINE TEPEBIPUTH
PO3YMIHHS Ta 3aKPIMUTH HEOOXIHI JICKCHYHI OAUHUIII, aje ¥ 1aTh MarOyTHIM (axiBIisam
MO>KJIMBICTh BUCJIOBUTHU CBOIO TOUKY 30py CTOCOBHO MPOOIEMH, CIUPAIOYNCH HAa BIACHHM
JIOCBIJT 1 3HAHHS THIIMX JUCIUILIIH. SIK pe3ynbTaT — BUCIOBIIOBaHHS 3100yBaviB OCBITH
Ha0yBarOTh PI3HOOIYHOCTI 1 0COOMCTICHOT 3HAYYIIOCTI.

buibliicTh TEKCTOBUX MaTepiaiiB y MOCIOHUKY € aBTEHTUYHHMH, 3HANJACHUMU Yy
JIpYKOBaHUX Jkepenax BugaHux y Bemukiit bBpuranii ta CILIA, a Takox y BIIKpUTOMY

noctymi B [ntepHer mepexi. OkpeMi TEKCTH € aBTOPCbKUMU NEpeKiiajaMu. 3aBJaHHs 1



BIIPAaBU pO3pO0JIEHO aBTOPAMU 3 YpaxXyBaHHAM 3arajlbHOEBPONEWCHKUX PEKOMEH 1ALl 3
MOBHO1 OCBITH. TeCTOBI 3aBJaHHS MpPOINOHYIOThCA y (opmaTtax, IO BIANOBIIAIOTH
MikHapogHuM ek3amenam (TOEFL, KET, PTE). HomaTku A0 OCHOBHOI YacCTHHHU
nociOHuka y (opmi TECTIB Ta TEPMIHOJIOTIYHOI'O CIOBHHKA JOMOMOXYTh MalOyTHIM
(axiBUSAM 3aCBOITH NMPOQECIHHY JEKCUKY Ta ONEpyBaTH CHELIaTbHOK TEPMIHOJIOTIEI0 Y
MpoLeci AUIOBOTO CHNUIKYBaHHS 3 NpPEJCTaBHUKAMHU IHINUMX KpaiH. AHami3 OAHIET 3
HAWMONYJISPHIMKUX CUCTEM OIIHKK 3HaHHs aHriiickkoi moBu (CEFR) momomoske
3100yBayaM OCBITU 3JIMCHUTH CaMOOI[IHKY CBOTO pIBHS BOJOJIHHS AHIJIIHCHKOIO
MOBOIO, @ 3aIIPONOHOBAHI PECYpCU [JIsi BUBYEHHS MOBH CHPHUSATUMYThH MOJATBIIOMY
PO3BUTKY MOBJIEHHEBOI KOMIIETEHTHOCTI MalOyTHIX (axiBIIiB.
3arajgomM, Marepiaiu MOCIOHMKAa CTUMYJIOIOTH PO3BUTOK Mi3HABAJIbHUX IHTEPECIB
3100yBayviB OCBITH Ta CIIPUAIOTh MOTHBAIIIT 10 BUBUCHHS aHTJIIMCHKOI MOBH.
[Toci6HuK po3paxoBaHuil Ha (PaxiBIIIB B raiay3i eIEKTPOCHEPTeTUKH, EIEKTPOTEXHIKH
Ta €JIEKTPOMEXaHIKH, HAYKOBUX MPAal[iBHUKIB, BUKJIaJa4iB BUILIMX HaBYAJIbHUX 3aKJIa/iB,

TEXHIKYMIB 1 KOJIeJ[XK1B, 3700yBauiB BUIO1 Ta (haxoBOi EPEABUIIOT OCBITH.
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CHAPTER 1. ELECTRICITY

ACTIVITY 1. Find the meaning of the words given in bold print in the
dictionary. Read the following article and do the activities that follow it.

It is impossible to imagine
our civilization without
electricity: economic and social
progress will be turned to the
past and our daily lives
completely transformed.

Electricity is the flow of

tiny particles called electrons
and protons. It can also mean the energy you get when electrons flow from place to place.
Electricity can be seen in nature in a bolt of lightning. Lightning is nothing but a large
number of electrons flowing through air all at once, releasing a huge amount of energy.
Scientists have also learned how to generate, or create, electricity. This is useful because
electricity that is generated can be controlled and sent through wires. Then it can power
such things as heaters, light bulbs, and computers. Today, electricity provides most of

the energy to run the modern world.

Arrange the sentences in logical order according to the text. Then use them as

a plan to retell it.

A. Electricity can be seen in nature in a bolt of lightning.

B. Electricity provides most of the energy to run the modern world.
C. It can power such things as heaters, light bulbs, and computers.
D. Scientists have learned how to generate, or create, electricity.

E. It is impossible to imagine our civilization without electricity

1) 2) 3) 4) 5)



https://kids.britannica.com/kids/article/energy/353100

ACTIVITY 2. Fill in the gaps in these sentences with a suitable word. The first
letter of each missing word is given. The words in the box bellow the text can help
you.

Everything in the u Is made of tiny
0 called atoms. Each atom has even
tinier particles called p and electrons. 9

These tiny particles swirl around each other

Proton

: : O
continuously. An electron has what is called a

. .. Nucleus
negatlve C . A proton has a pOSItIVE Neutron

charge. Positive and n charges try to pull ~ R
each other together. However, two positive
charges, or two negative charges, will push each
other away. Electricity results when e are pushed and pulled from a to

atom.

negative, protons, atom, charge, universe, electrons, objects

ACTIVITY 3. Read the text below. Match choices (A —F) to (1 — 4). There are
two choices you do not need to use.
STATIC ELECTRICITY

Most objects have a
balance of positive and negative
charges, so they 1)

This means that they do not
push or pull on each other
electrically. However,
sometimes electrons can build
up in an object. Two such
objects 2) because
they are no longer neutral. This push or pull from extra electrons is called static electricity.

Static electricity can cause interesting effects, such 3) , when it is released.


https://kids.britannica.com/kids/article/atom/352802

Sometimes the extra electrons build up by rubbing one object against another. For
example, when one rubs a balloon against one’s hair, electrons move from the balloon to
the hair. Because then the hair has extra electrons, which all have the same kind of charge,
they try 4) and end up sticking into the air like spikes!

A — can push or pull on each other

B — swirl around each other continuously

C — are considered neutral

D — get when electrons flow from place to place

E — as sparks or lightning bolts

F — to fly away from each other

ACTIVITY 4. Put the words into correct order to make up sentences.
1. another \ power \ is \ for \ word \ energy.

2 nuclear \ uranium \ from \ people \ atoms \ get \ energy.

3 energy \ different \ humans \ many \ of \ sources \ use .

4.  things \ makes \ energy \ move.
5

gas \ energy \ burn \ oil \ coal \ and \ natural \ for \ people .

ACTIVITY 5. Find the meaning of the words given in bold print in the

dictionary. Read the following article and do the activities that follow it.
GENERATING ELECTRICITY

Many moving electrons are
called an electric current. A city’s
power plant produces a powerful
electric current and sends it through
wires. The electricity used for
lighting, heating, and running

appliances is made by machines

called generators. Generators cause a

current to flow by moving a magnet past a coil of wire, which pushes electrons through

9



the wires of the coil. Wires carrying the current travel to houses and other buildings. More
wires connect to the power outlets in rooms. When a person plugs in an iron or another
electric device, the current travels into the device. The current then makes the device

work. A chemical reaction in a battery can also produce an electric current.

A) Match the words (1-6) and (a-f) to make phrases.

1. arunning a. outlet

2. acoil b. current
3. apower c. plant

4. an electric d. reaction
5. achemical e. appliance
6. apower f. of wire

B) Choose the correct items to complete the sentences. Translate the following
sentences into Ukrainian.

1. When a person an iron or another electric device, the current travels
into the device.

2. The electricity used for lighting, heating, and running appliances is made by

machines called

3. A chemical in a battery can also produce an electric current.
4. Many moving are called an electric current.
5. A city’s power plant produces a powerful and sends it through wires.

C) Answer the questions.
1. What makes any electric device work?
What is an electric current?

Where is electric current produced?

2
3
4. What do generators cause?
5

What do wires connect to in rooms?

10
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ACTIVITY 6. Read and translate the text below.

An electric circuit is a closed path in which electrons move to produce electric
currents. Indeed, all the simple modern marvels are a consequence of this scientific
principle. Read on to understand more on the components, types, and other concepts
related to electric circuits.

Electric circuits are important concepts that have practical applications in our daily
lives. It is a very simple concept that incorporates three different components: a source of

electrical energy, a device, and a closed loop of conducting material.

Simple Electric Circuit

switch

battery

('
|

light bulb

wire

ACTIVITY 7. Read the following article and do the activities that follow it.
SOURCE OF ELECTRICAL ENERGY
The first component in an electric circuit is the source of electrical energy that
allows electrons to move. This source could be a battery, a solar cell, or a hydroelectric
plant - a place where there is a positive terminal and a negative terminal and from where
charge could flow from one to the other. This push of electric charge is called voltage

whose potential is measured in volts.

11



DEVICE IN THE ELECTRIC CIRCUIT
The second component is the device. It responds to the current passing through it.
Today, a device is something that can be plugged into a wall socket and used with
electricity. The loop is generally closed using a piece of conducting material. It is usually
a wire but there are other kinds of materials that can close the loop too. For example, there
are various strips of metal inside the television that have been deposited onto a plastic
surface that may be the conducting material or even in some cases, the chassis of a device

that becomes part of the closed circuit.

RESISTANCE OF THE ELECTRIC CIRCUIT
The third component is the resistance; every circuit has some resistance to the flow
of electrons. Electrons collide with other electrons and atoms that make up the wire and
they convert some of their energy to heat. It is simply not possible to transfer energy from

one form to another without losing some of that energy as heat.

TYPES OF ELECTRIC CIRCUITS
_ | There are two types of circuits found in homes

and other common devices: series circuits and
Simple Circuit parallel circuits.

I Series circuits consists of several devices, each
_m of them linked up one after another after another in

@ just a single large loop. However, different devices
Series Circuit have different voltages across them, the same

current flows through every device in the series
'@ circuit,

_Cm_|_| If any one of the devices in a series circuit is
Parallel @ @ broken, the whole circuit fails. For instance, if there
Circuit - =4 are three light bulbs connected in a series, in just one

loop of wire connected to a battery. If one light bulb

is unscrewed, the whole circuit fails.

12



In parallel circuits, different devices are arranged so that a single source supplies

voltage to separate loops of wire. The voltage in every device across the circuit is the

same, but in general, different devices are going to see different currents. In this case,

each device is going to work even if the other ones fail.

For instance, if two light bulbs are linked up in parallel and one is unscrewed, the

other one will work. Modern Christmas tree lights are done in parallel circuits so that

even if a single light burns out, the whole strand does not have to be thrown out.

A) Match the words (1-6) and (a-f) to make phrases.

1. alight a. terminal

2. asingle b. of the electric circuit
3. anelectric C. source

4. the resistance d. bulb

5. aparallel e. circuit

6. anegative f. circuit

B) Answer the questions.

1.

2
3.
4

What could a source of electrical energy be?

What is an electrical device?

What is called voltage?

How many types of circuits can be found in homes? What are they?

ACTIVITY 8. Put the verbs in the brackets into the Present Simple Active or

the Present Simple Passive. Translate the sentences into Ukrainian.

1.

The flow or movement of electrons through the electrical circuit (to

call) the electrical current.

2.
3.

Current (to measure) in amperes.

One ampere (to correspond) to about 6 billion electrons passing a

point in that circuit every second.

4.

Another important term associated with electricity (to be) power.

13



5. Power (to define) as work divided by time.

6. In an electrical circuit power (to equal) current voltage, measured
In watts.

7. The higher the wattage, the faster the energy consumed by that object, be it a

light bulb, an amplifier, or any electrical device.

ACTIVITY 9. Fill in the gaps with the words from the box. Use each word
only once. Then translate the text into Ukrainian.

THE MAIN COMPONENTS OF ELECTRIC CIRCUITS

The main components of any 1 are devices that produce and utilize electric
energy. They are power sources, utilizing 2, connecting conductors.

The most common power 3 are electric generators and primary cells. Electric
generators convert chemical 4 into electric energy.

Loads include electric heaters, electric motors, incandescent 5 | etc. Motors
convert electric energy into mechanical, incandescent lamps and heaters convert electric
energy into light and heat. Utilizing 6 or loads convert electric energy into thermal,
mechanical or chemical energy.

Electric power is delivered from power sources to loads by electric 7
According to their material, wires can be aluminum, copper, steel, etc.

In addition to these three main __ 8 | electric circuits use different types of
switches, protection devices (relays and fuses), and meters (ammeters, voltmeters,

wattmeters, etc.)

wires, energy, loads, sources, devices, components, lamps, circuit

ACTIVITY 10. Learn important electricity terms and main electrical circuit
symbols.
e  Conductors and Insulators: Good conductors are materials that let electricity flow
through them easily. Most metals are good conductors, which is why metal is used in

electrical wiring all over the world. The opposites of conductors are insulators. Insulators

14



do not carry electricity well. We need insulators to protect people from flowing electricity.

Rubber and plastics are examples of good insulators.

The Difference Between Watts & Volts

WATTS (W):

VOLTAGE X CURRENT = POWER Describes the rate of power
1.5VX1A=15W flow; When 1 amp flows
through an electrical
1A —> difference of 1 volt, its result
N is expressed in watts

l ko VOLTS (V):
Speed of electrons as they

pass within a circuit
~ AMPS (A):
o Base unit that measures the

l volume of the electrons in

_[i—_)
\\\ / |

electrical current
ov

the
Spl'uce

e Voltage: Voltage is the force that makes electrons flow. It is a difference in potential
energy between two different points in a circuit.

e  Current: Current is the rate of the flow of electrons. It is measured in amperes,
which are also called amps.

e Power (Watts): The power used in a circuit is measured in watts. Watts are
calculated by multiplying the voltage by the current.

e Resistance: This is the measure of how well something conducts electricity. If it has
a low resistance, the object is a great conductor of electricity, and if it has a high resistance
that means that it doesn't conduct electricity well.

e Directcurrent (DC) is a constant flow of electrical charge in a single direction. The
inner workings of most electronics use direct current.

e Alternating current (AC) is a current in which the flow of the electrical charge
constantly switches directions. Power lines in the United States transmit power using

alternating currents.

15



Electrical circuit symbols are small drawings or pictograms used to represent
various electrical devices in a diagram or plan of an electrical circuit.

These are some of them:

o

®
|

switch
lamp fuse capacitor

(R (V) 'l ]
&) U J 1]
ammeter voltmeter cell battery
— —®— L T+

- =/

resistor diode variable thermistor

resistor
?‘?‘l
LED

ACTIVITY 11. Find the meaning of the words given in bold print in the

dictionary. Read and translate the article about conductors.
CONDUCTORS

According to their conductivity, all materials are divided into conductors,
insulators and semiconductors.

Conductors are materials having a very high conductivity. The most common of
them are metals (copper, aluminum, steel and others), carbon and electrolytes. Their
coefficient of resistance is different. Copper, for example, has a positive coefficient
while carbon has a negative coefficient of resistance.

According to their resistivity, conductors are divided into two groups. The first one
includes materials with low resistivity: copper, aluminum and others. These metals are
used to produce wire conductors due to their high mechanical strength. The second
group includes materials with high resistivity; one of them is nichrome. Due to its good
heat resistance, nichrome is used to produce heaters.

Carbon is commonly used to produce electrodes and brushes for electric machines.

16



Arrange the sentences in logical order according to the text. Then use them as
a plan to retell it.

A.According to their resistivity,
conductors are divided into two groups.

B.The second group includes
materials with high resistivity.

C.Conductors are materials having
a very high conductivity.

D.The first group includes

i materials with low resistivity
E.  According to their conductivity, all materials are divided into conductors,

insulators and semiconductors.

1) 2) 3) 4) 5)

ACTIVITY 12. Read and discuss the text below.
THE IMPORTANCE OF ELECTRICITY IN OUR DAILY LIFE
The electricity we use in our daily lives is an important source of energy.
The electricity is produced by
converting natural energy sources such as Bz

coal, natural gas, nuclear energy, solar

energy, and wind energy into electrical

energy, which has become of great

0
e

importance in facilitating human lives and
-.JL.. s ‘L‘

achieving the renaissance in the nation's I'II W )r

In the past, humans used candles and whale oil lamps to illuminate, cold iceboxes

economy.

for food preservation, and wood-burning stoves for heating.

17



Today, with the discovery of electricity, human life has become easier by using
electricity to perform many functions every day, such as lighting, heating, cooling of
homes and operating various electrical appliances.

The discovery of electric energy led to the creation and the invention of devices that
revolutionized its era and the inventions of scientists have contributed to the development
and progress of the use of electricity.

For example, Thomas Edison invented the
light bulb, which is one of the most important

inventions in human history.

In 1837, Samuel Morse invented the telegraph that
was connected to electrical wires across Europe, America,

and India.

In 1876 AD, the scientist Alexander
Graham Bell invented the telephone devise that
transmits sound over long distances by flowing
electrical current in copper wires and
converting sound to electrical current, and the

headphones at the other end convert the

electrical vibrations into sound signals.
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Nikola Tesla also contributed in bringing electrical
inventions to homes to operate interior lighting and
factories to operate industrial machinery through the _
generation, transmission, and use of alternating electricity §&
(AC), and to reduce the cost of transporting electricity over

long distances.

Now, energy and electricity are affecting modern agricultural methods, whereby the
process of conditioning and storing grains and grass on farms is carried out by modern
electrical machinery, as well as milking and cooling milk in dairy farms. Electric-powered
equipment has been developed to conserve and store agricultural crops to help cope with
the harsh weather conditions that may occur at the time of the harvest. The electrical
appliances also helped reduce labor by harvesting the grains within days instead of
months and drying them with electric-powered fans. Until they are used for longer
periods, agricultural crops are kept in stores with temperature-controlled electric
refrigerators.

ACTIVITY 13. Read the text about the importance of electricity in our daily
life again. Are these sentences true (T) or false (F) or is the information not
mentioned (NM) in the text.

1. Alexander Graham Bell invented the light bulb.

2. Energy and electricity are affecting modern agricultural methods now.

3. The telephone is a devise that transmits sound over long distances by flowing
sound in copper wires.

4, In 1896 the scientist Alexander Graham Bell invented the telephone.

5. Electric-powered equipment help to conserve and store agricultural crops.

6.  The electrical appliances help reduce labor by harvesting the grains within
days instead of months.

7. Electricity can be seen in nature.
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8. Samuel Morse contributed in bringing electrical inventions to homes to
operate interior lighting and factories to operate industrial machinery through the
generation, transmission, and use of alternating electricity (AC), and to reduce the cost of

transporting electricity over long distances.
9. Nikola Tesla invented the telegraph that was connected to electrical wires

across Europe, America, and India.
10.  The electricity is produced by converting natural energy sources such as coal,

natural gas, nuclear energy, solar energy, and wind energy into electrical energy.

ACTIVITY 14. Match the inventor to his invention.

1. Samuel Morse a. the AC electric motor
2. Benjamin Franclin b. the nuclear reactor
3. Nikola Tesla c. the telephone

4. Thomas Edison d. the telegraph

5. Alexander Graham Bell e. the light bulb

6. Enrico Fermi f. the lightning rod

ACTIVITY 15. Make ppt presentation about one of the famous scientists and
inventors who have contributed to the development and progress of the use of

electricity.
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CHAPTER 2. POWER SYSTEM AND
ELECTRIC POWER CONSUMERS

ACTIVITY 1. Find the meaning of the words given in bold print in the
dictionary. Read the following article and do the activities that follow it.
ELECTRIC POWER CONSUMERS AND POWER SYSTEM
An electric  power
consumer is an enterprise
utilizing electric power. Its
operating characteristics

vary during the hours of day,

days and nights, days of

| week and seasons.

All  electric  power
- , “; consumers are divided into
ki groups with common load
characteristics. The first group consists of municipal consumers with a predominant
lighting load: dwelling houses, hospitals, theatres, street lighting systems, etc. The second
group consists of industrial consumers with a predominant power load (electric motors):
industrial plants, mines, etc. The third group consists of transport, for example, electrified
railways. The fourth one consists of agricultural consumers, for example, electro tractors.

The operating load conditions of each group are determined by the load graph.
The load graph shows the consumption of power during different periods of day, month,
and year. On the load graph the time of the maximum loads and minimum loads is given.

Large industrial areas with cities are supplied from electric networks fed by electric
power plants. These plants are interconnected for operation in parallel and located in
different parts of the given area. They may include some large thermal and

hydroelectric power plants.
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The total sum of the electric power plants, the networks that interconnect them and
the power utilizing devices of the consumers, is called a power system. All the
components of a power system are interrelated by the common processes of protection,
distribution, and consumption of both electric and heat power.

In a power system, all the parallelly operating plants take part in carrying the total
load of all the consumers supplied by the given system.

The building up of a power system is of great importance for the national economy.

A) Match the words (1-7) and (a-g) to make phrases.

1. apower a. economy

2. aload b. network

3. apower c. plant

4. an electric d. graph

5. anational e. consumer
6. apower f. characteristic
7. aload g. system

B) Choose the correct items to complete the sentences. Translate the following
sentences into Ukrainian.

1. Large industrial areas with cities are supplied from fed by electric

power plants.
2. All electric are divided into groups with common load

characteristics.
3. The total sum of the electric power plants, the networks that interconnect them and

of the consumers, is called a power system.

4. The load graph shows of power during different periods of day,

month, and year.
5. Ina power system, all the parallelly operating plants take part in carrying

of all the consumers supplied by the given system.
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C) Answer the questions.

1. What is an electric power consumer?

2. How many groups can electric power consumers be divided into?
3. What consumers does each group consist of?

4. What are the operating load conditions determined by?

5. What does a load graph show?

6. What is called a power system?

7. What processes are the components of a power system interrelated by?

ACTIVITY 2. Read the text below. Match choices (A — F) to (1 —4). There are
two choices you do not need to use.
ELECTRIC POWER PLANTS

7 AN

*.5'\\ Electric power is generated
{ at electric power plants. The
main unit of an electric power
m; plant comprises a prime mover

. O gy N = | and 1)
8 ! v\ 4 il
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In order to actuate the prime

use nowadays. To these sources belong heat obtained by burning fuels, pressure due to
the flow of air (wind), solar heat, etc.

According 2) , power plants are divided into groups.

Thermal, hydraulic (waterpower) and wind plants form these groups.

According to the kind of prime mover, electric power plants can be divided into the
following types:

o Steam turbine plants, where steam turbines serve as prime movers. The main
generating units at steam turbine plants are the turbo generators. Steam turbine plants
belong to the modern, high-capacity class of power plants.

o Steam engine plants, in which the prime mover is a piston-type steam
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engine. Nowadays no large generating plants of industrial importance are constructed

with such prime movers. They are used only 3)

o Diesel engine plants where diesel internal combustion engines are installed.
These plants are of small capacity and they are used for local power supply.

o Hydroelectric power plants use 4) . Therefore,

they are called hydro turbine plants. Their main generating unit is the hydro generator.
Modern wind-electric power plants utilize various turbines; these plants as well as

the small capacity hydroelectric power plants are widely used in agriculture.

A — water turbines as prime movers

B — the generator, which it rotates

C — the turbo generators

D — small capacity hydroelectric power plants

E — to the kind of energy used by the prime mover

F — for local power supply

ACTIVITY 3. Match the words (1-10) and (a-j) to make phrases then make

your own sentences with them.

1. main generating a. power plants

2. electric power consumers are b. inagriculture

3. electric power c. the consumption of power
4. take part d. units

5. modern wind-electric e. divided into groups

6. widely used f. of power plants

7. load graph shows g. apower system

8. high-capacity class h. as prime movers

9. the components of I. plants

10. steam turbines serve J. incarrying
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ACTIVITY 4. Read and translate the text below.

Hydroelectric power plants transform the hydraulic energy of a river, either natural
or artificial, into renewable electrical energy.

So just how do we get electricity from water? Actually, hydroelectric and coal-fired
power plants produce electricity in a similar way. In both cases, a power source is used
to turn a propeller-like piece called a turbine, which then turns a metal shaft in an electric
generator, which is the motor that produces electricity. A coal-fired power plant uses
steam to turn the turbine blades, whereas a hydroelectric plant uses falling water to turn
the turbine. The results are the same.

In the energy sector of Ukraine, hydroelectric power plants occupy the third place
after thermal (coal and natural gas) and atomic energy.

The Dnipro hydroelectric power station is a large hydroelectric power plant of the
south of Ukraine, which is the oldest among the cascade of power stations on the
Dnipro River and is rightfully considered a symbol of Zaporizhzhia and an entire era.

This is a large hydroelectric power station in the south of Ukraine, the fifth stage
of a cascade of hydroelectric power stations, provides electricity to the Donetsk-Kryvyi

Rih industrial area.

Spillway

Transformer

Draft Tube
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https://www.usgs.gov/special-topic/water-science-school/science/hydroelectric-power-water-use
https://en.wikipedia.org/wiki/Energy_in_Ukraine
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Nuclear_power

ACTIVITY 5. Match the words with their Ukrainian equivalents.

1. Draft Tube a. BIATIK

2. Control Gate b. mepemaua

3. Trash Rack C. TaroBa TpyoOa

4. Spillway d. CMITTEyTPUMYIOUi PEIIiTKA
5. Outflow €. KOHTPOJIbHI BOpOTa

6. Fish Ladder f. Bomo3nuB

7. Penstock g. puOHI cxoau

8. Transmission h. Hamipaui TpyOOIPOBI

ACTIVITY 6. Read the text about hydroelectric power plants again. Are these
sentences true (T) or false (F) or is the information not mentioned (NM) in the text.
1. A hydroelectric plant uses falling water to turn the turbine.

2. Hydroelectric and coal-fired power plants produce electricity in different

3. The experience shows that hydroelectric plants are always reliable and safe.
4, Hydroelectric power plants transform the hydraulic energy of a river, either
natural or artificial, into renewable electrical energy.

5. Kyiv hydroelectric power plant is the oldest among the cascade of power

stations on the Dnipro River.
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ACTIVITY 7. Find the meaning of the words given in bold print in the

dictionary. Read the following article and do the activities that follow it.
ATOMIC POWER STATIONS

An atomic  power
station is  similar to
conventional power
stations, the only difference
= being the furnace, that is to
, say, instead of a coal-
burning furnace it has a
nuclear furnace. This means

_ that heat is produced by

nuclear fission in a reactor.

The experience that has been accumulated shows that atomic power stations are
reliable and safe. At the same time, the best design for an atomic power station has to be
found.

There is a large number of variants of projects for using atomic fuel for the output
of electric power. The electricity generated by atomic power stations still costs much less
than that obtained from thermal power stations, to say nothing of the electricity
produced by hydropower stations.

In spite of this, there is great need for developing the best types of atomic power
stations. Yet, scientists in different countries failed in developing the best type of atomic
power stations.

