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UNIT 1
What is Electrical Engineering?

LEAD-IN

1. What do you imagine when you think of electricity?

2. What are the ways of producing electricity?

READING
3. Read the text below and answer the questions (1-5).

1. What is electrical engineering?

2. What subtopics does electrical engineering include?

3. What is the distinction between electrical engineering and electronic
engineering?

4. What do electrical engineers deal with?

5. What high-tech projects do electrical engineers work on?

Electrical Engineering

Electrical engineering is a field of engineering that generally deals with
the study and application of electricity, electronics and electromagnetism.
The field first became an identifiable occupation in the late nineteenth
century after commercialization of the electric telegraph and electrical power
supply. It now covers a range of subtopics including power, electronics,
control systems, signal processing and telecommunications.

Electrical engineering may include electronic engineering. Where a
distinction is made, electrical engineering is considered to deal with the
problems associated with large-scale electrical systems such as power
transmission and motor control, whereas electronic engineering deals with

4
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the study of small-scale electronic systems including computers and
integrated circuits. Alternatively, electrical engineers are usually concerned
with using electricity to transmit energy, while electronic engineers are
concerned with using electricity to process information.

Electrical engineers design new and better electronics. They also test
equipment and solve problems. A project starts by deciding what the new
electronics will do. Then, the engineer designs the circuits and other parts of
the electronics.

Later, the engineers test their designs and make them better. Many
projects don't work at first. The engineers have to figure out why and then fix
them.

Electrical engineers work on many kinds of products. They might work
on cars, robots, cell phone systems, the lighting and wiring in buildings, and
radar and navigation systems.

Some examples of high-tech projects that electrical and electronics
engineers work on are global positioning systems that can pinpoint a car's
location, giant generators that can power entire cities, or a new design for an
airplane's electrical system.

Engineers should be creative, curious, logical, and detail-oriented. They
should also be able to work as part of a team.

4. Match the beginnings of the sentences (1-6) with their endings (a—f).

1. Electrical engineering deals with ....

2. In the late nineteenth century electrical engineering was associated with ....
3. Electrical engineering is considered to deal with ....

4. Electronic engineering deals with the study of ....

5. Electrical and electronics engineers work on ....

6. Electronics engineering systems can ....

a. pinpoint a car's location..

b. the problems associated with large-scale electrical systems.

c. the electric telegraph and electrical power supply

d. global positioning systems

e. small-scale electronic systems including computers and integrated

circuits.
f.the study and application of electricity, electronics and
electromagnetism.
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5. Read the text below and choose appropriate answer for each
statement.

1. Electricity is a phenomenon associated with stationary or moving
electric ......
a) charges
b) atoms
c¢) conductors
2. The Greeks discovered that ...... rubbed with fur attracted light objects.
a) gold
b) rubber
¢) amber
3. The invention of the ...... and the construction of the first central power
station led to the rapid introduction of electric power into factories and
homes.
a) semiconductors
b) incandescent light bulb
¢) the number of electrons
4. Most elementary particles of matter possess charge, either ...... or
negative.
a) chemical
b) positive
¢) moving
5. If the numbers of ...... and protons are equal, the atom is electrically
neutral.
a) electrons
b) atoms
c) charges
6. According to the ability of the materials to allow charge to flow through
them, there are ...... types of them.
a) two
b) ten
c) three

Electricity

Electricity i1s a phenomenon associated with stationary or moving
electric charges. The word comes from the Greek elektron (amber); the
Greeks discovered that amber rubbed with fur attracted light objects such as
feathers. Such effects due to stationary charges, or static electricity, were the
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first electrical phenomena to be studied. Not until the early 19th century were
static electricity and electric current shown to be aspects of the same
phenomenon. The discovery of the electron, which carries a charge
designated as negative, showed that the various manifestations of electricity
are the result of the accumulation or motion of numbers of electrons. The
invention of the incandescent lightbulb (1879) and the construction of the
first central power station (1881) by Thomas Alva Edison led to the rapid
introduction of electric power into factories and homes.

According to modern theory, most elementary particles of matter
possess charge, either positive or negative. Two particles with like charges,
both positive or both negative, repel each other, while two particles with
unlike charges are attracted (see Coulomb's law). The electric force between
two charged particles is much greater than the gravitational force between the
particles. The negatively charged electrons in an atom are held near the
nucleus because of their attraction for the positively charged protons in the
nucleus.

If the numbers of electrons and protons are equal, the atom is
electrically neutral; if there is an excess of electrons, it is a negative ion; and
if there 1s a deficiency of electrons, it is a positive ion. Under various
circumstances, the number of electrons associated with a given atom may
change; chemical bonding results from such changes, with electrons being
shared by more than one atom in covalent bonds or being transferred from
one atom to another in ionic bonds (see chemical bond). Thus many of the
bulk properties of matter ultimately are due to the electric forces among the
particles of which the substance is composed.

Materials differ in their ability to allow charge to flow through them.
Materials that allow charge to pass easily are called conductors, while those
that do not are called insulators, or dielectrics. A third class of materials,
called semiconductors, conduct charge under some conditions but not under
others.

6. Answer the questions.

1. What is electricity?

2. What charges do most elementary particles of matter possess?
3. What does the charge depend on?

4. How do he negatively charged electrons in an atom behave?
5. When is the atom is electrically neutral?

6. How do materials differ?

7. What is a conductor?
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7. Read the text below and decide if the sentences are True or False?

1. The charge can be built up by rubbing silk and glass or rubber and fur.

2. The friction between the objects causes electrons to be transferred to
each other.

3. An electrically neutral object can be charged by bringing it in contact
with a charged object.

4. If the charged object is positive, the neutral object gains a negative
charge when some of its electrons are attracted onto the positive object.

5. A neutral conductor may be charged by induction.

Properties of Charges at Rest

Electrostatics is the study of charges, or charged bodies, at rest. When
positive or negative charge builds up in fixed positions on objects, certain
phenomena can be observed that are collectively referred to as static
electricity. The charge can be built up by rubbing certain objects together,
such as silk and glass or rubber and fur; the friction between the objects
causes electrons to be transferred from one to the other-from a glass rod to a
silk cloth or from fur to a rubber rod-with the result that the object that has
lost the electrons has a positive charge and the object that has gained them
has an equal negative charge. An electrically neutral object can be charged by
bringing it in contact with a charged object: if the charged object is positive,
the neutral object gains a positive charge when some of its electrons are
attracted onto the positive object; if the charged object is negative, the neutral
object gains a negative charge when some electrons are attracted onto it from
the negative object.

A neutral conductor may be charged by induction using the following
procedure. A charged object is placed near but not in contact with the
conductor. If the object is positively charged, electrons in the conductor are
drawn to the side of the conductor near the object. If the object is negatively
charged, electrons are drawn to the side of the conductor away from the
object. If the conductor is then connected to a reservoir of electrons, such as
the ground, electrons will flow onto or off of the conductor with the result
that it acquires a charge opposite to that of the charged object brought near it.

8. Answer the questions.

1. What is electrostatics?

2. How can the charge be built up?

3. How can an electrically neutral object be charged?

4. What will happen if a charged object is placed near but not in contact
with the conductor?

5. When are electrons drawn to the side of the conductor away from the object?

8
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9. Read the text below and choose appropriate answer for each statement.

1. Faulty wiring can subject an individual to ......
a) electric shock
b) cancer
c¢) thousands of dollars
2. Stray ...... affects farm animals, especially dairy cattle.
a) atoms
b) voltage
c) regulations
3. When cattle drink from electric feeding troughs or are attached to
electric milking machines, small ...... pass through the cattle.
a) electric shocks
b) electromagnetic fields
c) high voltages
4. Some juries have awarded .... to farmers whose cattle have been
damaged...
a) electric milking machines
b) farmer's equipment
c¢) thousands of dollars
5. Electromagnetic ...... are created whenever current moves through
power lines.
a) power lines
b) voltage
c) fields

Dangers and Liabilities

Electricity, especially at high voltages or high currents, is a dangerous
commodity. Faulty wiring, power lines that are close to trees and buildings,
and inadequate warning signs and fences around transformer stations and
over buried electrical cables can subject an individual to electric shock or
even electrocution. Because of the ultrahazardous nature of providing electric
power, states have many statutes and regulations in place to protect the public
from electric shock.

Other dangers from electricity include stray voltage and electromagnetic
field radiation. Stray voltage affects farm animals, especially dairy cattle. On
dairy farms, it occurs when cattle drink from electric feeding troughs or are
attached to electric milking machines, and small electric shocks pass through
the cattle, through their hooves, and into the ground. Repeated shocks can
inhibit or destroy the milk-producing capability of dairy cattle. Liability for

9
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stray voltage on farms can be attributed to public utilities when wiring is
faulty or negligently connected to a farmer's equipment. Some juries have
awarded thousands of dollars to farmers whose cattle have been damaged by
this phenomenon.

Electromagnetic fields are created whenever current moves through
power lines. The strength of these fields drops off exponentially as the
distance from the power lines increases. Individuals whose homes or
businesses are close to power wires must live and work in these fields. Some
individuals who live or work near high-voltage power lines have developed
brain cancer and leukemia, and blame their condition on the constant
exposure to electromagnetic field radiation. Studies have shown a correlation
between electromagnetic fields and cancer, but many of the studies have been
challenged as methodologically flawed. By the mid-1990s, no conclusive
scientific evidence proved an epidemiological relationship between cancer
and the electromagnetic fields produced by high-voltage power lines.

