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HEPEIMOBA

OHOBIICHHSI 3MICTY HaBYaHHs 1HO3EMHUX MOB y BHIIMX HAaBYaJIbHUX 3aKJIaJax
MOB’SI3Y€ThCS 3 JICSIKMMHU 3MIHaMM B CTpaTETiyHMX HANpsMax PO3BUTKY CydacHOi
BUIIOT OCBITH — CIIPSIMYBaHHSIM HaBYaJIbHOI JIsTFHOCTI HA BUPOOJICHHS Y 3100yBadiB
OCBITH HEOOXIJHHMX >KUTTEBHX KOMIIETCHTHOCTEH, IO B MalOyTHbOMY naBaiu O
MOXJIMBICTh BHUITyCKHHKaM BH3 kom¢opTHO mouyBaTucs B CydyacCHOMY CBITOBOMY
MYJIFTHHAIIOHATEHOMY TPOCTOPI.

3anponoHOBaHUH TOCIOHHUK 3 aHTIIMCHKOI MOBH MOXHA PO3TIIAJATH B SKOCTI
HOCISl 3MICTY IHIIIOMOBHOI OCBIiTH Ta 3aco0y HAaBYaHHS IHIIOMOBHOTO CITIJIKYBaHHS.
Horo mertoro ¢ BiTOOpaYKEHHsI TEBHOI MOJIENI AisUTLHOCTI 3100yBaviB OCBITH, sKa
3a0e3neuyeThes Ha TUAAKTHIHOMY 1 METOAMYHOMY PIBHSX 3a JOTIOMOTOIO JOIIEHO
miniOpaHux 3aco0iB HAaBYaHHS, IO Y3TOJUKYIOTBCS 3 KOMYHIKaTHBHO-IiSIIBHICHUM
MiXOJOM 1 CIPHSIOTH YCHIIIHOMY BHKOHAHHIO IijIel, BU3HAYEHMX YHHHOIO
POrpamoro.

Lle#i nociOHMK — moJi(yHKIIOHAIBHUH Ta BUTIHO BHUPI3HSETBCS Cepel] 1HIINX
BUJAaHb SK CIIOCO0aMHU TOAaHHS (PaKTUYHOrO 1 MOBHOIO Marepiany, Tak i
3aIPONIOHOBAHOI0 METOANKOIO POOOTH 3 HUM.

VY 3MmicTi HaBYANBHOTO NOCIOHUKA TependavyeHa edeKTHBHA cHcTeMa 3aco0iB,
30KpeMa BOpaB 1 3aBOaHb, SKi CIPUAIOTH (OPMYBAHHIO KOMYHIKaTHBHOI
KOMIIETEHTHOCTI SIK TPIOPUTETHOI METH OMNaHyBaHHS 3J00yBayaMy  OCBITH
IHITOMOBHHM CITIIKYBaHHSM 3a MPOQeCciiHIM CIPSIMyBaHHSAM.

3aB1aHHs, 3aIIPOMOHOBAHI B MOCIOHUKY, 30aradyIoTh JIEKCHKY 3700yBadiB OCBITH
Ta HANITIOIOTH iX HAa aKTUBHE CHPUIHATTS TEKCTY Ta IJIECIIPIMOBAHUH ITONIYK
iHpopmaii y HpoMy. Iliciisi TEeKCTOBI 3aBIaHHs JIO3BOJISIIOTH HE JIMIIE MEPEBIPUTH
PO3YMIHHSI Ta 3aKpilIUTH HEOOXIJHI JIGKCHYHI OJMHMII, aje W JaTh MaiOyTHIM
(axiBIIM MOXIIMBICTH BHCJIOBHTH CBOIO TOYKY 30pY CTOCOBHO HpOOJIeMH,
CIMPAIOYMCh Ha BJIACHUH JIOCBIJ 1 3HAHHS IHIIMX JMCHMIUIH. SIK pe3ynpTar —
BHUCJIOBIIIOBAaHHS 3100yBadiB OCBITH HAOyBarOTh pPI3HOOIYHOCTI 1 OCOOMCTICHOL

3HAYYIIOCTI.



BinpurIicTh TEKCTOBUX MaTepiaiB y MOCIOHUKY € aBTCHTUYHUMM, 3HAIICHUMH Y
JIpYKOBaHUX JpKepenax Bunanux y Bemukiit Bpuranii ta CIIIA, a TakoxX y BiAKpuTOMY
noctymi B [HTepHEeT Mepexi. OKpemi TeKCTH € aBTOPCHhKUMU TepeKIaaMu. 3aBIaHHs
i BOpaBM PpO3pOOJEHO aBTOpaMH 3 ypaxyBaHHSM 3arajlbHOEBPONEHCHKUX
peKoMeH il 3 MOBHOT OcBiTH. TecTOBI 3aBJaHHs IPOMOHYIOTECS y (opMmarax, IIo
BianoBinawTh MixkHapoaaum ekzamenam (TOEFL, KET, PTE). lonatku 10 0cHOBHOL
YaCTHHU TOCIOHMKA y (OpMi TECTiB Ta TEPMIHOJOTIYHOTO CIIOBHUKA IOTIOMOXKYTh
MaOyTHIM (axiBIsIM 3acBOITH MPOQECiiHHYy JICKCHKY Ta ONEpyBAaTH CIELiaIbHOIO
TEPMIHOJIOTI€I0 y TIPOIIECi MITOBOTO CIIUIKYBaHHS 3 MPEICTaBHUKAMH IHIINX KpaiH.
AHami3 onHi€l 3 HAWNOMYJSAPHIIIMX CHCTEM OIHKH 3HAHHS AHIJIIHCHKOT MOBH
(CEFR) nmomomoxe 3mo0yBadaM OCBITH 3IIHCHHTH CaMOOIIHKY CBOTO piBHA
BOJIOJIIHHS @HTJICHKOI0 MOBOIO, @ 3allpONOHOBaHI pecypcH /Uil BUBYCHHS MOBH
CHPHUSITUMYTh TIOJIAJIBIIOMY PO3BHTKY MOBJICHHEBOI KOMIIETEHTHOCTI —MailOyTHIiX
(axiBiis.

3aranoM, MaTepiaay MOoCciOHNKA CTUMYITIOIOTH PO3BUTOK ITi3HABAJILHUX IHTEPECiB
3100yBauiB OCBITH Ta CIIPUSIFOTH MOTHBALIIT /10 BUBYCHHS aHTIIHCHKOT MOBH.