In some areas of the world, there is a shortage of fuel and waterpower necessary for
the development of electrification. To supply these areas fuel has to be transported over
long distances. Fuel, even high-grade fuel, contains only an insignificant quantity of
power. For example, a ton of oil if fully burnt yields approximately 12,000 kilowatt-
hours of electricity, coal giving even less than that — only 8,000 kilowatt-hours. Yet, as
little as half a gram of uranium can produce as much as 10,000 kilowatt-hours of

electricity.
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For that reason, atomic power stations are being built in industrially developed areas,
with poor power resources. It is believed that atomic power station will be built in
permafrost regions too. It is known that use is made of different reactors nowadays.
Mention should be made that work has been started to utilize the energy of the atom not
through the conversional steam turbine generator scheme but though the conversion of

atomic power directly into electricity.

Containment building

Electricity

91NN

0
It

,
i
( Pump ) Gold water hasch

i S A

Cool water source

The scientists are studying reactors operating on fast moving neutrons, it is planned
to install such reactors in future industrial atomic power stations. There is a great future
in the nuclear synthesis of light nuclei of thermonuclear reactions that is a source of

inexhaustible energy. There is no doubt that this problem will be successfully solved.

A) Translate the following special words and word combinations into Ukrainian:
Steam line \ steam generator \ warm water inlet \ cool water source \ control rods \

water vapor \ cooling tower \ containment building \ uranium fuel \ reactor vessel \ pump

B) Arrange the sentences in logical order according to the text.
A.  The experience that has been accumulated shows that atomic power stations

are reliable and safe.
B.  The scientists are studying reactors operating on fast moving neutrons.
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C.  Anatomic power station is similar to conventional power stations.
D.  The atomic power station will be built in permafrost regions.
E.  The electricity generated by atomic power stations still costs much less than

that obtained from thermal power stations.
1) 2) 3) 4) 5)

C) Choose the correct items to complete the sentences. Translate the following

sentences into UKrainian.

1. Atomic power stations are being built in areas, with poor power
resources.
2. Theelectricity generated by atomic power stations still costs than

that obtained from thermal power stations.

3. The experience that has been accumulated shows that are reliable
and safe.
4.  The scientists are studying reactors operating on neutrons, it is

planned to install such reactors in future industrial atomic power stations.
5. There is a large number of variants of projects for using for the

output of electric power.

ACTIVITY 8. Read and discuss the

text below.

THE FUTURE OF ELECTRICITY:
RENEWABLE ENERGY

Renewable energy is energy produced

from sources like the sun and wind that are
naturally replenished and do not run out.
Renewable energy can be used for electricity

generation, space and water heating and

Geothermal

cooling, and transportation.
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Renewable energy sources, such as biomass, geothermal resources, sunlight, water,

and wind, are natural resources that can be converted into these types of clean, usable

energy.

SOLAR ENERGY

The amount of sunlight that strikes the
earth's surface in an hour and a half is enough
to handle the entire world's energy
consumption for a full year. Solar
technologies convert sunlight into electrical

energy either through photovoltaic (PV)

‘ ; G panels or through mirrors that concentrate

solar radiation. This energy can be used to generate electricity or be stored in batteries or

thermal storage.

WIND ENERGY

Once called windmills, the technology used
to harness the power of wind has advanced
significantly over the past ten years, with the
United States increasing its wind power
capacity 30% year over year. Wind turbines,
as they are now called, collect and convert

the kinetic energy that wind produces into

BIOENERGY

Bioenergy is one of many diverse resources

- available to help meet our demand for
. energy. Itis a form of renewable energy that
¢ is derived from recently living organic
materials known as biomass, which can be
used to produce transportation fuels, heat,

electricity, and products. Biomass power
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https://www.energy.gov/eere/solar/how-does-solar-work
https://www.energy.gov/eere/wind/wind-energy-basics
https://www.energy.gov/eere/wind/history-us-wind-energy
https://www.energy.gov/eere/wind/how-do-wind-turbines-work
https://www.energy.gov/eere/bioenergy/bioenergy-basics

plants typically directly burn feedstock such as wood chips, agricultural waste, some
types of garbage or animal manure to produce electricity. Or they can convert the

materials into combustible gases, then burn those to generate power.

GEOTHERMAL ENERGY

Geothermal energy is heat energy from the
Earth [Geo (earth) + thermal (heat)].
Geothermal resources are reservoirs of hot
water that exist or are human made at varying
"« temperatures and depths below the Earth's

surface. Wells, ranging from a few feet to

: several miles deep, can be drilled into
underground reservoirs to tap steam and very hot water that can be brought to the surface
for use in a variety of applications, including electricity generation, direct use,
and heating and cooling. Humans have been harnessing the power of super-hot steams
underneath the Earth’s surface for more than 10,000 years, but the first geothermal power
generator was built in Italy in1904.
FUEL CELLS

Fuel cells produce energy through chemical
reactions that combine hydrogen with
oxygen. When a hydrogen-rich fuel such as
natural gas or biogas flows through a fuel
cell and reacts with oxygen, it produces
electricity, heat and water. Fuel cells, which

emit about half of the emission of a fossil

fuel power plant, aren’t cheap enough to become a primary power source, but they are
being used by a growing number of companies to provide backup power as well as reduce
their carbon footprints. Fuel cells also are making their way into the automotive world to

create zero-emissions cars.
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https://www.energy.gov/eere/geothermal/geothermal-basics
https://www.energy.gov/eere/geothermal/electricity-generation
https://www.nrel.gov/docs/fy04osti/36316.pdf
https://www.energy.gov/eere/geothermal/geothermal-heating-and-cooling
http://energy.gov/eere/geothermal/history-geothermal-energy-america
http://americanhistory.si.edu/fuelcells/basics.htm
https://www.theguardian.com/sustainable-business/2015/jul/31/fuel-cells-big-business-electricity-costs-ikea-microsoft

MARINE ENERGY
The  rhythmic  and  powerful
movements of the ocean current and waves
can drive electric generators to produce a
steady stream and vast amount of power,
which would then be transported to land via
\ cables. But developing equipment that will
effectively capture that mechanical energy

and withstand the corrosive salt water and

ACTIVITY 9. Write the questions to the sentences using the question words in
brackets.

1. Renewable energy can be used for electricity generation, space and water
heating and cooling, and transportation. (What...for?)

2. Solar energy can be used to generate electricity or be stored in batteries or
thermal storage. (What...to?)

3. Wind turbines collect and convert the kinetic energy that wind produces into
electricity to help power the grid. (What?)

4. Biomass power plants can convert the materials into combustible gases.
(What...into?)

5. Geothermal energy is heat energy from the Earth. (Where...from?)

6. Fuel cells produce energy through chemical reactions that combine hydrogen
with oxygen. (What...through?)

7. The rhythmic and powerful movements of the ocean current and waves can
drive electric generators to produce a steady stream and vast amount of power. (What?)

8. Fuel cells are making their way into the automotive world to create zero-

emissions cars. (What...into?)
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https://www.energy.gov/eere/water/marine-energy-basics
http://www.nytimes.com/2014/04/28/business/energy-environment/experimental-efforts-to-harvest-the-oceans-power-face-cost-setbacks.html?_r=0
https://www.energy.gov/eere/wind/how-do-wind-turbines-work

ACTIVITY 10. Choose the correct items to complete the sentences. Translate

the following sentences into Ukrainian.

1. Bioenergy is one of many available to help meet our demand for
energy.
2. The amount of sunlight that strikes in an hour and a half is enough

to handle the entire world's energy consumption for a full year.

3. Fuel cells are making their way into to create zero-emissions cars.

4. Once called windmills, the technology used to harness has
advanced significantly over the past ten years, with the United States increasing its wind
power capacity 30% year over year.

5. Renewable , such as biomass, geothermal resources, sunlight,
water, and wind, are natural resources that can be converted into these types of clean,

usable energy.

ACTIVITY 11. Read the following article and answer the questions after it.
POWER TRANSMISSION LINES

A power system is an
interconnection of electric power
| stations  and  electric power
consumers by high voltage power
transmission lines. Nowadays the
electricity is transmitted over long
distances and the length of

transmitting power lines varies from

area to area.

A wire system is called a power line in case it has no parallel branches and a power
network in case it has parallel branches.

According to their functions, power lines and networks are subdivided into

transmission and distribution lines. Transmission lines serve to deliver power from a

33
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station to distribution centers. Distribution lines deliver power from distribution centers
to the loads.

Lines are also divided into overhead, indoor and cable (underground).

Overhead lines comprise line conductors, insulators, and supports. The conductors
are attached to the insulators, and these are attached to the supports. The greater the
offered resistance, the higher are the heating losses in the conducting wires. The losses
can be reduced simply by using a step down transformer.

Indoor lines include conductors, cords, and buses. A conductor may comprise one
wire or a combination of bare wires not insulated from one another. They deliver electric
current to the consumer.

As to underground lines, they are suitable for urban areas. Accordingly, they are

used in cities and in the areas of industrial enterprises.

Answer the questions:

1.  What is the difference between a
power line and a power network?

2. How can we divide power
transmission lines according to their functions?

3. What do overhead lines comprise?

How can heating losses be reduced?

4
5. What do indoor lines include?
6

Where are underground lines used?

y - [
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CHAPTER 3. ELECTRICAL ENGINEERING

ACTIVITY 1. Read the following article and answer the questions after it.
WHAT IS ELECTRICAL ENGINEERING?
— P P g Electrical engineering
A : covers the study, design, and

application of equipment and

systems that use electricity.
Electricity is central to our lives
and its role will continue to grow
in the coming decades as green
transportation and renewable
energy rely more and more on
smart electric energy.

Electrical engineers use their knowledge of electricity, electromagnetism and
electronics to build everything from electric cars to control systems. Because electrical
currents are invisible to the human eye, electrical engineers rely on mathematics to create
models that help them understand their mechanics.

Electrical engineers design, develop, test, and supervise the manufacture of
electrical equipment, such as electric motors, radar and navigation systems,
communications networks, or power generation equipment. They invent advanced
electronic and photonic devices, integrated circuits, or information processing systems.
Electrical engineers also design the electrical systems of automobiles and aircraft,
wireless systems, autonomous systems, computing systems, and signal and information

processing systems.

Answer the questions:
1. What is electrical engineering?

2. What knowledge do electrical engineers use in their work?
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3. What can electrical engineers do?

ACTIVITY 2. Put the words into correct order to make up sentences.

1. devices \ electrical engineers \ advanced \ invent \ electronic and photonic.

2. knowledge of electricity \ electrical engineers \ their \ to build \ use \
electromagnetism \ and \ electronics \ everything .

3. invisible \ electrical \ are \ to \ currents \ the human eye.

4. aircraft \ electrical \ also \ automobiles \ design \ the electrical systems \ of \
and \ engineers.

5. electrical engineering \ use electricity \ the study \ and \ application of

equipment \ and \ design \ systems \ covers \ that.

ACTIVITY 3. Read and discuss the text below.
WHAT IS APOWER ENGINEER?
A power engineer is responsible for designing, maintaining, and operating various
types of power systems. These power systems can include electrical power grids, renewable
energy systems, and traditional fossil fuel-based power plants. Power engineers must have

a strong understanding of electrical and mechanical engineering, as well as an
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understanding of the various technologies used in power generation, distribution, and
transmission.

Power engineers may work in a variety of industries, including utilities,
manufacturing, and government. Their responsibilities can range from designing new
power systems to ensuring that existing systems are operating efficiently and safely. They
may also be responsible for troubleshooting issues and developing solutions to improve
power system performance. In addition to technical knowledge, power engineers must also
have strong problem-solving, communication, and project management skills to be
successful in their role.

The importance of power engineers cannot be overstated in our modern society, which
relies heavily on energy and power to operate. Power engineers play a crucial role in
designing and maintaining the infrastructure that supplies electricity to homes, businesses,
and industries. Without their expertise, we would not be able to access the reliable and
affordable power that we rely on for daily life.

Additionally, power engineers are key players in the transition to more sustainable
and environmentally friendly forms of energy, such as solar and wind power. As the
demand for energy continues to grow, the work of power engineers will be increasingly
important to ensure that our energy systems are safe, efficient, and sustainable for

generations to come.

ACTIVITY 4. Put the words into correct order to make up sentences.

1. Power engineers / of electrical and mechanical / a strong understanding / must
have / engineering.

2. Power engineers / that / the infrastructure / in designing and maintaining / play
a crucial role / supplies electricity.

3. Power engineers / in a variety / may work / of industries.

4, Power engineers / with new technologies / must stay current / and industry
developments.

5. Power engineers / designing / are responsible for / new power systems.
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6. Power engineers / are responsible for / various types / designing, maintaining,
and operating / of power systems.

ACTIVITY 5. Choose the correct items to complete the sentences. Translate the

following sentences into Ukrainian.

1. Power engineers must have a strong understanding

2. Power engineers are key players in the transition to environmentally friendly

, such as solar and wind power.

3. The responsibilities of power engineers can range from designing new power
systems to are operating efficiently and safely.

4. Power engineers are responsible for designing, , and
various types of power systems.

5. Power engineers play a crucial role in designing and maintaining the

infrastructure that supplies electricity to : , and industries.

ACTIVITY 6. Find the meaning of the words given in bold print in the
dictionary. Read and translate the following articles.
TYPES OF POWER ENGINEERS
There are several types of power engineers, each with their own specialization and
responsibilities. Some common types of power engineers include:
Electrical power engineers: Electrical power engineers design, maintain, and
operate electrical power systems, including the generation, transmission, and distribution

of electricity.
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Control systems engineers: Control systems engineers design and maintain the
automated control systems used in power generation and distribution. This can include
systems that regulate the flow of electricity, monitor equipment performance, and manage
power grid stability.

Renewable energy engineers: Renewable energy engineers design and maintain
renewable energy systems, such as solar and wind power systems. They may also be
involved in developing new renewable energy technologies.

Substation engineers: Substation engineers design and maintain the equipment used
to transform high voltage electricity from power plants into lower voltage electricity that
can be used by homes and businesses.

Power systems engineers: Power systems engineers design and manage the overall
power system infrastructure, including the equipment, software, and processes used to
generate, transmit, and distribute power.

Transmission and distribution engineers: Transmission and distribution engineers
design and maintain the infrastructure used to transmit and distribute electricity, including

power lines, transformers, and switchgear.

ACTIVITY 7. Write the questions to the sentences using the question words in
brackets.

1. There are several types of power engineers, each with their own specialization
and responsibilities. (What?)

2. Electrical power engineers design, maintain, and operate electrical power
systems, including the generation, transmission, and distribution of electricity. (Who?)

3. Renewable energy engineers may also be involved in developing new renewable
energy technologies. (Where?)

4.  Substation engineers design and maintain the equipment used to transform high
voltage electricity from power plants into lower voltage electricity that can be used by

homes and businesses. (Who?)
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ACTIVITY 8. Read the text below. Match choices (A — G) to (1 —5). There are
two choices you do not need to use.
THE WORKPLACE OF APOWER ENGINEER

Power engineers work 1) , including power plants, electrical utilities,

manufacturing facilities, and government agencies. Depending on their specific job duties,
power engineers may 2) or control room, or they may spend significant
amounts of time in the field, working on equipment or overseeing construction projects.

In power plants and utilities, power engineers are responsible for ensuring that the
electrical grid is operating safely and efficiently. They monitor the flow of electricity and
make adjustments as necessary to maintain a steady supply of power. They also
troubleshoot problems that arise, such as power outages or equipment failures, and work to
quickly restore power to customers.

In manufacturing facilities, power engineers are responsible 3) that
power the equipment used in production. They also oversee the installation of new
equipment and work to optimize the efficiency of existing systems.

In government agencies, power engineers may work on projects related to energy
policy or renewable energy sources. They may also be involved in 4) improve

the efficiency and sustainability of the electrical grid.
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Regardless of the specific setting, power engineers often work long hours and may be

on call for emergencies outside of regular business hours. They must be able 5)

decisions under pressure, and they must have a strong understanding of

electrical systems and the principles of engineering. While the work can be challenging,

power engineers also have the satisfaction of knowing that they are helping to keep the

lights on and power the modern world.

A — for designing and maintaining the electrical systems

B — have the satisfaction of knowing

C — research and development of new technologies to
D — in a variety of settings

E — power engineers may work on projects

F — spend most of their time in an office

G — to think quickly and make

ACTIVITY 9. Read the following article and answer the questions after it.
DUTIES AND RESPONSIBILITIES

The specific duties and responsibilities of a power engineer can vary depending on

their job title and industry. However, some common tasks and responsibilities of power

engineers include:

Designing power
systems: Power engineers are
responsible for designing new
power systems, which
involves  determining  the
electrical load requirements
and selecting the appropriate
equipment and technology to

meet those needs.
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Installing and maintaining equipment:
Power engineers are responsible for installing and
maintaining the various components of power
systems, such as generators, transformers, and
distribution networks.

Troubleshooting: When power systems
experience problems, power

engineers are

responsible for identifying and resolving the

issues. This may involve conducting diagnostic g

tests, repairing or replacing faulty equipment, or
making changes to the system configuration.
Ensuring safety and compliance: Power

engineers must ensure that power systems are

g

operating safely and in compliance with relevant regulations and standards. This includes

conducting safety inspections and making necessary repairs or modifications to equipment

and systems.

Managing projects: Power engineers may be responsible for managing projects

related to power system design, installation, or maintenance. This may involve

coordinating with other engineers and stakeholders, managing budgets and timelines, and

overseeing the work of technicians and other staff.

0.0
" OO

Staying  up-to-date  with
technology and industry
developments: Power engineers
must stay current with new
technologies and industry

developments in order to design and

maintain cutting-edge power
systems. This may involve attending

industry conferences and training

sessions, reading industry publications, and participating in professional organizations.
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Answer the questions:

1. What are power engineers responsible for?

2. When are power engineers responsible for identifying and resolving the issues?

3. What may resolving the issues involve when power systems experience
problems?

4, What does ensuring safety of power systems include?

5. Why should power engineers stay current with new technologies and industry

developments?

Electrlmar

ACTIVITY 10. Fill in the gaps in these sentences with a suitable word. The first

letter of each missing word is given. The words in the box bellow the text can help

you.
Electricians install, m and repair electrical systems in industrial,

commercial and domestic e . Electricians might work in both i

and o settings. Electrical e and systems may include

S , motors, c , fuses, thermal r , fault current

protection switches, relays, | ,airc and metering equipment as

well as crime and fire a systems and renewable e technologies.

They are able to work on their own proficiently and work without immediate supervision

in the most efficient and economical manner.

cables, alarm, equipment, conditioning, indoor, lighting, switchboards, energy,

maintain, environments, relays, outdoor
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ACTIVITY 11. Use the following ideas to talk about the profession of an

electrician.
10 LINES ON ELECTRICIAN

1. Electrician is a person who manufactures
and repairs things that run on electricity.

2. Electrician does electrical wiring and
repairs in our homes.

3. Installation of things used in homes like

TV, fridge, washing machine, cooler, fan,

etc. is done by an electrician only.

4.  Wherever we have to make electrical

.| - connections in our homes, this work is also
e done by the electrician.

5. Electrician is a very useful community

- in our society.

6. Without an electrician our life would

not have been so smooth.

7. Electrical work is a dangerous job, for this,
electricians first take training for it, then
they become a skilled electrician.

8. How to use electricity, how to maintain it,
how to reduce short circuit conditions, etc.,

are all taught during training.

9. They have special types of tools to do
electrical work.
10.The most commonly used tools by an electrician are a screwdriver, tester,

multimeter, hammer, tape, wire cutter, etc.
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ACTIVITY 12. Read and discuss the text below.

ANALYSIS OF THE IMPACT THAT ELECTRICIANS HAVE ON
SOCIETY AND THE ECONOMY

Electricians have a significant impact on society and the economy. They are
responsible for ensuring that our homes and buildings have safe and reliable electrical
systems. Without them, we would not have access to electricity and our daily lives would
be greatly impacted. They also play an important role in the economy, as the demand for
electricians is always high and their skills are in high demand.

In terms of society, electricians are responsible for maintaining and upgrading the
electrical infrastructure that powers our homes, businesses, and communities. They
ensure that our lights turn on, our appliances work, and our buildings are safe.

They also play a crucial role in the development and implementation of alternative
energy sources, such as solar and wind power, which are becoming increasingly important

as society looks for ways to reduce its dependence on fossil fuels.

ACTIVITY 13. Answer the questions.

1. Why have you decided to become an electrician?

2 What is electrical engineering?

3 What knowledge do electrical engineers use in their work?

4.  What specific duties and responsibilities does a power engineer have?
5

Where do you take training to become a skilled electrician?

ACTIVITY 14. Find the meaning of the words given in bold print in the
dictionary. Read and translate the following articles.
WHAT WILL ELECTRICIANS BE DOING IN THE FUTURE?
The electrical field is vast and diverse, whether related to any skill or simple
electrical engineering.
Moreover, as the world is progressing, manual work is reduced, and technology is
taking over with new gadgets and appliances; hence, the electricians play a significant

part in the ultimate progress of the world towards technology and saving time with the
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energy of people. However, the future holds many new and adventurous things for this
field.

Currently, the electrician will have roles limited to skilled working; however, they
can be employed for contracts related to lighting system upgrades in the future.

It is essential to preserve the non-renewable energy resources and switch to
renewable ones to sustain energy for future generations. The demand for energy,
especially green energy, will increase significantly. In the future, the need for these
workers can grow more than 50 percent, including jobs such as installing solar panels,
developing and inventing new energy solutions, and working on new automated
tracking systems.

The workers themselves are enthusiastic in current projects towards sustainable
energy; three in four workers working on sustainable energy noted that they enjoyed the
process of learning something new and implementing it.

Nowadays, power is being generated through coal and water worldwide; however,
newer vehicles generates power through wind and thermal energy. Therefore, there is a
high chance of increasing job opportunities and onsite work for electrically skilled
workers in the power generation field through wind and thermal energy for plant
installation and repairing.

These are just a few ways that the field is changing but it is exciting to see how

different professions are gearing toward sustainability initiatives.

ACTIVITY 14. Make
ppt presentation about JOB

benefits of being an OPPORTUNITIES

electrician.

IN ELECTRICAL
ENGINEERING
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CHAPTER 4. ADDITIONAL READING

TEXT 1. ENGINEERING

Task 1. Read and translate the article.

Engineering is largely a
practical activity. It is about
putting ideas into action. Civil
engineering is concerned with
making bridges, roads,
airports, etc. Mechanical
engineering deals with the

design and manufacture of

tools and machines. .

Electrical engineering is about the generation and distribution of electricity and its
many applications. Electronic engineering is concerned with developing components and
equipment for communications, computing, and so on.

Mechanical engineering includes marine, automobile, aeronautical, heating and
ventilating, and others. Electrical engineering includes electricity generating, electrical
installation, lighting, etc. Mining and medical engineering belong partly to mechanical
and to electrical.

Transport: Cars, trains, ships, and planes are all products of mechanical engineering.
Mechanical engineers are also involved in support services such as roads, rail track,
harbors, and bridges.

Food processing: Mechanical engineers design, develop, and make the machines and
the processing equipment for harvesting, preparing and preserving the foods and drinks
that fill the supermarkets.

Medical engineering: Body scanners, x-ray machines, life-support systems, and
other high-tech equipment result from mechanical and electrical engineers combining

with medical experts to convert ideas into life-saving and preserving products.
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Building services: Electrical engineers provide all the services we need in our homes

and places of work, including lighting, heating, ventilation,

refrigeration, and lifts.

air-conditioning,

Energy and power: Electrical engineers are concerned with the production and

distribution of electricity to homes, offices, industry, hospitals, colleges and schools, and

the installation and maintenance of the equipment involved in these processes.

Task 2. Translate the following word combinations into Ukrainian.

mechanical engineering

electrical engineering
distribution of electricity

electronic engineering

developing components
electrical installation
preserving the foods

medical engineering

Task 3. Answer the questions.

1. What is engineering?

2. What is civil engineering?

3. What does mechanical engineering deal with?
4. What is electrical engineering?

d.
6
7
8
9

What is electronic engineering concerned with?

. What does mechanical engineering include?
. What do mining and medical engineering belong to?
. What are products of mechanical engineering?

. What do electrical engineers provide us?

10. What are electrical engineers concerned with?
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TEXT 2. PORTABLE GENERATOR

Task 1. Read and translate the article.

Although most electricity comes from power stations, power can also be generated
by far smaller means. Nowadays, electricity generators can be small enough to hold in
the hand.

Portable generators are made up
of two main parts: an engine, which
powers the equipment, and an
alternator, which converts motion into
electricity.

In a typical four-stroke engine,
when the piston descends, the air inlet

valve opens and a mixture of air and

petrol is sucked in through a carburetor.

The valve closes, the piston rises on the compression stroke and a spark within the
upper chamber ignites the mixture. This mini-explosion pushes the piston back down, and
as it rises again the fumes formed by the ignition are forced out through the exhaust valve.

This cycle is repeated many times per second. The moving piston makes the
crankshaft rotate at great speed.

The crankshaft extends directly to an alternator, which consists of two main sets of
winding — coils of insulated copper wire wound closely around an iron core. One set,
called stator windings, is in a fixed position and shaped like a broad ring. The other set,
the armature windings, is wound on the rotor, which is fixed to the rotating crankshaft.
The rotor makes about 3,000 revolutions per minute.

The rotor is magnetized and as it spins round, electricity is generated in the stator
windings through the process of electromagnetic induction. The electric current is fed to
the output terminals or sockets.

This type of generator can produce a 700-watt output, enough to operate lights,
television, and some domestic appliances. Larger versions provide emergency power to

hospitals and factories.
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In the four-stroke cycle, the piston descends on the intake stroke, during which the
inlet valve is open. The piston ascends on the compression stroke with both valves closed
and ignition takes place at the top of the stroke. The power or expansion stroke follows.
The gas generated by the burning fuel expands rapidly, driving the piston down, both
valves remaining closed. The cycle is completed by the exhaust stroke, as the piston
ascends once more, forcing the products of combustion out through the exhaust valve.

The cycle then repeats itself.

Task 2. Translate the following word combinations into Ukrainian.
e power station

e electricity generator

e portable generator

e coils of insulated copper wire
e aniron core

e armature windings

e rotating crankshaft

e electromagnetic induction

e the electric current

e the output terminals

e domestic appliances

e emergency power

Task 3. Answer the questions.
1. What are portable generators made up?
2. What does the valve and the piston do on the compression stroke?
3. Does the crankshaft extend directly to an alternator?
4. How many sets of windings does the crankshaft consist of?
5. How much revolutions does the rotor make per minute?
6. What is generated in the stator windings through the process of electromagnetic
induction?
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TEXT 3. THE SOURCES OF ENERGY

Task 1. Read and translate the article.

All the sources of energy put together is the energy locked up in the nuclei of atoms
of matter itself. It has been known for at least a century. It is called nuclear energy.

The amount of energy
which might be released when
the nucleus of one atom is split
Is very small. But scientists
have succeeded in breaking

apart the nuclei of billions of [&&

atoms and in harnessing their
energy. A pound of U235 /
(Uranium-235) can supply as much energy as the burning up of 3, 000, 000 pounds of
coal. Nuclear energy can be used for good and evil. Mankind is interested in atomic
energy being used only for peaceful purposes.