10. Answer the questions.

1. What can subject an individual to electric shock?

2. How do states protect the public from electric shock?

3. What can inhibit or destroy the milk-producing capability of dairy
cattle?

4. What is created whenever current moves through power lines?

5. Why is it dangerous to live or work near high-voltage power lines?

GRAMMAR & VOCABULARY

11. Complete the text with the missing words from the box. The example

is given.
1. current 6. conductor
2. charge 7. ammeter
3. electrolyte 8. electrons
4. carriers 9. direction
5. second 10. ampere

Electric current is a flow of electric charge through a medium. This charge

is typically carried by moving electrons in a...... such as wire. It can also be
carried by ions inan ....... , or by both ions and ...... in a plasma.
10
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The SI unit for measuring the rate of flow of electric charge is the ......
which is charge flowing through some surface at the rate of one coulomb per

...... Electric ...... is measured using an ........
To provide a definition of current that is independent of the type of charge
....... flowing, conventional current is defined to flow in the same ........ as

positive charges.

12. Choose the right option (a—b) to complete the sentences (1-10). The
example is given.

1. Electrical engineering is a field of engineering that generally deals ......
the study and application of electricity, electronics and electromagnetism.
a) with
b) at
) in
2. The discovery of the electron, which carries ...... designated as
negative, showed that the various manifestations of electricity are the result
of the accumulation or motion of numbers of electrons.
a) atom
b) charge
c) amber
3. The first central ...... station (1881) was built by Thomas Alva Edison.
a) power
b) railway
c) factory
4. Materials that allow charge to pass easily are called ......
a) semiconductors
b) insulator
¢) conductors
5. Electric current is a flow of electric ...... through a medium.
a) substunce
b) charge
c) current
6. States have many statutes and regulations in place to protect the public
from ...... shock.
a) current
b) electric
c) amber

11
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7. Other dangers from electricity include stray voltage and electromagnetic
...... radiation.
a) field
b) insulator
c¢) conductor
8. Studies have shown a ...... between electromagnetic fields and cancer.
a) correlate
b) correlating
¢) correlation
9. Some individuals who live or work near high-voltage power lines ......
brain cancer.
a) have developed
b) has developed
c¢) have develop
10. Electromagnetic fields ...... whenever current moves through power
lines.
a) is created
b) are created
c) be created

13. Match the words 1-10 with their definitions A-J. The example is
given.

[—

. electricity A. a substance that readily conducts e.g. electricity and
heat

a form of energy usually carried by wires or produced
by batteries used to power machines and computing,
communications, lighting, and heating devices.

w

2. conductor

3. insulator C. an article which is bought or sold

4. circuit D. a material or an object that does not easily allow heat,
electricity, light, or sound to pass through it.

5. commodity an extremely small piece of matter; speck

e

the force of attraction that bodies exert on one another
as a result of their mass

6. gravitation

7. particle G. the extent to which a body or medium transmits light,
sound, or some other form of energy

8. power H. a reciprocal relation between two or more things

9. transmission I. a complete path through which an electric current can
flow

10. correlation J. the rate at which work is done, expressed as the

amount of work per unit time and commonly
measured in units such as the watt and horsepower

12
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14. Put the words into the correct form. The example is given.

1 | Electricity is I considered an alternative fuel under the | consider
Energy Policy Act of 1992.

2 | Electricity can be ...... from a variety of primary energy | produce
sources,

3 ]...... oil, coal, nuclear energy, moving water, natural gas, | include
wind energy,

4 | and solar energy. Plug-in vehicles are ...... of drawing | capability
electricity

5 |from off-board ...... power sources (generally the | electricity
electricity grid)

6 |and ..... it in batteries. Fuel cells are being explored as a | store
way to use

7 | hydrogen to .... generate electricity onboard the vehicle. | clean
8 | Vehicles that run only on electricity produce no tailpipe | emit

...... But there

9 |are emissions associated with the ...... of most of the | produce
country's electricity.

10 | In plug-in electric vehicles, onboard ...... batteries power | recharge

electric motors.

15. Translate the sentences from English into Russian.

1. Resistivity is electrical resistance of a conductor of unit cross-sectional
area and unit length.

2. In the hydraulic analogy, current flowing through a wire (or resistor) is
like water flowing through a pipe.

3. Resistance is proportional to how much pressure is required to achieve
a given flow.

4. The resistance and conductance of a wire, resistor, or other element is
generally determined by two factors: geometry (shape) and materials.

5. A long, thin copper wire has higher resistance (lower conductance) than
a short, thick copper wire.

6. The pressure difference between two sides of a pipe, not the pressure
itself, determines the flow through it.

7. Resistivity of metallic conductors generally increases with a rise in
temperature.

8. A photoresistor or light dependent resistor (LDR) is a resistor whose
resistance decreases with increasing incident light intensity.

9. A photoelectric device can be either intrinsic or extrinsic.

10. An electric current flowing in a loop of superconducting wire can

persist indefinitely with no power source.

13
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WRITING
16. Read the text and write an abstract (see appendix).
Who Invented Electricity?

The earliest mention of electric phenomena is found in ancient Egyptian
texts from about 2750 BC. These texts talk about electric fish that were
known as «Thunderers» of the Nile» and defenders of other fish. So the
earliest discovery of electricity in recorded history was in the form of bio-
electricity. Many ancient civilizations have reported the attractive effect that
amber has on light objects like feathers when rubbed against cat fur.

The magnetic effect of minerals like magnetite was known to the ancient
Greeks. Around 600 BC, a Greek philosopher, Thales of Miletus,
investigated the static electric effect of amber and wrongly classified it as a
magnetic effect arising out of friction. In 1600 AD, an Englishman named
William Gilbert studied both the phenomena of electricity and magnetism
and distinguished between the electric effect of amber and magnetic effect of
lodestone. He gave the name «electricus» (Latin) to the phenomenon of
attraction showed by amber. It was derived from the ancient Greek word for
amber, which was «electron». This gave rise to the modern word of
electricity which first appeared in print, in the book written by Sir Thomas
Brown in 1646.

In the 18th century, Benjamin Franklin is supposed to have first proved
conclusively that lightning was indeed electricity, through some kite
experiments.

In the year 1791, Luigi Galvani proved that nerves conduct signals to
the muscles in the form of electric currents, thus giving rise to the science of
bio-electricity.

Later in 1800, one of the first electric batteries were created by
Allesandro Volta. Later, Hans Christian Oersted and Ampere proved the
unity between electricity and magnetism and Michael Faraday invented the
first electric motor. James Clark Maxwell, through his theory of
electromagnetism, proved the unity between electricity and magnetism and
proved that light was an electromagnetic wave. Since then, electrical
engineering developed as an applied science and eventually gave rise to
telecommunication.

14
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UNIT 2
Electicity

LEAD-IN

1. Look at the pictures. Think: What unites all these pictures? What is
opposite to resistance?

2. Complete the chain:

.... —conductor — semiconductor — .......

READING

3. Read the text about «Conductance and Resistance» and choose the
right option for every question. The example is given.

1. Current flowing through a wire (or resistor) is like ...... flowing through
a pipe,
a) water
b) gas
¢) solids
2. The voltage drop across the wire is like the ...... drop which pushes
water through the pipe.
a) flow
b) pressure
) rain

15
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3. The voltage drop is the ...... in voltage between one side and the other.
a) reciprocals
b) difference
c) resistance
4. The resistance and conductance of a wire, resistor, or other element is
generally determined by ...... factors.
a) three
b) one
c) two
5. Electrons can flow freely and easily through ..... a wire.
a) steel
b) rubber
c) copper

Conductance and Resistance

In the hydraulic analogy, current flowing through a wire (or resistor) is
like water flowing through a pipe, and the voltage drop across the wire is like
the pressure drop which pushes water through the pipe. Conductance is
proportional to how much flow occurs for a given pressure, and resistance is
proportional to how much pressure is required to achieve a given flow.

The voltage drop (i.e., difference in voltage between one side and the
other), not the voltage itself, is the driving force pushing current through a
resistor. In hydraulics, it is similar: The pressure difference between two
sides of a pipe, not the pressure itself, determines the flow through it. For
example, there may be a large water pressure above the pipe, which tries to
push water down through the pipe. But there may be an equally large water
pressure below the pipe, which tries to push water back up through the pipe.
If these pressures are equal, no water will flow.

The resistance and conductance of a wire, resistor, or other element is
generally determined by two factors: geometry (shape) and materials.

Geometry is important because it is more difficult to push water through
a long, narrow pipe than a wide, short pipe. In the same way, a long, thin
copper wire has higher resistance (lower conductance) than a short, thick
copper wire.

Materials are important as well. A pipe filled with hair restricts the flow
of water more than a clean pipe of the same shape and size. In a similar way,
electrons can flow freely and easily through a copper wire, but cannot as
easily flow through a steel wire of the same shape and size, and they
essentially cannot flow at all through an insulator like rubber, regardless of
its shape. The difference between, copper, steel, and rubber is related to their
microscopic structure and electron configuration, and is quantified by a
property called resistivity.
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4. Answer the questions.

1. What is conductance proportional to?

2. What is the driving force pushing current through a resistor?
3. What kind of wire has higher resistance?

4. What materials are more conductive?

5. What is the difference between copper, steel and rubber?

5. Read the text below and answer the following questions.

1. What is resistivity?

2. How is resistivity symbolized?

3. What is the unit of resistance?

4. What does the value of resistivity depend on?
5. What are the properties of dielectrics?

Resistivity

Resistivity is electrical resistance of a conductor of unit cross-sectional
area and unit length. A characteristic property of each material, resistivity is
useful in comparing various materials on the basis of their ability to conduct
electric currents. High resistivity designates poor conductors.

Resistivity, commonly symbolized by the Greek letter rho, p, is
quantitatively equal to the resistance R of a specimen such as a wire,
multiplied by its cross-sectional area A, and divided by its length 1; p = RA/L
The unit of resistance is the ohm. In the metre-kilogram-second (mks)
system, the ratio of area in square metres to length in metres simplifies to just
metres. Thus, in the metre-kilogram-second system, the unit of resistivity is
ohm-metre. If lengths are measured in centimetres, resistivity may be
expressed in units of ohm-centimetre.