[TociOHuk po3paxoBanuii Ha (axiBUiB B Taly3l EJIEKTPOCHEPIeTHKH,
CJIEKTPOTEXHIKA Ta CIICKTPOMEXaHIKH, HAYKOBUX MpAI[iBHHUKIB, BUKJIAJadiB BHUIIUX
HABYAIBHUX 3aKJaiB, TEXHIKYMIB 1 KOJIe/KiB, 3100yBa4iB BuUIoi Ta (haxoBoi

MIepe/IBUIIOT 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)




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. 0

These tiny particles swirl around each other Proton

o

. . Nucleus
negative ¢ . A proton has a positive Neutron

continuously. An electron has what is called a

charge. Positive and n charges try to pull e o
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. 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

8



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.

2
3
4.
5

another \ power \ is \ for \ word \ energy.

nuclear \ uranium \ from \ people \ atoms \ get \ energy.
energy \ different \ humans \ many \ of \ sources \ use .
things \ makes \ energy \ move.

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 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

9



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?
2. What is an electric current?

3. Where is electric current produced?

4. What do generators cause?
5

‘What do wires connect to in rooms?

10



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
ol oo
L
battery ([ ’E |
Iight' 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
Simple Circuit and parallel circuits.
I Series circuits consists of several devices,
_ . each of them linked up one after another after

another in just a single large loop. However,
Series Circuit @ different devices have different voltages across
them, the same current flows through every

C@_, device in the series circuit.
— I 1 If any one of the devices in a series circuit

is broken, the whole circuit fails. For instance, if
Parallel
there are three light bulbs connected in a series,

Circuit

I I 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. an electric ¢. source
4. the resistance d. bulb
5. aparallel e. circuit
6. anegative f. circuit
B) Answer the questions.
1. What could a source of electrical energy be?

2 What is an electrical device?
3. What is called voltage?
4

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. Current (to measure) in amperes.

3. 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.

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

13



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 ofany 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.
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.

14



Insulators 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

Volts X Amps = Watts WATTS (W):
VOLTAGE X CURRENT = POWER Describes the rate of power
15V X 1A =15 W. flow; When 1amp flows
through an electrical
1A —> difference of 1volt, its result
N\ is expressed in watts
l oV VOLTS (V):
Speed of electrons as they

pass within a circuit
\.\'
_—~ AMPS (A):
Base unit that measures the
l volume of the electrons in

electrical current
ov

the
Spruce

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

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

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

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.

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

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:
e — | |
© ® — I

switch
lamp fuse capacitor

® O, =I — =

ammeter voltmeter battery
resistor diode variable thermistor

resistor

W

_|>|_

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

energy, which has become of great

importance in facilitating human lives
and achieving the renaissance in the el a, o
nation's economy.

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

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.

r
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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 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.In a 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

Electric power is
generated at electric power
plants. The main unit of an
electric power plant comprises
a prime mover and 1)

In

order to actuate the prime

mover energy is required.
e~ =" Many different sources of
energy are in 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.
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o Steam engine plants, in which the prime mover is a piston-type steam
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.

° 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. in agriculture

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.

ACTIVITY 5. Match the words with their Ukrainian equivalents.

Spillway

Transformer
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1. Draft Tube a. BIJITIK

2. Control Gate b. mepemaua

3. Trash Rack c. TAroBa TpyOa

4. Spillway d. cMiTTeyTpUMYyIOUi PEIIiTKH
5. Outflow €. KOHTpOJIbHI BOpOTa

6. Fish Ladder f. BOmO37IUB

7. Penstock g. pubHi cxoau

8. Transmission h. mHamipa#it TpyOGOTIPOBIT

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.

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

TR X found.

£ ~

%,

Tﬁere isa lage number f 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
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kilowatt-hours. Yet, as little as half a gram of uranium can produce as much as 10,000
kilowatt-hours of electricity.

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.
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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.
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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.

C.  An atomic 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.

D) 2) 3) 4) 3)

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

are natural resources that can be converted into Geothermal

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) 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
M* Once called windmills, the technology
— = used to harness the power of wind has
7 > advanced significantly over the past ten

N
‘ T years, with the United States increasing

its wind power capacity 30% year over

year. Wind turbines, as they are now
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called, collect and convert the kinetic energy that wind produces into electricity to help

power the grid.

BIOENERGY

Bioenergy is one of many diverse
resources available to help meet our
demand for energy. It is 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 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.
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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.

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

2 o effectively capture that mechanical
energy and withstand the corrosive salt water and other natural elements out in the

ocean has proven extremely challenging.

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?)
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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?)

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

the following sentences into Ukrainian.

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

- R A power system is an
k 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

N
. 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
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.
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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?

ACTIVITY 12. Make ppt presentation about renewable energy sources and

providing renewable electricity.
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CHAPTER 3. ELECTRICAL ENGINEERING

ACTIVITY 1. Read the following article and answer the questions after it.
WHAT IS ELECTRICAL ENGINEERING?

T ‘ Electrical ~ engineering
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?
3. What can electrical engineers do?
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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 A POWER 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 understanding of the various technologies used in power generation,

distribution, and transmission.
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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.

6.  Power engineers / are responsible for / various types / designing,

maintaining, and operating / of power systems.
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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 A POWER 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

lights on and power the modern world.

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

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

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

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.



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 §
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

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.

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?

¥

off, ‘SO a8

Electrician

4

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, ¢ , fuses, thermal r , fault
current protection switches, relays, 1 , air ¢ 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 done by
g the electrician.

S.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.
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10.The most commonly used tools by an electrician are a screwdriver, tester,

multimeter, hammer, tape, wire cutter, etc.

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.
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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 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 benefits of JUB

being an electrician. U P PURTUN ITIES

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, air-conditioning,
refrigeration, and lifts.

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.

e mechanical engineering

electrical engineering

e distribution of
electricity

e clectronic engineering

e developing components

e clectrical installation

e preserving the foods

e medical engineering

Task 3. Answer the questions.

1. What is engineering?

. What is civil engineering?

. What does mechanical engineering deal with?

. What is electrical engineering?

. 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?
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. 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.
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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.

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 clectricity generator

e portable generator

e coils of insulated copper wire
e an iron core

e armature windings

e rotating crankshaft

o clectromagnetic induction

o the electric current

e the output terminals

e domestic appliances

e cmergency 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?
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5. How much revolutions does the rotor make per minute?

6. What is generated in the stator windings through the process of electromagnetic
induction?

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.
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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.

Task 2. Translate the following word combinations into Ukrainian.
e nuclei of atoms

e nuclear energy

e atomic power plants

e chemical energy

e household appliances

¢ 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.
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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.

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.

Electricity
» Electricity — the flow of electrons

\MpP e ur Sed ow
much electric current flows through a wire.
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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.