Many atomic power plants for producing electric energy were built in many
countries of the world. There are great possibilities of using nuclear energy for transport
purposes. A number of countries are working at the development and construction of
various kinds of locomotives, airplanes and other means of transport. Many atomic
powered ships have been already built. Nuclear energy is and will be used in medicine
and in many spheres of life where the atom may find useful application.

There are different forms or types of energy. Fuels such as coal, oil (petroleum), and
wood contain chemical energy. When these fuels are burnt, the chemical energy changes
to heat and light energy.

Electricity is the most important form of energy in the industrialized world, because
it can be transported over long distances via cables and transmission lines. It is also a very
convenient form of energy, since it can power a wide variety of household appliances and
industrialized machinery. It is produced by converting the chemical energy from coal, oil,

or natural gas in power stations.
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Task 2. Translate the following word combinations into Ukrainian.
e nuclei of atoms

e nuclear energy

e atomic power plants

e chemical energy

¢ household appliances

e industrialized machinery

Task 3. Answer the questions.

1. How much the sources of energy is locked up in the nuclei of atoms?
2. What have the scientists succeeded in?

3. How much energy can uranium-235 supply?

4. How and where can nuclear energy be used?

5. Are there great possibilities of using nuclear energy for mankind?

6. Is nuclear energy used in many spheres of life?

TEXT 4. ELECTRICITY AND MAGNETISM

Task 1. Read and translate the article.

An electric current is a flow of electricity. There are two kinds of electricity, positive
and negative. Glass rubbed with silk is positively charged, ebonite rubbed with fur is
negatively charged.

Like charges repel, unlike charges attract. The leaf electroscope is used to detect,
distinguish and measure charges.

The ultimate particle of negative electricity is called the electron; that of positive
electricity is called the proton.

It has been known for centuries that certain black, heavy stones have the property of
attracting iron, this property being called magnetism. A body that exhibits magnetism is
called a magnet. The two parts of a magnet that show the strongest magnetism are called
the North Pole and the South Pole.
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Magnets not only affect ordinary iron, but they affect one another. When a pole of
one magnet is brought toward a pole of the second magnet, they will repel if both are
north poles or both are south poles, but they will attract if one is a north pole and the other
a south pole.

The region in which magnetic forces act is called a magnetic field. When placed in
a strong magnetic field, iron becomes magnetized. Electricity and magnetism are closely
connected.

Almost all metals are good conductors of electricity, with copper being one of the
best conductors of all. Glass, paper, rubber are the most common non-conductors or
insulators.

Many practical applications have resulted from the utilization of the magnetic effect
of an electric current. These effects are used in motors, in most electric meters (ammeters,
voltmeters and galvanometers), in electromagnets and in practically all electromechanical

apparatus.

Electricity
* Electricity — the flow of electrons

Ampere — the unit used to describe how
much electric current flows through a wire.
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Task 2. Translate the following word combinations into Ukrainian.

o flow of electricity

¢ the ultimate particle of negative electricity
e conductors of electricity

o the property of attracting iron

e magnetic forces

e a strong magnetic field

¢ electromechanical apparatus

e magnetic effect

¢ the ultimate particle of negative electricity
e practical applications

e positively charged

Task 3. Answer the questions.

1. What is an electric current?

2. How many kinds of electricity are there?
3. What is the leaf electroscope used for ?
4. What is called magnetism ?

5. What is called the North (South) pole?
6. When do poles repel each other?

7. When do poles attract each other?

8. What is called a magnetic field?

9. What metals are the best conductors?
10. What is called an electric current?

11. Where are the magnetic effects of an electric current used?
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TEXT 5. ELECTRIC MOTOR
Task 1. Read and translate the article.
In an electric motor an electric current and magnetic field produce a turning

movement. This can drive all sorts of

o4

machines, from wristwatches to
trains. An electric current running
through a wire produces a magnetic
field around the wire. If an electric
current flows around a loop of wire
with a bar of iron through it, the iron ¥

becomes magnetized. A 8 e o

e

It is called an electromagnet; one end becomes a north pole and the other a south
pole, depending on which way the current is flowing around the loop.

If you put two magnets close together, like poles — for example, two north poles —
repel each other, and unlike poles attract each other.

In a simple electric motor, a piece of iron with loops of wire round it, called an
armature, is placed between the north and south poles of a stationary magnet, known as
the field magnet. When electricity flows around the armature wire, the iron becomes an
electromagnet.

The attraction and repulsion between the poles of this armature magnet and the poles
of the field magnet make the armature turn. As a result, its north pole is close to the south
pole of the field magnet. Then the current is reversed so the north pole of the armature
magnet becomes the south pole. Once again, the attraction and repulsion between it and
the field magnet make it turn. The armature continues turning as long as the direction of
the current, and therefore its magnetic poles, keeps being reversed.

To reverse the direction of the current, the ends of the armature wire are connected
to different halves of a split ring called a commutator. Current flows to and from the
commutator through small carbon blocks called brushes. As the armature turns, first one
half of the commutator comes into contact with the brush delivering the current, and then

the other, so the direction of the current keeps being reversed.
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Task 2. Translate the following word combinations into Ukrainian.
e electric motor

e electric current

e magnetic field

e a loop of wire

e stationary magnet

o carbon blocks

Task 3. Answer the questions.

1. What does an electric current do in an electric motor?
2. What is called an electromagnet?

3. What is called an armature?

4. When do the iron become an electromagnet?

5. What makes the armature turn?

TEXT 6. THE PURPOSES OF ELECTRIC NETWORKS

Task 1. Read and translate the article.

An electric network is a combination of electric devices for transfer and distribution
of electric energy, consisting of substations, switchboards, conduction, air transmission
lines and cable transmission lines operating on a certain territory.

The main purpose of electric networks is supply of electricity to consumers. Electric
networks are used for connection of electricity receivers and consumers in aggregate to
power sources. This problem is rather complicated because of a large number of
electricity receivers and large areas, on which they are located.

The second purpose of electric networks is transfer of electric energy from the place
of its generation to the place of its consumption. In most cases, power sources (coal, oil,
gas, and water resources) are located at a significant distance from the centers of
consumption — factories, inhabited areas, etc. In many cases, transportation of fuel, coal,
for example, can be unprofitable; construction of power stations close to fuel pool and

transfer of electric energy via electric networks is more preferable. If distances are large,

56



and volumes of transmitted electric energy are significant, a construction of high-capacity
transmission lines for a very high voltage is necessary.

Electric networks are also used for creation of energy systems. An energy system is
a combination of power plants and constructions, where their generating part is connected
through power links for parallel operation, it has a uniform dispatching management and
uniform reserve of capacity, and this reserve can be used in any part of the system. Thus,
three main features define an energy system: parallel operation of centers of energy

production, a uniform management and a uniform common system reserve.

Task 2. Translate the following word combinations into Ukrainian.
e electric networks

e electric devices

e supply electricity to consumers
e transfer of electric energy

e power sources

e transportation of fuel

o transfer of electric energy

e an energy system

Task 3. Answer the questions.

. What is an electric network?

. What does an electric network consist of?

. What is the main purpose of electric network?
. What is the second purpose of electric network?

. Where are power sources located?

1
2
3
4. What are electric networks used for?
5
6
7. What is an energy system?

8

. How many features does an energy system define?
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TEXT 7. ENERGY

Task 1. Read and translate the article.

In the language of science, energy is the ability to do work. There are various forms
of energy, such as heat, mechanical, electrical, chemical, atomic and so on. One might
also mention the two kinds of mechanical energy — potential and kinetic, potential energy
being the energy of position while kinetic energy is the energy of motion.

It is well
known that one
form of energy
can be changed
into another. A

waterfall may

serve as an

example. Water

falling from its
raised position,

energy changes

from potential
to kinetic energy. The energy of falling water is generally used to turn the turbines of
hydroelectric stations. The turbines in their turn drive the electric generators, the latter
producing electric energy. Thus, the mechanical energy of falling water is turned into
electric energy. The electric energy, in its turn, may be transformed into any other
necessary form.

When an object loses its potential energy, that energy is turned into kinetic energy.
Thus, in the above-mentioned example when water is falling from its raised position, it
certainly loses its potential energy, that energy changing into kinetic energy.

We have already seen that energy of some kind must be employed to generate the
electric current. Generally speaking, the sources of energy usually employed to produce

current are either chemical, as in the battery, or mechanical, as in the electromagnetic
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generator. Chemical sources of current having a limited application, the great quantities

of electric energy generated today come from various forms of mechanical energy.

Every year we need more and more energy. We need it to do a lot of useful things

that are done by electricity. However, the energy sources of the world are decreasing

while the energy needs of the world are increasing. These needs will continue to grow as

more motors and melted metals are used in industry and more electric current is employed

in everyday life.

Task 2. Translate the following word combinations into Ukrainian.

chemical sources of current
industrial application
semiconductor devices
potential energy

solar furnace

source of direct current

to change electric energy

electric device

Task 3. Answer the questions.

1. Can one form of energy be changed into another form?
2. Does a generator produce mechanical energy?

3. Is the sun an unlimited source of energy?

4. Can we employ solar energy directly?

S.
6
7
8
9

Have scientists transformed solar energy into electric energy?

. Is potential energy the energy of motion?
. Do we need more and more electric energy every year?
. Are there various forms of energy?

. Do you use electric energy every day?
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TEXT 8. LASERS AND MASERS

Task 1. Read and translate the article.

A laser is a machine for making and concentrating light waves into a very intense
beam. The letters LASER stand for Light Amplification by Stimulated Emission of
Radiation. The light made by a laser is much more intense than ordinary light. With
ordinary light, all the light waves are different lengths. With lasers, all the light waves
have the same length, and this increases the intensity.

Atoms are made up of neutrons, electrons and protons. The electrons circle round
the protons and neutrons. In a laser, the electrons are “excited” to a high energy level. As
the electrons fall back from their “excited” state to their normal state, they give off energy.
This energy is given off as light which can be seen. A number of materials have this
property including some gases, liquids, solids and semiconductors. Thus a number of
different types of lasers have been developed.

Lasers are now used for many scientific, medical, and industrial purposes. The thin
beam of light gives a lot of heat and it is used to join metal when a very small joint is
needed. The beam can also be used as a drill, to make holes in steel, or even in diamonds.
Because the beam is so small, it’s very important in delicate surgery and is used in eye
operations.

Lasers are also used in holography. A hologram is a three- dimensional image, a bit
like a photograph. It’s different from a photograph because it looks solid.

The word MASER is also an acronym — for Microwave Amplification by Stimulated
Emission of Radiation. The maser is operated on the same principle as the laser except
that the wavelengths generated are much longer and therefore the energy jumps involved
are smaller. The excited bodies in a maser are molecules rather than atomic electrons and
the beam generated is a coherent beam of microwaves which is not visible to the eye.

Masers have made revolutionary advance possible in a number of different fields.
They are up to 1.000 times more sensitive than any other type of amplifiers. Maser
amplifiers mounted on radio telescopes can increase even their great range by a factor of

10, allowing us to reach out to the bounds of the known universe. Because of the very
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constant frequency with which masers can be made to oscillate they can be used as master

controls for atomic clocks of unbelievable accuracy:

An error not exceeding 1 second in 10.000 years has already been achieved.

MELELS

i
o
LA

4o

Charles Hard Townes (left) is pictured in 1954 with the maser he developed with then-

graduate student James P. Gordon (right) and then-postdoctoral researcher H.J. Zeiger

(not shown). The device radiated at a wavelength of a little more than 1 cm and generated

approximately 10 nW of power. Courtesy of Smithsonian Institution.

Task 2. Translate the following word combinations into Ukrainian.

sword of heat

light amplification
stimulated emission
technological tool
the thin beam of light
thermonuclear fuel

required temperature
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Task 3. Answer the questions.
. What are atoms made up of?
. To what level are the electrons excited in a laser?
. When do they give off energy?

. In what form is this energy given off?

. What is the maser?

1
2
3
4
5. Are lasers used in holography?
6
7. Have masers made revolutionary advance possible in a number of different fields?
8

. What are up to 1.000 times more sensitive than any other type of amplifiers?

TEXT 9. THE DEVELOPMENT OF THE COMPUTER

Task 1. Read and translate the article.

Historyof Computers

Abacus—-1100 BC

Sliderule- 1617

Mechanical calculator - 1642
Automatic loom (punched cards)
- 1804

Babbage’s computer— 1830s
Boolean logic - 1850s

Hollerith's electric tabulator - 1880
Analog computer— 1927

EDVAC - 1946

ENIAC - 1947

Integrated circuit— late 1950s
UNIVAC - 1951
Microprocessor — 1971
Altair 8880 — 1975

Apple Il = 1977

IBM PC - 1981

World Wide Web — 1990s

-

The inventions and ideas of many mathematicians and scientists led to the

development of the computer. The first mechanical calculating machines were invented
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during the 1600’s. One of the more notable of these devices was built in 1642 by the
French mathematician and scientist Blaise Pascal.

During the 1830’s, an English mathematician named Charles Babbage developed
the idea of a mechanical digital computer. He tried to construct a machine called an
analytical engine. The machine contained the basic elements of an automatic computer
and was designed to perform complicated calculations according to a sequence of
instructions. However, the technology of Babbage’s time was not advanced enough to
provide the precision parts needed to complete the machine.

Another important contribution to the development of the computer was made in the
mid-1800’s by George Boole, an English logician and mathematician. Boole devised a
system of formulating logical statements symbolically so that they could be written and
proved in a way similar to that of ordinary algebra.

In 1930 the first reliable analogue computer was built . This machine called a
different analyser, solved differential equations.

During the 1940’s John Von Neumann, an American mathematician, introduced an
idea that improved computer design. He proposed that programs could be coded as
numbers and stored with data in a computer’s memory.

The invention of the transistor in 1947 of related solid-state devices during the
1950°s and 1960° resulted in the production of faster and more reliable electronic
computers. The new machines also were smaller and less expensive than earlier models.

The continued miniaturization of electronic equipment during the late 1960’s and
1970’s led to further advances in computer technology. The development of the integrated
circuit enabled engineers to design both minicomputers and high-speed mainframes with
tremendous memory capacities.

Researches are seeking ways improve memories and auxiliary storage equipment.
They expect to produce an efficient magnetic bubble unit, which is faster and cheaper to
operate than mechanical tape or disk units. A magnetic bubble unit is a semiconductor

chip that stores data in tiny, cylindrically shaped areas called bubbles.
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Task 2. Translate the following word combinations into Ukrainian.
e mechanical calculating machine

e digital computer

e analogue computer

e analytical engine

e sequence of instructions

¢ logical statement

e solid-state device

e integrated circuit

¢ high-speed mainframe

e auxiliary storage equipment

e magnetic bubble unit

e semiconductor like chip

e avery large-scale integrated circuit(\VLSI)

e to devise hardware and software

Vacuum
Tubes (1%
G)

Transistor
Generation

Generation
of

computers

Thinking

P 5t
owGe)r( Tipschief.com

Personal
computers




Task 3. Answer the questions.
. What did the inventions and ideas of many mathematicians and scientists lead to?
. When were the first mechanical calculating machines invented?

. Who developed the idea of a mechanical digital computer?

1
2
3
4. The technology of Babbage’s time was not advanced enough, was it?
5. What was built in 1930?
6. What did John Von Neumann introduce during 1940°s?
7. What is a magnetic bubble unit?

8. Is the development of the integrated circuit enabled engineers to design both
minicomputers and high-speed mainframes with tremendous memory capacities?

9. Who devised a system of formulating logical statements symbolically?

TEXT 10. COMPUTERS AND CYBERNETICS

Task 1. Read and translate the article.

The computers or
high-speed electronic
machines of today have
created entirely new
technical possibilities in
automatic  control  of
industrial processes. First
designed for solving

mathematical problems,

they soon paved the way | 4 :
for a new field of science — cybernetics — that studies general principles of control in both
life and non-live systems. The importance of cybernetics is great in the sphere of
engineering sciences. A newly developed field of knowledge is technical cybernetics. Its
objectives are to control automatic industrial processes, to study problems of transmission

of information and to develop new principles of automatic control.
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One of the main problems of technical is the development of control algorithms to
be used in processing and control of information flows. The algorithms worked out for
employment in control machines are called programs. These are based on subdivision of
the computation process into simple arithmetical operations and on determination of the
logical operations to be performed with a view to fulfil the program which gives the
sequence of the machine’s operations, and must be coded or expressed in the adopted
code system.

Two systems of computers are now created for control computer design.

One of these is the development of general-purpose control machines which may
have much wider application but require more complicated logical circuitry and a greater
number of instructions and commands employed in the computer. This approach permits
control of a great variety of industrial units with the aid of one and the same computer.

The second system utilizes modern microcomputer techniques to develop special-
purpose machines designed to control a particular process. This leads to the creation of
more easily operated and low-cost control computers. Tests of some control computers
manufactured for specific industrial units have shown their efficiency and quite sufficient
reliability.

In our country both systems of control are applied. Electronic digital computers
perform both arithmetical and logical operations, making it possible to govern processes

under rather complicated conditions.

Task 2. Translate the following word combinations into Ukrainian.
¢ high-speed electronic machine

e non-live systems

e technical cybernetics

e automatic industrial processes

e problems of transmission

e general-purpose control machines

e complicated logical circuitry

¢ industrial units
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e modern microcomputer techniques
e special-purpose machines
e sufficient reliability

e electronic digital computers

e rather complicated conditions

Task 3. Answer the questions.

1. What have the computers of high-speed electronic machines created?

2. What does cybernetics study?

3. Is the importance of cybernetics especially great in the sphere of engineering
sciences?

4. What is the field of acting of technical cybernetics?

5. What is one of the main problems of technical cybernetics?

6. Where are the algorithms used? For what purpose are they used?

7. How many systems of computer are now created for control computer design?
8. What is the first system? What is its application?

9. What is the second system? What is its application?

10. What computers are low-cost, the computers of the first system or the

computers of the second one?
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TEXT 11. THE IMPORTANCE OF ELECTRICITY

Having access to electrical power will make it easier for people to do their work and
take care of various essential tasks. It can also be used in many different ways which
makes it convenient for people who are working throughout the house.

A lack of access to electrical power will make it much more difficult for people to
carry out their work. It can also create safety issues because you will not be able to use
electrical equipment if there is no power supply available. This will be even more
problematic if you are living in a rural area that does not have access to the power grid.
Electricity is important for many different reasons, including entertainment, comfort,
heating, and cooling.

o Electricity helps in maintaining a high quality of life

Electrical appliances and equipment can make life much easier to deal with. Your
standard of living would not be as high if electricity was taken away from your home.

You can cook meals, clean your house and enjoy a comfortable life because of all
the useful electrical equipment you have access to.

Making use of modern power systems helps you maintain a decent quality of life
and this all is possible only because of electricity. Without electricity, you would have to
live in darkness every day, and it would have make things difficult.

o Electricity is portable and can be transported easily

There are many countries in the world where electrical power grids do not exist,
which means residents must generate their own power. This usually requires the use of
fuel like coal or diesel which can be expensive. Electrical energy is much more practical
In this regard, because it is very easy to produce in one location and transport to other
regions in the case of a power outage.

o Electricity provide safety and security

You will feel safe and secure if you have a backup generator in case of emergencies.
If there was a blackout, this would be useful for powering your home and
providing safety and security. Many people use solar panels to keep their electrical
systems running. If you live in a rural area, there is no guarantee that the power will

always be working properly.
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o Electricity is a clean source of energy

Electricity is a clean source of energy that does not require any additional fuel to
other sources are also available but they pollute. Electricity is reliable because it requires
no fuel whatsoever to be generated, which makes it much cleaner than other options.

o Electricity helps you to stay informed and connected

Electrical devices allow you to stay informed and connected with those who matter
most in your life. This type of equipment provides lots of useful functions to the owner.

Many people use mobile phones, tablets and other electronics to stay in touch with
friends and family members. Outages can make it difficult for you to communicate with
others, that is why a backup power source will be useful in this situation.

o Electricity helps to improve productivity

Electrical equipment can help a person be more productive and it is a very useful
tool for professionals. For instance, people who workin offices will find
that computers and photocopiers are fantastic tools to have access to.

Without electricity, these machines would not be able to function properly which
means your productivity levels could drop significantly. Harsh weather conditions could
also impact your productivity by disrupting the power supply.

o Electricity helps people to complete their tasks on time

If you are working in an industry where power is required for certain tasks, it will
be necessary to have access to electricity at all times. For instance, people who work in
construction or manufacturing would not be able to complete their duties without a stable
power supply. It is also important for people to have access to electrical equipment in the
medical field because this helps them to stay safe and healthy while they are at work.
During natural disasters, rescue workers will be able to provide life-saving support if they
have electricity available.

o Electricity plays an important role in agriculture

Most farms and ranches now use electrical systems to provide power for
their machinery. This makes it much easier for the owners to take care of

their business and manage all of their farm equipment.
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Electrical systems also allow people to keep track of livestock and monitor the
amount of water that is available for them. This means that farmers will be able to provide
higher levels of care for their animals and make sure they are all safe.

o Electricity helps improve the economy

Electrical systems can improve the economy because it helps people to make
more money. For example, power tools are often used by workers who use them in
construction jobs. This makes it possible for them to complete their tasks more quickly
and they are also able to work with greater safety.

The use of electrical power improves the overall productivity of people who are
working in manufacturing jobs. Having access to this type of equipment will give you a
competitive advantage because your business can be more productive which means
higher sales levels.

. Electricity is important for the entertainment industry

Many people who work in the entertainment industry at events will find
that electrical power is essential. This can be used to set up lights and sound systems
which are important for any type of special event.

To create a more memorable experience, you may want to add lasers and other
lighting effects when hosting an event. It is also important to have a backup power source
in case the electricity goes out unexpectedly during your performance or presentation.

o Electricity is very versatile and can be used in many different ways

Not only electrical power be used for heating and cooling, but it can also provide
lighting and other important comforts. Electricity provides comfort and peace of mind,
which makes life easier to deal with.

Having access to the power grid is like having access to your own personal army. If
you wanted, for instance, you could hire someone to string up all of the electrical wires
in your home.

The power grid provides electricity that can be used in many different ways and

makes life much easier.
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APPENDIX 1. SELF-ASSESSMENT TEST

COMPLETE THE SENTENCE USING A RIGHT VARIANT:

1. We use 4 things to make electricity: oil, coal, ... or nuclear power.
a) gas ¢) iron
b) water d) steel

2. The center of the Earth is very...

a) warm ¢) cold
b) hot d) wet
3. Today there’s a new job for windmills to produce ...
a) oil c) water
b) gas d) electricity
4, Nowadays the electricity transmitted over long ...
a) road c) distances
b) way d) system
d. A power system is an ... of electric power.
a) insulators ¢) transmission
b)interconnection d) conductors
6. Electric power is generated at ...
a) electric power plants ¢) wind
b) energy d) fuels
7. A new ... creates a new lake in the mountain.
a)dam ¢) oil
b)steam d) coal
8. Nuclear ... leaves dangerous radioactive waste.
a) power c) affairs
b)force d) coal
Q. Steam ... plants, in which is prime mover is a piston the steam engine.
a)engine c) electric
b)battery d) plants
10. Hydroelectric ... plants employ water turbines or prime movers.
a)steam c) power
b)water d) dam
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CHOOSE THE RIGHT UKRAINIAN TRANSLATION TO
WORDS:
11. Power of sun, electric generator, voltaic
a) JDKepeso, ralbBaHIYHMM, By,
b) eHepris CoHIs, ENEKTPUYHUNA TEHEPATOP, TAIbBAHIYHUN;
C) rajbBaHIYHUMN, BYTiUIs, EHEPTis COHIIS;
d) cousuHa eHepris, riaPOCHEPreTUUHNMN, TEILIO.
12.  Solar power, steam, reliance
a) ma;uTH, rapa, cuja,
b) cmpaBwu, saepHa eHepris, JKEpeo;
C) 3a0pymaHeHHs, TpeOiisi, BKa3yBaTH;
d) cousuna eHepris, mapa, JKEpeo.
13.  Windmills, nuclear power, coal
a) BITPsAHI MJIMHH, S/ICPHA €HEPTis, BYTLLIA;
b) BirpsiHi MiMHHU, TpeOIs, HadTa;
C) BHKa4yyBaTH, sIICPHA CHEPTisl, CUIIA;
d) mnpuiinsaTH, cipaBu, BYTiLIs.
14.  Substance, matter, a flow
a) peYOBHHA, I30JIATOD, AHTAP;
b) pedoBuHa, marepis, MOTIK;
C) obepraTHCs, peYOBHHA, IPOBITHHUK;
d) smpo, peuoBHHA, MOTIK.
15.  Alternating current, to revolve, amber
a) 3MIHHUH cTpyM, oOepTaTucs, STHTap;
b) enexTpuIHE KOJIO, TPOBITHUK, PCUOBHHA;
C) TOTIK, ap, BITpsTHA CHEPTis;
d) pamioakTHBHI BiTX01H, 0OEPTATHUCS, EICKTPHUYHE KOJIO.
16. Conductor, electric current, positively charged
a) SApO, CICKTPUIHHNA CTPYM, MaTepis;

b) i3osaTOp, IIEpHA CHEPris, TO3UTUBHO 3aPsIKCHUN;

ENGLISH
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18.

19.

20.

d)

MOTIK, €JIEKTPUYHUNA CTPYM, HETATUBHO 3apsI>KEHUM,
MPOBIJHUK, EJICKTPUUHE KOJIO, TO3UTUBHO 3apsKEHUN.
An electric circuit, negatively charged, steam
eJIeKTpUYHE KOJI0, Map, MajluTH;

eJIEKTPUYHE KOJIO, HETaTUBHO 3apsI>KCHUM, map;
3MIHHUI CTpyM, siIEpHA €HEPTis, CTPYM;

EJEKTPUYHUN CTPYM, HETATUBHO 3apsIKCHUM, MaTepisl.
Greenhouse effect, transformer, voltage

NaJUBHI €JIEeMEHTH, TpaHChHOPMATOpP, CTPYM;

COHSIYHA €Hepris, TpaHchopMaTop, AKEpeo;
napHUKOBHUH e(deKT, TpaHchopMaTop, HANPyTa;
NapHUKOBUM e(eKT, 3a0pyIHEHHS, CTPYM.

Pump, dam, solar panels

BUKa4YyBaTH, IpeOJist, COHAYHI OaTaper;

EJIEKTPUYHUN T€HEepaTop, pEYOBHHA, STHTAP;

SJIpO, COHSTYHI OaTapei, eeKTPUIHUN CTPYM;

nap, Byruuisi, KUCJIOTHI JIOIII.

Dangerous radioactive waste, acid rain, hydro-electric power
reoTepMivyHa €HEPrisl, Tpeds, eICKTPUIHUN CTPYM;
BHUKA4YyBaTH, KHUCJIOTHI JIOIIi, CTPYM;

sJIepHa €HEePris, map, riApOeIeKTPUIHA CHEPTis;

HeOe3MeuHl palioaKTHUBHI BIAXOAW, KHUCIOTHI JOIIi, TiApOeIeKTPHUIHA

EHEPTis.

CHOOSE THE RIGHT ANSWER ON THE QUESTION:

21.

22.

What can we use to make electricity?

a) plants c) water
b)animals d) gas

Where did the first geothermal power station in the world open?

a) Canada c) ltaly
b) Germany d) Monaco
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23.