The resistivity of an exceedingly good electrical conductor, such as
hard-drawn copper, at 20 °C (68 °F) is 1.77 x 10™® ohm-metre, or 1.77 x 10°°
ohm-centimetre. At the other extreme, electrical insulators have resistivities
in the range 10'* to 10°° ohm-metres.

The value of resistivity depends also on the temperature of the material;
tabulations of resistivities usually list values at 20 °C. Resistivity of metallic
conductors generally increases with a rise in temperature; but resistivity of
semiconductors, such as carbon and silicon, generally decreases with
temperature rise.

Conductivity is the reciprocal of resistivity, and it, too, characterizes
materials on the basis of how well electric current flows in them. The metre-
kilogram-second unit of conductivity is mho per metre, or ampere per volt-
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metre. Good electrical conductors have high conductivities and low
resistivities. Good insulators, or dielectrics, have high resistivities and low
conductivities. Semiconductors have intermediate values of both.

6. Read the text about «Photoresistor» and choose the right option (a—c)
for every question (1-5). The example is given.

1. A photoresistor is a resistor whose resistance ...... with increasing
incident light intensity.
a) increases
b) decreases
c) excite
2. A photoresistor is made of a high resistance.
a) semiconductor
b) insulator
¢) conductor
3. Extrinsic devices have ...... also called dopants.
a) impurities
b) detectors
¢) spectral region
4. If a sample of silicon has some of its atoms replaced by phosphorus
atoms, there will be extra electrons available for.
a) resistance
b) conduction
c¢) lowering resistance
5. Photoresistors are also used in some dynamic compressors to control

a) production
b) reduction
¢) conduction

Photoresistor

A photoresistor or light dependent resistor (LDR) is a resistor whose
resistance decreases with increasing incident light intensity. It can also be
referred to as a photoconductor.

A photoresistor is made of a high resistance semiconductor. If light
falling on the device is of high enough frequency, photons absorbed by the
semiconductor give bound electrons enough energy to jump into the
conduction band. The resulting free electron (and its hole partner) conduct
electricity, thereby lowering resistance.
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A photoelectric device can be either intrinsic or extrinsic. An intrinsic
semiconductor has its own charge carriers and is not an efficient
semiconductor, e.g. silicon. In intrinsic devices the only available electrons
are in the valence band, and hence the photon must have enough energy to
excite the electron across the entire bandgap. Extrinsic devices have
impurities, also called dopants, added whose ground state energy is closer to
the conduction band; since the electrons do not have as far to jump, lower
energy photons (i.e., longer wavelengths and lower frequencies) are sufficient
to trigger the device. If a sample of silicon has some of its atoms replaced by
phosphorus atoms (impurities), there will be extra electrons available for
conduction. This is an example of an extrinsic semiconductor.

Photoresistors come in many different types. Inexpensive cadmium
sulfide cells can be found in many consumer items such as camera light
meters, street lights, clock radios, alarms, and outdoor clocks.

They are also used in some dynamic compressors together with a small
incandescent lamp or light emitting diode to control gain reduction.

Lead sulfide (PbS) and indium antimonide (InSb) LDRs (light
dependent resistor) are used for the mid infrared spectral region. Ge:Cu
photoconductors are among the best far-infrared detectors available, and are
used for infrared astronomy and infrared spectroscopy.

7. Answer the questions

What is a light dependent resistor?

What is a photoresistor made of?

What is the difference between intrinsic and extrinsic semiconductors?
Where are photoresistors used?

What photoconductors are used for infrared astronomy and infrared
spectroscopy?

Nk =

8. Read the text below and decide if the sentences are TRUE or FALSE.

1. Superconductivity was discovered by Heike Kamerlingh Onnes on
April 8, 1911 in Leiden.

2. It is characterized by the complete ejection of magnetic field lines from
the interior of the superconductor as it transitions into the
superconducting state.

3. In a superconductor, the conductivity drops abruptly to zero when the
material is cooled below its critical temperature.

4. In conventional superconductors, electrons are not held together in
pairs by an attraction mediated by lattice phonons.

5. An electric current flowing in a loop of superconducting wire can
persist indefinitely with no power source.
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Superconductivity

Superconductivity is a phenomenon of exactly zero electrical resistance
and expulsion of magnetic fields occurring in certain materials when cooled
below a characteristic critical temperature. It was discovered by Heike
Kamerlingh Onnes on April 8, 1911 in Leiden. Like ferromagnetism and
atomic spectral lines, superconductivity is a quantum mechanical
phenomenon. It is characterized by the Meissner effect, the complete ejection
of magnetic field lines from the interior of the superconductor as it transitions
into the superconducting state.

The occurrence of the Meissner effect indicates that superconductivity
cannot be understood simply as the idealization of perfect conductivity in
classical physics. The electrical resistivity of a metallic conductor decreases
gradually as temperature is lowered. In ordinary conductors, such as copper
or silver, this decrease is limited by impurities and other defects. Even near
absolute zero, a real sample of a normal conductor shows some resistance. In
a superconductor, the resistance drops abruptly to zero when the material is
cooled below its critical temperature. An electric current flowing in a loop of
superconducting wire can persist indefinitely with no power source.

In 1986, it was discovered that some cuprate-perovskite ceramic
materials have a critical temperature above 90 K (=183 °C). [2] Such a high
transition temperature is theoretically impossible for a conventional
superconductor, leading the materials to be termed high-temperature
superconductors. Liquid nitrogen boils at 77 K, facilitating many experiments
and applications that are less practical at lower temperatures. In conventional
superconductors, electrons are held together in pairs by an attraction
mediated by lattice phonons.

The best available model of high-temperature superconductivity is still
somewhat crude. There is a hypothesis that electron pairing in high-
temperature superconductors is mediated by short-range spin waves known
as paramagnons.

9. Choose the right option (a—c) for every question (1-5). The example is
given.

1. Superconductivity is a phenomenon of exactly zero electrical ...... and
expulsion of magnetic fields.
a) conductivity
b) resistance
¢) semi conductivity
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2. Superconductivity occurrs in certain materials when ..... below a
characteristic critical temperature.
a) cooled
b) heated
c)frozen
3. Even near absolute zero, a real sample of a .....conductor shows some
resistance.
a) super
b) semi-
c)normal
4. An electric ... flowing in a loop of superconducting wire can persist
indefinitely with no power source.
a) current
b) circuit
c) device
5. In conventional superconductors, ....... are held together in pairs by an
attraction mediated by lattice phonons.
a) electrons
b) atoms
¢) phonons

GRAMMAR & VOCABULARY

10. Choose the right option (a—c) for every question (1-10). The example
is given.

1. Voltage drop is the a.reduction in voltage in the passive elements (not
containing sources) of an electrical circuit.
a) reduction
b) conduction
c) resistance
2. Resistance is a material's opposition to the flow of electric ......
a) occurrence
b) current
c) reduction
3. Resistance is in ...... ohms.
a) facilitated
b) measured
c) decreased
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4. The resistance and conductance of a wire, resistor, or other element 1s

generally determined by shape and ......
a) energy
b) mechanics
c) materials.

5. Electron is a stable elementary ...... present in all atoms, orbiting the
nucleus in numbers equal to the atomic number of the element in the neutral
atom.

a) particle
b) energy
c) property
6. Electric current is a flow of electric ...... through a medium.
a) particle
b) charge
¢) material
7. A photoresistor is made of a high ...... semiconductor.
a) resistance
b) energy
¢) material

8. Superconductivity by Heike Kamerlingh Onnes on April 8, 1911 in
Leiden.

a) is discovered
b) was discover
c) was discovered

9. There ...... a hypothesis that electron pairing in high-temperature
superconductors is mediated by short-range spin waves known as
paramagnons.

a)is
b) are
c) be
10. If these pressures ...... equal, no water will flow.
a) will be
b) are
c) were

11. Form meaningful expressions using the words from two columns.
Translate your expressions into Russian. Use them in your own
sentences. The example is given.
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1. voltage A. drop

2. copper B. structure

3. microscopic C. wire

4. electrical D. property

5. characteristic E. conductors

6. poor F. resistance

7. free G. electron

8. extrinsic H. superconductor
9. incandescent I. lamp
10.conventional J. devices

12. Put the words into the correct form. The example is given.

1. | Electrical engineers have contributed to the develop
development of a wide range
2 | of technologies. They design, develop, test and supervision

...... the deployment
3 | of electrical systems and .... devices. For example, | electron
they may work
4 | on the design of ...... systems, the operation of telecommunicate
electric power stations
5 | the lighting and wiring of buildings, the design of | apply
household.....,

6 | or the electrical control of ...... machinery. industry
Satellite communications

7 | is one of many projects an ..... engineer might electricity
work on. Fundamental

8 | to the discipline are the ...... of physics and science
mathematics as these

9 | help to obtain both a qualitative and quantitative describe
.....of how such

10 | systems will work. Today most ...... work engineering

involves the use of computers.

13. Complete the sentences (1-10) with the suitable collocations (A-J).
Use each collocation only once. The example is given.
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a compass needle

charged and non-charged objects
to charged bodies

devices known as electroscopes
is influenced by electrostatic
magnetic and electrical forces
magnetism and static electricity
another device called a Terrella
electricity.

a needle constructed out of metal

SCEomMmUO® R

The versorium is 1...... which is allowed to pivot freely on a pedestal. It
is similar to 2...... , but unmagnetized. The needle is attracted 3........