Task 2. Translate the following word combinations into Ukrainian.
o flow of electricity

e the ultimate particle of negative electricity
e conductors of electricity

o the property of attracting iron

e magnetic forces

e a strong magnetic field

e clectromechanical apparatus

e magnetic effect

e 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?
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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?

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 machines, from
wristwatches to trains. An

electric  current  running

through a wire produces a
magnetic field around the L
wire. If an electric current flows around a loop of wire with a bar of iron through it, the
iron becomes magnetized.

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
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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.

Task 2. Translate the following word combinations into Ukrainian.

electric motor
electric current
magnetic field

a loop of wire
stationary magnet

carbon blocks

Task 3. Answer the questions.

1.
2.
3.
4.
3.

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

What is called an armature?

When do the iron become an electromagnet?

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
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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, 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 clectric networks

e electric devices

o supply electricity to consumers
o transfer of electric energy

® power sources

e transportation of fuel

o transfer of electric energy

e an energy system
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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 are electric networks used for?

1
2
3
4
5.
6
7
8

What is the second purpose of electric network?

. Where are power sources located?
. What is an energy system?

. How many features does an energy system define?

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

motion.
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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

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 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.
o chemical sources of current

o industrial application

e semiconductor devices

e potential energy

e solar furnace

e source of direct current

e to change electric energy

e clectric device
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Task 3. Answer the questions.

1. Can one form of energy be changed into another form?

. Does a generator produce mechanical energy?

. Is the sun an unlimited source of energy?

. Can we employ solar energy directly?

. 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?
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. Do you use electric energy every day?

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.
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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 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.
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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 I 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

Task 3. Answer the questions.

1
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fields?

8.

. 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?

. Are lasers used in holography?

. What is the maser?

. Have masers made revolutionary advance possible in a number of different

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.

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.

History of Gomputers

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

Transistor - 1947

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

Apple Il - 1977

I1BM PC - 1981

World Wide Web — 1990s

oy
oy
)

[

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.
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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.

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

¢ solid-state device

e integrated circuit

e high-speed mainframe

e auxiliary storage equipment

e magnetic bubble unit

e semiconductor like chip
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e a very large-scale integrated circuit(VLSI)

e to devise hardware and software

Task 3. Answer the questions.

Vacuum
Tubes (1%t
G)

Transistor
Generation (2™ G)

Generation
of
computers

Thinking

P S
owg)r( Tipschief.com

Personal
computers
(4™ G)

1. 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?
. The technology of Babbage’s time was not advanced enough, was it?
. What was built in 19307
. What did John Von Neumann introduce during 1940°s?
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. 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?
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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 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.

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.
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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.
e 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

o industrial units

e modern microcomputer techniques
e special-purpose machines

o sufficient reliability

e clectronic 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?
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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?

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.
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° 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.

° 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.

° 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.

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.
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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.

° 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.

° 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.

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.

° 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.
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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.

° 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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APPENDIXES




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 ¢) distances
b) way d) system
5. 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 c) oil
b)steam d) coal
8. Nuclear ... leaves dangerous radioactive waste.
a)power ¢) affairs
b)force d) coal
9. Steam ... plants, in which is prime mover is a piston the steam engine.
a)engine ¢) electric
b)battery d) plants
10. Hydroelectric ... plants employ water turbines or prime movers.
a)steam ¢) power
b)water d) dam
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CHOOSE THE RIGHT UKRAINIAN TRANSLATION TO ENGLISH
WORDS:
11. Power of sun, electric generator, voltaic
a) JDKepeso, TaJlbBaHIYHUN, BYTLILIS;
b) eHeprist COHIL, ENEKTPUYHUI TCHEPATOP, TATbBAHIYHUIA;
C) raJbBaHIYHHUN, BYTIJUIS, CHEPTisl COHIIS,;
d) coHsyHa eHepris, T1IPOCHEPIreTUYHUI, TEIUIO.
12. Solar power, steam, reliance
a) TANWTH, Tapa, CUIa;
b) cmpaBu, siepHa eHepris, [HKEPeo;
c) 3abpymHeHH:, rpedst, BKa3yBaTH;
d) consuna eHepris, mapa, JpKepeno.
13.  Windmills, nuclear power, coal
a) BITPsIHI MIIMHH, sIEpHA €HEepTis, ByT1UIs;
b) BiTpsHI MiuHH, Tpebis, HABTA;
C) BHKadyBaTH, 1JepHa CHEpris, CUIIa;
d) npwuiiHsTH, ClIpaBH, BYT1ILIS.
14. Substance, matter, a flow
a) PpCUYOBHHA, 130JSITOD, SIHTAP;
b) pedoBmHa, MaTepis, MOTIK;
c) obepraTHcs, pe4OBHHA, TPOBITHUK;
d) sapo, pedoBHHA, MOTIK.
15. Alternating current, to revolve, amber
a) 3MIHHHUH CTpyM, 00epTaTucs, stHTap;
b) enexTpmuHE KOJIO, IPOBITHUK, PEUOBHHA,;
C) TMOTIK, Map, BITpSTHA €HEPTis;
d) pamioakTuBHI BiX0/au, 00epTaTUCs, ENEKTPUIHE KOJIO.
16. Conductor, electric current, positively charged
a) SIpO, CICKTPUYHUI CTPYM, MaTepis;

b) i30msATOp, SIACPHA SHEPTisl, TO3UTUBHO 3apsIKCHUN;

75



18.

19.
a)
b)
©)
d)

20.
a)
b)
¢)
d)

MOTIK, €IEKTPUYHUIN CTPYyM, HETATUBHO 3apsIKCHUH,
MPOBIJIHUK, EIIEKTPUYHE KOJIO, IO3UTHBHO 3apsKECHHH.
An electric circuit, negatively charged, steam
CJICKTPUYHE KOJIO, T1ap, MaJIUTH;

CJICKTPUYHE KOJIO, HETaTUBHO 3aps/KEHUH, 1ap;
3MIHHUI CTPYM, sIIepHa EHeprisi, CTPYM;

CJICKTPUYHUH CTPYM, HETaTHBHO 3apsi/[PKCHUI, MaTepis.
Greenhouse effect, transformer, voltage

TIAJIMBHI €JIEMEHTH, TpaHCc(HOPMATOp, CTPYM;

COHSIYHA EHEprisl, TpaHchopMaTop, JKepero;
MTApHUKOBUH eeKT, TpaHCchOopMaTop, HAPyYTa;
MTApHUKOBUH e(eKT, 3a0pyTHEHHS, CTPYM.

Pump, dam, solar panels

BHKauyBaTH, rpe0IIst, COHTYHI OaTapei;

CJICKTPUYHUI TEeHEePaTOp, PEUOBHHA, STHTap;

PO, COHSIUHI OaTapei, eNeKTpHYHUI CTPYM;

nap, Byriuisi, KUCJIOTHI JIOII.