24,

25.

26.

217.

28.

What does a new dam create?

a) lake c) river
b)sea d) ocean
Where were the windmills first used?
a) Italy ¢) England
b)lran d) Scotland
What is used to produce electricity with the power of sun?
a)warm ¢) mirror
b)plants d) animals
What can the windmills produce?
a)gas c) water
b)electricity d) oil
What is electric power generated?
a)wind plants c) diesel-engine plants

b)electric power plants d) steam

What groups are power plants divided according to the kind of energy

used by the prime mover?

29.

30.

a)gas, energy, hydraulic ¢) wind, thermal, gas

b)oil, wind, water d) thermal, hydraulic, wind
How are transmission lines classed?

a)outdoor, overhead, cable ¢) wind, water, cable

b)overhead, indoor, cable d) overhead, water, cable

What is an electric power consumer?

a)it is interconnection of electric c) it is an enterprise utilizing

power electric power electricity
b)it is power lines d) it is a wire system
KEY ANSWERS

Tasks 1 (2 |3 |4 |5 |6 |7 (8 |9 (1011 |12|13|14 15

Answers|a |b |d |[c |b |a |a |a |a |c |b |d |a |b |a

Tasks 16 171181920 |21 |22 (23|24 25|26 |27 (28|29 |30

Answers|d |b |c |a |d |d |c |a |b |c |[b |b |d |b |c
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APPENDIX 2. EXTENSIVE READING

1. ENERGY

What is energy? A scientist would say that energy is the ability to do work. You use
energy when you walk. You carry your books with you to the Institute. It takes energy to
carry books. You can do nothing without using energy. You wash with water warmed by
energy. You put on clothes washed and ironed with energy.

There are many forms of energy. Each of these is useful to us. For example, we use
heat energy to do a lot of useful things, namely, to heat our homes, to transport us from
one place to another, and so on.

Energy Conversion Automobiles, trams, trains
and airplanes are moved by

) o)
‘ — é&@ ’ — é‘ changing heat energy to other

Chemical Mechanical Chemical Light forms of energy.

Electrical energy does many

<86 / ¢ Y 3
._,5>>' — I / — things for us. It is changed to

Electrical Light Chemical Mechanical

\‘/
_O- 3
/‘\

Light Chemical Electrical Heat

other forms, such as: light,

" N mechanical, heat, chemical, and
> ilT ' others.  When you watch

television, you hear the sound and
see the picture. The television (TV) set gets warm. Thus, electrical energy changes to
heat, light and sound.

Many machines use electrical energy. They change energy from one form to another.
Devices that are operated with electrical energy help us to work. Indeed, electricity plays

an important part in modern life.

2. ELECTRIC FISH
The electric fish is mentioned in the oldest writings of man.
History tells us that the Greeks and the Romans knew about it. They knew, for

example, that any man coming into contact with the electric fish could obtain an electric
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shock. In later years, experiments were made to find out the nature and amount of the
shock given by one of them called the electric eel. The so-called electric eel is found in
the tropical waters of South America. Small electric eels, only one inch long, can give a
small shock. However, by the time they are 6 inches long their internal battery gives as
much as 200 volts. When it is quite grown a good electric eel can generate 600 volts.

When it is short circuited, a current of 1 ampere can be obtained. A two-meter long eel

could light a dozen 50 watt lamps. i Current
The electricity in the electric
eel seems to be produced at will.
Besides, the discharges take Pain Threshold
[l

place at speeds from 10 to 100 per

second. It is interesting to mention
0‘.‘04 Amp
here that the eel's head end is "
positively charged and the opposite
end is negatively charged. By the
way, the electric eel has some ability

for finding polarity. Thus, if two

AMA

charged electrodes are placed in an

water, even in the dark, the electric fish which is somewhere near the electrodes, will

move towards the positive electrode, possibly thinking that it is the head of a friend.

3. APPLICATIONS OF THE ELECTROMAGNET
Electromagnets always find an application when it is desirable to convert electrical
energy into mechanical energy.
Telegraph systems and telephones, relays, motors and generators, radio sets and
television sets, electrical measuring instruments as well as thousands of other valuable
and necessary devices are known to contain electromagnets. They may be used, as well,

to protect electrical circuits against overloads and underloads.
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One of the first applications of the electromagnet was in telegraphy. Shilling was the
first to construct the electromagnetic telegraph. He demonstrated his invention as far back
as 1832.

As mentioned above, the telephone also uses electromagnets, uses many of them, in
fact. As soon as men learned to send words over the long wires of the telegraph circuit,
the next problem to be solved was the telephone. Was it not possible to send the spoken
word over similar wires? As a matter of fact, the first practical telephone was invented by

the American scientist Bell in 1876 and was further improved by Edison.

4. SURFACE TENSION

If due measures are taken steel needles and safety-razor blades may float on the
water surface. This is easier when they are slightly oiled.

Flies, mosquitoes, and other insects can. walk on the surface of water without even
getting their feet wet.

The reason for such strange phenomena is surface tension, that is, the tendency of a
liquid surface to act like a stretched elastic membrane. When water comes in contact with
air, the molecules at the surface are attracted more strongly to the water beneath than to
the air above. The result is that the surface molecules become more tightly joined together
than those in the interior of the liquid. If an object (such as a fly's foot, a steel needle, or
a safety-razor blade) is not too heavy and is not easily wet by water, it merely dents this
surface layer without breaking through. (The student is unlikely to know that the verb "to
dent" means to make a minute slightly hollow).

Some liquids have greater surface tension than others. Alcohol, for instance, has a
considerably lower tension than water. Temperature also affects surface tension. As the
thermometer goes up, molecules jump about more freely and surface tension weakens.
That's why hot water leaks more readily through a tiny hole than does cold water.

Certain substances, such as soap can lower the surface tension of water considerably.

To prove the last statement convincingly, dip the corner of a bar of soap into the

water on which your blade is floating. The surface tension of soap water is weakened and
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almost instantly the blade breaks through the surface layer and falls to the bottom of the

container.

5. ELECTRIC METER
How would you measure electricity? You can weigh coal. You can count apples.
You can measure milk. But it is quite different with electricity because you cannot even
see it. Electricity does not weigh anything. How do you measure electricity?
Well, that was not an easy question to answer, even for the scientists who tried all

kinds of ways to find a suitable arrangement.
‘ ‘\ But the problem

et J

p ‘ was finally solved and

y J if you want to see

- ‘ X how, look at your

' electric meter.
Q \ A ?

It does more than

—

just measure current.

= _ It multiplies current

- —

.~ times voltage which is

Eai

not an easy thing to do when you remember that the voltage is changing from 127 volts
positive to 127 volts negative and back again 50 times a second. The current is also
changing all the time with the demands of your electric appliances. The multiplication of
current times voltage gives watts, which is a measure of the electric power.

Having the watts all figured out at any instant, the meter multiplies those by the
length of time they are being used. This gives an answer in watt-hours, which is a measure
of electric energy. Then, as if that were not enough, the meter is divided by 1000 and
shows the final result of the calculation on a set of dials at any and every instant in terms
of kilowatt-hours, the units in which you get electric energy.

Knowing what it has to do, one might expect a meter to be as big as a piano. But as
everybody knows, it is not. On the contrary it is a little box, starting its arithmetic lesson

when you turn on the light, stopping when you turn it off.
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6. GALVANOMETER

The most important measuring instrument is the galvanometer. It is used to detect
and measure small electric currents. For the sake of simplicity it may be thought of as a
D.C. motor which can rotate only part of a turn because it has no commutator. It has a
very low resistance.

The current to be measured passes
through a coil which is wound around a soft-
iron armature turned between the poles of a
permanent magnet. A pointer attached to the
coil measures the rotation of the coil. A.C.
cannot be used because the armature would no
sooner start to rotate in one direction than the
reversal of the current would start it rotating in
the opposite direction. Hence, it would remain

stationary.

In all of the experiments in which we use
an ammeter, its connection in the circuit is always in series. This is necessary because all
the current to be measured has to pass through the ammeter. If we attempted to use a
galvanometer instead of an ammeter in order to measure current, the galvanometer would
be probably damaged.

There are two reasons why we cannot use the galvanometer directly in series. First,
it is a sensitive instrument and is so constructed that a very low current is sufficient to
move the pointer to the end of the scale. Let us assume that 0.01 ampere can move the
galvanometer pointer to the full scale, that is, to the end of the dial. If the current we are
measuring is more than this amount, as it usually is, it is too great for the galvanometer
to withstand and the instrument, of course, is damaged.

Second, the galvanometer has a resistance of its own. Hence when we connect a
galvanometer into a circuit its resistance reduces the very current it has to measure. As a

result, our measurements will be incorrect.
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7. REFRIGERATOR

As you know, whenever a gas turns into a liquid, heat is invariably developed.
Similarly, heat is required to turn a liquid into a gas. Whenever a liquid is vaporized, heat
Is taken from the immediate surroundings. When ether evaporates on your finger, it turns
from a liquid to a gas and takes heat from your finger in this process. If there were enough
ether on your finger and a constant supply of heat could be kept the rapid evaporation
would cool your finger so much that it would become frozen. This is the principle the
modern refrigerator is based upon.

Some gasses are easily liquefied and when liquid, they are easily turned back into
the gaseous state. Sulfur dioxide is pumped under pressure until it liquefies. The liquid
sulfur dioxide is pumped into a coil of small pipes, which surrounds a number of trays
filled with water. As soon as the liquid enters this coil, it passes through a nozzle which
creates a very fine spray, causing it to expand. In expanding this liquid becomes a gas
again and when expanding, it takes up a considerable amount of heat from the immediate
surroundings. The water in the trays has to supply this heat, and finally it loses enough
heat to freeze to ice. The gas thus formed is led back to the compressor where it is
compressed again and sent out in a liquid form.

The same cycle takes place all over again and again. This continuous changing from
a liquid to a gas and from a gas back to a liquid is going on as long as the compressor
runs. The compressor thus really supplies the energy required for making the ice in the
trays and producing the cold air that circulates throughout the refrigerator.

This energy, however, undergoes several interesting transformations in the process

of refrigeration as we have just seen.

8. BOILING
If we heat some water in an open glass container, we can see that evaporation goes
on from the top surface. This evaporation is indicated by the clouds forming where the
vapor mixes with the colder air and condenses. We find that the temperature of water
gradually rises until the thermometer registers 100°C. A little before this point is reached,

bubbles appear on the sides of the container.
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They consist partly of gasses driven from liquid and partly of water-vapor, for
evaporation is directed into the bubbles. Water is said to boil when vapor is formed both
at the bottom of the container and at the top of it. The motion of the boiling water is
caused by the bubbles of vapor rising through the water. The temperature of the boiling
water is constant. This temperature is known as the boiling point of the liquid.

The boiling point of a liquid is the temperature at which it boils under some given
pressure. When this point has been reached, further heating does not increase the
temperature of the liquid but only changes it into steam.

When water boils in a container, we say that we see steam coming out of it. In fact,
what we see is not steam at all but fine water particles. Steam itself is invisible. It is the
condensed steam in the form of fine particles of water that we see.

As liquids always Increase in volume when passing into the vapor state, an increase
in pressure always produces an increase in the boiling point.

Just as solids may under certain conditions be cooled below their melting points
without freezing, liquids may be heated above their boiling points without boiling.

The principal laws of boiling are as follows:

1. When a liquid is heated, it begins to boil at a definite temperature, known as the
boiling point, and on further heating the temperature remains constant at this value until
the whole of the liquid is converted into vapor.

2. This temperature is constant for a given liquid if the pressure is constant.

3. The boiling point of a liquid increases if the pressure upon it is increased.

4. A definite quantity of heat is required to convert the unit mass of the liquid into

vapor at the same temperature. This is known as the latent heat of evaporation.

9. STRUCTURE OF THE ATOM
The atom is the basic particle of all matter. All solids, gasses, and liquids are
composed of atoms.
For a time the atom was considered to be indivisible but then it has been found that
the atom in its turn can be divided into many different components.

In dividing the atom, man releases forces of great magnitude.
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These are forces that bind the central core of the atom. This central core - the nucleus
- is extremely small in diameter.

The nucleus of the atom is of a highly complex structure. It is the three main
components of the atom that we shall deal with below.

These are called protons, neutrons and electrons.

The proton carries

Neutron

Nucleus a positive charge of

electricity, the number of

protons in the nucleus

determining the element
\. Flectron that the atom forms.

For example, if the
nucleus has a single
proton, then it will form
the gas hydrogen. If 92
protons are present, the element will be uranium and so on. In short, if the number of
protons in the nucleus is known, the element can be found out at once.

As mentioned above, the proton carries a charge of positive electricity. We know the
bodies charged with the same kind of electricity to repel one another. When two protons
are brought close together they repel one another with great force.

The second of these basic components of the nucleus is the neutron. The neutron
does not carry a definite electric charge. The sub-particles that form the neutron do carry
charges but the charge of one balances that of another, leaving the neutron neutral. It is
from this state that it gets its name.

The third component of the atom is the electron. The electrons revolve around the
nucleus. Each electron carries a negative charge of electricity that is equal to the positive
charge of a proton in the nucleus.

As the charge of the electron is negative and that of the proton positive, it might be
thought that the proton would attract the lighter electron and draw it into the nucleus. This

would happen if the electron were not revolving around the nucleus.
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The speed of the electron establishes sufficient centrifugal force so that it counteracts
the neutral attraction. Thus the higher the speed of the revolving electron, i.e. the greater

its energy, the farther from the nucleus it will revolve.

10. ELECTRON THEORY

The foundations of the modern theory of electricity were laid in the study of the
electric discharge through gasses and in particular the so-called cathode rays.

The nature of these cathode rays was first described
by Crookes (1879) when he considered them as negatively
electrified particles which were emitted from a metal
under the influence of a strong electric field.

Further experiments made on these particles
confirmed that they carried a negative charge and the
name “electron™ was given to them.

It is the movement of the electrons, whether in a

conductor or a gas which gives rise to the phenomenon

known as the electric current. ;

The student should remember that an electron, being ////Z%&a/ é@wﬂzg/ 190
negatively charged, will move towards that end of the circuit or that part which is termed
"positive. The old conception of the electric current flowing from the positive pole or end
of the circuit to the negative was accepted long before the existence of the electron theory.
It is in direct opposition to the real direction of electron flow. This conception is however
too firmly established and the current is still assumed to flow from positive to negative.

The number of the electrons comprising the unit of current has been computed. At
present, we know one microampere to be equal to the passage of 6 milliard electrons per
second. To keep a 100-watt lamp burning requires a flow of six milliard milliard electrons
not in a day, nor an hour, but every second. Six milliard milliard means the figure six with
eighteen zeroes after it.

We know electrical energy changes into light energy in the electric lamp. Can light

energy be changed back to electrical energy?
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The emission of electrons under the impact of light energy is called photoelectric
emission. The more intense the light, the more electrons are emitted by the metal exposed
to light. Although most metals will emit electrons when their surfaces are exposed to
ultraviolet light, some metals, such as sodium, potassium, and certain others will emit
electrons when exposed to ordinary visible light rays and infrared rays as well.

e The first discovery came in 1887 when Heinrich
Hertz, the prominent German scientist, found out that for
a given electromotive force an electric spark will jump
across a larger gap if this gap is illuminated by ultraviolet
light than if the gap is left in the dark.

The second discovery

came about a year later

; when it was found that
| %”M;‘f‘//'f ultraviolet light falling

e s upon a negatively charged
metal plate caused it to lose its charge. As the plate was
charged positively, there was no apparent change. The
final discovery came about ten years later when Joseph

Thomson, the famous English scientist, discovered that

ultraviolet light falling upon a metallic surface caused it to

emit electrons.

11. THERMOCOUPLE AND PHOTOCELL
There are two means of producing small electric currents for special purposes. One
of these is the thermocouple or a thermopile.
The other is the photocell, sometimes called the electric eye.
The "iron-copper" thermocouple represents an iron wire and a copper wire, both
being carefully cleaned at the end and making close contact with each other. At the point
of contact unlike metals, a current tends to flow from one metal to the other because the

outer electrons in the atoms of one metal have more potential energy than those in the
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other metal. The measure of this potential energy difference is called potential difference.
This potential difference depends both upon the nature of the metals and upon the
temperature at the point of contact.

A number of thermocouples are sometimes connected in series.

Such a combination called a thermopile is more sensitive than a single thermocouple.

The photocell generates a small electric current in response to the action of light. In
one type, the light ejects electrons from a photosensitive surface upon which it falls. A
photo sensitive electrode usually consists of a thin layer of caesium or a caesium
compound on a surface of silver. This is the photocell cathode. The anode is a metal rod
or a loop that, when the cell is in use, is connected to the positive terminal of a battery. It
Is the collector of electrons. The anode and the cathode are connected to short, light metal
rods which extend through the base of the tube to form the support,

Electrons moving from the cathode to the anode constitute a small electric current
whose magnitude is directly proportional to the amount of light falling upon the cathode.

Photocells perform a great number of very important services.

Perhaps, the best known use is in connection with motion pictures, where they are
used in the reproduction of sound. They are also employed in television where they
function in the signal transmission.

"Electric eyes" are also used in factories to give automatic control of illumination,
by turning lamps on or off as required. Traffic signals, the devices for testing and
recording the daily output of factories and many other types of safety devices are operated

by photocurrents.

12. ELECTRIC LAMP
An incandescent electric lamp does not seem to have much resemblance to a heater
but the two devices are similar in many respects. A lamp is a white-hot wire inside a glass
bulb and a heater is a wire that is only red-hot.
The lamp's filament is heated by the passage of electric current. It glows because it

IS so hot.
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Lamps using glowing wares were made as early as 1845 but they did not work well
because all known wires burned or melted before they got white-hot. Edison wanted to
find a wire that would not burn or melt at high temperatures. It was easy enough to avoid
burning. He simply surrounded the wire by a glass bulb from which the air had been
pumped out. Now the wire could not burn because there was no oxygen in the bulb.

But the problem of melting was harder to solve. The carbon-filament lamp which he
produced as a result of thousands of experiments with different kinds of filaments could
operate at a temperature of about 1900°C. Today instead of carbon filaments we use
tungsten wires which usually operate at 2800°C. Tungsten is a metal with one of the
highest melting points known. Because of their higher operating temperature tungsten-
filament bulbs give almost 6 times as much light as carbon-filament bulbs for the same
amount of electrical energy.

Lodygin was the first to discover the
advantages of the metal wire filaments in
comparison with other filaments. It is he who
introduced tungsten filaments in a vacuum. He
produced the first incandescent lamp and
demonstrated his invention in 1873, lighting
several Petersburg streets with his lamps. It was =
the world's first practical application of the
incandescent lamp for lighting purposes.

Another inventor, Yablochkov, invented
the arc lamp in 1876. He was working in Paris at g

that time. His electric candle, as he called it,

consisted of two carbon rods placed in parallel
and separated by an insulating material. The first alternating current generator was
designed and used with the Yablochkov candle. The electric candle appeared in Paris
streets in 1878. Compared with the existing gas lamps they were so brilliant that the
system was used by many European cities. Yablochkov's invention together with the

alternating current generator was a new and simple means of arc lighting.
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13. FARADAY'S DISCOVERY
Although for certain purposes we still employ batteries to a limited extent to generate
electric current, the usual procedure today is by electromagnetic induction. Great

generators in our power stations, driven by powerful turbines, operate through the relative

movement of conductors and magnets on a principle discovered by that remarkable man,
Michael Faraday in 1831.

A bookbinder's apprentice
in London, Faraday was a clever
boy. In the early part of 1812 he
was given tickets to hear a course
of lectures by Humphry Davy at
the Royal Institution. At the end
of the course he bound his notes

on the lectures and posted them to

the lecturer with a request that he
should be appointed to the post of assistant. A few months later, at the age of twenty-two
Michael Faraday was appointed to a post at the Royal Institution at 25 shillings a week.
Thus, he started on that remarkable career which lasted for nearly half a century, during
which he laid the foundation for the electrical age. He became a skilful experimenter and
an enthusiastic lecturer.

During the ten years or so before his great discovery, many investigators took a great
interest in the connection between electricity and magnetism. It had been definitely
established by Oersted's experiment that magnetism could be produced from the electric
current. Why, then, could not the process be reversed and the electric current produced
from magnetism?

The fulfillment of Faraday's hopes came in the year 1831 as a result of his
experiments in the laboratory at the Royal Institution. We can read in his "Laboratory
Notes" how, day by day, he carried on different experiments with wire and coils,

permanent bar magnets and magnetic needles with varying results.
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On October 17, 1831, he discovered that if he connected a coil of wire to a
galvanometer and inserted a magnet into the coil, he obtained a deflection on the
galvanometer. The coil consisted of eight windings of copper wire each 27 feet long, the
windings being connected in parallel. When he was inserting one end of the magnet into
the coil, he noticed that the deflection of the galvanometer continued only for a short time
and stopped as soon as the magnet was completely inserted. No current was generated
while the magnet remained stationary. When it was taken away, there was a second
galvanometer deflection but this time in the reverse direction. In both cases, however,

there was a current only during the time when the magnet was moving.

14. MAN AND HIS MACHINES

In all his activities man now makes use of a lot of machines. Although most of these
are of quite recent origin, a few simple ones have come down from ancient times.

The arrow, for example, has been well known to man since prehistoric times, since
it was only by hunting that he could get his food. The wheel, one of the greatest inventions
ever made by man, is also of prehistoric origin. A two-wheeled carriage is represented
widely in his art and literature. The lever is probably of equally ancient origin. It is
mentioned by the Greek philosopher Aristotle as a means of lifting a great weight by
using a very small force.

After Aristotle there was little change in the number and kind of machines in use for
nearly twenty centuries. Since then one new device after another has come to displace
others that were less efficient only to be displaced in turn by other devices still faster or
better. Let us have a look at a few of these changes.

In going from his home in Mount Vernon to New York to be inaugurated as the first
President of America, Washington traveled in a horse-drawn carriage. The roads were
extremely difficult to travel. The travel of a little over two hundred miles required seven
hard days. That is a speed of about 35 miles a day. Men could travel by land in only two
other ways - on foot and on horseback. Within half a century of that time a few short

railways had been built in three different parts of the country.
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At first the trains were drawn by horses; in 1831 the first steam locomotive in
America was put into use. The "iron horse" soon proved its efficiency. New lines were
designed and old ones extended. The speed of 35 miles a day had given way to regular
schedules exceeding 35 miles an hour.

In the first decade of the twentieth century, it was thought that the limit of desirable
speed had been reached. However, the substitution of diesel and electric engines for steam
engines and numerous other improvements have shown that much higher speeds may be
easily achieved. Modern transportation uses electricity in many ways. Without it
transportation, as s - ' -
known today, could not
exist.

On the other hand,
life today would be
unthinkable without |
modern means of

transportation. To reach

any part of the world is a
matter of hours or days, while a century or two ago it took weeks, sometimes even months

or years.

15. UNITS OF MEASUREMENT

In measuring the rate at which electrons are moving through a conductor, an
electrician could say that the electric current is flowing at the rate of one coulomb per
second. However, electricians have a unit that measures it directly and, therefore, instead
of using the above-mentioned expression, an electrician would simply say: the current is
one ampere. The ampere is the electrical unit that measures directly the quantity of
electricity flowing in the conductor.

The kiloampere, the largest unit of current, is equal to one thousand amperes. Where

the ampere is too large a unit to be used, we may employ the milliampere or the
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microampere, the prefix "milli" meaning a thousandth and "micro" standing for a
millionth.

Keep in mind exactly what a volt is because the term is constantly used in all
branches of electrical work. It is the practical unit used to measure the pressure that causes
the electric current to flow through the circuit.

However, it is necessary to have both larger and smaller units. Thus, we have a
megavolt (million volts), a millivolt (a thousandth of a volt), and a microvolt, that is a
millionth of a volt. In electrical circuits, we are also interested in the magnitude of the
resistance in each conductor. Resistance plays a very important part in the operation of
every electrical circuit.

For that reason, it became necessary that some special practical unit be developed.
It would indicate definitely how much resistance was present in any given conductor or
circuit. That unit is called the ohm, a megohm equaling one million ohms and a micro-
ohm being one-millionth of an ohm.

The ohm was named after an experimenter who investigated the resistance taking
place in electrical circuits. His name was George Simon Ohm. He carried on numerous
experiments which demonstrated that there is a very close relationship between voltage,
current, and resistance in any given circuit. He showed that the amount of current which
flowed in a circuit depends both upon the amount of resistance in the circuit and the
amount of voltage which caused the current to flow.

Having considered the measurement of electrical quantities, we shall now define two
units of heat. These are the calories and the British thermal unit.

The first is a metric unit and may be defined as the average amount of heat required
to raise the temperature of one gram of water one degree Centigrade. In the same way the
British thermal unit, or BTU, is the average amount of heat necessary to raise the
temperature of one pound of water one degree Fahrenheit.

Since the calorie is a rather small quantity of heat, a large unit called the kilogram
calorie, or large calorie, is often used. It is not difficult to understand that the kilogram

calorie is 1,000 times as large as the calorie that was defined above.
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16. PLASMA GENERATOR

As it is well known, electric current can be generated if a metal conductor
continually crosses the lines of force of a magnetic field.

This is the principal feature of all designs of modern electric generators and electrical
engines.

However, a generator can be constructed with nothing moving inside, thus
eliminating the need for a steam turbine. A copper wire acts as a conductor in ordinary
dynamos. However, the metal could be successfully replaced by a jet of gas heated to a
plasma state.

Plasma is a rather new term in science and engineering. This term denoted another
state of matter - the fourth state besides the solid, liquid and gaseous. It is caused by
heating the matter to a temperature of 4000-5000°C and higher. In this case, the so-called
lonized gas is produced with a tremendous mass of free electrons forced away from the
atoms. In this state a substance becomes an excellent conductor of current.

If a jet of plasma is
directed between the poles of
a powerful magnet, an electric
current would result which
could be carried elsewhere by

special electrodes. Thus, the

T e IS rotor with the conductors,

LT

unlike the dynamo, is

replaced here by a gaseous
conductor continually crossing the magnetic field.

Though there are many difficulties in developing a plasma generator or, in other
words, magneto hydrodynamic generator, scientists and engineers believe that it is a
practical task. To fulfill this task it is necessary to study the physical properties of the
plasma and to find the means of increasing its density and temperature.

Scientists and engineers are concentrating their attention on developing a power-

generating installation based on the magneto hydrodynamic principle.
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17. LASER

Some decades ago a new principle of electromagnetic wave generation was
discovered. Light and radio waves are known to be electromagnetic oscillations. A new
principle was applied to generate visible radio waves, i.e. light. The device used is called
laser, or optical maser.

Under ordinary conditions all bodies absorb electromagnetic oscillation, either radio
or light waves. Now scientists have developed a method of electromagnetic waves passing
through substances, so that the waves are not absorbed but amplified many times. A laser
beam is generated neither by an incandescent filament nor by an electric arc. It is produced
in a ruby crystal. A laser beam is a thousand million times brighter than sunlight.

Laser beams possess some remarkable qualities. One of them is negligible
divergence, unlike that of a searchlight beam. When a laser was directed towards the
moon, it lit up an area only a few miles in diameter.