S

brought near it, turning towards the charged object. é

Since it is able to distinguish between 4...... , it 1s an example of a class of
5., The versorium is of a similar construction to the magnetic compass,
but 6....... rather than magnetic forces. At the time it was invented, the
differences between 7 ....... were poorly understood and Gilbert did a series
of experiments to prove they were two separate types of forces with the
versorium and 8..... (or «little Earthy). In fact, Gilbert was the first to draw a
clear distinction between 9..... and is credited with establishing the term
10.........

14. Translate the sentences from English into Russian.

1. Electricity is a phenomenon associated with stationary or moving
electric charges.

2. The discovery of the electron, which carries a charge designated as
negative, showed that the various manifestations of electricity are the
result of the accumulation or motion of numbers of electrons.

3. If the numbers of electrons and protons are equal, the atom is
electrically neutral.

4. The charge can be built up by rubbing certain objects together, such as
silk and glass or rubber and fur.

5. Electricity, especially at high voltages or high currents, is a dangerous
commodity.

6. Studies have shown a correlation between electromagnetic fields and
cancer, but many of the studies have been challenged as
methodologically flawed.
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7. Other dangers from electricity include stray voltage and
electromagnetic field radiation.

8. The generation, transmission, and distribution of electric power are
heavily regulated.

9. The electric generator was invented by Michael Faraday in 1831.

10. A flow of electric charge constitutes an electric current.

WRITING

15. Read the text and write an abstract.
Voltage Drop

Voltage drop is the reduction in voltage in the passive elements (not
containing sources) of an electrical circuit. Voltage drops across conductors,
contacts, connectors and source internal resistances are undesired as they
reduce the supplied voltage (think: drain the battery) while voltage drops
across loads and other electrical and electronic elements are useful and
desired.

In electrical wiring, national and local electrical codes may set
guidelines for maximum voltage drop allowed in a circuit conductors, to
ensure reasonable efficiency of distribution and proper operation of electrical
equipment (the maximum permitted voltage drop varies from one country to
another) [1]. Voltage drop may be neglected when the impedance of the
interconnecting conductors is small relative to the other components of the
circuit. For example, an electric space heater may very well have a resistance
of ten ohms, and the wires which supply it may have a resistance of 0.2
ohms, about 2 % of the total circuit resistance. This means that 2 % of the
supplied voltage is lost in the wire itself. Excessive voltage drop will result in
unsatisfactory operation of electrical equipment, and represents energy
wasted in the wiring system. Voltage drop can also cause damage to
electrical motors.

In electronic design and power transmission, various techniques are
used to compensate for the effect of voltage drop on long circuits or where
voltage levels must be accurately maintained. The simplest way to reduce
voltage drop is to increase the diameter of the conductor between the source
and the load which lowers the overall resistance. The more sophisticated
techniques use active elements to compensate the undesired voltage drop.
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UNIT 3
The age of electricity

LEAD-IN
1. Do you know when electricity was discovered?
2. Who was the author of the discovery?

3. How did the discovery of electricity influence the scientific progress?

READING
4. Before reading the text say whether these sentences are true or false.

1. The age of electricity began in 1919.

2. The power grid is an electrical network that connects a variety of
electric generators to the suppliers of electric power.

3. Users purchase electricity from the grid can not avoid the costly
exercise of having to generate their own.

4. Transforming is important because higher voltages suffer less power
loss during transmission.

5. To drive highly efficient electric motors such as induction motors you
need three-phase power.

6. The losses, appearing in the form of heat, are equal to the current
squared times the electrical resistance through which the current flows.

The age of electricity began with the work of Hans Christian Oersted
(1777-1851), who demonstrated in 1819 that a current-caving conductor
could produce a magnetic field. This was the first time that a relationship
between electricity and magnetism had been established. Oersted’s work
started a chain of experiments across Europe that culminated in the discovery
of electromagnetic induction by Michael Faraday (1791-1867) in 1831.
Faraday demonstrated that it was possible to produce an electric current by
means of a magnetic field and this subsequently led to the development of
electric motors, generators and transformers.
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In 1888 Nikola Tesla (1 856-1943) at Columbus, Ohio, USA, invented
the first induction motor which has become the basic prime mover to run the
wheels of industry today. Below, for simplicity, we first discuss a polyphase
and then a single-phase motor.

Power Engineering deals with the generation, transmission and
distribution of electricity as well as the design of a range of related devices.
These include transformers, electric generators, electric motors and power
electronics.

The power grid is an electrical network that connects a variety of
electric generators to the users of electric power. Users purchase electricity
from the grid avoiding the costly exercise of having to generate their own.
Power engineers may work on the design and maintenance of the power grid
as well as the power systems that connect to it. Such systems are called on-
grid power systems and may supply the grid with additional power, draw
power from the grid or do both.

Power engineers may also work on systems that do not connect to the
grid. These systems are called off-grid power systems and may be used in
preference to on-grid systems for a variety of reasons. For example, in remote
locations it may be cheaper for a mine to generate its own power rather than
pay for connection to the grid and in most mobile applications connection to
the grid is simply not practical.

Today, most grids adopt three-phase electric power with alternating
current. This choice can be partly attributed to the ease with which this type
of power can be generated, transformed and used. Often the power is split
before it reaches residential customers whose low-power appliances rely
upon single-phase electric power. However, many larger industries and
organizations still prefer to receive the three-phase power directly because it
can be used to drive highly efficient electric motors such as three-phase
induction motors.

Transformers play an important role in power transmission because they
allow power to be converted to and from higher voltages. This is important
because higher voltages suffer less power loss during transmission. This is
because higher voltages allow for lower current to deliver the same amount
of power, as power is the product of the two. Thus, as the voltage steps up,
the current steps down. It is the current flowing through the components that
result in both the losses and the subsequent heating. These losses, appearing
in the form of heat, are equal to the current squared times the electrical
resistance through which the current flows, so as the voltage goes up the
losses are dramatically reduced.

For these reasons, electrical substations exist throughout power grids to
convert power to higher voltages before transmission and to lower voltages
suitable for appliances after transmission.
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VOCABULARY

When did the age of electricity begin?

What did M. Faraday demonstrate in 18317

What was the invention of N. Tesla?

What significance did it have for further technological development?
What does power engineering deal with?

What is the power grid for?

How can you call the systems which are not connected to the grid?
What is the standard adaptation of the most grids?

Where are single-phase and three-phase electric powers used?

10 What are transformers for?

11. What is the aim of increasing voltage?

12. How can electric power be converted higher voltage?

6. Match the words to their definitions.

1 | generation A | Change

2 | deal with B | The act of sending through or across

3 | resistance C | The sending of a signal, picture, or other information from a
transmitter

4 | subsequent D | The act of distributing or the condition of being distributed,;
apportionment

5 | convert E | the movement of electric charge periodically reverses direction.
In direct current (DC), the flow of electric charge is only in one
direction

6 | voltage F | One that generates, especially a machine that converts
mechanical energy into

7 | transmission | G | Have contact with another person or people

8 | power H | A device used to transfer electric energy from one circuit to
another, especially a pair of multiply wound, inductively
coupled wire coils that effect such a transfer with a change in
voltage, current, phase, or other electric characteristic

9 | distribution I | a system of high tension cables by which electrical power is
distributed throughout a region

10 | electric J | Something that fights against or stops, power

generator

11 | transmission | K | A exponent. It is a number that tells how many times another

number should be multiplied by itself.
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12 | Transformer | L | refers to the distribution of alternating current electric power
using a system in which all the voltages of the supply vary in

unison
13 | power grid M | The act or process of generating; origination, production, or
procreation
14 | alternating N | Electrical energy
current
15 | single-phase | O | Next or later
electric
power

7. Fill in the gaps with the words from the table.

1. The old house doesn't have enough for a
big air conditioner.

2. The old school was into an office building.

3. The radio ended when the battery died.

4. The article a lot of letters to the editor.

5. The company revenue by leasing cars.

6. He has to many employees at work who all
have different issus.

7. His first job was terrible but the jobs were

better and more interesting.
8. Electricians wear heavy rubber gloves because of their
to electricity.

8. Fill in the blanks with the words from the table.

electric current neutral wire alternating currents
transfer three-phase system single-phase appliances
In a, 1 three circuit conductors carry three 2

(of the same frequency) which reach their instantaneous peak values at
different times. Taking one conductor as the reference, the other two currents
are delayed in time by one-third and two-thirds of one cycle of the 3.
This delay between phases has the effect of giving constant power

4 over each cycle of the current and also makes it possible to
produce a rotating magnetic field in an electric motor.

Three-phase systems may have a 5. A neutral wire allows the
three-phase system to use a higher voltage while still supporting lower-
voltage 6. In high-voltage distribution situations, it is common not
to have a neutral wire as the loads can simply be connected between phases
(phase-phase connection).
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9. Fill in the blanks with the necessary forms of the words from the right.

Single-phase loads may 1 to a three- 1 CONNECT
phase system in two ways. A load may be connected
across two of the three phase 2 or a load can be 2 CONDUCT

connected from a live phase conductor to the system
neutral. Single-phase loads should be distributed

3 between the phases of the three-phase system | 3 EVEN
for efficient use of the supply transformer and supply
conductors. Where the line-to-neutral voltage is a

standard 4 voltage (for example in a 230 V/400 | 4 UTILIZE
V system), individual single-phase utility customers or
loads may each be connected to a 5 phase of the | 5 DIFFER

supply. Where the line-to-neutral voltage is not a
common utilization voltage, for example in a 347/600 V
system, single-phase loads must be supplied by
individual step-down 6. 6 TRANSFORM

10. Before reading the text say whether this sentences are true or false.

1. Modern power engineering consists of two main subsystems.

2. There are several different transformation processes, among which are
chemical, photo-voltaic, and electromechanical.

3. The turbine-generator conversion process is the most economical and
most common in the industry today.

4. Transmission circuits may be built only underground.

5.There are four possible causes for power flow limitations to a
transmission line.