Dangerous radioactive waste, acid rain, hydro-electric power
reoTepMiuHa eHepris, rpediis, elNeKTPHYHUH CTPYM;
BUKa4yBaTH, KHCJIOTHI JIOIIi, CTPYM;

sIIepHA €HepTisl, map, TiapoeIeKTpHIHA SHEPTis;

HeOe3MeuHi PagioaKTHBHI BIXOIM, KHCIOTHI JIOMI, TiZpOeIeKTpHIHa

SHEepTis.

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) Italy
b)Germany d) Monaco
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23. What does a new dam create?
a)lake c) river
b)sea d) ocean

24. Where were the windmills first used?

a) Italy ¢) England
b)Iran d) Scotland
25. What is used to produce electricity with the power of sun?
a)warm ) mirror
b)plants d) animals

26. What can the windmills produce?

a) gas c) water
b)electricity d) oil
27. What is electric power generated?
a)wind plants ¢) diesel-engine plants
b)electric power plants d) steam

28. What groups are power plants divided according to the kind of energy
used by the prime mover?
a) gas, energy, hydraulic ¢) wind, thermal, gas
b)oil, wind, water d) thermal, hydraulic, wind

29. How are transmission lines classed?
a) outdoor, overhead, cable ¢) wind, water, cable

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

30. Whatis an electric power consumer?

a)it is interconnection of c) it is an enterprise utilizing
electric 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 |10/11 12|13 /14|15

Answers|(a |b |d |¢ |b |a |[a |a |a |[¢ |b |d |[a |b |a

Tasks 1617 |18 (1920 |21(22(23(24|25|26|27|28(29 |30
Answers |d |b (¢ |a |d |d |[¢c [a |[b |¢ |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

) <
’ — & i — @ by changing heat energy to
Chemical Mechanical Chemical Light other forms of energy.

Electrical energy does

_J§ — (;B / — @5 many things for us. It is

Electrical Light Chemical Mechanical
changed to other forms, such

L Loor N b as: light, mechanical, heat,
fay ¥ =4§ T chemical, and others. When

Ea S e o 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.

. Current
electric eel seems to be

The electricity in the I
produced at will.

Besides, the discharges
take place at speeds from 10 to
100 per second. It is interesting
to mention 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 charged electrodes are placed in 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.
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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 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.
Y ou 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
was finally solved and
if you want to see how,
look at your electric
meter.

It does more than
just measure current. It

-~ multiplies current

L= times voltage which is
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.
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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.

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.
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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.

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.
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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.

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.
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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.

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

\ Electron clement 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
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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.

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. //M//Wf/ Graoliel ¢ i
The student should remember that an electron, being 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
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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?

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.

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

ultraviolet light falling

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.
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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 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
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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.

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
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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 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.

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
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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.

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.
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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.

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 A

transportation, as  is
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.
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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
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.
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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.

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 ionized 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
rotor with the conductors, unlike the dynamo, is replaced here by a gaseous conductor

continually crossing the magnetic field.
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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.

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.
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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 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.
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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 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 2

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
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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.

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.

g | il Besides the principal

] -~ '. components mentioned above there
# 3

e

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.
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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. The
flue gasses carry dust that must be removed by cleaning 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.

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
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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 key machines
converting the energy of

flowing water into

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.

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
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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 METALLIC SOLIDS
whole tube. '
The device that supplies the
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 charge.

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

101



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.

Wet wood

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
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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
Y from within the bulb,
leaving a  vacuum.

Connecting the

electrodes to a source
of electromotive force makes them positive and 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.
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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 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.
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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.

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.
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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.

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
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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.

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
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and John R. Schrieffer, was for his work at the University of Illinois in 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.

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
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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 Zianide (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
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
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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 1

and James 1.
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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.
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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.

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, 4 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
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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 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.
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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.

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.
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Watt, James (1736-1819) Born: Greenock, Scotland.

Best known for his work in the development of
efficient steam 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.
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accelerator (1) a positive electrode in a vacuum tube to accelerate emitted
electrons from its cathode by coulomb force in a desired direction.

(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.
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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.

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.
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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.

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. In a 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.
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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.

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.
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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).

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 (¢) 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.
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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.

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
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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.

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
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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.

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
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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 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.
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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.

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.
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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.

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,
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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.

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.
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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.
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.
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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.

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.
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(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.

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.
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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.

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.

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.

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.
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P

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.

(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.
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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.

secondary voltage in power distribution work the voltage at the secondary of the
distribution transformer.

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.
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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 ST unit for electrical potential differents and electromotive force.

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. Voltage 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-
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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 areca 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) — waiinomnyssipHinia
CcUCTeMa OI[IHKM 3HAHHS aHIJiicbkoi MoBU. Haifuactime came 3 i TOMOMOroOr0O
po0oTOMaBIII TTO3HAYAIOTH HEOOXITHUI PIBEHBb BOJIOIIHHS MOBOO KaHIHIATOM.

Cxkiaajnaernes 3 6 piBHIB:

Beginner, Elementary (Al).
Pre-Intermediate (A2).
Intermediate (B1).
Upper-Intermediate (B2).
Advanced (C1).
Proficiency (C2).

AU S o

Ix 06’ennyroth B cuctemy, se € 6a3oBmii, cepenHiii Ta mpocyHyTHi piBHI

BOJIOIHHS aHTIIHCHEKOI0 MOBOIO.

* X %
* * Common European Framework
* * of Reference, CEFR

2
(1
B 2 Proficiency

Advanced
Upper-

Intermediate

Pre-

: Intermediate
Beginner,

Elementary

Intermediate Advanced

I A1

137



Beginner, Elementary (A1)

3 1pOro eramy TMOYMHAETHCS BHBYCHHS AHTIIINHCHKOI MOBHU. JIfoJWHA BYUTH
andasit, 0a3zoBi cimoBa, mudpH, KaneHgap. Hamaraerbes mopaxyBaTH 10 CTa,
pO3IIOBiCTH efeMeHTapHy iHdopmaito mpo cede (K 3BaTH, Jie i KOJIM HapOIUIIacs,
JI¢ J)KUBE), BYNTHCS MMUCATH W YATATH MPOCTi PEYCHHS 3 5—9 CIIiB.