A second quality is that the waves of a laser beam have a highly uniform frequency
and their stability is much greater than the oscillations emitted by an ordinary radio
transmitter. Finally, a system of lenses enables a laser beam to be focused to a point at
which all its energy is concentrated.

Laser beams can be used for precision machining of the hardest materials such as

diamonds, hard alloys, etc.

It has recently been
theoretically proved that a
laser beam can be turned into
electricity with high
efficiency.

Scientists have
developed different types of

lasers and among the latest

are lasers with semiconductor
sources of light. Perhaps the most interesting thing about semiconductor lasers is that they

can transform electrical energy directly into light wave energy. They perform it with an
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efficiency of one hundred per cent as compared with a maximum of about one percent of
other lasers.

Theoretical calculations have shown that devices similar to semiconductor lasers can
also transform the energy of light radio waves into electrical energy with an efficiency of
up to 100 per cent.

This means that electric power may be transmitted over considerable distances with
negligible loss without any use of transmission lines.

Today laser beams are used to machine diamonds cut and weld the hardest alloys
and cure people. They find application in scientific research, computer techniques,
communications and in monitoring cosmic bodies.

Laser design is still far from being perfect but remarkable results have already been
obtained both in this country and abroad.

In time lasers will have the most different applications. They can be used to control
chemical reactions, to produce high temperature plasma, to raise the sensitivity of radio
telescopes, thus enabling them to be used to study galaxies inaccessible to modern

instruments; to treat diseases and accelerate elementary particles.

18. SEMICONDUCTORS

The periodic law of elements discovered by Mendeleyev had a number of important
scientific and industrial results, one of them being the discovery of germanium.
Germanium is the semiconductor used in most transistors available at present.

However, what are semiconductors? They include almost all minerals, many
chemical elements, a great variety of chemical compounds, alloys of metals, and a number
of organic compounds. Like metals, they conduct electricity but they do it less effectively.
In metals all electrons are free and in insulators they are fixed. In semiconductors
electrons are fixed, too, but the connection is so weak that the heat motion of the atoms
of a body easily pulls them away and sets them free.

It is not difficult to understand that the term "semiconductor” has been used because

the material in question really occupies a place between the conductors of the electric
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current and the non-conductors that is insulators. The term shows that they conduct
electricity less readily than conductors do but much better than insulators.

Minerals and crystals appear to possess some unexpected properties. For instance, it
Is well known that their conductivity increases with heating and falls with cooling. As a
semiconductor is heated, free electrons in it increase in number, hence, its conductivity
increases as well.

However, heat is by no
means the only phenomenon
influencing semiconductors.
They are sensitive to light,
too. Take germanium as an
example. Its  electrical
properties may  greatly -
change when it is exposed to
light. With the help of a ray

of light directed at a semiconductor, we can start or stop various machines, affect remote
control, and perform lots of other useful things. Just as they are influenced by falling light,
semiconductors are also influenced by all radiation. Generally speaking, they are so
sensitive that a heated object can be detected by its radiation.

As previously mentioned, such dependence of conductivity on heat and light has
opened up great possibilities for various uses of semiconductors. The semiconductor
devices are applied for transmission of signals, for automatic control of a variety of
processes, for switching on engines, for the reproduction of sound, protection of high-
voltage transmission lines, speeding up of some chemical reactions, and so on.

On the one hand, they may be used to transform light and heat energy directly into
electric energy without any complex mechanism with moving parts, and on the other
hand, they are capable of generating heat or cold from electricity.

Engineers and scientists turned their attention to semiconductors very many years
ago. They saw in them a means of solving an old engineering problem, namely, that of

direct conversion of heat into electricity without boilers or machines.
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19. STEAM POWER STATION

A modern steam power station is known to consist of four principal components,
namely, coal handling and storage, boiler house, turbine house, switchgear.

If you have not seen a power station boiler, it will be difficult for you to imagine its
enormous size.

Besides the principal components mentioned above there are many additional parts
of the plant. The most important of them is the turbo generator in which the current is
actually generated.

A steam turbine requires boilers to provide steam. Boilers need a coal-handling plant

on the one hand and an ash-disposal plant on the other. Large fans are quite necessary to

provide air for the furnaces.

Water for the boilers
requires feed pumps. Steam
must be condensed after it has
; passed through the turbines,
and this requires large
quantities of cooling water.
W | he flue gasses carry dust that
must be removed by cleaning
st the gasses before they go into
the open air.

A modern steam power

station is equipped with one
or more turbine generator units which convert heat energy into electric energy.

The steam to drive the turbine which, in its turn, turns the rotor or revolving part of
the generator is generated in boilers heated by furnaces in which one of three fuels may
be used: coal, oil and natural gas. Coal continues to be the most important and the most

economical of these fuels.
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20. HYDROELECTRIC POWER STATION

Modern hydroelectric power stations use waterpower to turn the machines that
generate electricity.

In many countries, such as Norway, Sweden, and Switzerland, more electric energy
Is produced from water power than from steam. They have been developing large
hydroelectric power stations for the past forty years, or so, because they lack a sufficient
fuel supply. The tendency, nowadays, even for countries that have large coal resources is
to utilize their waterpower in order to conserve their resources of coal. In fact, almost one
half of the total electric supply of the world comes from water power.

The locality of a hydroelectric power plant depends on natural conditions. The
hydroelectric power plant may be located either at the dam or at a considerable distance
below. That depends on the desirability of using the head supply at the dam itself or the
desirability of getting a greater head.

In the latter case, water is conducted through pipes or open channels to a point farther
downstream where the natural conditions make a greater head possible.

The design of machines for using waterpower greatly depends on the nature of the
available water supply. In some cases, great quantities of water can be taken from a large
river with only a few feet head. In other cases, instead of a few feet, we may have a head
of several thousands of feet. In general, power may be developed from water by action of
its pressure, of its velocity, or by a combination of both.

A hydraulic turbine
and a generator are the
main equipment in a
hydroelectric power
station. Hydraulic turbines
are the Kkey machines

converting the energy of

flowing water into &

e

mechanical energy. Such turbines have the following principal parts: a runner composed

of radial blades mounted on a rotating shaft and a steel casing that houses the runner.
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21. CURRENT FLOW

ELECTRIC CURRENT IN SOLIDS

If electrons are added to one end of a solid conductor, such as a piece of copper wire,
while some of them are removed from the other end of that conductor, an electric field is
set up between the two ends of the wire. This field tends to cause free electrons in the
wire to move from the negative end to the positive one. As previously stated, this
movement of electrons constitutes an electric current.

The free electron moves comparatively slowly through the wire and travels a short
distance before it collides with an atom. This collision generally knocks an electron free
from the atom. This new free electron travels a short distance toward the positive end of
the wire before its collision with another atom. Thus, there is a flow of electrons from the
negative to the positive end of the wire.

Although the flow of electrons seems to be comparatively slow, the disturbance that
causes this flow travels through the wire at a speed that approaches the speed of light
(approximately 186,000 miles per second. The above action may be understood by
visualizing a long hollow tube completely filled with balls. If a ball is added to one end
of the tube, a ball at the other end is thrown out immediately. Thus, although each ball
moves slowly and for only a short distance, the disturbance is transmitted almost
instantaneously through the whole tube.

The device that supplies the

METALLIC SOLIDS

electromotive force is considered to
be a sort of pump. This pump
removes electrons from one end of
the conductor, thus creating a
deficiency of electrons or a positive
charge at that end and crowds them
up at the other end, creating an

excess of electrons or a negative

-Magneslum
charge.
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ELECTRIC CURRENT IN LIQUIDS

We know a molecule of ordinary table salt to consist of an atom of sodium and an
atom of chlorine. When these two atoms combine to form a molecule of salt, the process
Is such that the sodium atom loses an electron and, hence, obtains a positive charge while
the chlorine atom gains an electron, hence obtains a negative charge.

A charged particle is called an ion. The molecule of salt contains a positive sodium
ion and a negative chlorine ion. Since unlike charges attract, the two oppositely charged
ions are held close together. However, the molecule of salt dissolving in water, the ions
separate, or dissociate.

If two metal plates (called electrodes) are set at opposite ends of the solution and a
source of electromotive force is connected to these plates so that one becomes a positive
(elec- tron-deficient) electrode and the other a negative (electron- excess) electrode, an
electric field is created between these two electrodes.

Opposite charges attract each other, the negative chlorine ion is attracted to the
positive electrode and the sodium ion is attracted to the negative electrode. Upon reaching
the positive electrode, the chlorine ion surrenders its extra electron to the electrode and
becomes a neutral chlorine atom. As the sodium ion reaches the negative electrode, it
obtains an electron from the electrode and becomes a neutral sodium atom.

The effect of the electromotive force, then, is to cause a movement of ions through
the solution. This movement constitutes an electric current and in this way, the electric

current flows through a liquid.

Dry wood Wet wood
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ELECTRIC CURRENT IN GASSES

The molecules of a gas are known to be in a state of continuous motion, constantly
colliding with one another. These collisions knock off electrons, producing free electrons
and converting the atoms that have lost electrons into positive ions. Since a charged
particle is called an ion, we may consider the free electrons as negative ions.

Thus, the gas contains positive and negative ions, just as an electrolyte does. If
positive and negative electrodes are placed in the gas, the free electrons tend to travel to
the positive electrode, and the positive ions to the negative electrode, thus producing an
electric current.

Normally, a-positive or a negative ion cannot travel very far in a gas before meeting
an ion of opposite charge. This meeting would tend to produce neutralization and would
result in neutral molecules.

Since neutral molecules are not affected by the electric field between the two
electrodes, the current would tend to stop flowing.

However, if the gas is placed in a sealed container (such as a glass tube or a bulb
with the two electrodes sealed in and if most of the gas is pumped out, then the ions can
travel considerable distances without being impeded. The effect of the electric field is to
speed up the motion of the ions, so the farther they travel, the more velocity they obtain.
If a fast- moving ion collides with a neutral molecule, the ion tends to knock electrons off
the neutral molecule, thus creating more ions.

This process is cumulative and tends to keep a constant stream of ions moving
towards the electrodes. In this manner, an electric current flows through a gas.

ELECTRIC CURRENT IN A VACUUM

If a free electron were in a vacuum within the electric field set up between positive
and negative electrodes, the negatively charged electron would be attracted to the positive
electrode. The movement of the electron would constitute a flow of electric current. It is
upon this principle that the electron tubes used in radio and television receivers operate.

We can construct an electron tube by sealing a pair of metal electrodes into opposite
ends of a glass bulb and by evacuating the air from within the bulb, leaving a vacuum.

Connecting the electrodes to a source of electromotive force makes them positive and
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negative, respectively. A question now arises: how can we get the free electron into the
tube?

As previously described, there is always a disorderly movement of free electrons
within all substances, especially metals. If the difference of potential between the two
sealed- in electrodes is made great enough, some of the free electrons of the negative
electrode will be attracted so strongly to the positive electrode that they will let the former
fly through the vacuum to the latter.

If a substance is heated, the movement of free electrons within that substance is
increased. If the temperature is raised high enough, the movement of free electrons is
increased to the point where some of the electrons actually fly off from the substance.

We call this process thermionic electron emission.

In most electron tubes, the negative electrode is heated to the point where it emits
electrons. These electrons are attracted to the positive electrode and constitute a one-way

flow of electric current through a vacuum from the negative to the positive electrode.

22. GASSES, SOLIDS, LIQUIDS AND PLASMA

According to molecular theory, a gas consists of a large number of molecules which

are far apart in comparison to their diameter. Each molecule moves freely and rapidly in

the straight line except when it meets another molecule or collides with the walls of its
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container. As a result of numerous collisions, the speed of any one molecule constantly
changes in direction and, generally, in amount.

A gas being compressed, these collisions become more frequent. In addition, the
speed a given molecule travels with is greatly increased when a gas is heated.

The law explaining gas pressure on the walls of a container due to the collision of
separate molecules was first established and stated by Daniel Bernouilli as early as 1738.
Even today, the "Bernoulli effect" is considered to be one of the basic laws of
thermodynamics.

The principal physical property distinguishing a gas from a liquid and a solid
consists in its ability to expand and occupy all the space available to it. Gasses, therefore,
have neither definite volume, nor definite shape; on the contrary, they take both the
volume and shape of the container into which they are placed. They readily diffuse. The
ease with which the molecules of a gas diffuse shows not only that they are in rapid
motion but also that the distance between them is large compared with the space occupied
by the molecules themselves, in other words, compared with their own size.

Solid bodies and their behavior are the next subject we shall deal with. It is not
difficult to distinguish the property of a solid from that of a gas. It may be stated as
follows: in the solid phase or condition, the molecules attract each other strongly and,
hence, they are unable to move about freely and rapidly as in the case of a gas.

Of course, they are also in motion but they are limited both in the manner and range
of movement. In fact, they are limited to vibrational and sometimes rotational motions.
This explains the definite size and shape of solid bodies, which neither flow as do liquids,
nor occupy all available space as gasses do. We may consider them as vibrating about
their mean positions with a motion like that of a weight vibrating at the end of a spring.
It is these vibrations, which produce the sensation of temperature. In a hot body, the
energy of the vibrations is large and the speed of the molecules, in passing through their
mean positions, is found to be rather high.

On the other hand, in a cold body the energy of the vibrations is less, the speed of

molecular motion being greatly reduced.
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What feature distinguishes a liquid from the two other states of matter? We find that
a liquid is not as compressible as a gas. The reason for a certain degree of compressibility
of liquids is easily understood. The molecules of a liquid are much closer together than
those of a gas. They are free to move but owing to the closeness of different molecules to
each other, they are unable to travel far without colliding with other molecules. Under
such conditions, on the one hand, the molecules of a liquid are more free to move than
the molecules of a solid but on the other hand, they are less free to travel than those of a
gas.

In short, the molecule of a liquid is in a state of constant motion without any definite
direction. It is quite free to travel from place to place within the liquid itself; but it cannot
easily leave its surface, i.e. evaporate, because of a rather strong force of attraction
observed between the molecules of any liquid. This force serves to fix the volume of a
given liquid although its shape is changeable.

In other words, liquids have a definite volume at a given temperature but they do not
occupy all the available space and always take the shape of the container. They are found,
in general, to diffuse much more slowly than gasses do.

The fourth state of matter is considered below.

One of the oldest fields of science is the one of electrical discharges in glasses.
Considering special properties of matter in discharge tubes William Crookes put forward
the idea that such gasses should be considered a fourth state of matter namely the plasma
state. The plasma is first of all an ionized gas in which the charges of both signs are
approximately equal. The plasma is caused by heating the matter to very high
temperatures. Under such conditions, the so-called ionized gas is produced with a great
mass of free electrons forced away from the atoms. The production of the plasma can take
place in a number of ways. Among them we find: spark discharge, arc discharge, chemical
reactions of high energy and nuclear reactions. One should also mention here the
bombardment of electromagnetic fields or particles of any other origin provided sufficient
energy is available to provide the required work of the neutral atoms and ions.

An electrical conductivity which can be compared to that of some metals and strong

electrolytes exists in the plasma.
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23. PIONEERS OF ELECTRICITY: THE MOST IMPORTANT
SCIENTISTS IN HISTORY

Ampere, Andre Marie (1775-1836) Born: Lyon, France.

Best known for his pioneering work in the field of Electrodynamics. During his
emotionally troubled life, he held several professorships: at
Bourg, Lyon, and at the Ecole Polytechnic in Paris. While
Ampere worked in several sciences, the work of the Danish
physicist Hans Christian Oerstadonthe electric deflection of
a compass needle, as demonstrated to him by Dominique
Arago, caused Ampere’s great interest in electromagnetism.

His seminal work, Notes on the Theory of Electrodynamic

Phenomena Deduced Solely from Experiment, established
the mathematical formulations for electromagnetics
including what is now known as Ampere’s Law. It can be said that Ampere founded the
field of electromagnetics. He is honored for this by the naming of the unit of electric

current as the ampere.

Ayrton, William Edward (1847-1908) Born: London, England.

Best known as the inventor of a number of electrical
measurement devices and as an engineering educator.
Ayrton’s early work was with the Indian Telegraph Service,
after which he studied with William Thomson (Lord
Kelvin) in Glasgow. After several more telegraph
assignments Ayrton traveled to Tokyo, where he
established the first electrical engineering teaching
laboratory at the Imperial Engineering College. Among his

many inventions he is credited with the ammeter and an

improved voltmeter. His wife Bertha was also an active
researcher and became the first woman to be admitted to the Institute of Electrical

Engineers.
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Bardeen, John (1908-1991) Born: Madison, Wisconsin, U.S.A.

Bardeen is best known as one of the few persons to
receive two Nobel Prizes. The first prize he received was in
1956 for his development at Bell Labs, along with Walter
Brattain and William Schockley, of the first transistor.
When the three applied for a patent for the device in 1948
they called it a germanium transfer resistance unit; hence the
§ name transistor. This device was a significant step in the
development of integrated circuits. Bardeen’s second

Nobel, which he shared with Leon Cooper and John R.

describing the theory of superconductivity.

Coulomb, Charles (1763-1806) Born: Angouleme, France.

Best known for his study of electric charge and
magnetism resulting in Coulomb’s Law, as well as his
studies in friction. Coulomb also invented the torsion
balance in 1777. He used this device in many experiments.
Coulomb began his career in the military, but resigned
when the French Revolution began. His experience as a
military engineer involved him in a wide variety of
different projects. It also gave him time to continue his

own experimental work. Coulomb’s law states that the

force between two charges is proportional to the product
of the charges and inversely proportional to the square of the distance between the two
charges. Coulomb is honored by having his name used as the unit of electric charge, the

coulomb.
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Edison, Thomas Alva (1847-1931) Born: Milan, Ohio.

Best known as the holder of 1069 patents secured
during his lifetime. Among these were patents for the
phonograph and the incandescent filament lamp. Edison was
largely self-taught. His early interest in communication
devices stemmed from his employment as a telegraph
operator. He used the profits from the sale of his first
invention, a “stock ticker,” to set up a lab in Newark, New

Jersey. Always a shrewd commercial developer, he followed

the invention of the light bulb with work on developing
efficient generators to power these bulbs. Edison is considered the archetypal American

inventive genius.

Faraday, Michael (1791-1867) Born: Newington, Surrey, England.

Best known as the greatest experimental physicist of
the 19th century. It was Faraday who invented the electric
motor, generator, and transformer, and first described
electromagnetic induction and the laws of electrolysis.
Faraday had no formal schooling, although he attended
many lectures. The most inspirational of these lectures were
by the famed chemist Sir Humphry Davy. Faraday became |

Davy’s assistant and thus began an extraordinary career as

an experimentalist. Faraday’s contributions are recognized
by the use of his name as the unit of electrical capacitance, the farad in the SI system, and

the Faraday constant in electrolysis.

Ferranti, Sebastian Ziani de (1864-1930) Born: Liverpool, Lancashire, England.
Best known for developing systems of high voltage AC power systems. The
generating and transmission systems he designed still form the basis for most modern

power systems. As a principal in the London Electric Supply Corporation, Ltd., Ferranti

107



demonstrated that high-voltage AC current could be
distributed and then stepped down for use in a more efficient
and economical system than the smaller DC current systems
then operating. Ferranti invented a number of other devices
and systems as a consultant and in his own company. He was
named president of the Institute of Electrical Engineers in
1911.

Fleming, John Ambrose (1849-1945) Born: Lancaster, Lancashire, England.

Best known as the inventor of the thermionic diode
valve, also known as the Fleming valve. This valve was later
adapted by Lee DeForest into a form of vacuum tube he called
the Audi on Triode. Fleming was an avid experimentalist as
well as a solid theoretician. He began his studies under James
Clerk Maxwell and ended up consulting for Edison, Swan,

and Ferranti, as well as Marconi. Thus Fleming can be

considered one of the earliest pioneers in the field of radio and

television electronics.

Gilbert, William (1544-1603) Born: Colchester, Essex, England.

Best remembered as an early investigator into electric
charge and magnetism. He is also considered by many to be
the inventor of the modern scientific method. This is due to his
rigorous experimental methodology, and the detailed records
. | he kept on his investigations. Isaac Newton and Francis Bacon
both acknowledged his contributions in this regard. Gilbert

was, by training, a physician and held the post of royal

physician in the courts of Elizabeth | and James I.
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Hertz, Heinrich Rudolf (1857-1894) Born: Hamburg, Germany.

Best known as the person who discovered radio waves.
Hertz had several professorships including posts at Berlin,
Kiel, Karlsruhe, and Bonn. Hertz’s work was both theoretical
and experimental. He succeeded in proving important
elements of Maxwell’s equations, and was able to
demonstrate that radio waves could be generated. He died

early from a degenerative bone disease. We honor his name

by referring to the hertz as a unit of frequency.

Kirchhoff, Gustav Robert (1824-1887) Born: Konigsberg, Germany.

Best known for discovering the laws that govern electric
flown networks, known no was Kirchhoff’s laws. Kirchhoff is
also famous as the inventor of spectroscopy, and his theoretical
work led to the quantum theory of matter. Kirchhoff first held
a teaching post in Berlin, followed by appointments in Breslau
and Heidelberg. In the latter two universities, Kirchhoff had

very fruitful collaborations with Robert Bunsen. Kirchhoff’s

studies in electricity provided a foundation for Maxwell and

Lorenz’s description of electromagnetic theory.

Lorenz, Ludwig Valentin (1829-1891) Born: Elsinore,
Denmark.

Lorenz was not well known. He did, however, do
significant work on electromagnetic theory, on the continuous
loading method for cables, and for the acceptance of the ohm

as the resistance standard.

109



Maxwell, James Clerk (1831-1879) Born: Edinburgh, Scotland.

Maxwell is best known as the greatest theoretical
physicist of the 19th century. It was Maxwell who discovered,
among other things, that light consisted of waves. He
developed the  fundamental equations  describing
electromagnetic fields in his work, A Dynamical Theory of the
Electromagnetic Field, published in 1864. Maxwell also gave
us the mathematical foundation for the kinetic theory of gases.

Maxwell’s life was cut short by cancer, and thus he was unable

to see his greatest theoretical propositions proven by experiment.

Ohm, Georg Simon (1789-1854) Born: Erlangen, Germany.

Best known for his discovery of what we now call Ohm’s
Law. Ohm held a variety of teaching posts at secondary
schools as well as universities. In 1827 he published his
greatest work, Die Galvanische Kette. Along with Andre
Ampere, Ohm was the first to publish rigorously mathematical
and theoretical work on electricity. Ohm’s famous law states

that current in a resistor is proportional to the applied voltage

and inversely proportional to the resistance. Ohm’s work was
initially scorned because it lacked the experimental evidence. Worldwide acclaim
changed Ohm’s fortunes several years later. He is honored by having his name used as

the unit of resistance, the ohm, and the unit of conductivity,

the mho.

Shockley, William (1910-1989) Born: London,
England.
Shockley is best known as one of the developers of the

transistor. In 1956 Shockley, John Bardeen, and Walter

Brattain received the Nobel Prize for their work. Schockley
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led the group at Bell Labs responsible for the semiconductor research that led to the
development of the “point contact transistor.” In later life, Shockley became known for

his public pronouncements on various political and genetic issues.

Siemens, Ernst Werner von (1816-1892) Born: Lenthe, Hanover, Germany.

Best known for the German and British companies that
bear his name. Siemens was a strong believer in basic
research, as well as an avid inventor. His early inventions
included an improved gutta-percha wrapped telegraph cable
that allowed his companies to secure a number of lucrative
cable contracts. His discovery of the dynamo principle, and
his use of this in heavy current applications, allowed his

companies to become pioneers in devices to generate

electricity and rail applications. Siemens’ belief in basic research made him a champion

of standards and research institutions that he helped to establish.

Tesla, Nikola (1856-1943) Born: Smiljan, Croatia

Best known as the electrical pioneer who championed |
the use of alternating current. When Tesla first came to the
United States he worked for Edison. He soon split with
Edison, because Tesla approached invention from a
theoretical standpoint, whereas Edison was a “trial and
error” type experimentalist. Together with his financial
backer, George Westinghouse, they battled with Edison,
who championed the use of direct current for electrifying the

world. Tesla is also known for his many inventions including

the Tesla coil and the AC induction motor. It was Westinghouse who made a fortune from
Tesla’s inventions. Tesla was known for his eccentricities and died a recluse in New York
City.
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Thomson, William (Lord Kelvin) (1824-1907) Born: Belfast, Ireland.

Best known as a physicist who championed the absolute
temperature system that now bears his name (Kelvin). Thomson did
significant work to expand Faraday’s ideas. It was Thomson’s work
that Maxwell would extend into his seminal publications on

electromagnetics. Thomson received a knighthood for his

theoretical suggestions for the use of low-voltage signals in the
trans-Atlantic telegraph cable. Thomson was proved correct when on a third attempt, a

cable was laid and worked. An earlier high-voltage cable had failed.

Watt, James (1736-1819) Born: Greenock, Scotland.
Best known for his work in the development of efficient steam g
power. Watt began his career as an instrument maker. When asked :
to fix a troublesome Newcomer engine, he began to make
improvements. Watt eventually partnered with industrialist

Matthew Boulton to form a steam engine company. Watt is credited

with having devised the horsepower system. The unit of power, the
watt, is named in his honor.

Westinghouse, George (1846-1914) Born: Central Bridge, New York

Best known as a financier and industrialist during America’s
age of great commercial expansion. What is less known today is that
Westinghouse’s fortune was based on his early inventions in the
railroad industry. His braking system was eventually adopted in
most rail cars. Westinghouse went on to secure over 400 patents in

the rail and the gas distribution industries. Before hiring Tesla and

buying his patents, Westinghouse had been a champion of
alternating current for power distribution. His company provided illumination for the
great Chicago Exposition of 1893. Before his death, Westinghouse was to lose control of
the companies that bear his name. Undaunted, he returned to the laboratory for a number

of additional years of invention.
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APPENDIX 3. EXPLANATORY DICTIONARY
OF ELECTRICAL ENGINEERING

A

AC = alternating current

ACcircuit electrical network in which the voltage polarity and directions of current
flow change continuously, and often periodically. Thus, such networks contain
alternating currents as opposed to direct currents, thereby giving rise to the term.

AC coupling a method of connecting two circuits that allows displacement current
to flow while preventing conductive currents. Reactive impedance devices (e.g.,
capacitors and inductive transformers) are used to provide continuity of alternating
current flow between two circuits while simultaneously blocking the flow of direct
current.

AC motor an electromechanical system that either converts alternating current
electrical power into mechanical power.

AC/AC converter a power electronics device in which an AC input voltage of some
magnitude, frequency, and number of phases is changed to an AC output with changes to
any of the previously mentioned parameters. AC/AC converters usually rectify the input
source to a DC voltage and then invert the DC voltage to the desired AC voltage.

AC/DC converter = rectifier - a circuit that changes an AC voltage to DC.
Switching elements or diodes are used to create the DC voltage. Diode rectifiers and
thyristor rectifiers are the two most commonly used rectifiers.