6. Without adequate contact protection, the occurrence of undesired
electric arcing causes significant degradation of the contacts, which
suffer serious damage.

READING
Components

Power engineering is a network of interconnected components which
convert different forms of energy to electrical energy. Modern power
engineering consists of three main subsystems: the generation subsystem, the
transmission subsystem, and the distribution subsystem. In the generation
subsystem, the power plant produces the electricity. The transmission
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subsystem transmits the electricity to the load centers. The distribution
subsystem continues to transmit the power to the customers.

Generation

Generation of electrical power is a process whereby energy is
transformed into an electrical form. There are several different transformation
processes, among which are chemical, photo-voltaic, and electromechanical.
Electromechanical energy conversion is used in converting energy from coal,
petroleum, natural gas, uranium into electrical energy. Of these, all except the
wind energy conversion process take advantage of the synchronous AC
generator coupled to a steam, gas or hydro turbine such that the turbine
converts steam, gas, or water flow into rotational energy, and the
synchronous generator then converts the rotational energy of the turbine into
electrical energy. It is the turbine-generator conversion process that is by far
most economical and consequently most common in the industry today.

The AC synchronous machine is the most common technology for
generating electrical energy. It is called synchronous because the composite
magnetic field produced by the three stator windings rotate at the same speed
as the magnetic field produced by the field winding on the rotor. A simplified
circuit model is used to analyze steady-state operating conditions for a
synchronous machine. The phasor diagram is an effective tool for visualizing
the relationships between internal voltage, armature current, and terminal
voltage. The excitation control system is used on synchronous machines to
regulate terminal voltage, and the turbine-governor system is used to regulate
the speed of the machine.

The operating costs of generating electrical energy is determined by the
fuel cost and the efficiency of the power station. The efficiency depends on
generation level and can be obtained from the heat rate curve. We may also
obtain the incremental cost curve from the heat rate curve.

Transmission

The electricity is transported to load locations from a power station to a
transmission subsystem. Therefore we may think of the transmission system
as providing the medium of transportation for electric energy. The
transmission system may be subdivided into the bulk transmission system
and the sub-transmission system. The functions of the bulk transmission are
to interconnect generators, to interconnect various areas of the network, and
to transfer electrical energy from the generators to the major load centers.
This portion of the system is called «bulk» because it delivers energy only to
so-called bulk loads such as the distribution system of a town, city, or large
industrial plant. The function of the sub-transmission system is to
interconnect the bulk power system with the distribution system.
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Transmission circuits may be built either underground or overhead.
Underground cables are used predominantly in urban areas where acquisition
of overhead rights of way are costly or not possible. They are also used for
transmission under rivers, lakes and bays. Overhead transmission is used
otherwise because, for a given voltage level, overhead conductors are much
less expensive than underground cables.

The transmission system is a highly integrated system. It is referred to
the substation equipment and transmission lines. The substation equipment
contain the transformers, relays, and circuit breakers. Transformers are
important static devices which transfer electrical energy from one circuit with
another in the transmission subsystem. Transformers are used to step up the
voltage on the transmission line to reduce the power loss which is dissipated
on the way. A relay is functionally a level-detector; they perform a switching
action when the input voltage (or current) meets or exceeds a specific and
adjustable value. A circuit breaker is an automatically operated electrical
switch designed to protect an electrical circuit from damage caused by
overload or short circuit. A change in the status of any one component can
significantly affect the operation of the entire system. Without adequate
contact protection, the occurrence of undesired electric arcing causes
significant degradation of the contacts, which suffer serious damage. There
are three possible causes for power flow limitations to a transmission line.
These causes are thermal overload, voltage instability, and rotor angle
instability. Thermal overload is caused by excessive current flow in a circuit
causing overheating. Voltage instability is said to occur when the power
required to maintain voltages at or above acceptable levels exceeds the
available power. Rotor angle instability is a dynamic problem that may occur
following faults, such as short circuit, in the transmission system. It may also
occur tens of seconds after a fault due to poorly damped or undamped
oscillatory response of the rotor motion. As long as the equal area criteria is
maintained, the interconnected system will remain stable. Should the equal
area criteria be violated, it becomes necessary to separate the unstable
component from the remainder of the system.

Distribution

The distribution system transports the power from the transmission
system to the customer. The distribution systems are typically radial because
networked systems are more expensive. The equipment associated with the
distribution system includes the substation transformers connected to the
transmission systems, the distribution lines from the transformers to the
customers and the protection and control equipment between the transformer
and the customer. The protection equipment includes lightning protectors,
circuit breakers, disconnectors and fuses. The control equipment includes
voltage regulators, capacitors, relays and demand side management
equipment.
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11. Answer the questions.

What does modern power engineering consist of?
How do all three components function?

What is the generation of electrical power?

What are the forms of transformation process?
How does the AC synchronous machine work?
What does the transmission system do?

Give the definition for the world «bulk».

What are the forms of transmission circuits?

How does the system of transformers function?

10 Describe the distribution system of electric power?
11. What are the components of the protection and control equipment?

N R O

VOCABULARY

12. Match the words to their definitions.

1 | analyze A | Step by step actions

2 | excitation | B | To move in a circle

3 | rotate C | The ability to do work. In living things, energy is stored
as ATP, which can be used to do work in cells

4 | transform | D | A ratio that compares two different measurements

5 | incremental | E | To examine carefully and make a judgment

6 | conversion | F | Change the shape or nature of something

7 | energy G | A change from one state or position to another, or from
one form to another

8 | rate H | Intensified emotion or action

13. Fill in the gaps with the words from the table.

1. Organisms obtain through the process of
cellular respiration.
2. The of the building, from a school into a

hotel, cost a lot of money.
3. Miles per hour, heartbeats per minute, and price per pound are all

4. For many years, his hair loss was
5. The banker the account.
6. When the moon is full he is into a wolf.
7. The earth around the sun.
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14. Fill in the blanks with the words from the table.

voltage rate cost
efficiency conversion transformed

1. The efficiency depends on generation level and can be obtained from
the heat  curve.

2. The operating costs of generating electrical energy is determined by
the fuel cost and the of the power station.

3. The phasor diagram is an effective tool for visualizing the relationships

between internal, armature current, and terminal voltage.

4. Generation of electrical power is a process whereby energy is
into an electrical form.

5. Electromechanical energy is used in converting energy from

coal, petroleum, natural gas, uranium into electrical energy.
6. The operating costs of generating electrical energy is determined by
the fuel and the efficiency of the power station.

15. Fill in the blanks with the necessary forms of the words from the
right.

One method for 1 three-phase equipment on | 1 USE
a single-phase supply is with a rotary phase 2, |2 CONVERT
essentially a three-phase motor with special starting

3 and power factor 4 that produces | 3 ARRANGE
balanced three-phase voltages. When properly | 4 CORRECT
designed, these rotary converters can allow 5

operation of three-phase equipment such as machine | 5 SATISEFACTION
tools on a single-phase supply. In such a device, the
energy storage is performed by the 6 inertia | 6 MECHANIC
(flywheel effect) of the rotating components. An
external flywheel is sometimes found on one or
both ends of the shaft.

16. Translate the sentences from English into Russian.
1. Central processing unit (CPU) s the hardware within a computer
system which carries out the instructions of a computer program by

performing the basic arithmetical, logical, and input/output operations
of the system.
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2. This is in the form of a micro controller and can be called the brain of

the PLC.

It computes and analyses the various data fed into it.

4. It acts like a comparator and makes decisions on the corrective action
necessary to fulfil process needs according to the instructions received
from the program stored in the memory and generates the output
commands.

5. Memory unit is the unit that stores the data and the messages and the
diagnostic information.

6. It stores all the data that defines the process to help the CPU act
logically and also stores diagnostic information.

7. It is a part of a computer that contains arithmetical and logical controls
and internal memory and programming devices.

8. The unit receives inputs (temperature, pressure, speed or any
information which may form a part of the process) from the system.

9. It then compares it with the reference data, which is already
programmed into its memory module, analyses it and then sends a
corrective signal to the process line devices, controlling temperature,
pressure, speed.

10. A separate unit is used for programming and editing (e.g. a hand- held
programmer or a computer).

W

17. Translate the sentences from Russian into English/

1. [IpenmecTByroIiee pa3BUTHE OBLIO OCHOBAHO HA MPEANOI0KEHUH, YTO
BCE MapaMeTphbl U IEpeMeHHbIe ObLTN BhIpakeHbI B eauHuIax CU.

2. JIOBOIBHO YacTO KpyHmHOMAacHITaOHblE CHUCTEMHBIE HCCIIEJOBAHMS
Y BBIUYMCIICHUS BBIITOJIHEHBI B CUCTEME 3a €IMHULLY U3MEPEHUSI.

3. Takum oOpa3oM, Mbl JOJDKHBI YYHUTHIBATh BJIMSHHE BBIYUCICHHUS 32
€IVHHUILY Ha MTOCIE0BATENBbHOCTD IEMCTBUM.

4. Takoe mpeoOpa3oBaHUE SIBISETCA JIOBOJBHO TNPSIMOJUHEHHBIM H3-3a
CXOJICTBA MEXAY MPSMBIM U OOpaTHBIM MOCIE0BATENBHOCTBIO U (ha30il.

5. CoOTBETCTBYIOIIME CUCTEMBI OTCUETA OJUHAKOBBI AJi1 OOpATHOW WM
HYJIEBOW COCTABJISIIOLLIEH.

6. OT™MeTHM, 4YTO JOTNOJHUTENbHAs MPUIUCKA «pu» Obula J00aBiEHA,
yTOOBl 0003HAUYUTHh TMEPEMEHHYI0 32 €AMHMILY; TEepPEeMEHHBIE B
enununax CU He UMeIoT JOMOIHUTENbHBIX 0003HAYEHUI.