Ocb 3a IKUMH ITapaMeTpaMi MOKHA 3pDO3yMITH, 110 BU B>KE OCBOIJIM 1€ PiBEHB:

. BMI€TE PO3IMOBICTH MPO cebe JBOMA-TPHOMA KOPOTKUMHU PEUCHHSIMU;

. 3HAETE, K MIJITPUMATH [IPOCTY PO3MOBY (IIPO MOTOY, CIIPABH, IJIAHH);
. po3yMmieTe, SIK BiITOBIIaTH HA eIEMCHTAPHI TUTaHHS;

. CHpHUIMAETE HA CIYX KOPOTKI PEUCHHS 3 MPOCTUMH CIIOBAMH;

. 3HaeTe a3m 4yaciB Present, Past, Future Simple;

. MOJKETE MOpaxyBaTH JI0 CTa, 03BYUUTH OY/Ib-5IKYy IaTy.

Pre-Intermediate (A2)

Ti, XTO BOJOMIIOTP MOBOIO Ha I[bOMY PiBHi, MOXYTh MiATPUMATH TMPOCTY
PO3MOBY Ha 6a30Bi )KUTTEBI TeMHU (TIpodecisi, ciM’si, X001) 1 B pi3HUX cuTyauisx (kade,
3ampaBKa, MarasuH, JIiKapHs). BMiloTh mmcaTH KOpOTKi 3ammcku W TBOpH, ane 3i
CIIOBHMKOM. MOXXyTh YHTaTH aJalToBaHi TeKCcTH obcsrom jgo 500 cmiB, ne
TPAIUISIOTHCSL HE3HAMOMI CIIOBA, ajie e He 3aBaXKae BJIOBUTH 3araJibHy CyTh TBODY.

SIK 11e 3po3yMiTH, IO BU BXXKE Ha IbOMY PiBHI BOJIOIIHHS aHTIIHCEKOI MOBOIO:

. MOXETE IepeKa3aTH IPOCTy iCTOpito abo BHCIOBUTU CBOIO YMKY 3

MIPUBOJTY SIKOICH 1HPOPMAIIIT;

. MOYMHAETE BUKOPUCTOBYBATH MO/IaJIbHI JII€CIOBA;

. 3Hacre, mo take Present Continuous, Past Continuous, Present Perfect;

. crpuitMaeTe Ha CIIyX HEBEJHMKI PO3MOBii 3 MPOCTOIO JEKCHKOIO;

. BMI€TE MiATPUMATH PO3MOBY Ha TaKi TEMH, SIK 370pOB’sl, 1Ka, MOIOPOK,

BUXIiJIHI, CBSITA, CIIOPT, OJST, TBAPHHH.
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Intermediate (B1)

Ti, XTO BOJOAIIOTH AHTIIMCHKOI0O MOBOIO HAa CEpPEIHBOMY piBHI, 3MOXYTb
MiATPHIMATH PO3MOBY B OyAb-IKHX THIIOBHX CHTYyalisX (30Kpema, Iif yac MOA0POXKi
AQHIJIOMOBHOIO KpaiHOI0) 1 0e3 may3 IpaMOTHO BHCIIOBHUTH CBOIO JAYMKY. 30Kpema,
PO3IOBICTH PO MPii, HAMIPH, MHUHYJIUAH TOCBII.

[HI1 nmapamerpu, 110 BKa3ylOTh Ha Te, 1110 BU 3HAETE aHTJIChKy Ha piBHI B1:

. YUTAETEC TEKCTH HA 3arajbHi TEMH, IHCTPYKIIi, OiliiHI JOKYMCHTH;

. numetre Teketn 1o 20 pedeHp y (opMmaTi posmoBini abo 0coOHCTOro
JIUCTA;

. 3Ha€Te, MO0 TaKe IacWBHA (opMa [iecioBa, CTYNEHI ITOPIBHIHHSI

MIPUKMETHHKIB, repyHIii, Present Perfect, Present Perfect Continuous;
. IIMPOKO BOJIOJIETE JICKCHMKOIO Ha 0a30Bi TeMH: MOOYT, CTOCYHKH MiX

JOIbMU, po00Ta, KiHO, IIOMIHT, OCBiTa, TPAHCIIOPT, TTOIOPOXKI.

Upper-Intermediate (B2)
Toit piBeHb MOBH, SKMH Hal4YacTille 3aMUTYIOTh POOOTOMABII K MiHIMAJIbHO

HeoOxixHui. Yomy? Tomy 110 Ti, XTO 3HAIOTh aHTIIIHCHKY Ha PiBHI B2, BMiIOTB:

. BUCJIOBITFOBATH CBOKO JIYMKY 3 NPUKJIaJIaMH, apIyMEHTaMH;
. OIMCYBATH B MOJPOOHIISX CUTYAIil, eMOIT i MOuyTTsL;
. JIETKO CIIIJIKYBAaTHCS Ha IOBCSAKACHHI TEMH SIK 3 TUMH, XTO HOYHHAE

BHBYATH MOBY, TaK i 3 HOCIsIMH;
. YUTATH JIJIOBY 1 XyA0XKHIO JIITEpaTypy, Ipecy, aHaTiTHIHI 3BIiTH;
. NPaKTHYHO BUIBHO CHPUAMATH Ha CIyX aHIJIOMOBHI IiHTEpB’IO,

pamionepenadi, TB-moy, kKiHOQiTBEMHU;

. nmucaTy 00’ €MHI TeKCTH Ha BENMKY KiJIBKICTh TEM, A1JIOBI Ta HeOpMabHi
JIUCTH.
Advanced (C1)

Ha upomy erari jroiMHa BXKE BIJIbHO BOJIOJIi€ MOBOIO, ali¢ ¢ HE HA PIBHI HOCIS.

Moske BHCIIOBHTH CBOIO JYMKY Ha Oy/Ib-SKy TeMy, BHKOPHUCTOBYIOUM CKJIaJHi
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rpaMaTUYHI KOHCTPYKIii. Y Hel BUXOIUTH MUCATH SIK XyA0XKHI TEKCTH 3 MeTadopamH,
TaK i HAYKOBI CTATTi, BECTH Oi3HEC-TIICTyBaHHS.

Bona Takox:

. YHTa€E Hea anToBaHl TEKCTH 3 TOBHUM PO3YMIHHSIM SIK CYTi, TaK 1 OKPEMHX
JeTalei;
. nobpe, Xo4 i HE BUIBHO, PO3yMi€ CITIBDOBMOBHHUKA, SIKHH BXXUBA€

JiajJeKkTH3MHU a0 Ma€ CHIIbHUI aKLeHT;
. BUKOPHUCTOBYE B MOBI ¥ JHCTyBaHHI IHBEPCi0, MPUYHHHY (QopMy

JIiECTIOBA, IPABUIIHHO 1 BITBHO BXKHUBAE yCi 9acOBi OPMH, SKi ITOTPiOHI TSI PO3TIOBII.