AC-DC integrated system a power system containing both AC and DC
transmission lines.

accelerating power the excess electric power at a synchronous machine unit which
cannot be transmitted to the load because of a short circuit near its terminals. This energy
gives rise to increasing rotor angle.

accelerator (1) a positive electrode in a vacuum tube to accelerate emitted electrons

from its cathode by coulomb force in a desired direction.
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(2) a machine used to impart large Kinetic energies to charged particles such as
electrons, protons, and atomic nuclei. The accelerated particles are used to probe nuclear
or sub nuclear phenomena in industrial and medical applications.

accumulation an increase in the majority carrier concentration of a region of
semiconductor due to an externally applied electric field.

accumulator (1) a register in the CPU (processor) that stores one of the operands
prior to the execution of an operation, and into which the result of the operation is stored.
An accumulator serves as an implicit source and destination of many of

the processor instructions.

(2) the storage ring in which successive pulses of particles are collected in order to
create a particle beam of reasonable intensity for colliding beams.

ACSR aluminum cable, steel-reinforced. A kind of overhead electric power
conductor made up of a central stranded steel cable overlaid with strands of aluminum.

active load a transistor connected so as to replace a function that would
conventionally be performed by a passive component such as a resistor, capacitor, or
inductor.

active load-pull measurement a measurement method where transfer
characteristics of a device can be measured by electrically changing the load impedance
seen from the device. In an active load-pull measurement, the load impedance is defined
by using an output signal from the device and an injected signal from the output of the
device.

active network an electrical network that contains some solid state devices such as
bipolar junction transistors (BJTs) or metal-oxide-silicon field effect transistors (FETS)
operating in their active region of the voltage vs. current characteristic. To ensure that
these devices are operating in the active region, they must be supplied with proper DC
biasing.

active power line conditioner a device which senses disturbances on a power line
and injects compensating voltages or currents to restore the line’s proper waveform.

air line a coaxial transmission line in which the volume between the inner and outer

conductors are air-filled.
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anode the positive electrode of a device. Contrast with cathode.

armature the magnetic circuit of a rotating electrical machine, including the main
current carrying winding, in which an alternating voltage is induced by the magnetic field.

armature circuit components of the machine that carry armature current. For
example, in a DC machine the armature circuit could consist of the armature windings,
brushes, series field winding, compensating windings, interpoles, starting resistor(s),
main-line contacts, and overload sensor.

armature voltage control a method of controlling the speed of a DC motor by
varying the voltage applied to the armature while keeping the voltage applied to the field
circuit constant.

atom a particle of matter indivisible by chemical means, which is chemically neutral.
It is the fundamental building block of the chemical elements.

atomic beam a source of atoms traveling primarily in one direction. In practice,
atomic beams are usually realized by the expansion of an atomic vapor into a vacuum
through a small aperture. The resulting expanding cloud of atoms is usually made nearly
unidirectional by a collimator that blocks or otherwise removes all atoms not propagating
within a narrow range of angles.

automatic transfer switch a self-acting switch which transfers one or more load
conductor connections from one power source to another.

automatic voltage regulator (AVR) an automatic feedback control system that is
responsible for maintaining a scheduled voltage either at the terminals of a synchronous
generator or at the high-side bus of the generator step-up transformer. The control is
brought about by changing the level of excitation.

autotransformer a power transformer that has a single continuous winding per
phase, part of this winding being common to both the primary and the secondary sides.
As a result, these voltages are not isolated but the transformer is reduced in weight and
size. Autotransformers are most suited for relatively small changes in voltage. Three
phase autotransformers are by necessity connected in a wye configuration.

autotransformer starter a single three-phase autotransformer or three single phase

transformer used to start induction motors at a reduced voltage.
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B

backbone wiring that runs within and between floors of a building and connects
local-area network segments together.

backfeed in power distribution work, power which flows from the secondary lines
into the primary lines through the distribution transformer, e.g., from an emergency
generator connected to customer load.

balanced line symmetric multiconductor transmission line in which the voltage on
each conductor along the transmission line has the same magnitude, but the phases are
such that the voltage would sum to zero. Ina two conductor transmission line, the voltages
would be equal and 180 degrees out of phase. This is the equivalent of a virtual ground
plane or zero E-field plane at the

geometric center plane of the transmission linecross section, or balanced with
respect to virtual ground. Balanced wiring configurations are often used to prevent noise
problems such as ground loops. Contrast with unbalanced line.

bare-hand refers to a method of servicing energized overhead conductors in which
the line worker’s body is maintained at the same potential as the conductor on which he
Is working, thus enabling the conductor to be contacted without danger of shock.

battery one or more cells connected so as to produce energy.

beam (1) transverse spatial localization of the power in a wave field.

(2) a slender unidirectional stream of particles or radiation.

beam intensity the average number of particles in a beam passing a given point
during a certain time interval. For example the number of protons (electrons) per pulse or
protons per second.

bearing currents current flow in the bearings of electrical machines, because of
electromagnetic unbalance in the machine or from using high dv/dt inverters. The latter
Is able to charge up the stray capacitance present between the stator and rotor and between
the rotor and shaft and thus allows motor bearing currents to flow, with resulting bearing

damage.
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beat frequencies the two frequencies, sum and difference frequencies, generated
during the heterodyning process or during the amplitude modulating process. For
example, if a 500 kHz carrier signal is amplitude-modulated withalkHz frequency, the
beat frequencies are 499 kHz and 501 kHz.

bias voltage or current the DC power applied to a transistor allowing it to operate
as an active amplifying or signal generating device. Typical voltage levels in GA As FETs
used in receivers are 1 to 7 volts between the drain and source terminals, and 0 to —5 volts
on, or between, the gate and source terminals. For microwave systems, DC voltages and
currents, provided by batteries or AC/DC converters required to “bias” transistors to a
region of operation where they will either amplify, mix or frequency translate, or generate
(oscillators) microwave energy. Since energy can be neither created nor destroyed,
microwave energy amplification or creation is accomplished at the expense of DC energy.

boiler a steam generator that converts the chemical energy stored in the fuel (coal,
gas, etc.) to thermal energy by burning. The heat evaporates the feedwater and generates
high-pressure steam.

boiling water reactor a nuclear reactor from which heat is transferred in the form
of highpressure steam.

branch circuit the three components of an electrical circuit are source, load, and
interconnecting circuit conductors. A branch circuit is an electrical circuit designed to
deliver power to the lowest-order load(s) served on a facility. It includes the overcurrent
device, circuit conductors, and the load itself.

branch current the current in a branch of a circuit.

branch relation the relationship between voltage and current for electrical
components. Common branch relations are Ohm’s Law and the lumped equations for

capacitors and inductors. More complex branch relationships would be transistor models.

C

cable an assembly of insulated conductors, either buried or carried on poles (aerial

cable).
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cable limiter a cable connector that contains a fuse. Cable limiters are used to
protect individual conductors that are connected in parallel on one phase of a circuit.

calorimeter a device used to determine particle energies by measuring the ionization
of a particle shower in a heavy metal, usually iron and lead.

capacitance the measure of the electrical size of a capacitor, in units of farads. Thus
a capacitor with a large capacitance stores more electron (coulombs of charge) at a given
voltage than one with a smaller capacitance.

In a multiconductor system separated by nonconductive mediums, capacitance (C)
Is the proportionality constant between the charge (q) on each conductor and the voltage
(V) between each conductor. The total equilibrium system charge is zero. Capacitance is
dependent on conductor geometry, conductor spatial relationships, and the material
properties surrounding the conductors. Capacitors are constructed as two metal surfaces
separated by a nonconducting electrolytic material. When a voltage is applied to the
capacitor the electrical charge accumulates in the metals on either side of the
nonconducting material, negative charge on one side and positive on the other. If this
material is a fluid then the capacitor is electrolytic; otherwise, it is nonelectrolytic.

carbon brush a block of carbon used to make an electrical contact to a rotating coil
via the commutator of a DC machine or the slip rings of a synchronous machine.

charge a basic physical quantity that is a source of electromagnetic fields.

charge carrier a unit of electrical charge that when moving, produces current flow.
In a semiconductor two types of charge carriers exist: electrons and holes. Electrons carry
unit negative charge and have an effective mass that is determined by the shape of the
conduction band in energy-momentum space. The effective mass of an electron in a
semiconductor is generally

significantly less than an electron in free space. Holes have unit positive charge.
Holes have an effective mass that is determined by the shape of the valence band in
energy-momentum space. The effective mass of a hole is generally significantly larger
than that for an electron. For this reason, electrons generally move much faster than holes

when an electric field is applied to the semiconductor.
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charging current that portion of an electric power line’s current which goes to
charge the capacitance of the line. The charging current is not available for power
transmission.

complex power a complex number that represents electric power flow for an AC
circuit. When expressed in rectangular form its real part is average power P in watts and
its imaginary part is reactive power Q in reactive volt-amperes.

converter a generic term used in the area of power electronics to describe a rectifier,
inverter, or other power electronic device that transforms electrical power from one
frequency and voltage to another.

corona a visible glow discharge which emanates from high-voltage conductors in
regions of extremely high electric field intensity.

corona effect flow of electrical energy from a high-voltage conductor to the
surrounding ionized air. This effect only becomes significant for potentials higher than
1000 V. This effect is characterized by a faint glow, a crackling noise and conversion of
atmospheric oxygen to ozone.

corona loss the electric power lost in high voltage lines due to the radiation of energy
by corona discharge.

current the flow of charge, measured in amperes (1 ampere = 1 coulomb/s).

current fed inverter an inverter in which the current is switched instead of the
voltage to create AC current from a DC source. A large inductor is used to maintain a
nearly constant current on the DC side which is then directed to the load in an alternating
fashion by the use of switching elements.

current regulator a device used to control the magnitude and phase of the current
in DC, AC or other electrical variable speed drives. May use different control strategies
like hysteresis current control or ramp comparison current control.

current unit a protective relay that monitors the magnitude of a power transmission
line’s current flow.

current-source inverter (CSI) an inverter with a DC current input. Current-source

inverters are most commonly used in very high power AC motor drives.
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cylindrical-rotor machine a synchronous machine with a cylindrical rotor
containing a distributed field winding and an essentially uniform air-gap. This design is
limited to two and four pole machines (3600and1800rpmat 60Hz) and is usually used in
large generators.

D

DC circuit electrical networks in which the voltage polarity and directions of current
flow remain fixed. Thus such networks contain direct currents as opposed to alternating
currents, thereby giving rise to the term.

DC current constant current with no variation over time. This can be considered in
general terms as an alternating current (AC) with a frequency of variation of zero, or a
zero frequency signal. For microwave systems, DC currents are provided by batteries or
AC/DC converters required to “bias” transistors to a region of operation where they will
either amplify, mix or frequency translate, or generate (oscillators) microwave energy.

DC generator commutator exciter a source of energy for the field winding of a
synchronous machine derived from a direct current generator. The direct current
generator may be driven by an external motor, a prime mover, or by the shaft of the
synchronous machine.

DC machine an electromechanical (rotating) machine in which the field winding is
on the stator and carries DC current, and the armature winding is on the rotor. The current
and voltage in the armature winding is actually AC, but it is rectified by the commutator
and brushes.

DC motor a motor that operates from a DC power supply. Most DC motors have a
field winding on the stator of the machine that creates a DC magnetic field in the air gap.
The armature winding is located on the rotor of the machine and the DC supply is inverted
by the commutator and brushes to provide an alternating current in the armature windings.

DC voltage constant voltage with no variation over time. This can be considered in
general terms as an alternating current (AC) with a frequency of variation of zero, or a
zero frequency signal. For microwave systems, DC voltages are provided by batteries or
AC/DC converters required to “bias” transistors to a region of operation where they will

either amplify, mix or frequency translate, or generate (oscillators) microwave energy.
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dielectric (1) a medium that exhibits negligible or no electrical conductivity and
thus acts as a good electrical insulator.

(2) a medium characterized by zero conductivity, unity relative permeability, and a
relative permittivity greater than one. Also known as an insulator.

Dielectrics are usually used to separate two conducting bodies such as to form a
capacitor.

dielectric constant (1) a quantity that describes how a material stores and dissipates
electrical energy.

(2) ratio of the electrical capacity of a condenser, which has a given material as the
dielectric, to the capacity of an identical condenser, but with air as the dielectric.

(3) permittivity of a medium normalized to the permittivity of free space; a measure
of the response of a dielectric to an applied electric field.

(4) an electric property of an insulator or semiconducting material, which describes
how differently electric fields will behave inside of the material as compared to air.

direct current machine a DC machine is an electromechanical dynamo that either
converts direct current electrical power into mechanical power (DC motor), or converts
mechanical power into direct current electrical power (DC generator). Some DC
machines are designed to perform either of these functions, depending on the energy
source to the dynamo.

directional power relay a protective relay that operates for power flow in a given
direction. Applications are in cases where normal power flow is in one direction,
including anti-motoring protection on a turbine-generator and fault back feed protection
on parallel step-down transformers.

dump an area of steel and dense concrete into which unwanted particle beam can be
steered so that its energy can be dissipated in a safe and controlled manner. The dump
resistor is switched into the magnet/capacitor circuit in order to dissipate the stored energy
In the magnets/capacitors.

dynamo a term used to describe any of a variety of rotating machines that convert
mechanical to electrical energy, or less commonly, electrical to mechanical energy.

Dynamos typically consist of a stationary structure, called the stator, supporting a rotating
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element called the rotor. Energy conversion occurs via Faraday induction. A field winding
(or in some smaller machines, permanent magnets) is mounted on one of the mechanical
structures and produces a magnetic flux. An armature winding is mounted on the other
structure, and rotation of the rotor produces relative motion between the field flux and the
coils of an the armature coil. This Faraday induced voltage is the source of electrical

energy at the dynamo output.
E

electric charge a basic physical quantity that is a source of electromagnetic fields.
The units of electric charge are coulombs.

electric vehicle (1) a vehicle powered by an electrical energy storage device such as
batteries.

(2) (EV) a vehicle (typically a car or truck) enabled by high-efficiency electric
motors and controllers and powered by alternative energy sources, such as fuel cells.
Electric vehicles are zero emission vehicles.

electrical network a collection of interconnected electrical devices.

electrolyte current-conducting solution between two electrodes or plates of a
capacitor, at least one of which is covered by a dielectric.

electromagnet a magnet that employs an electric current in a coil to produce a
magnetic field.

electromagnetic energy energy contained in electromagnetic fields and associated
polarizable and magnetizable media.

energy that which does work or is capable of doing work. In electrical systems, it is
generally a reference to electrical energy measured in kilowatt hours.

F

ferroelectric material a polar dielectric in which the crystallographic orientation of
the internal dipole moment can be changed by the application of an electric field.

fission the nuclear reaction in which a single heavy nucleus is split into two or more
lighter nucleii called “daughter” products and emit highly energetic sub-atomic particles

plus energy in the process.
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flywheel a heavy wheel placed on the shaft of an electrical machine for storing
Kinetic energy. A flywheel may be used to help damp speed transients or, to help deliver
energy to impact loads such as a punch press.

forward voltage the voltage across the device when the anode is positive with
respect to the cathode.

frequency variation a change in the electric supply frequency.

fresh fuel nuclear fuel which has never participated in a nuclear reaction and is thus
only slightly radioactive.

fuel cycle (1) the operating time of a nuclear reactor between shutdowns for
refueling.

(2) the life cycle of nuclear fuel, e.g., raw materials, to fresh fuel, to irradiated fuel,
to spent fuel, to recycling, and finally to residual waste.

fuel pool a large vat of water used to store both fresh and spent nuclear fuel at the

reactor site.

G

gate turn off device (1) any power semiconductor switching device which can
turned off with a signal to its gate.

(2) a thyristor capable of gate-turn-off operation.

H

high-resistance grounded system an electrical distribution system in which the
neutral is intentionally grounded through a high resistance. The high-resistance grounded
wye system is an alternative to solidly grounded and ungrounded systems. High-
resistance grounding will limit ground fault current to a few amperes, thus removing the
potential for arcing damage inherent in solidly grounded systems.

hot wire an energized conductor, particularly as opposed to a neutral or ground wire,
both of which are typically maintained at ground potential.

hydroelectric generator large, three-phase synchronous alternator powered by a

water-driven turbine.
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hydropower conversion of potential energy of water into electricity using

generators coupled to impulse or reaction water turbines.

Impact excitation excitation of an atom or molecule resulting from collision by
another particle such as an electron, proton, or neutron.

incandescent lamp a lamp made by heating a metal filament in vacuum; not a
burning candle.

incident power power in an electromagnetic wave that is traveling in an incident
direction.

inductance a parameter that describes the ability of a device to store magnetic flux.
The units are henrys per meter.

induction generator an induction machine operated as a generator. If the machine
Is connected to an AC system and is driven at greater than synchronous speed, the
machine can convert mechanical energy to electrical form. The induction generator
requires a source of reactive power.

induction machine classification of any of a variety of electrical machines in which
an AC current in the stator coils is used to produce a rotating magnetic flux that, by
Faraday action, induces an AC voltage in a set of coils (the induction coils) on the
machine’s rotor. The rotor coils are shorted to cause a second AC current to flow in the
rotor coils, which produces, in turn, a second rotating flux. The interaction of the rotor-
and stator-produced fluxes creates torque.

insulation resistance measured value of electrical resistance of the insulation of a
product or device.

insulator a device designed to separate and prevent the flow of current between
conductors. Properties of the dielectric (insulating) material and geometry of the insulator
determine maximum voltage and temperature ratings.

isolated a power electronic circuit that has osmic isolation between the input source

and the load circuit.
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isolation (1) the separation of a part from other parts of the system so that the effects
of undesired changes in the system are not seen by the separated part.

(2) a figure (usually expressed in decibels) to describe how well a transmitting
device (source) and receiving device (receiver) are separated electrically; the amount of
(usually undesirable) signal appearing at the receiver from the transmitting source from
an undesirable signal path such as leakage in a coupler, mutual coupling, or multipath.

isolator (1) a two-port passive device based on the Faraday effect. Signals passing
in one direction suffer minimal loss, however, in the reverse direction they are strongly
attenuated.

(2) in optics, a device inserted in an optical fiber that prevents optical power from
flowing in the reverse direction from the transmitted power. Optical fiber isolators can be
made either dependent or independent of the polarization direction of the optical energy
in the fiber.

isotope a variant of an element whose nucleus contains a greater or lesser number

of neutrons but the same number of protons as the base element.

jumping jack a voltmeter.

K

kilovolt-ampere (KVA) a measure of apparent power, often in the rating of a piece
of equipment or the measure of an electrical load, which is obtained by multiplying the
device voltage in kilovolts by the current in amperes.

kilowatt-hour (KWH) a measure of electrical energy: 1000 watts delivered for one
hour.

kinetic energy energy of motion.

kinetic energy conservation principle any change of kinetic energy of an electron
Is transformed into a change in electric potential energy with which the electron is
interacting, and vice versa.

Kirchoff’s voltage law (KVL) a fundamental law of electricity that states that the

sum of the voltage drops and rises in a closed loop must equal 0.
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L

lead a conductive path, usually self-supporting; the portion of an electrical
component that connects it to outside circuitry.

lead-acid battery a battery that consists of a metallic lead anode and a lead oxide
cathode held in a sulfuric acid and water electro lye. Lead—acid batteries have been used
since the mid-1800s and are still used as car batteries.

lead circuit a simple passive electronic circuit designed to add a dominant zero to
compensate the performance of a given system. It is generally used to make an oscillatory
system more damped. A nondominant pole must be included to make the circuit causal.
This pole also limits the high frequency gain of the lead circuit, thereby avoiding
excessive amplification and transmission of undesirable noise.

lead frame the metallic portion of the device package that makes electrical
connections from the die to other circuitry.

leakage the flux in a magnetic circuit that does not do any useful work.

light emitting diode (LED) a forward-biased p-n junction that emits light through
spontaneous emission by a phenomenon termed electroluminescence.

line-to-line voltage a voltage measurement of a three phase line made between any
two conductors.

lithium battery a battery that is similar in construction to other batteries except for
a lack of any rare earth metals, which are an environmental hazard. The battery discharges
by the passage of electrons from the lithiated metal oxide to the carbonaceous anode by
current flowing via the external electrical circuit.

load break device any switch, such as a circuit breaker or sectionalize capable of
disconnecting a power line under load.

load frequency control the purpose of load frequency control is to maintain the
power system frequency at its nominal value while maintaining the correct outputs on
individual generators to satisfy the loading on the system. As the load varies, the inputs
to the generator prime movers must be controlled to keep the generation in balance with

the loads.
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load tap changer (LTC) a tapped transformer winding combined with mechanically
or electronically switched taps that can be changed under load conditions. The load tap
changer is used to automatically regulate the output of a transformer secondary as load
and source conditions vary.

load-break device any switch which can be opened while the circuit is loaded

load-commutated inverter (LCI) an inverter in which the commutating voltages
are supplied by the load circuit.

Lorentz force the mutually perpendicular force acting on a current-carrying element
placed perpendicular to a magnetic field.

loss (1) decrease of intensity of an electromagnetic wave due to any of several
physical mechanisms.

(2) a term for electric power which does not register on the consumer’s electric
meter, e.g., through ohmic losses in transmission lines, iron losses in transformers, or
theft.

loss coefficient a factor used in economic dispatch calculations that relates power
line losses to the power output of generating plants.

loss factor the product of the dielectric constant and the power factor.

loss of service the complete loss of electric power exclusive of sags, swells, and
impulses.

low-level transmitter a transmitter in which the modulation process takes place at

a point where the power level is low compared to the output power.

motor an electromechanical device that converts electrical energy from a DC or an
AC source into mechanical energy, usually in the form of rotary motion.

motor circuit the three components of an electrical circuit are source, load, and
interconnecting circuit conductors. A motor circuit is an electrical circuit designed to
deliver power to a motor. It includes the overcurrent protective devices, controller,

disconnect switch, circuit conductors, and the motor itself, as shown in the figure.
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motor current signature analysis the use of the currents of an electric machine to
provide diagnostic or other information on the health of the machine, coupling, or load.

motor operated switch a switch operated by a motor that is capable of being
controlled from a remote location.

motorstarter anelectriccontroller, either manual or automatic, for accelerating a
motor from rest to normal speed and for stopping the motor.

motor-generator set a set consisting of a motor mechanically coupled to and driving
one or more generators. The set used to be employed for AC-to-DC or DC-to-AC power
conversion or voltage level or frequency conversion. Solid-state conversion units are
replacing motor-generator sets in most applications.

multipulse converter a three-phase converter that generates more than six pulses of
DC per cycle. Multiple converters are connected so that the harmonics generated by one
converter are canceled by harmonics produced by other converters, in order to reduce the
line harmonics and improve the system power quality.

multispeed motor a motor that can be operated at any one of two or more definite
speeds. For DC and induction motors, the speed settings are practically independent of
the load, although the speed may vary with load for certain types of motors. Multispeed
induction motors typically have two or more sets of windings on the stator with a different

number of poles, one of which is excited at any given time.

N

nominal voltage a number given to a system to name its classification of voltage,
such as rated values.

nonlinear load an electrical load operating in the steady state that has a current that
IS not continuous or in which the impedance changes during each cycle of the supply
voltage.

nuclear fuel fissile material, including natural uranium, enriched uranium, and some
plutonium prepared for use in a nuclear reactor.

nuclear power plant a thermal electric power plant in which the heat for steam

turbines is produced by nuclear fission.
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nuclear reaction a reaction which causes changes in the nucleus of an atom, thus
changing elements to another element or isotope, usually with the release of energy.

nuclear reactor (1) an apparatus designed to facilitate, contain, and control a
nuclear chain reaction.

(2) any heat-producing array of fissile radioactive materials constructed so as to

produce a controlled chain-reaction.

O

overvoltage a voltage having a value larger than the nominal voltage for a duration
greater than 1 minute.

overvoltage relay a protective relay that operates on overvoltage.

P commonly used symbol for power in watts or milliwatts.

permanent magnet (PM) a magnet that produces an external magnetic field by
virtue of the alignment of domains inside the material and retains its magnetism after
being subjected to demagnetizing fields.

permanent magnet AC motor a generic term used to describe both permanent
magnet synchronous motors and brushless DC motors.

permanent magnet DC machine a DC machine in which the field excitation in the
stator is provided by permanent magnets instead of electromagnets.

permanent magnet machine a machine that uses permanent magnets to establish
the field. In DC machines, the permanent magnets are placed on the stator, while on AC
synchronous machines they are placed on the rotor.

pigtail short electrical conductor used to connect the brushes of an electrical motor
or generator to the external electrical connections of the machine.

pipe cable a paper-insulated high-voltage electric power transmission cable laid
within a rigid steel pipe containing pressurized insulating oil.

power (1) a measurable quantity that is the time rate of increase or decrease in

energy. Units are in watts.
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(2) ratio of energy transferred from one form to another (i.e., heat, radio waves, light,
etc.) to the time required for the transfer, expressed in watts.

power supply an electronic module that converts power from some power source to
a form which is needed by the equipment to which power is being supplied.

power transformer a transformer that is used to transmit power from one voltage
level to another. Power transformers can be of either single phase or three-phase design,
and include either two or three windings.

primary voltage in power distribution the voltage at the primary winding of the
distribution transformer.

prime mover the system that provides the mechanical power input for a mechanical
to electrical energy conversion system (generator), e.g., the diesel engine of an engine—

generator set.

rated voltage the voltage at which a power line or electrical equipment is designed
to operate.

real power consider an AC source connected at a pair of terminals to an otherwise
isolated network. The real power, equal to the average power, is the power dissipated by
the source in the network.

resistivity (1) the product of the resistance of a given material sample times the ratio
of its cross-sectional area to its length.

(2) an electrical material property described by a tensor constant indicating the
impedance of free electron flow in the material. Resistivity relates the electric field
strength to the conduction current, and can be expressed as the inverse of the conductivity.

resistance ratio of the potential of an electrical current applied to a given conductor

to the current intensity value.