7. Ana paccMoTpeHus TpaHc(OpMaTOpOB U TPyl TpaHC(HOPMATOPOB, MbI
OrpaHUYUMCs pabOTO B cUCTEME 3a €AMHHUILY.

8. Takum oOpa3zom, MOKHO MpeHeOpeUb UAeaIbHBIM TpaHC(HOPMATOPOM B
NEPEXOAHUKE MTPU PACYETHBIX YCIOBUSX.
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9. DKBUBAJIGHTHOE COMPOTHUBIICHHE Oyab OHO ojHOda3HOEe WU
TpexdazHoe, Kak MpaBuil0, 0003HAYAETCs HA TaOJIUYKE.

10. PazButrie HyneBOW WM OOpaTHOM COCTAaBISAIONIEH I JTHUX
YCTPOMCTB HE SIBISCTCS CI0KHBIM, HO TpeOyeT BHUMAHHUS K JACTAISIM B
HYJIEBOM MOCJIE10BAaTEILHOCTH.

WRITING
18. Read the text and write anabstract.

Introduction of alternating current

The competition between the direct current (DC) of Thomas Edison and
the alternating current (AC) of Nikola Tesla and George Westinghouse was
known as the War of Currents. At the conclusion of their campaigning, AC
became the dominant form of transmission of power. Power transformers,
installed at power stations, could be used to raise the voltage from the
generators, and transformers at local substations could reduce voltage to
supply loads. Increasing the voltage reduced the current in the transmission
and distribution lines and hence the size of conductors and distribution losses.
This made it more economical to distribute power over long distances.
Generators (such as hydroelectric sites) could be located far from the loads.

In North America, early distribution systems used a voltage of 2.2 kV
corner-grounded delta. Over time, this was gradually increased to 2.4 kV. As
cities grew, most 2.4 kV systems were upgraded to 2.4/4.16 kV, three-phase
systems. In three phase networks that permit connections between phase and
neutral, both the phase-to-phase voltage (4160, in this example) and the
phase-to-neutral voltage are given; if only one value is shown, the network
does not serve single-phase loads connected phase-to-neutral. Some city and
suburban distribution systems continue to use this range of voltages, but most
have been converted to 7200/12470Y, 7620/13200Y, 14400/24940Y, and
19920/34500Y.

European systems used 3.3 kV to ground, in support of the 220/380 Y
volt power systems used in those countries. In the UK, urban systems
progressed to 6.6 kV and then 11 kV (phase to phase), the most common
distribution voltage.

North American and European power distribution systems also differ in
that North American systems tend to have a greater number of low-voltage
step-down transformers located close to customers' premises. For example, in
the US a pole-mounted transformer in a suburban setting may supply
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7-8 houses, whereas in the UK a typical urban or suburban low-voltage
substation would normally be rated between 315 kVA and 1 MVA and
supply a whole neighbourhood. This is because the higher voltage used in
Europe (415 V vs 230 V) may be carried over a greater distance with
acceptable power loss. An advantage of the North American setup is that
failure or maintenance on a single transformer will only affect a few
customers. Advantages of the UK setup are that the transformers may be
fewer, larger and more efficient, and due to diversity there need be less spare
capacity in the transformers, reducing power wastage. In North American
city areas with many customers per unit area, network distribution will be
used, with multiple transformers and low-voltage buses interconnected over
several city blocks.

Rural electrification systems, in contrast to urban systems, tend to use
higher voltages because of the longer distances covered by those distribution
lines (see Rural Electrification Administration). 7.2, 12.47, 25, and 34.5 kV
distribution is common in the United States; 11 kV and 33 kV are common in
the UK, New Zealand and Australia; 11 kV and 22 kV are common in South
Africa. Other voltages are occasionally used.

In New Zealand, Australia, Saskatchewan, Canada, and South Africa,
single wire earth return systems (SWER) are used to electrify remote rural
areas.

While power electronics now allow for conversion between DC voltage
levels, AC i1s preferred in distribution due to the economy, efficiency and
reliability of transformers. High-voltage DC is used for transmission of large
blocks of power over long distances, or for interconnecting adjacent AC
networks, but not for distribution to customers. Electric power is normally
generated at 11-25 kV in a power station. To transmit over long distances, it
is then stepped-up to 400 kV, 220 kV or 132 kV as necessary. Power is
carried through a transmission network of high voltage lines. Usually, these
lines run into hundreds of kilometres and deliver the power into a common
power pool called the grid. The grid is connected to load centres (cities)
through a sub-transmission network of normally 33 kV (or sometimes 66 kV)
lines. These lines terminate into a 33 kV (or 66 kV) substation, where the
voltage is stepped-down to 11 kV for power distribution to load points
through a distribution network of lines at 11 kV and lower.
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Self-study

LEAD-IN
1. What do you know about power distribution system?
2. What are the characteristics of power distribution system?

3. What are the problems of power distribution system

READING

3. Before reading the text say whether this sentences are true or false.

1. Distribution circuits are fed from a transformer located in an electrical
substation, where the voltage is reduced from the high values used for
power transmission.

2. Conductors for distribution may be carried on overhead pole lines, or be
buried underground.

3.In rural areas a pole-mount transformer may not serve only one
customer,

4. In very dense city areas, a secondary network may be formed with many
transformers feeding into a common bus at the utilization voltage.

5. The purpose of connecting the customer's system to ground is to limit
the voltage that may develop if high voltage conductors fall on the
lower-voltage conductors.

6. If all conductive objects are bonded to the same earth grounding system,
the risk of electric shock is maximized.

The modern distribution system

The modern distribution system begins as the primary circuit leaves the
sub-station and ends as the secondary service enters the customer's meter
socket. Distribution circuits serve many customers. The voltage used is
appropriate for the shorter distance and varies from 2,300 to about 35,000
volts depending on utility standard practice, distance, and load to be served.
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Distribution circuits are fed from a transformer located in an electrical
substation, where the voltage is reduced from the high values used for power
transmission.

Conductors for distribution may be carried on overhead pole lines, or in
densely-populated areas where they are buried underground. Urban and
suburban distribution is done with three-phase systems to serve both
residential, commercial, and industrial loads. Distribution in rural areas may
be only single-phase if it is not economical to install three-phase power for
relatively few and small customers.

Only large consumers are fed directly from distribution voltages; most
utility customers are connected to a transformer, which reduces the
distribution voltage to the relatively low voltage used by lighting and interior
wiring systems. The transformer may be pole-mounted or set on the ground
in a protective enclosure. In rural areas a pole-mount transformer may serve
only one customer, but in more built-up areas multiple customers may be
connected. In very dense city areas, a secondary network may be formed with
many transformers feeding into a common bus at the utilization voltage. Each
customer has an «electrical service» or «service drop» connection and a
meter for billing. (Some very small loads, such as yard lights, may be too
small to meter and so are charged only a monthly rate.)

A ground connection to local earth is normally provided for the
customer's system as well as for the equipment owned by the utility. The
purpose of connecting the customer's system to ground is to limit the voltage
that may develop if high voltage conductors fall on the lower-voltage
conductors, or if a failure occurs within a distribution transformer. If all
conductive objects are bonded to the same earth grounding system, the risk of
electric shock is minimized. However, multiple connections between the
utility ground and customer ground can lead to stray voltage problems;
customer piping, swimming pools or other equipment may develop
objectionable voltages. These problems may be difficult to resolve since they
often originate from places other than the customer's premises.

4. Answer the questions.

1. When does the distribution system of power begin?

2. How does the voltage for the shorter distance vary?

3. How are the distribution circuits fed?

4. What are the ways of carrying conductors for distribution?

5. Why are most utility customers connected to a transformer but not to
distribution voltages?

6. What is the purpose of connecting the customers system to the ground?

7. Where do the multiple connections between the utility ground and

customer ground lead?
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5. Match the words to their definitions.

1 | appropriate | A | Usefulness

2 | minimize | B | Large amounts of something in a limited space

3 | network C | Be different from

4 | protective | D | Correct for the time or place

5 | utility E | Electrical energy

6 | bond F | To connect, set up or prepare something for use

7 | vary G | To make less

8 | voltage H | Tie or hold together

9 | practice I | A group of connected parts that work together

10 | dense J | An organisms that gets its energy from other organisms
because it cannot make its own energy from non-living
things in the environment

11 | install K | Serves to keep safe

12 | consumer | L | Usual ways of doing things

6. Fill in the gaps with the words from the table.

1. It is the company's
2. The old house doesn't have enough

to hire local workers.
for a

big air conditioner.

3. My taste in music greatly from my friends'.

4. All animals are because they have to eat
other things in order to get energy.

5. The chef will a new stove in the restaurant.

6. New York City has a population.

7. The city bus can take you anywhere.

8. The dentist used Novocaine to the pain.

9. It is not to smoke in class.

10. The glue the paper to the wall.

11. Swiss-Army knives have a lot of , you can

do many things with them.
12. The cap on the bottle keeps children from

taking the medicine.
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7. Fill in the blanks with the necessary forms of the words from the right.

Two-phase electric power, like three-phase, gives
constant power transfer to a linear load. For loads that
connect each phase to neutral, 1 the load is the | 1 ASSUME
same power draw, the two-wire system has a neutral
current which is greater than neutral current in a three-

phase system. Also motors are not 2 linear, | 2 ENTIRE
which means that despite the theory, motors running
on three-phase tend to run 3 than those on two- | 3 SMOOTH

phase. The generators in the Adams Power Plant at
Niagara Falls which were installed in 1895 were
4 generators in the world at the time and were | 4 LARGE
two-phase machines. True two-phase power 5|5 DISTRIBUTE
is essentially obsolete. Special-purpose systems may
use a two-phase system for control. Two-phase power

may 6 from a three-phase system using an | 6 OBTAIN
arrangement of transformers called a Scott-T
transformer.