Proficiency (C2)

Ile#i piBeHb O3Hauae, MO BU BOJIOJIETE MOBOIO BUIBHO, SIK HOCIH. BimMiHHO
po3yMi€Te iHITY JIOAUHY, HaBITh AKII[O BOHA TOBOPUTH YK€ IIBUAKO (HAIPHUKIAT, K
EmineM y cBoix micHsX). Mo)keTe MiATpIMAaTH OyIb-5SKy PO3MOBY, BHKOPHCTOBYIOUH
CKJIaJIHI TpaMaTH4HI KOHCTPYKIi, ifioMH. Y Bac BUXOAWTH BHUCIOBIIOBATH CBOIO
JYMKY HaBiTb 13 By3bKOCIICI[1aJi130BaHHUX [TUTaHb, SIK TMCBMOBO, TaK 1 ycHO. MoxeTe
YUTATU B OpUTiHANI Oy/1b-5IKI TEKCTH — HayKOBO-TIOIYJISIPHI KHUTH, HAYKOBI CTATTI,

XYJIOXKHIO 200 Oi3HEC-TiTeparypy.

Tabauust piBHIB 3HAHHA AHIJIICBKOI MOBH

TpamuIiifHO BOJIOMIHHS AHTTIMCHKOIO JUIATh Ha YOTHPH KaTeropii-HABUYKH:
YUTAHHS, TTUCHMO, ayIIFOBAaHHS Ta TOBOPIHHS.

He 3apxam mi HaBHYKH TepeOyBarOTh HA OJHOMY piBHI. Jly’e 9acTo BOHH
PO3BUHEHI HEPIBHOMIPHO, SIKACH 13 HUX JTAETHCS Y BUBUCHHI ITPOCTIIIIE, & ISt PO3BUTKY
1HIIOT 3HATOOUTHCS JTOKIAIATH OiIbIIE 3yCHITb.

Cawme TOMy OyIb-SKHI ICIIUT TECTy€ KOXKHY 3 IIUX HABHUOK, II00 JaTH SIKOMOTa
TOYHY OIIIHKY 3HaHHAM KaHauaaTa. l1lo came Mae BMITH JTIOJIMHA, sIKa OCBOINA KOKCH

i3 piBHIB aHIJICHKOI:
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PiBens | MoBJ/eHHs Yuranna | [lucemo I'pamaTuka Jlekcnka |CrnpuiiHATTS
Ha CIyX

A 1 | Higtpumyere | Ynurtaere Bwmiete Binpizusiere | CnoBuukoBu| CripuiimMaere
pocTy KOpPOTKI MHACaTH MHOXHHY i i 3amac — | KOPOTKi
PO3MOBY IIPO | peUCHHSI iM’s, OJIHUHY. 1000-1500 | peuenns (mo 9
cIIpaBH. (1o 9 cniB) | mpizBume | Bonoxiete citiB. 3HaeTe | CIIB), SIKI
Bwmiete 3 MPOCTOKO | ATy Present €JIEMEHTAapHI | BUMOBIISIOTH
MPUBITATUCS | JIEKCHKOIO. | Hapo/pkeH | Simple, Past | nieciosa, MOBIJIBHO 1 3
31 Hs1, MicTO, |Simple, Future| iMeHHUKH, | YiTKOO
CHiBPO3MOBH BiK. Simple. YUCIIIBHUKU | apTUKYJISILIEIO
HKOM Ta Bwmiere Ta
IONpoIaTrucC CTaBHUTHU 3aliMEHHHK.

s 3 HAM. npocTi Moxere
3aluTaHHSA. omnucaTtu
ciM’10,
JIpy3iB, CBOT
BIIOIOOAHHS.

A2 POSHOBiL[iiCT I‘II/ITaCTe. Bwmiete Bononiere C‘J"IOBHI/IKOB Can/II?.IMaeTe
e 1po CBOi HEBEJIHKI nHcaTH 4aCOBHMU uif 3armac — | mpocri
CIIpaBy, TEKCTH (0 | KOPOTKi hopmamn 1500-2000 | miamorw i
pobory, x06i | 300-400 3aIUCKH Present CIB. pO3MoBiai Ha
JIEK1JIBKOMa CIIiB) Ha Ei74 Continuous, | Bomomiere | kuTTEBI
peYCHHSIMU. | TIPOCTI posmoBizi, | Past JIEKCHKOK | TEMH.
MoxeTte Temu. [o ane me 31 | Continuous. Ha TEMU:

BUCIIOBUTH 25% cniB cnoBHuko | [Tounnaete BUXIZHI Ta
IYMKY, MOXYThb M. BUBYATH KaHiKyJH,
BHUKOPUCTOBY | OyTH MOJIaNIbHI 3/10pOB’s,
FOUH IIPOCTY | HE3PO3yMil JIi€CIIOBa, Txa,
JICKCHKY. i, ale cyTh iHGiHITHBH, | po3Bary,
BIIOBJIIOETE. YMOBHI CHopT,
peUeHHs. TBapHHHU,
OJIsT.

B1 Or.H:IcyeTe. Yuraere Mosxere 3HaeTe . Ci[OBHPIKOB Posymiere
CBIif 1OCBIJ | TEKCTH HaMUCaTH | MOJAAJIBHI nit 3amac — | CroKer
abo ninuTecs | pi3HUX 0COOHMCTH | Ji€CTIOBA, 2000-3000 | po3nosixi,
JIyMKO¥O, THUIB i i un YMOBHI CIB. BITUyTTS 1
HIJKPIIUIIOK0 | CTUIIB, JI1JIOBUI peYeHHS, BosogieTe | BUMHKH
U 1X monpu 10— | nmucr, TepyH/IiH, JIEKCUKOIO | TepOiB.
npukiagamu. | 15% HEBEJINKY | iH(QIHITHUB. Ha TEMHU: Crneuundiuny
Moxere He3HaiioMu | po3noBiae | OcBoinu CIIOpT, JICKCUKY
HiATPUMATH | X CIIIB. (mo 20 Present rpoui, Brajiyere 3a
CHOHTaHHY peUeHb), Perfect, KiHO, KOHTEKCTOM.
pO3MOBY Ha HE Present LIOIIHT,