S

secondary voltage in power distribution work the voltage at the secondary of the

distribution transformer.
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semiconductor device a transistor, resistor, capacitor, or integrated circuit made
from a semiconductor material.

semiconductor a material in which electrons in the outermost shell are able to
migrate from atom to atom when a modest amount of energy is applied. Such a material
Is partially conducting (can support electrical current flow), but also has properties of an
insulator. The amount of current conduction that can be supported can be varied by
“doping” the material with appropriate materials, which results in the increased presence
of free electrons for current flow. Common examples are silicon and Ga As. Also called
semi-insulator.

shell-type transformer a power transformer in which the magnetic circuit
surrounds and normally encloses a greater portion of the electrical winding.

slot a space between the teeth used to place windings in electrical machines.

solar—thermal-electric conversion collection of solar energy in thermal form using

flat-plate or concentrating collectors and its conversion to electrical form.

three phase fault a fault on a three phase power line in which all three conductors
have become connected to each other and possibly the ground as well.

touch voltage used in power system safety studies, the voltage between any two
conductive surfaces which can be touched simultaneously by a person.

transformed circuit an original circuit with the currents, voltages, sources, and
passive elements replaced by transformed equivalents.

transformer a device that has two or more coils wound on an iron core.
Transformers provide an efficient means of changing voltage and current levels, and make
the bulk power transmission system practical. The transformer primary is the winding
that accepts power, and the transformer secondary is the winding that delivers power. The
primary to secondary voltages are related by the turns ratio of the coils. The corresponding

currents are related inversely by the same ratio.
volt (v) the SI unit for electrical potential differents and electromotive force.
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voltage the potential to do work, voltage is the ratio of the energy available to the
charge, expressed in volts.

voltage regulation the change in delivered voltage from a generator or transformer
from no-load to full-load. VVoltage regulation is usually expressed as a percentage of the
no-load voltage. For a DC generator, the voltage will always drop as the load increases
and the voltage regulation will be a positive quantity. For AC generators and transformers,
voltage regulation is the difference in the magnitude of the no-load and full-load voltages
(ignoring phase angles). For capacitive (leading power factor) loads, the full-load voltage
may have a higher magnitude than the no-load voltage, resulting in negative voltage
regulation. Such a condition may lead to instability and is undesirable.

voltmeter an instrument for measuring a potential difference between different

points of an electrical circuit. Units are volts.

watt unit of power in the SI system of units.

wattmeter an instrument for measuring electric power in watts. A wattmeter
requires connections to measure both the current through and the voltage across the load
being measured.

wind-electric conversion the process by which wind (mechanical) energy is
converted to electrical energy, usually by the use of wind turbine.

wind power generator a system that utilizes the energy in the wind to generate
electricity. The energy in the wind drives a wind turbine which acts as the prime mover
for the generator. A wind turbine operates at a variable speed, and an appropriate electric
machine and controller converts the mechanical energy into electrical energy and pumps

it into a utility grid.
Z

zone of protection the area of a power system for which a particular set of protective
relays has primary protection responsibility. In typical cases, operation of any of these
relays will open circuit breakers, which will isolate this zone. Each major power system

component (line, transformer, bus and generator) has a separate zone of protection.
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APPENDIX 4. COMMON EUROPEAN
FRAMEWORK OF REFERENCE (CEFR)

Common European Framework of Reference (CEFR) — mnaitmonynspHima
cUCTeEMa OI[IHKU 3HAHHI aHriIilcbkol MoOBH. Haiyacrtiire came 3 11 JOMOMOTOIO
po0OOTOaBIlI MO3HAYAIOTh HEOOXITHUHN PIBEHb BOJIOJIIHHS MOBOIO KaHIUIATOM.

Cknanaernes 3 6 piBHIB:

1 Beginner, Elementary (Al).

2 Pre-Intermediate (A2).

3 Intermediate (B1).

4. Upper-Intermediate (B2).

5 Advanced (C1).

6 Proficiency (C2).

[x 00’enHyIOTH B cHcTeMy, e € 0a30BHii, cepeiHii Ta TPOCYHYTHil piBHI

BOJIOJIIHHS aHTJIIUCHKOIO MOBOIO.

* X %
* * Common European Framework

* * of Reference, CEFR CZ

(1
BZ Proficiency

Advanced
Upper-

Intermediate

Pre-

: Intermediate
Beginner,

Elementary

Intermediate Advanced

I A1
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Beginner, Elementary (Al)

3 IbOT0 eTany MOYMHAETHCS BUBUEHHS aHTI1HChKOT MOBH. JIfognHa BUUTH andasit,
0a30B1 cioBa, uudpu, Kaienmap. Hamaraetbcs mnopaxyBaTu 1O CTa, PO3MOBICTU
eleMeHTapHy iHdopmalio mpo cede (SK 3BaTH, /e 1 KOJIU HaApoauacs, JIe KHUBE),
BUUTHCS MUCATU W YUTATU MPOCTI peueHHs 3 5—9 ciiB.

Ocb 3a sKMMU TapaMeTpaMy MOXHa 3pO3YMITH, 1110 BH BXKE OCBOIIM 1I€H PIBEHb:

. BMIETE PO3MOBICTH MPO ceOe TBOMA-TPhOMa KOPOTKUMHU PEUCHHSIMU;

. 3HAETE, K MIITPUMATU MPOCTY PO3MOBY (IIPO MOTOY, CIIPABH, TIJIAHNU);
. pO3yMieTe, SIK BIATIOBIIATH HA €JIEMEHTAPHI MUTAHHS;

. CIIpUMaETe Ha CIIYX KOPOTKI PEYEHHS 3 MPOCTUMU CIIOBAMU;

. 3HaeTe asm yacis Present, Past, Future Simple;

. MOXETE MOpaxyBaTH JI0 CTa, O3BYUUTH OYyIb-sAKY JATy.

Pre-Intermediate (A2)

Ti, XTO BOJIOZIFOTH MOBOIO Ha IIbOMY PiBHI, MOXKYTh HIATPUMATH MPOCTY PO3ZMOBY
Ha 0a30B1 KUTTEBI TeMH (mpodecis, cim’ s, x001) 1 B pi3HUX cuTyanisx (kade, 3ampaska,
MarasuH, JiKapHs). BMIIOTh mucaTtd KOpPOTKI 3aUCKH W TBOPH, aje 31 CIOBHHKOM.
MoXyTh YUTATH aAanTOBaHI TeKCTH oOcsrom g0 500 ciiB, e TparIs0ThCs HE3HaoM1
CJIOBA, aJie II€ HE 3aBa)Ka€ BIIOBUTH 3arajbHy CYTh TBODY.

Sk e 3po3yMiTH, 0 BU BKE Ha IIbOMY PiBHI BOJIOIIHHS aHTJIIHCHKOIO MOBOIO:

. MO>KETe MepeKa3aTh MPOCTY ICTOPir0 a00 BUCTIOBUTHU CBOIO IYMKY 3 IPUBOILY

AaKoick iH(opMaIii;

. MOYMHAETE BUKOPHUCTOBYBATH MOANIbHI J1€CTOBA;

. 3HaeTe, mo Take Present Continuous, Past Continuous, Present Perfect;

. cpuiiMaeTe Ha CIyX HEBEJIHMKI PO3IMOBii 3 MPOCTOO JIEKCUKOIO;

. BMI€TE MIATPUMATH PO3MOBY Ha Takli TEMH, SK 3J0pPOB’S, 1Ka, MOJOPOK,

BHIX1/THI, CBSITA, CIIOPT, OJST, TBAPUHHU.
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Intermediate (B1)

Ti, XTO BOJOAIIOTH AHIIIHCHKOIO MOBOK Ha CEpPEeAHbBOMY pIBHI, 3MOXYTb
MIATPUMATH PO3MOBY B Oy/b-SKMX THUIOBUX CHUTyalisX (30Kpema, IiJl 4ac MOAO0POXKI
aHTJIOMOBHOIO KpaiHOI0) 1 0e3 may3 IpaMOTHO BHUCJIOBUTH CBOIO JYMKY. 30Kpema,
PO3MOBICTH MPO Mpii, HAMIPU, MUHYJIHI T1OCBIA.

[H111 mapameTpw, 110 BKa3ylOTh Ha TeE, 1110 BU 3HAETE aHIIINCHKY Ha piBHI B1:

. YUTAETE TEKCTH Ha 3arajbHi TEMH, IHCTPYKIIi, 0(iliiHI JOKYMEHTH;
. nuiiete TekeTH 10 20 peueHb y ¢popmaTi po3rnoBijii ado 0COOUCTOro JIUCTA;
. 3HAa€Te, W1I0 Take TMacuBHa ¢opma JlecioBa, CTYNEHI MOPIBHAHHS

NpUKMETHHKIB, TepyHAiH, Present Perfect, Present Perfect Continuous;
. IIMPOKO BOJIOJIETE JIEKCUKOIO Ha 0a30B1 TeMH: MOOYT, CTOCYHKH MIXK

JT0IBMHU, p0O0Ta, KIHO, MIOMIHT, OCBITA, TPAHCTIOPT, MOIOPOKI.

Upper-Intermediate (B2)
Toil piBeHb MOBH, SKUW HaWYacTilie 3aMUTYIOTh POOOTOMABIN K MIHIMaJIBHO

HeoOxiguui. Yomy? Tomy 1110 Ti, XTO 3HAIOTh aHTIINCHKY Ha piBHI B2, BMitOTh:

. BUCJIOBIIFOBATH CBOIO JYMKY 3 MPUKIIAaMU, apTyMEHTaMU;
. OTIMCYBATH B MOJPOOHUIISIX CUTYaIlii, eMOIlIi i TOUIyTTS;
. JIETKO CIIJIKYBATHUCS Ha MOBCAKICHHI TEMH SIK 3 THMH, XTO IIOYMHAE BUBYATH

MOBY, TaK 13 HOCISIMU;

. YUTATH JAUTOBY 1 XyJAO0XKHIO JITEPaTypy, Mpecy, aHATITUYHI 3BITH;

. NPaKTUYHO BUIBHO COpUMMATH Ha CIyX AaHTJIOMOBHI 1HTEpB’IO,
paxionepenadi, TB-moy, kiHo}inbMu;

. nucatd 00’€MHI TEKCTH Ha BEJUKY KITBKICTh TeM, A1710BI Ta HeopMasbHi

JIUCTH.

Advanced (C1)
Ha npomMy ertami jgroauHa BXXKe BUIBHO BOJIOJIIE MOBOIO, i€ III€ HE HA PIBHI HOCIS.

Moxe BHCIOBUTH CBOKO JYMKY Ha OyAb-SIKYy TeMy, BUKOPHCTOBYIOUM CKJIaJHI
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rpamMaTH4H1 KOHCTPYKUIi. Y Hel BUXOJUTh MUCATU K XYyJIO0XKH1 TEKCTU 3 MeTadopaMu,
TaK 1 HAyKOBI CTATTi, BECTU O13HEC-TUCTYBAaHHS.

Bona Ttakox:

. YUTAE HEAANTOBAaH1 TEKCTU 3 TOBHUM PO3YMIHHAM SIK CYTI, TaK 1 OKPEMHX
JIeTaJICH;
. no0pe, X04 1 HE BUIbHO, pO3yMI€ CIIBPO3MOBHHUKA, SIKUH BXKUBAE

JlajJeKTU3MU a00 Ma€ CUIIbHUN aKIUEHT;
. BUKOPUCTOBYE B MOBI1 i IUCTYBaHHI IHBEPCIIO, MPUUUHHY (POPMY J11€CIIOBA,

NPaBUJILHO 1 BUIBHO BXKMBA€ yci 4acoBl (OpMHU, iK1 TOTPiOHI 1Jis pO3MOBIII.

Proficiency (C2)

Ileit piBeHb O3HAuae, MO BU BOJIOJIIETE MOBOIO BUIBHO, SIK HOCIM. BigminHO
po3yMi€eTe iHINY JIOJIUHY, HaBITh SKIIO BOHA TOBOPHUTH JIYXKE MIBUAKO (HAPUKIAI, K
EmineMm y cBoix micHsAX). MoxeTe TMiATpUMATH Oyab-IKYy PO3MOBY, BUKOPHUCTOBYHOYHU
CKJIaJIHI rpaMaTUYH1 KOHCTPYKIIii, 11il0MHU. Y Bac BUXOJIUTH BUCIIOBIIOBATH CBOIO TYMKY
HaBITh 13 BY3bKOCIICII1a1130BaHUX MUTaHb, SIK MUCbMOBO, TaK 1 yCHO. MOXeTe YuTaTH B
opuriHaiai Oyab-gKi TEKCTH — HAYKOBO-TIOMYJISIPHI KHUTH, HAYKOB1 CTaTTi, XY/I0KHIO

abo Oi3Hec-iTepaTypy.

Ta0auus piBHIB 3HAHHS AHTJIiICHLKOI MOBH

TpanumiitHo BOJOMIHHS AaHTJIIMCHKOIO JIUIATHh HAa YOTUPH KaTeropii-HaBUYKH:
YUTaHHS, TUCHMO, Ay IIFOBAHHS Ta TOBOPIHHS.

He 3amxnm mi HaBu4kd mnepeOyBarOTh Ha oOgHOMY piBHI. [[yke uacTto BOHH
PO3BUHEHI HEPIBHOMIPHO, SIKACh 13 HUX JTAE€THCS Y BUBUEHHI MPOCTIIIE, a IS PO3BUTKY
1HIIIOT 3HATIOOUTHCS JTOKJIAIaTH OLITBIIE 3yCHIIb.

Came ToMy OyIb-SIKHI ICIIUT TECTY€E KOXKHY 3 ITMX HaBUYOK, MO0 JaTH SKOMOTa
TOYHY OIIHKY 3HaHHAM Kanaunata. lllo came mae BMiTH roMHA, SIKa OCBOiIa KOXKEH 13

PIBHIB aHITIICHKOI:
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PiBens | MogJeHHA Yuranusa | [lucemo I'pamaTuka Jlekcuka |CnpuilHATTS
Ha CJayX

A 1 |Ilintpumyere | Yuraere Bwmiete Binpizusiere | CnoBaukoBu| Crpuiimaere
MPOCTY KOPOTKI nucaTu MHOXHHY 1 i 3amac — | KOPOTKi
pPO3MOBY Ip0 | pedeHHs (10 | iM’, OJIHUHY. 1000-1500 | peuenns (1o 9
CIIpaBH. 9 ciiB) 3 npizuiie | Bonogiere ciiB. 3Haere | CiiB), fAKi
BwmieTe IIPOCTOXO JaTy Present eJIeMEHTapH1| BUMOBJISIOTh
MPUBITATUCSA 31 | JIEKCHKOIO. Hapopken | Simple, Past | miecnosa, MOBLIBHO 13
CIIBPO3MOBHHU Hs1, Micto, | Simple, Future| iMmeHHUKH, | 4ITKOIO
KOM Ta BiK. Simple. YUCITIBHUKH | QpPTUKYJISAIIE0
MIOITPOIIATUCS Bwmiere Ta
3 HAM. CTaBUTHU 3aliMCHHHK.

pocCTi Moxete

3aIUTaHHS. oTnUcaTH
cimM’1o,
JIpy3iB, CBO1
BITOJI00aHHS.

A 2 POSHOBi‘J.IaGTe qI/ITaETe' Bwmiere Boumomiere C\J:IOBHI/IKOB CanﬁMaeTe
PO CBOT HEBEINKI TUCaTH JaCOBUMHU Wi 3armac — | mpocTi
CIIpaBH, TEKCTH (710 KOPOTKi bopmamu 1500-2000 | miamorw i
poborty, X001 300-400 3aMMCKU Present CIIIB. pO3MOoBiAl HA
NEeKUIbKOMA CITiB) Ha qyu Continuous, Bonomiere | xuTTEBI
pEUYEHHSIMH. MpOCTi TeMHU. | po3mnoBizi, | Past JEKCUKOIO | TEMH.
Moxere o 25% cniB | anme me 31 | Continuous. | Ha Temu:

BHCJIOBUTH MOXYTh OyTH | cmioBHUKO | [lounmHaere BHXIJIHI Ta
TyMKY, HE3pO3yMITi, | M. BUBYATH KaHIKYJIH,
BUKOPUCTOBY | aJle CYTh MOJaJbH1 3JI0pOB’4,
I0YU MIPOCTY BJIOBJIIOETE. JIECIIOBA, ixa,
JIEKCHKY. iH}IHITHBH, | po3Barw,
YMOBHI CIIOPT,
pPEUCHHS. TBAapUHU,
OJIAT.

B1 Onucyere cBiit | YUutaere Moxere 3Haere CnoBuukoB | Po3ymiete
nocBia abo TEKCTH HamucaTd | MOJAJbHI Ui 3amac — | CIOKeT
IUIATECS PI3HUX THIIB | OCOOMCTH | JIECIIOBA, 2000-3000 | pozmosii,
JIYMKOIO, 1 CTUIIIB, U yu YMOBHI CJIIB. BIOYYTTS 1
migkpimmod | momnpu 10— JITOBUM pEUYCHHS, Bosonmiere | BUMHKH
U iX 15% JIUCT, repyH/IiiH, JIEKCUKOIO repoiB.
NpUKJIAJJaMH. | He3HAWOMHUX | HEBEJIHMKY | 1H(IHITHB. Ha TEMHU: Crnenudiuny
Moxere CIIB. po3noBias | OcBoinu CIIOPT, JEKCUKY
MiATPUMAaTH (mo 20 Present rpoiri, BrajJyeTe 3a
CIIOHTaHHY pEYEeHb), Perfect, KIHO, KOHTEKCTOM.
PO3MOBY Ha HE Present HIOITIHT,

OyIb-sKy kopuctyro | Perfect Tim,
TUTIOBY TEMY YHCh Continuous, | cToCyHKH,
CIIOBHHMKO | CTYyIIEHI MOIOPOXKI.
M. HOPIBHSAHHS
NPUKMETHHUKI
B.
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B2 Bwmiere Huraere sk [Tumere 3Haere CnoBuukoB | [Ipaktuuno
BHCIIOBJTIOBATH | TEMaTHYHI TEKCTH 3 0COONHMBOCT1 | Wi 3amac — | BUTBHO
CBOIO TYMKY npodeciiiHi | BEIMKOK | BCiX THIIIB 3000-4000 | crpuiimaere
YiTKO, 3BITH, TaK 1 KUTBKICTIO | YMOBHUX CIIIB. Ha CIIyX pi3HI
HABOSTYH HeaJanToBaH | JIeTajei, | peycHb, Bonomiere | Thmm TEKCTIiB
apryMeHTH 1 1 Xy1okH1 NPUKIAIIB | MOJATBHI JEKCUKOIO | — BIJ
MIPUKJIAIN TeKCTH, 0€e3 Ha pi3Hi niecaoBa, Ha TEMU: XYIOXKHIX

CJIIOBHUKA 13 | TEMH. TepyH/IIH, 3I0pOB’S, ONOBIIaHb 10
ITIOBHHUM iHODIHITHB. OJIT, MOJIa, | IHTEPB IO 1
PO3yMIHHSAM Bonogiere TLJI0, pernopTaxis.
CyTI. ycimMa eMoIii,

JaCOBUMHU Bpa)KCHHSI.

dbopmamu

C1 Jlerxo Benere | Uuraere Bwmiere Buxopuctos | CioBHukoB | Crpuiimaere
Oeciny Ha HeaJanToBaH | MHUCATU yere ui 3amac — | SK
Oy/Ib-sKi TEMH | 1 TEKCTH, Halpi3HO | IHBEpCito, 4000-6000 | crammaptHy
(xkpim pO3yMI€TE X | MaHITHINI | IPUYUHHY CIIIB. aHTJIHCBKY,
BYy3bKOCTIEI[iall | CyTh. BmieTe | TekcTw, bopmy Bomogiere | Tak i
130BaHHUX), MpallOBaTH 3 | BUKOPUCT | JIIECJIOBA, JIEKCUKOK | MOBJICHHS 3
BUKOPHUCTOBY | aHAITHYHUM | OBYIOUHU 4acu, sKi 3a TEeMaMu: | PI3HUMHU
104U CKJIaJH1 Y 3BITAMU Ta | XYyJIOXKHI1 noTpibH1 y1g | poOoTa, aKIeHTaMU
MOBHI HAyYKOBUMU MPUHOMU. | PO3IOBIiI. eMOTIIii, Ta
KOHCTPYKIIi # | MaTepiasiaMu | YCHIIIHO 30BHIIIHE 0COOIUBOCTS
apryMeHTH. BeJETe CEpEe/IoBUIL] | MHU.

Oi3Hec- e, MOJIITUKA,

JUCTYBaH TPaHCHOPT,

HSl HaBYaHHS,
KyJIbTYpa,
MUCTEITBO,
CHOPT.

C2 Jlerko BinbHO [Tumere B | 3Haere Bei Bam Yynoso
rOBOpUTE Ha YUTAETE Oymb- asu CIIOBHHKOB | pO3YyMi€Te SIK
Oyab-sKy Oyab-sKi AKOMY rpaMaTHUKH. ui 3amac TOTO, XTO
TEMY, HaBITh TEKCTH — K | CTUI1 CTAaHOBUThH | TUIbKHU
BY3bKOCIICI[Ia | XYI0XKH1 Oyib-sIK1 noHan 6000 | BUBYaE MOBY,
130BaHy. pOMaHH, TaK | TUIIH CIIB, IO Tak 1 HOCIA 3
BuxopucrtoBye | Tax i TEKCTIB — JI03BOJISIE niajgeKTaMu,
T€ 1710MH, HAyKOBY, JINCTH, MITPUMATH | aKIICHTaMU
XYJIOXKH1 HayKOBO- XYyJIOXKH1 Oyab-sKy abo myxe
3aco0w, HOMYJSIPHY PO3MOBIi, pPO3MOBY 1 HIBUIKAM
MOXKeETe JiTeparypy. | pemopraxi HAIMCcaTu TEMIIOM.
LUTYBaTH , 3BITH. Oyab-sKHii
THIIHX. TEKCT.
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APPENDIX 5. USEFUL RESOURCES FOR
LEARNING ENGLISH

Pecypcu niist miarorosku a0 €BI 3 anriiicbKkoi MOBH:

https://lv.testportal.gov.ua/testmktEnglish/

https://ilearn.org.ua/

https://zno.osvita.ua/english/

https://ed-era.com/

https://www.liveworksheets.com/worksheets/en

https://prometheus.org.ua/

TecToOBi 32aBIAHHA JJIA MIITOTOBKHU 0 iCIIUTIB 3 aHIJIIHCHKOI MOBM:

https://www.liveworksheets.com/w/en/english-second-language-esl/2177597

https://www.liveworksheets.com/w/en/english-second-language-esl/270489

https://www.liveworksheets.com/w/en/english-second-lanquage-esi/802890

https://www.liveworksheets.com/w/en/english-second-lanquage-esl/7133066

https://www.liveworksheets.com/w/en/english-second-lanquage-esi/229000

https://www.liveworksheets.com/w/en/english-second-lanquage-esl/169782

https://www.liveworksheets.com/w/en/english-second-language-esl/7132036

https://www.liveworksheets.com/w/en/english-second-language-esl/7133300

https://www.liveworksheets.com/w/en/english-second-language-esl/163924

https://www.liveworksheets.com/w/en/english-second-language-esl/1706213

OmnuiaitH-pecypcu, BipaBu, 0J10Tu:

https://www. bbc.co.uk/learningenglish — BBC Learning English. Bemukwii

BUOIp OE3KOIITOBHUX MaTepiaiiB, CTaTe| 1 3aBJjaHb PI3HUX PIiBHIB.

https://www. learnenglish.britishcouncil.org — British Council Learn English.

HaBuanpHi MaTepiaim Jj1s BCIiX PiBHIB.

https://www. cambridgeenglish.org/learning-engl.../activities-for-learners/—

caiir Cambridge Assessment English, Ha skoMy 310paHo 6ararto BIpas /I pi3HUX PIBHIB.

https://www.learn-english-online.org/ — 6e3k0MITOBHI YPOKH JIJIsl THX, XTO XOUE

CaMOCTIHO BUBYATHU aHTJIIICHKY MOBY.
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https://lv.testportal.gov.ua/testmktEnglish/
https://ilearn.org.ua/
https://zno.osvita.ua/english/
https://ed-era.com/
https://www.liveworksheets.com/worksheets/en
https://prometheus.org.ua/
https://www.liveworksheets.com/w/en/english-second-language-esl/2177597
https://www.liveworksheets.com/w/en/english-second-language-esl/270489
https://www.liveworksheets.com/w/en/english-second-language-esl/802890
https://www.liveworksheets.com/w/en/english-second-language-esl/7133066
https://www.liveworksheets.com/w/en/english-second-language-esl/229000
https://www.liveworksheets.com/w/en/english-second-language-esl/169782
https://www.liveworksheets.com/w/en/english-second-language-esl/7132036
https://www.liveworksheets.com/w/en/english-second-language-esl/7133300
https://www.liveworksheets.com/w/en/english-second-language-esl/163924
http://bbc.co.uk/learningenglish?fbclid=IwAR0YSpSDx1QzzVX2GVQvShocz6Z1SJa7pPpd8G48Ydicy5sI5YNnMDohkfk
http://learnenglish.britishcouncil.org/?fbclid=IwAR2NQGmL8QD1iRHvBbp_u4lwkTupRNMc7ybeqp2UX7-dHvyyDXLfK9yqZXY
http://cambridgeenglish.org/learning-english/activities-for-learners/?fbclid=IwAR2Ar8RZ3xjTJstnYJEDVLcEuyYf78zmq3RckrxumGI16xBXYWVTLjToFyA
https://www.learn-english-online.org/

https://www.oxfordonlineenglish.com/free-english-lessons-mobile — marepianu

Ta 3aBJAHHS PI3HUX PIBHIB y BUIBHOMY JTOCTYII.

https://www. dictionary.com — He JuIIe CIOBHHMK, a ¥ OJOT 31 CTaTTAMHU IPO

MOXO/PKEHHsI PI3HUX CIIIB 1 BUpa3iB, TECTHU, KPOCBOPAU, IrPH B cloBa, pyOpuka «CioBo
THSI.

https://www.dictionary.cambridge.org — omnaifH-Bepcis cimopauka Cambridge

English Dictionary. MicTuTh TOBIHHK 3 IPaMaTHKH.

https://www.merriam-webster.com — mnpoBiAHHI CIIOBHHK aMEPHUKAaHCHKOT

anrmiicekoi. Ha npomy caiiTi 6araro irop, TECTiB Ta rapHUX CTaTel 715l IFOOUTE1B MOBH.
Hanpuknan, pyopuka «Words we’re watching» — npo cioBa, SIKUX TOKH 1110 HEMAE B
OQIIIHHUX CIIOBHUKAX.

https://www. ldoceonline.com — Longman Dictionary of Contemporary English.

Tam MoOXHa 3HAWTH HE JIUIIC TOSCHEHHS CJIiB, a W MPaBUIbHY TPAHCKPHIIIIO Ta
03BY4YeHHS (B OpUTaHCHKOMY 1 aMepUKaHChKOMY BapiaHTi). CalT MICTUTBH KJIACTEPH CJIiB
3a reMamu. OOmpaere Ty, MO IIKaBUTh BaC — 1 Ma€Te TOTOBUH TII0CApiil 3 MPUKIagaMu
B)KHBAHHS 1 BAMOBOIO.

https://www. oxfordlearnersdictionaries.com — Oxford Learners’ Dictionaries.