8. Translate the sentences from English into Russian.

1. It is also recommended to avoid a parallel running of power and signal
control coaxial cables.

2. Also, for each signal a separate two-core control cable must be used,
since common return of different analogue signals 1is not
recommended.

3. In a fixed construction, all the feeders in the switchboard, feeding the
various load points, are securely mounted in the assembly and rigidly
connected to the main bus.

4. In the event of a fault in one feeder on the bus side, a shutdown of the

entire switchboard may be required.

A process industry or critical loads can ill afford such an arrangement.

6. However, since this is the most cost-effective switchboard, it is also the
most common type and is used extensively.

7. 1t also suih all applications, except a process industry or critical loads,
which may not be able to afford a total shutdown or prolonged
downtime in the event of a fault.

8. In such cases a draw-out type switchboard will prove to be a better
choice.

9. A fixed-type construction may further be classified as follows.

10. In this construction there is a common bus that runs horizontally and is
mounted on vertical floor structures.

9}
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9. Translate the sentences into English.

1. Tpancpopmarop — dIeKTpuUyecKas MalluHa, COCTOAIlas W3 Habopa
WHIYKTUBHO CBSI3aHHBIX OOMOTOK Ha KaKOM-JTHOO MarHUTOIIPOBOJIE.

2. Tpancopmartop mnpenHazHayeH g IpeoOpa3oBaHUsS MOCPEACTBOM
3JIEKTPOMAarHUTHOM MHIAYKIMWA OJHOW WM HECKOJBbKHX CHCTEM
MIEPEMEHHOIO TOKA B OJIHY WJIM HECKOJBKO JAPYTHX CUCTEM IEPEMEH-
HOT'O TOKA.

3. Ilpu npeoOpazoBaHUU 4acTOTHI CUCTEM(bI) IEPEMEHHOTO TOKAa HE U3Me-
HAETCSL.

4. Tpancopmarop  OCyIIECTBISIET  IpeoOpa3oBaHUE  HAMPSHKCHUS
NEPEMEHHOT0 TOKa /WM TrajJbBaHUYECKYIO Pa3Bs3Ky B CaMbIX pasiind-
HBIX 00JIACTSX MPUMEHEHHUS — JIEKTPOIHEPTeTUKE, DIIEKTPOHUKE U pa-
TUOTEXHUKE.

5. KonctpyktuBHO  TpaHchopMaTop MOXKET COCTOSITh M3  OJHOU
(aBTOTpaHchopMaTOp) WIIK HECKOIBKUX W30JUPOBAHHBIX KATYIIICK.

6. Karymiku MoryT ObITh MPOBOJIOYHBIE, INOO JIEHTOYHBIE, OXBATHIBAEMBIE
OOIIIMM MarHUTHBIM TOTOKOM.

7. Kak npaBuio, OHM HaMaTbIBAIOTCSI, HA MAarHUTOMPOBO/T (CEp/ICUHUK) U3

(beppOMarHUTHOTO MarHUTO-MATKOTO MaTepuana.

. PabGota Tpanchopmaropa ocHOBaHa Ha ABYX 0a30BbIX MPUHITUIIAX:

9. N3MeHsIoIMiACS BO BPEMEHU AJIEKTPUYECKUN TOK CO3HAET U3MEHSIO-
1Ieecsi BO BpeMEHU MarHUTHOE T0JI€ (3JIEKTPOMATrHETH3M )

10. I3MeHeHne MarHuTHOTO MOTOKA, MPOXOJAIIET0 uyepe3 0OMOTKY, CO3-
AT BJIEKTPOJIBUTAOIIYI0 CHIIYy B 9TOH OOMOTKE (SJIEKTpOMArHUTHAS

WHTYKIIHS).

oo

WRITING
10. Read the text and write an annotation.
Distribution network configurations

Distribution networks are typically of two types, radial or
interconnected (see spot network). A radial network leaves the station and
passes through the network area with no normal connection to any other
supply. This is typical of long rural lines with isolated load areas. An
interconnected network is generally found in more urban areas and will have
multiple connections to other points of supply. These points of connection are
normally open but allow various configurations by the operating utility by
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closing and opening switches. Operation of these switches may be by remote
control from a control center or by a lineman. The benefit of the
interconnected model is that in the event of a fault or required maintenance a
small area of network can be isolated and the remainder kept on supply.

Within these networks there may be a mix of overhead line construction
utilizing traditional utility poles and wires and, increasingly, underground
construction with cables and indoor or cabinet substations. However,
underground distribution is significantly more expensive than overhead
construction. In part to reduce this cost, underground power lines are
sometimes co-located with other utility lines in what are called common
utility ducts. Distribution feeders emanating from a substation are generally
controlled by a circuit breaker which will open when a fault is detected.
Automatic circuit reclosers may be installed to further segregate the feeder
thus minimizing the impact of faults.

Long feeders experience voltage drop requiring capacitors or voltage
regulators to be installed.

Characteristics of the supply given to customers are generally mandated
by contract between the supplier and customer. Variables of the supply
include:

e AC or DC — Virtually all public electricity supplies are AC today.
Users of large amounts of DC power such as some electric railways,
telephone exchanges and industrial processes such as aluminium smelting
usually either operate their own or have adjacent dedicated generating
equipment, or use rectifiers to derive DC from the public AC supply.

e Voltage, including tolerance (usually +10 or —15 percent).

e Frequency, commonly 50 or 60 Hz, 16.6 Hz and 25 Hz for some
railways and, in a few older industrial and mining locations, 25 Hz. [2]

¢ Phase configuration (single-phase, polyphase including two-phase and
three-phase).

e Maximum demand (usually measured as the largest amount of power
delivered within a 15 or 30 minute period during a billing period).

e Load factor, expressed as a ratio of average load to peak load over a
period of time. Load factor indicates the degree of effective utilization of
equipment (and capital investment) of distribution line or system.

e Power factor of connected load.

e Earthing systems — TT, TN-S, TN-C-S or TN-C.

e Prospective short circuit current.

e Maximum level and frequency of occurrence of transients.
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UNIT 4 ACADC
AC/DC power

LEAD-IN
1. What is the difference between DC and AC?

2. Where each of them can be applied?

READING
3. Before reading the text say whether these sentences are true or false.

1. There are no practical advantages of Ac power over dc power.

2. One major drawback of the single-phase circuit is the oscillatory nature
of the instantaneous power flow.

3. A three-phase circuit, under balanced conditions has no constant,
nonpulsating (time invariant), instantaneous power.

4. Almost all bulk electric power generation and consumption take place
in three-phase systems.

5. The majority of three-phase systems are four-wire, wye-connected
systems.

6. The cost of a neutral conductor is substantially more than that of a
phase conductor.

Ac power has significant practical advantages over dc power in
generation, transmission, and distribution. One major drawback of the single-
phase circuit is the oscillatory nature of the instantaneous power flow p(?).
The consequent shaft vibration and noise in single-phase machinery are
rather undesirable. A three-phase circuit, on the other hand, under balanced
conditions has constant, nonpulsating (time invariant), instantaneous power,
the pulsating strain on generating and load equipment is eliminated. Also for
power transmission, a balanced three-phase system delivers more watts per
kilogram of conductor than an equivalent single-phase system. For these
reasons, almost all bulk electric power generation and consumption take
place in three-phase systems.
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The majority of three-phase systems are four-wire, wye-connected
systems, in which a grounded neutral conductor is used. Some three-phase
systems such as delta-connected and threewire wye-connected systems do not
have a neutral conductor. Because the neutral current is nearly zero under
normal operating conditions, neutral conductors for transmission lines are
typically smaller in size and current-carrying capacity than the phase
conductors. Thus, the cost of a neutral conductor is substantially less than
that of a phase conductor. The capital and operating costs of three-phase
transmission and distribution systems, with or without neutral conductors, are
comparatively much less than those of separate single-phase systems.

Ratings of three-phase equipment, such as generators, motors,
transformers, and transmission lines, are usually given as total three-phase
real power in MW, or as total three-phase apparent power in MVA, and as
line-to-line voltage in kV.

4. Answer the questions.

1. What are the major drawbacks of the single-phase circuit?

2. Why do almost all bulk electric power generation and consumption take

place in three-phase systems?

How are three-phased systems constructed?

4. What is the cost of a neutral conductor in comparison with phase

conductor?

Why do any systems have no neutral conductor?

6. Compare the capital and operating costs of three-phase transmission
and distribution systems.

(%)

)}

5. Match the words to their definitions.

1 | apparent A | The parts of a machine or a collection of machines

2 | generate B | A part of a project or process

3 | instantaneous | C | Size; quantity; volume

4 | machinery D | Done immediately without any time going by

5 | neutral E | Electrical energy

6 | eliminate F | — Exchanges or sacrifcies made in order to obtain
something else

7 | bulk G | — Not having a strong position, opinion or favorite

8 | phase H | Obvious; easy to understand

9 | voltage I | Getrid of

10 | cost J | To create, make or produce
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6. Fill in the gaps with the words from the table.

1. The radio ended when the battery died.

2. The old house doesn't have enough for a
big air conditioner.

3. The box wasn't heavy but it was expensive to mail because of its

4. Catching prey by running it down energy.

5. In the first of life, babies are totally
dependent on their mothers.

6. The article a lot of letters to the editor.

7. Tt will take time to get in shape; the results will be slow, not

8. The company revenue by leasing cars.
9. The empty bottles and dirty dishes make it
that there was a party here.
10. After cars became common, horses were
from many cities.