Oyab-sKy kopuctyto | Perfect ITim,
THUIIOBY TEMY YUCh Continuous, | CTOCYHKH,
CIIOBHHMKO | CTYIEHI TIOJIOPOXKi.
M. MOPIBHSIHHS
IPUKMETHUKI
B.
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B2 Bwmiete Uuraere sik | [umere 3HaeTe Cnosuukos | [IpakTnyno
BHCIIOBJIIOBA | TEMaTH4HI | TEKCTH 3 0co0JMUBOCTI | Wil 3amac — | BUIBHO
TH CBOIO npodeciiiHi | BEJIMKOIO | BCIX THIIB 30004000 | cipuiimaeTe
IYMKY YiTKO, | 3BiTH, TaK 1 | KIIBKICTIO | yMOBHHX CIiB. Ha CIIyX pi3Hi
HaBOJASYN HeajanToBa | AeTajed, | pedeHs, Bonoziere | THIM TeKcTiB
apryMeHTH i | HI Xy/I0)KHI | OPUKIAQIIB | MOJAIbHI JIEKCUKOIO — Bi
MPUKJIAN TEKCTH, 0e3 | Ha pi3Hi nieciona, Ha TEMU: XYH0XKHIX

CIIOBHMKA 1 | TEMH. repyH/Iii, 3J10pOB 1, OIOBiZaHb 110
3 [IOBHUM iH(IHITHB. oJAT, MOJIa, | IHTEpB IO 1
PO3yMiHHS Bonogiete Tijo, pernopraxis.
M CyTi. ycima emortii,

4aCOBUMU Bpa)KEHHSI.

dhopmamu

Cc1 Jlerxo Yuraere Bwmiete Buxopuctos CimBHnKOB Cnpuiimaere
BezeTe HeaJanToBa | IMUcaTh yere uii 3anac — | sk
Oeciny Ha HI TeKCTH, | HAWpi3HO | IHBepCito, 4000-6000 | cranmapTHy
Oy 1b-sKi poO3yMi€Te | MaHITHIlI | NIPUYUHHY ClliB. AHIIICBKY,
temu (KpiM X CyTb. TEKCTH, hopmy Bononiere | Tax i
By3bKocrenia | Bmiere BUKOPUCT | Ji€CIIOBa, JIEKCUKOIO | MOBJICHHS 3
J1i30BaHMX), | MPAILOBATH | OBYHOUYH 4acH, siKi 3a TeMaM#: | PI3HUMH
BUKOPHUCTOBY | 3 XYZOXKHI noTpibHi st | podora, AKLEHTaMH
FOUM CKJIa[HI | aHATITHYHU | IPUAOMH. | PO3MOBII. eMoIliT, Ta
MOBHI MH 3BiTaMH | YCHIIIHO 30BHIILIHE 0COOJIMBOCTS
KOHCTPYKIIT | Ta BeseTe CepPEeNOBHI | MH.

i apryMeHTH. | HayKOBUMH | Oi3Hec- e,
Marepianam | JUCTYyBaH MOJITHKA,
u. Hs TPaHCIOPT,
HaBYaHHS,
KyJIbTYypa,
MHCTELTBO,
CIIOPT.

C2 Jlerko BisnbsHo ITumere B | 3Haere BCi Bam Yynoso
TFOBOPUTE HAa | YMTAETE Oynib- asu CIIOBHHKOB | po3yMi€eTe siK
Oyab-siKy Oyab-siKi SIKOMY rpaMaTHKH. uii 3amac TOTO0, XTO
TeMY, HaBiThb | TEKCTH — CTHII CTAaHOBHUTH | TUIBKH
BY3bKOCIICI[ia | SIK XY/I0KHI | OyIb-sIKi nonaxn 6000 | BBuYae MOBY,
JI30BaHy. pomManw, THIIH cIliB, 110 TakK i HoOCid 3
BukopucTtoB | Tak TaK i TEKCTIB — JI03BOJISAE JiajieKTamu,
y€eTe 11ioMH, | HayKOBY, JIACTH, MiATPUMATH | aKIIEHTaMH
XYI0XKHI HayKOBO- XYI0XKHI Oy Ib-SKY abo j1yxe
3acobu, HOMYJISIPHY | PO3IOBiL, PO3MOBY 1 LIBUAKUM
MOJKETe JiTeparypy. | penopraxi HaTucaTh TEMIIOM.
LIUTYBaTH , 3BITH. Oynb-sKuit
IHIIHX. TEKCT.
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APPENDIX 5. USEFUL RESOURCES FOR
LEARNING ENGLISH

PECYPCH JJIA IJITOTOBKH JIO €BI 3 AHIIIMCBKOI MOBU:
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/
TECTOBI 3ABJIAHHSA 1JIS TIATOTOBKHA J1O ICIIUTIB 3
AHI'JIIACHKOi MOBH:

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

https://www.liveworksheets.com/w/en/english-second-language-esl/1706213

https://www.liveworksheets.com/w/en/technology/304306

https://www.liveworksheets.com/w/en/english-second-language-esl/709237

https://www.liveworksheets.com/w/en/english-second-language-esl/7132036

https://www.liveworksheets.com/w/en/english-second-language-esl/399421

https://www.liveworksheets.com/w/en/english-second-language-esl/1043143

https://www.liveworksheets.com/w/en/english-second-language-esl/290357

https://www.liveworksheets.com/w/en/english-second-language-esl/1737605

https://www.liveworksheets.com/w/en/english-second-language-esl/91079
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OHJIAMH-PECYPCH, BIIPABH, BJIOT'U:
https://www. bbe.co.uk/learningenglish — BBC Learning English. Bemmknit

BHOip OE3KOMITOBHUX MaTepialliB, cTaTell 1 3aBIaHb Pi3HUX PiBHIB.

https://www. learnenglish.britishcouncil.org — British Council Learn English.

HaBuwanpHi MaTepianu IIst BCIX PiBHIB.

https://www. cambridgeenglish.org/learning-engl.../activities-for-

learners/— caiit Cambridge Assessment English, Ha skoMy 310paHo OaraTo BripaB ayst
PI3HUX pIBHIB.
https://www.learn-english-online.org/ — OGe3KOIMTOBHI YPOKH U THX, XTO
X04Ye CaMOCTII{HO BUBYATH AHIJIIIICEKY MOBY.
https://www.oxfordonlineenglish.com/free-english-lessons-mobile —
MaTepiajy Ta 3aBJaHHS Pi3HUX PiBHIB Y BUTBHOMY JOCTYTII.

https://www. dictionary.com — He JHIle CIOBHHK, a i OJI0T 31 CTaTTSIMH PO

MTOXOJKSHHS Pi3HUX CIiB 1 BUPa3iB, TECTH, KPOCBOPJIH, irpH B ciI0Ba, pyopuka «CiioBO
JTHSD).

https://www.dictionary.cambridge.org — OHJIAWH-BEPCis CJIOBHUKA

Cambridge English Dictionary. MicTHTb TOBIIHUK 3 TPAMaTHKH.