MiCTUTh TPaHCKPUIIIIIIO 1 COUCKH CiB 3a TemMamu. A B po3aini Text Checker moxHa
BCTAaBUTH OYyJIb-SIKUI TEKCT, 00paTH PIBEHB 1 CHCTEMa OTPAITIOE HOTO.

https://www. vocabulary.com — caliT g BUBYEHHS aHTIINCHKUX CJiB. BBOoguTe

CBilf CITMCOK CIIiB, BCTABJISIETE TEKCT UM OOMPAETE OJIHY 3 TEM, 1 CAalT CTBOPIOE JJIA Bac
TECT.

https://www. italki.com — caiT TOIIyKy CIIBPO3MOBHUKIB JIJIi HaBYaHHS B

TaHjeMi. BUiTh aHTTIICBKY 3 OpUTAHIIMHA 1 aMEpPUKAHIIAMU, a 3a 11¢ HaBYalTe iX CBOET
pinaoi MoBu. Ille Tam MOkHa MHECaTH TEKCTH, 1 HOCIT MOBH OyayTh iX pearyBaTH.
Youtube xanaan, Bizeoypoku, moaKacTu:

https://www.youtube.com/user/JenniferESL — kanan, Ha sikomy [[xenidep B

KOPOTKHUX B1/I€0 JIETKO 1 IOCTYIHO MOJa€ JEKCUYHUM MaTepiai Ta po30upae rpaMaTU4H1

KOHCTPYKIIIi.
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https://www.oxfordonlineenglish.com/free-english-lessons-mobile
https://l.facebook.com/l.php?u=http%3A%2F%2Fdictionary.com%2F%3Ffbclid%3DIwAR2WAFJMM6AaCUURerPKg0GiTpMTdsoegRiViE0IObeEi47sUU1KRQxX97A&h=AT2HPN3wz1eKpenzYOLbDZ0hXjWMjkP3EM36lfAn_W_8CWt82jm2azs0phcj_lX_Gc2cC8YCWIeWwZQS95c_orqlbSz1JQ-PIhVfepegvF1-mfeF-lqy4zf-yO5cVMBlbQAnoBIiVqUxu2IswNqtvI9Z9rE9QuoZQio7fuHkpmXaIEXnx9ibjvYcAj7HxwPV88lh-YpduPSzL9ohqN6kIdhMM_R7tcn5y_y60is7KjCdcHbCtgF3LufAJ6MWYuU3KAkbk6OtnhSV3qf5L3g0c-SVTYcxB2DMuh8DiL84wJn3jOuj7lgpe0SQMiSuGqYL6GWwnHAosA7leKJIsu9HS_emTJa-Jb5gAtOP_PuFeF3Z8F27R4JwN66SkZx5VQUYipNaGPPAhsctdwOOAOD9TfPVJK2IzxSv6Hee2fYxV5EYWqRn6-jkU_ck9FKfk6PeXxcwwRyRtq1nXAqrrjfD4wOzShSHbI72d4SHJ4j6Lu0BZqgIS4eNBw0olyEvUtyhxKhE8YceoVXfyveqSi2J9ppTAfwG3dIF16_ffl0w67pCGDlO5soxCq0aZc7gq8nE0-q5NswaJ2SHGnoGp-Jv9EepRtY03ZcoBX0rPkywXznOU9v64NaKzPEdWamwgSqpRBmLckyoFVNguA
https://l.facebook.com/l.php?u=http%3A%2F%2Fdictionary.cambridge.org%2F%3Ffbclid%3DIwAR0zJV1EaOPHc_GMGFqsq5SGMJOQr-FoxnqLl6GBxc8bTFj4zH6anOLWxCc&h=AT1wOq21dwlTUgDOJa4vM6LqQKPEOnIXHusylolrxALWRgYkjMz23bMavi49G69k0NNkaXcDABKVnIy6ZYx7a2ceSsRFgjbM4KuFlS6dmk_wyj6sJocfj6t5hr5fqG7C6J5hQIimevoeE_haCkKkz-XxTsObXHt58gbMeX-ajiymDkXbsgbzsH29ij0xSDfCtCoDygbk8HnltTbaDORGgcZEiKTUmsuZn4_giZjw-Y2gYBpg0PgNAegSRnKKA9bPFp2hYLqP07rpBzMr56F1MmtRRcwLXv0CSGhwLrvHttxNQVrfQE9rmc9SvAtlPciUqOiugZPZWbiPNj2w_Ft_vpFC8OJZQS40puzWurWVFmpcAX1M4p7P07dgNS59oI8s9FaKohknkBfsB6mLnZkd3l41jzrBW2982vN2iRsPSindAmLmEFf_1YDhbtLgGsisel8fI1SAa2kjZUg6sYIVMaaFl5izQYWuApDNn5QLqIIHe28xLJ_31qvDuFTSxk__mB33zi_ZSfGra6cESGMl30KitXq4N0L30l441JAA0hjm1-xTYQDFpqaW4NAf7wo9jiJeyzHGeMIjOWovgYQrYkIi0pbCVM0jHAH4nr8Bkpieb7CBW5OZp1Thnl8M4wu-F5o2ObQ
https://l.facebook.com/l.php?u=http%3A%2F%2Fmerriam-webster.com%2F%3Ffbclid%3DIwAR01b8n-llfJLSa0YyLgbmwjLh5VHFmTr2cxNrs4HEsLrF03KaZeEXufalY&h=AT2DqjqWx_msbUbVRgoP9_SlPjJFnIcSkj0p1T-aOrbKZrEb31lLLzovOwglARvPWdYfzyH3o2Pe0motkQy_O7tQg5tqnANt-uZdFY6FznV-SayWqD87HSCf5WPouITmdxU7bWciRq1bFf_74ksqtDs4cMx_c4EK6Ua2jNIbAqGj2Wh9gCtsxEGs5IDPdCPNcZspVmkwjdidBC_EA7IE3LlufCFNF40nZnbStBiclareotJ4cFq6vX4R7SHkfXxbGkjmlakqedmdfvXUpVwP5F4SRKKA9zE2O7Wmi12yj_DC6AfP-h8Qq3S7RkRe9Wjkd6xRJkz40xWR1jE9wTxIWxk6HH3CC_ndZ21bvOtDif5Ax3kWeWx28Bi2OHgjJqiabwz0Lb4GFGQz4tgNg0ZmYZukUYgTlS4WMLxYRuLSMVQ4bfWVK2B4stLoGfILxkcSSNgVxgEhvbLdvD_AAM-YRnIS-TR_fihHqdhzS1o39uK-2K-xjSFZ5myNZomg4_RWi5fbwiOXqlsgF7jMW_ug_S3BS0mjdTolaedKgelNYRm0vRIzuwKgwRo_2OsQD1F6OzgfDNypUerMMMKoEzxa1ZZJJiklQf7vgJ3QZ5hk1baKMe1FQWWVbnNSqa3y76U1CC8ZnNs
https://l.facebook.com/l.php?u=http%3A%2F%2Fldoceonline.com%2F%3Ffbclid%3DIwAR12b5im3YE1IChdcn-R1eCp1U-VSab-aYTKrYWnn2R7N_glJZHZ__G6P28&h=AT2xw7g7Cmo-ikhFkQhpUMmCrj-R4KnpJa6kT9IuyuSM4AxGQASJc1YyWivSxqtIKO1XAeqjwj4gSEaxJ7eD8yNh4Xp4_Diwf3JPW1IygUswuo845DdjqNuBQJCG7VXY9sdv6nHi66cMaBvsLf_lwhuA4DtFWZ5zT9ba6SjawIDAC6ghealBBv47a3q0tiA6HJUenZcbSaQ1zG3IKW9f-pGDtqrnWRVJeKGLGMBy6mjvfbCDvw281is4UvLSx1tqAq0PWmcfd634zTQtAE97Bhjo4SgoiBc7OCtbP4DVNVBUBAOKraZYZDyfDWYwAyOx7pFd7odK6VxgPzhiiDt1Y2FGSeYLjb7J4hRT8C5yNppowdud_yClC2dNSFKkrMA4RdOmOJvJAA7CJd1BdTWWvMZcMxJO2wrhvK2RSM-xs28h2KM2reQktq74jAXuIuIi3rFb9vcOVI-eXrmgO4yKS1ek0hOtNZFtNyoA8KVGFB4Y2-UWN17BCV1yS-BWpvSRVvNQEoBbWr8maMFN7yhUKFlvMraxNHKxuNAkeJfzMfriw7yC2_QQYAPfz40_tZzPjUQUJzZIpWmKYiIAyr_3dXpqsphWIB78XxYeLlYfEQYBLG9Kam9BRBueDpWUF28kkYleqls
https://l.facebook.com/l.php?u=http%3A%2F%2Foxfordlearnersdictionaries.com%2F%3Ffbclid%3DIwAR0tNgxnzdHGo6QTZQYtdgfDpDAcjg-vn6-tDDqBOidnqso_yIEyTK0MyFg&h=AT2eM9AbSu2I87VgQx7vPvy8GoQmcRn-yRUGZXsm5LZVKO37KOrTjsZaWby-dyh5Gz59Pew7kb6b6FyE-Hl38lpolpYi3h79fj5FGHwS-1zOsSGKAA38Itcsdj1zrJgycrWViTwH82-KAz07TZk_XtE2CCytJ3-OWpMuet2ScY8jCGiddEpqeKXVEpXyOd5UOManGxDVdUWrnZ_sqU_kojjVMKuDvuFhTUbV-_kKG6skic9INCnrKA9rhtjRy6_1RDz6OuTvcbiPyGAJy9kK_ZaW8OuYya-lx6EObP_9HfuCtAfm__KQrAFQ3N0THKKJfqbG76oLVE_isKoHsHi5GsP9llxIhg4ReiW7zqw4mZPOxnWZ9TJjTm40r7TTcbsGRaCaqR_MnX3eRovCY0oFch9WFRZdpi5MjxZjlp1eBWxv7C5kGqtVXtiNTYl8ulhfaskaedb65FcBjWvt41ttrBHxfrUqUA6Jt9kdiyOtE3Fnt5TqnhMaPULROV1EWppFKi0_SUQ7_K9aKSb1D0ft7EpMQQVWWWHXpEAZ8ulCnd7XohIwW3fa7I6B2KwtlZZ5e-kL58X29caHYkPr9HCxiByKjw3NmYRQlTlkA_lrtyztHh2Wu39LHB_vD1wGsvEabP1GGPE
https://l.facebook.com/l.php?u=http%3A%2F%2Fvocabulary.com%2F%3Ffbclid%3DIwAR0AQqcFBnkGxYaAQdrdyou4pxU_ETF2yJ7MJE2biPLsxhhQKD3WKCXONo0&h=AT2ZmhIR2J8aW04cwSnsj86UkHdPmHlLw6mWIYxMFhwrcr6zoJODXf8B2ZOZ53plEP-o_AHnbNjuPDnuUu_BuGWjyMeLRcIbACEvZhJSNlUSQh8Nkb4wpDfodQb7YviokZhanwPLZH_6XauJNaxxgJxBiSp2ifEmNUGdkkMHPVa-P_sy7fE7Wmi4dCp2HxcV0Xkv3Q4o0lR-S-XWl81p5Ra4uvjjD195fn1LxMygfl4Iea5kFTd8xWcA1TFw2rf_tIkM_DMNKCaC-WKPNTzUzKBd5q0daxSnDwZthHekRJ1Dj1rJ6vLqnCVrnzOftT_7yFvp8Bfgpqt1lqUinvWN5s_svC1emBVbgRArQownU1YE_ZjZsBdAMoIoB8yfet78pcSqWFbuqdtxhsKjrkpimgjV-fkudZftaZtGbZYRFceIxgL16pNNiOkOFyK84pS4pqDijSKo3cpRjxPCMV0Jf4x3Dc63xsTxc35nkU3NbBkFfa7mJq4tf29XTeck64sjIOHbzWwzjMp3Urf10Z5Bl6NoVrKSr9z2ZHdYysDzyYzAz4xTj4fJ0b9mZsQ0eF8d79XPjxvN_rw68y3Mcg68Ur5PvYsOK8LQzhar1vsnM3R3kKUaJxkFO1NXodHNSfYD7LBvBF4
https://l.facebook.com/l.php?u=http%3A%2F%2Fitalki.com%2F%3Ffbclid%3DIwAR2UVbIaXy6f9xXCUhfnuNmJHxwfXE6ObgfsEv5l3pxHnOefXpVJ-mRKhA4&h=AT0ch0CMZXCCihZJHVywNsQz67QQ_45uKW3m3b_zfECVaPvRWKNi3Dr50rmfkJcA8FGEiYTr3Y9f01sHkukQXLCobQjc4LxMcaDFoAnLcQNarQE9uGdQxP0anMooMSlIea-agvlO01juRMKTcGaKTx8_fUbadzWAosaCLNkbT1Okh6gKKiGkbqmw8gHJyFP75MJf_vUFhZVQPP_yPjZ-d8MeXm3Td1NnF60zKIrTVA3hK05s9jXOpCyUrPrnKPdmrjwz2-X1xe4-93XX96z3M_0OMiMQvjBKx2vnkk1t61FNFy2fndMKn5Ag89tz2gpIPi1nGjvtDbyCW35Tnw3SXTIMZ2RTdLXWRCWOYXFyybNWYPjXhwf_kbG2kRXI8vk_kkMRJ-ZbicDRQdmdRn76rEsylqLBhZyLtDjROResryy71kgmxnpLcn53XlJtFk-tdbGLxYEDXW_48VklO4od3CKJGPTQ-AGsEK9IFGvSO3x3Ku0p73Q3MG9CGkGD60mWCAnpL_C1I8IJdvjc6Nw8ykO7BidTsL2d33Al3qfG4XArgbLI3HvxO4fY-BApr44ZBBeVTWXBoVVDcB_kONStCR_CJQRvwAQjJGfceQDbu3K3sv3cX7Q7SJYMmucQcxLmTRWA0VE
https://www.youtube.com/user/JenniferESL

engvid.com — Ge3KOIITOBHI BiICOYPOKH aHTIIIHCHKOT MOBH, 3aIMCaH1 KOMaH 100
BuuTeniB. L{ikaBi, AMHAMIYHI, 3p03yM1JIl OSICHEHHS.

https://www.youtube.com/channel/UCz4tgANd4yy80eQiXCASWTA — JTroci

bennu Epn mae nyxe kpacuBy OpUTaHCHKY BUMOBY. A 111€ BOHA I[IKaBO PO3IOBIAE MPO
pI3H1 aCMEKTH aHTJIIMChKOI MOBH, OCOOJIMBO B KOHTEKCTI CBOET KYJIBTYPH.

https://www.bbc.co.uk/learningenglish/english/features/6-minute-english —

MOJKAaCTH Ha pi3Hi TeMHu Bij kommanii BBC.

https://www.youtube.com/user/GreenForestSchool — mikaBi MaTepianu Bif
KpCaTuBHUX BI/IKJ'IaIIa‘IiB OOIMOMOXYTh OIlaHYBATHU aHFHiﬁCBKy MOBY JICTHIC 1 mBUAIIC.

https://www.youtube.com/c/mmmEnglish Emma — Emwma, Beayya mboro

KaHally — aBcTpasiiiika. 3HiMae 0araTo BiJIe0 HE TUIbKH MMPO BUBYECHHSI aHIIIMCHKOI, a 11e
1 Ipo Te, sIK TOBOPUTH HEIO BIIEBHEHIIIE TA MMOAO0JIATH PO3MOBHUM OJIOK.

teacherluke.co.uk — Luke’s English Podcast. IlikaBi mg0Bri moakacTv s

advanced learners mpo MDKKYJIBTYpHY KOMYHIKaIlifo, XUTTS B bpurtanii it dpanmii i,
3BUYANHO K, aHTJIIHCHKY MOBY.

Knuru a5 camocTiiiHoi ocBiTH:

. KemoOpumkcnka cepist In Use. VY Hiil € mocioHuky 3 ycix kareropiit: English
Grammar in Use (rpamatuka Mepdi), English Vocabulary in Use, English Collocations
in Use, English Idioms in Use, English Phrasal Verbs in Use, English Pronunciation in
Use. [linpyunuku, moOy10BaHi 3a MPUHIIMIIOM: TTOSICHEHHSI — BIIpaBHu. € pi3HI PiBHI.

. Grammarway by Virginia Evans and Jenny Dooley. ITixxin 1o rpamMaTHK:
IPYHTOBHUH, 3 TEPMIHAMU 1 PO3’SICHEHHSIM yCiX JeTanei. € 4oTUPhOX PiBHIB.

. Oxford Word Skills by Ruth Gairns and Stuart Redman. Jlekcuka. JIroau,
[0 3aiiMaiucs 3a MMU KHIDKKaAMU, XBAJIATh 1X 32 JIOTIYHE W CTPYKTypOBaHE MOJAHHS
iHpopmMartii. € qiis Tppox piBHIB: Beginner, Intermediate i Advanced.

. Oxford Word Skills: Idioms and Phrasal Verbs by Ruth Gairns and
Stuart Redman. Amrmiiiceki ¢paseonoriamu i (pa3oBi JieciioBa, OpraHi3oBaHi 3a
TEMaMHu.

. Work on Your Accent by Helen Ashton and Sarah Shepherd. 3po3ymino

PO aHTJIIMCHKY BUMOBY, MOPAH 1 BIIPABU JJIsl 3MEHILICHHS aKIIEHTY, € ay/Jio.
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https://www.bbc.co.uk/learningenglish/english/features/6-minute-english
https://www.youtube.com/user/GreenForestSchool
https://l.facebook.com/l.php?u=http%3A%2F%2Fteacherluke.co.uk%2F%3Ffbclid%3DIwAR2fSrEaHmK_NMrnqMhC7Rr-mnvtEuKnNBGyPzzl8Ar-yBn6uc8tdxa51_8&h=AT0ON9OM2oAnIBX1wvXtfyVMctOyx3mGYOAgMYgvWh7PztrSB5MzKe0YbjM-YDC4qafn_IqT2ZXpHZlJnpS91SucPnz8gwuDDm27UhcSBJLRgnEyQdcjGlyrTQxvKCFq9DmWoJ-eI6k_tVcSUOBEbsUrm3Lnmoqj57mg4s124lD8Pt0RpMT17uZCPmGrQNJu28t8qpfzOO6xqP4TyqtwjL32lK-mV4J22ossphBu43e3LmGQjAZRHDP3fOF7_nNSBYAQjC4zp_K0WbR-QixWse1qv8BylMIUTIsT4P9bq-21uT9dFhsg49HpsqzKMmBn8-ejDjJngoxvH6wLJngxqxKyed7NFV-5E149DA5aankMbjP24a3LDOqaUVWagleHckZoyNvj5RQbd-Q660pf5ga9SKAx7-SjM2Gk6VHoUtpmgqv3qQZ6-CKMH47q4vHdXQZqaJ-tenfmj-bysBeP0u4uzcRNoATgq1yZWCWAndIsILaxJ8X1udrNHgECoRg7j-xu0mTT4Kfjob3ZQtEXQB-LiFDhXqhpddPbwmO7f9sHSBm_5MFC6qvPoPODyU1RpiVcCyrh9JYl2nWF8I7oTep3ScOOfQqZyT3l3fjLsETD1uKIGjWlJnyT9hoe6DcUvlTO7kA

REFERENCES

1. Manci €. O. Power and Mechanical Engineering. Electrical Engineering.
(EnmexTpoMexanika 1 eleKTpoTexHika) TexkcTu A0 miIpyYHUKa 3 aHTIIHCHKOT MOBU JIJIs
CTYJIEHTIB 1 aCHIpaHTIB HEMOBHHUX ()aKyJIbTETIB Ta CTYy/I€HTIB MOBHUX (PaKyJIbTETIB, SIKI
BHUBYAIOTh aHITIICHKY SIK APYTY 1HO3EMHY MOBY Y BUIIIMX HaBYAJIbHUX 3akiajax. — Kuis:
Apiii, 2009. — 80 c.

2.  Mixuenko I'. E. English for Electrical Engineers. Aurmiiicbka MoBa JIsl iHKEHEPiB-
eJIeKTpUKiB: HaB4. noc. — Llentp yuboBoi miteparypu, 2020. — 236 c.

3. Komnosanosa B. A. Information Technology and Computer Science. Hasu. moc. —
Kuromup, 2020. — 84 c.

4.  Charles Platt Make Electronic. - SAN FRANCISCO: CA, 2015. — 335 c.

5. Andrew Butterfield and John Szymanski. A Dictionary of Electronics and Electrical
Engineering. 5nd ed. — Oxford University Press, 2018. — 262 p.

6. Phillip A. Laplante. Comprehensive Dictionary of Electrical Engineering. 2nd ed. —
CRC Press Taylor & Francis Group, LLC, 2005. — 758 p.

7. All pictures are taken from google images.

8. Text “15 Reasons Why Electricity Is Important?” — Mode of access:

https://curiousdesire.com/reasons-why-electricity-is-important/

9. Text “Introduction to Electrical Networks and the Electricity Supply Industry” —

Mode of access: https://eatechnology.com/training/scheduled-courses/specialist-

courses/introduction-to-electrical-networks-and-the-electricity-supply-industry/

10. Text “Electrical Insulation and Cable Engineering” — Mode of access:

http://eie.khpi.edu.ua/index

11. Text “Why Alternative Energy Sources Are the Future?” — Mode of access:

https://justenergy.com/blog/why-alternative-enerqy-sources-are-future/

12. Text “Power Stations, Grids and Systems” - Mode of access:

http://eie.khpi.edu.ua/index

13. Text “Renewable energy” — Mode of access:

https://www.britannica.com/science/renewable-energy

142


https://curiousdesire.com/reasons-why-electricity-is-important/
http://eie.khpi.edu.ua/index
https://justenergy.com/blog/why-alternative-energy-sources-are-future/
http://eie.khpi.edu.ua/index
https://www.britannica.com/science/renewable-energy

14. Text “Electric Circuits” — Mode of access:
https://study.com/academy/lesson/types-components-of-electric-circuits.html
15. Text “What is Electricity?” — Mode of access:

https://learn.sparkfun.com/tutorials/what-is-electricity/all

16. Text “How electricity is generated” — Mode of access:

https://www.eia.gov/energyexplained/electricity/how-electricity-is-generated.php

17. Text “Electrical And Electronics Engineering” — Mode of access:

https://www.britannica.com/technology/electrical-and-electronics-engineering

18. Text “10 Reasons Why Electricity Is Important” — Mode of access:

https://openeducationonline.com/magazine/10-reasons-why-electricity-is-important/

19. Text “Uses of Electricity and Its Applications in Day to Day Life” — Mode of access:
https://www.eurokidsindia.com/blog/uses-of-electricity-and-its-applications-in-day-to-

day-life.php
20. Text “Nuclear Power Plant” — Mode of access:

https://energyeducation.ca/encyclopedia/Nuclear power plant

21. Text “Electric Power Plants” — Mode of access:

https://energyeducation.ca/encyclopedia/Power plant

22. Text “Power Systems Engineering” — Mode of access:

https://engineeringonline.ucr.edu/blog/power-systems-engineering-a-career-on-the-grid/

23. Text “Understand your English level” — Mode of access:
https://learnenglish.britishcouncil.org/english-levels/understand-your-english-level
24. Text “CEF Levels” — Mode of access:

https://www.examenglish.com/CEFR/cefr.php

25. Text “About the Common European Framework of Reference for Languages

(CEFR)” — Mode of access: https://www.cambridgeenglish.org/exams-and-tests/cefr/

143


https://study.com/academy/lesson/types-components-of-electric-circuits.html
https://learn.sparkfun.com/tutorials/what-is-electricity/all
https://www.eia.gov/energyexplained/electricity/how-electricity-is-generated.php
https://www.britannica.com/technology/electrical-and-electronics-engineering
https://www.eurokidsindia.com/blog/uses-of-electricity-and-its-applications-in-day-to-day-life.php
https://www.eurokidsindia.com/blog/uses-of-electricity-and-its-applications-in-day-to-day-life.php
https://energyeducation.ca/encyclopedia/Nuclear_power_plant
https://energyeducation.ca/encyclopedia/Power_plant
https://engineeringonline.ucr.edu/blog/power-systems-engineering-a-career-on-the-grid/
https://learnenglish.britishcouncil.org/english-levels/understand-your-english-level
https://www.examenglish.com/CEFR/cefr.php
https://www.cambridgeenglish.org/exams-and-tests/cefr/

FOR NOTES

144



	НАВЧАЛЬНИЙ ПОСІБНИК З ДИСЦИПЛІНИ
	An electric circuit is a closed path in which electrons move to produce electric currents. Indeed, all the simple modern marvels are a consequence of this scientific principle. Read on to understand more on the components, types, and other concepts re...
	Electric circuits are important concepts that have practical applications in our daily lives. It is a very simple concept that incorporates three different components: a source of electrical energy, a device, and a closed loop of conducting material.
	SOURCE OF ELECTRICAL ENERGY
	DEVICE IN THE ELECTRIC CIRCUIT
	RESISTANCE OF THE ELECTRIC CIRCUIT
	TYPES OF ELECTRIC CIRCUITS
	THE IMPORTANCE OF ELECTRICITY IN OUR DAILY LIFE
	ACTIVITY 13. Read the text about the importance of electricity in our daily life again. Are these sentences true (T) or false (F) or is the information not mentioned (NM) in the text.
	1. Alexander Graham Bell invented the light bulb.
	2. Energy and electricity are affecting modern agricultural methods now.
	3. The telephone is a devise that transmits sound over long distances by flowing sound in copper wires.
	4. In 1896 the scientist Alexander Graham Bell invented the telephone.
	5. Electric-powered equipment help to conserve and store agricultural crops.
	6. The electrical appliances help reduce labor by harvesting the grains within days instead of months.
	7. Electricity can be seen in nature.
	8. Samuel Morse contributed in bringing electrical inventions to homes to operate interior lighting and factories to operate industrial machinery through the generation, transmission, and use of alternating electricity (AC), and to reduce the cost of ...
	9. Nikola Tesla invented the telegraph that was connected to electrical wires across Europe, America, and India.
	10. The electricity is produced by converting natural energy sources such as coal, natural gas, nuclear energy, solar energy, and wind energy into electrical energy.
	ACTIVITY 14.  Match the inventor to his invention.
	ACTIVITY 15. Make ppt presentation about one of the famous scientists and inventors who have contributed to the development and progress of the use of electricity.
	ACTIVITY 6. Read the text about hydroelectric power plants again. Are these sentences true (T) or false (F) or is the information not mentioned (NM) in the text.
	1. A hydroelectric plant uses falling water to turn the turbine.
	2. Hydroelectric and coal-fired power plants produce electricity in different ways.
	3. The experience shows that hydroelectric plants are always reliable and safe.
	5. Kyiv hydroelectric power plant is the oldest among the cascade of power stations on the Dnipro River.


	THE FUTURE OF ELECTRICITY: RENEWABLE ENERGY
	FUEL CELLS

	Fuel cells produce energy through chemical reactions that combine hydrogen with oxygen. When a hydrogen-rich fuel such as natural gas or biogas flows through a fuel cell and reacts with oxygen, it produces electricity, heat and water. Fuel cells, whi...
	ACTIVITY 12. Make ppt presentation about renewable energy sources and providing renewable electricity.
	WHAT IS A POWER ENGINEER?
	THE WORKPLACE OF A POWER ENGINEER
	10 LINES ON ELECTRICIAN

	ACTIVITY 14. Make ppt presentation about benefits of being an electrician.
	TEXT 11. THE IMPORTANCE OF ELECTRICITY
	 Electricity helps in maintaining a high quality of life
	 Electricity is portable and can be transported easily
	 Electricity provide safety and security
	 Electricity is a clean source of energy
	 Electricity helps you to stay informed and connected
	 Electricity helps to improve productivity
	 Electricity helps people to complete their tasks on time
	 Electricity plays an important role in agriculture
	 Electricity helps improve the economy
	 Electricity is important for the entertainment industry
	 Electricity is very versatile and can be used in many different ways
	/ А1

	Таблиця рівнів знання англійської мови
	https://lv.testportal.gov.ua/testmktEnglish/
	https://ilearn.org.ua/
	https://zno.osvita.ua/english/
	https://ed-era.com/
	https://www.liveworksheets.com/worksheets/en
	https://prometheus.org.ua/