https://www.merriam-webster.com — TpOBIIHUI CIIOBHHK aMEPHKaHCHKOL

anriiicekoi. Ha mpomy caiiti 6arato irop, TecTiB Ta rapHUX cTaTei Juls JIIOOUTENiB
moBu. Hanpukian, pyopuka «Words we’re watching» — mpo cioBa, SIKHX MOKH IO
HeMa€e B OIIIHUX CITIOBHHUKAX.

https://www. ldoceonline.com — Longman Dictionary of Contemporary

English. Tam Mo>Ha 3HaWTH He JIMIIC MOSCHEHHS CIiB, a i MPaBIIBHY TPAHCKPHUIIIIIIO
Ta 03By4eHH (B OpUTaHCHKOMY i aMepuKaHChKOMY BapiaHTi). CalT MICTHTh KITacTepr
cmiB 3a TemMamu. OOupaeTe Ty, IO LIKaBUTh BaC — 1 MaeTe TOTOBWIl Tiiocapiif 3
NPUKJIAIAMU BXKMBAHHS 1 BUMOBOIO.

https://www. oxfordlearnersdictionaries.com — Oxford Learners’

Dictionaries. MicTUTh TpPaHCKPHIILIIIO 1 CIIMCKH CJiB 3a TeMamu. A B posaimi Text

Checker MoxHa BcTaBUTH Oy 1b-SIKUIl TEKCT, 00paTH piBEHb i CHCTEMa OIPALIOE HOTO.
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https://www. vocabulary.com — caiiT @I BHBUEHHS aHIUIIHCHKUX CIIB.

BBomuTe CBili CTUCOK CITiB, BCTABISIETE TEKCT UM OOMPAETE OJIHY 3 TE€M, 1 CAUT CTBOPIOE
JUISL BaC TECT.

https://www. italki.com — caiiT nomyky cHiBpO3MOBHHKIB JJIsi HaBUYAHHS B

TaHAeMi. BUiTh aHITTHCBKY 3 OpUTAHISAME i aMepHKAHILIMHE, a 3a 11¢ HaBYalTe iX CBOET
pinHoi MoBu. Ille Tam MOXKHA MUCATH TEKCTH, 1 HOCIT MOBH OyIyTh iX pearyBaTH.
YOUTUBE KAHAJIH, BIAEOYPOKH, NIOAKACTHU:

https://www.youtube.com/user/JenniferESL — kanai, ua sxkomy J[xeridep B

KOPOTKHX BiZICO JIETKO 1 IIOCTYITHO IIOJa€ JIGKCHYHUH Marepial Ta po3ompae
rpaMaTU4HI KOHCTPYKIIIi.

engvid.com — GE3KOIITOBHI BiICOYPOKH aHTIIHCHEKOI MOBH, 3aliCaHi
KOMaH 1010 BunTeniB. L{ikaBi, quHAMIYHI, 3p03yMiTi MOSICHEHHSI.

https://www.youtube.com/channel/UCz4tgANd4yy80e0iXCdSWTFA — Jlroci

Benm Epin mae gyske kpacuBy OpHTaHCHEKY BUMOBY. A IIle BOHA ITIKABO PO3IIOBiIae
PO Pi3HI ACTEKTH aHTIIICbKOI MOBH, OCOOIMBO B KOHTEKCTI CBO€T KyIbTYpH.

https://www.bbc.co.uk/learningenglish/english/features/6-minute-english —

IIOJIKACTHU Ha Pi3Hi TeMu Bix kommanii BBC.

https://www.youtube.com/user/GreenForestSchool — nikasi marepiany Bix

KpPCaTUBHUX BUKJIAauiB JIOMIOMOXKYTh OIIAaHYBAaTU aHTIIHCEKY MOBY JICTTIE 1
IIBH/IIIIC.

https://www.youtube.com/¢/mmmEnglish Emma — Emwma, Bemyua nsoro
KaHay — aBcTpaltiiika. 3HiMae 6araro BiJieo HE TUTLKH PO BUBYCHHS aHTITIHCHKOI, a
mie ¥ mpo Te, Ik TOBOPHUTH HEIO BIIEBHEHIIIE Ta ITO0JATH PO3MOBHHUH OJIOK.

teacherluke.co.uk — Luke’s English Podcast. IlikaBi m0Bri momkacTa s

advanced learners mpo MDXKYJIbTypHY KOMYHIKaIlifo, >KUTTA B bpurawnii it @panmii i,
3BHYAIHO XK, aHTJTIHCHKY MOBY.

YouTube => Lexical Lab — xanan I"'1t0 Jlemmapa 1 Enapro Bokdi, Bimommx
METOJMCTIB 1 BUMTENIB aHIIiicekoi. ¥ HuX € cepisi One-Minute English, ne I’ro

po30upae pi3Hi aBTEHTHYHI aHTIIHCHKI BUPa3H 1 MPUKIIAAN TX BKMBAHHSI.
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KHUTH 1JI1 CAMOCTIMHOI OCBITH:

Kembpumxcerka cepist In Use. ¥V Hilf € mociOHnkn 3 ycix kateropiit: English
Grammar in Use (rpamatuka Mepodi), English Vocabulary in Use, English
Collocations in Use, English Idioms in Use, English Phrasal Verbs in Use, English
Pronunciation in Use. Iligpy4ynuku, moOymoBaHi 3a NPHHIMIOM: TOSCHEHHS —
BIpaBH. € pi3Hi piBHI.

Grammarway by Virginia Evans and Jenny Dooley. [lixxin no rpamatuxu:
TPYHTOBHHI, 3 TEpMiHaMH 1 pO3’sICHEHHSIM YCiX AeTayieil. € 90OTUPHOX PiBHIB.

Oxford Word Skills by Ruth Gairns and Stuart Redman. Jlekcuka. Jlroau, o
3aiiManucs 3a MMM KHIDKKaMH, XBaJIATh iX 3a JIOTIYHE M CTPYKTYpOBaHE ITOJAaHHS
iHpopmarii. € ams Tpeox piBHIB: Beginner, Intermediate i Advanced.

Oxford Word Skills: Idioms and Phrasal Verbs by Ruth Gairns and Stuart
Redman. Aurmiiiceki ¢paseornorizmu i ppas3oBi aiecnoBa, opraHizoBaHi 3a TEMaMH.

Work on Your Accent by Helen Ashton and Sarah Shepherd. 3po3ymino npo
aHIIIIICbKY BUMOBY, TIOPaJIH 1 BIIPABU ISl SMEHIICHHS aKIIEHTY, € ay/io.

FOR NOTES
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1. Manci €. O. Power and Mechanical Engineering. Electrical Engineering.
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6.  Phillip A. Laplante. Comprehensive Dictionary of Electrical Engineering. 2nd ed.
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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-energy-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
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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/
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