I11.Tam about this election; I don't care who wins.

12. Inventions were made in all kinds of to
increase the products of a day's labor in the shop. — US Grant — The
Autobiography.

7. Fill in the blanks with the necessary forms of the words from the right.

1 the solar heat concentrators, photovoltaic | 1 LIKE
panels convert sunlight directly to electricity.
Although sunlight is free and abundant, solar
electricity is still usually more expensive to produce
than large-scale mechanically generated power due to
the cost of the panels. Low-efficiency silicon solar
cells 2 in cost and multijunction cells with | 2 DECREASE
close to 30 % conversion efficiency are now 3 | 3 COMMERCE
available. Over 40% efficiency has been
demonstrated in experimental systems. Until recently,
photovoltaics were most commonly used in remote
sites where there is no access to a commercial power
grid, or as a supplemental electricity source for
individual homes and businesses. Recent advances in

4 efficiency and photovoltaic technology, | 4 MANUFACTURE

combined with subsidies driven by 5|5 ENVIRONMENT
concerns, have dramatically accelerated the
deployment of solar panels. 6 capacity is | 6 INSTALL

growing by 40 % per year led by increases in
Germany, Japan, California and New Jersey.
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8. Read the text and answer the questions.

1. Can you calculate the converting of three-phase system into one-phase
system?
2. What formula are used?

The complex power S. in a single-phase system is the complex sum of
the real (P) and reactive (Q) power, expressed as follows:

S.=P+jO=V.Ix=11%xZ=12Z 6Z=VI 0V —06I
where 0V is the angle associated with V. (with respect to any chosen
reference), 0/ is the angle associated with /. (with respect to the same
reference chosen), 67 is the impedance angle, V. is the rms voltage phasor, /.
is the rms current phasor, and Z. = R £+ jX i1s the complex impedance with a

magnitude of Z. Note that * stands for complex conjugate. If the voltage
phasor V. itself is taken to be the reference, 6/ = 0 and 6/ may be replaced by
0 without any subscript.

The power factor PF is given by the ratio of the real power P (expressed
in watts) to the apparent power S = P2 + Q2 expressed in volt-amperes,

PF=P/S=cos 0

where 0 = tan—1 Q/P. Inductive loads cause current to lag voltage and are
referred to as lagging power factor loads. Conversely, capacitive loads cause
current to lead voltage and are referred to as leading power factor loads.

For a case with lagging power factor, the formula shows voltage and
current phasors. It depicts the real, reactive, and apparent powers; and next
formula gives the power triangle. Loads on the electric power system are
generally inductive, which will cause the phase current to lag the
corresponding applied phase voltage. The real power component represents
the components of voltage and current that are in phase, whereas the reactive
power component represents the components of voltage and current that are
in quadrature (that is, 90° out of phase).

The power expressions for the three-phase case, in terms of the line
quantities, are

S30=P3¢+,j030¢
in which 0P is the phase angle between the voltage and the current of any
particular phase, and cos 0P is the power factor.

Under most normal operating conditions, the various components of the
three-phase system are characterized by complete phase symmetry. If such
phase symmetry is assured throughout the power system, it is desirable to
simplify the analytical efforts to a great extent by the use of per-phase
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analysis. Also recall that three-phase systems are most often represented by
single-line (one-line) diagrams.

The energy E associated with the instantaneous power over a period of
time 7 seconds is given by

E=PT
where £ is the energy in joules that is transferred during the interval, and P is
the average value of the real-power component in joules per second.

Note that the reactive-power component does not contribute to the
energy that is dissipated in the load. The energy associated with the reactive
power component is transferred between the electric fields (which result from
the application of the sinusoidal voltage between the phase conductors and
ground) and the magnetic fields (which result from the flow of sinusoidal
current through the phase conductors).

Many industrial loads have lagging power factors. Electric utilities may
assess penalties for the delivery of reactive power when the power factor of
the customer’s load is below a minimum level, such as 90 %. Capacitors are
often used in conjunction with such loads for the purpose of power factor
correction or improvement. An appropriate capacitor connected in parallel
with an inductive load cancels out the reactive power and the combined load
may have unity power factor, thereby minimizing the current drawn from the
source.

9. Fill in the blanks with the necessary forms of the words from the right.

The three-phase system is by far the most common
polyphase system used for generation, 1, and | ] TRANSMIT
heavy power utilization of ac electric energy because of its
economic and 2 advantages. An ideal three-phase | 2 OPERATE
source generates three sinusoidal voltages of equal
amplitudes 3 from each other by an angle of 120° | 3 PLACE
in time. The voltages generated by the giant synchronous
generators in power stations are practically sinusoidal with
a 4 of 60 Hz in the United States, or 50 Hz in the | 4 FREQUENT
United Kingdom and many other countries. Even though
voltages and currents are sinusoidal, the power 5 to | 5 DELIVER
a balanced load is constant for a three-phase system. The
three-phase scheme of power transmission offers the
advantages of 6 the ac mode, constant power flow, | 6 USE
and high power transfer capability.
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10. Translate the sentences from English into Russian.

1. The feeders are mounted above and below this busbar chamber.

2. Since there are only two feeders in a vertical plane, these switchboards
occupy a sizeable floor space, but they are rugged and easy to handle.

3. They are good for very hard use such as construction power — i.e. the
temporary power required during the construction period of a project —
and have to weather severe climatic and dusty conditions.

4. It 1s possible to construct them in a cast iron enclosure making them
suitable for extremely humid and chemically aggressive areas and also
for areas that are fire-prone.

5. The use of such assemblies is now on the decline, due to the
availability of better cubicle designs.

6. This is in the form of a sheet metal housing, compact in design and
elegant in appearance.

7. The feeders are now mounted one above the other up to a permissible
height at which the operator can easily operate.

8. It thus makes an optimum utilization of the vertical space and saves on
floor area.

9. In this construction each feeder is mounted on a separate withdrawable
chassis.

10. In the event of regular maintenance or repairs, they can be swiftly
racked-out or racked-in to their modules without disconnecting the
incoming or outgoing power connections or the control terminals.

11. Translate the sentences from Russian into English.

1. Ha omHy u3 0OMOTOK, Ha3bIBAEMYIO HEPEUUHOU 0OMOMKOU, TIOJAETCS
HaIpsKEHUE OT BHEITHETO UCTOYHUKA.

2. [IpoTekaronuii Mo MEPBUYHONM OOMOTKE MEPEMEHHBIHA TOK CO3/aET
MEPEMEHHBIM MarHUTHBINA OTOK B MATHUTOIPOBO/IE.

3. IlepeMeHHBI MarHUTHBIN MMOTOK B MArHUTOIIPOBOJE CO31AaET BO BCEX
00MOTKaX 3JICKTPOJIBUTAIOIILYIO CUITY UHIYKIIUH.

4. DnekTpoaBUTaONIas CWiIa UWHAYKIUMA MOPOMOPLMOHATIBLHA  mepBoit
NPOM3BOMHON ~MArHUTHOTO TIOTOKA, TMPU CHHYCOUJAJILHOM TOKE
caBuHyToi Ha 90° B o0OpaTHyH0 CTOpPOHY MO OTHOIICHHUIO K
MarHUTHOMY IOTOKY.

5.B wHekoropeix TpaHchopmaTopax, padOTAOIMMX HA BBICOKHUX WITU
CBEPXBBICOKHX YAaCTOTaX, MarHUTOIPOBOJ MOXKET OTCYTCTBOBATb.
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6.B pexume KOpPOTKOTO 3aMbIKaHMs, Ha TMEPBUYHYI0 OOMOTKY
TpaHchopMaropa MOJAECTCS TEPEMEHHOE HAMpsHKEHHE HEeOOIbIIOoHN
BEJINYUHBI.

7. BBIBOJIbI BTOPUYHOM OOMOTKH COCIHHSIOT HAKOPOTKO.

8. Benuuuny HampsiKeHUs HAa BXOJI€ YCTaHABIMBAIOT TaKyl0, YTOOBI TOK
KOPOTKOT'O 3aMbIKaHUSI PAaBHSJICS HOMUHAIBHOMY (pacueTHOMY) TOKY
TpaHncdopmaropa.

9.B Takux ycCJIOBHSX BEIMYMHA HAIMPSKCHUS KOPOTKOTO 3aMbIKaHUS
XapaKTepu3yeT MoTepu B 0OMOTKax TpaHcpopmaTopa.

10. MomHOCTh, TOTEPh MOXHO BBIYUCIUTh, YMHOXHUB HaIpPsSHKEHUE
KOPOTKOT'O 3aMBbIKaHUsI Ha TOK KOPOTKOTO 3aMbIKaHUS.

WRITING
12. Read the text and write an abstract.

Power transistors are used in applications ranging from a few to several
hundred kilowatts and switching frequencies up to about 10 kHz. Power
transistors used in power conversion applications are generally npn type. The
power transistor is turned on by supplying sufficient base current, and this
base drive has to be maintained throughout its conduction period. It is turned
off by removing the base drive and making the base voltage slightly negative
(within AVBE (max)). The saturation voltage of the device is normally 0.5 to
2.5 V and increases as the current increases. Hence, the on-state losses
increase more than proportionately with current. The transistor off-state
losses are much lower than the on-state losses because the leakage current of
the device is of the order of a few milliamperes. Because of relatively larger
switching times, the switching loss significantly increases with switching
frequency. Power transistors can block only forward voltages. The reverse
peak voltage rating of these devices is as low as 5to 10 V.

Power transistors do not have 12t withstand capability. In other words,
they can absorb only very little energy before breakdown. Therefore, they
cannot be protected by semiconductor fuses, and thus an electronic protection
method has to be used. To eliminate high base current requirements,
Darlington configurations are commonly used. They are available in
monolithic or in isolated packages. The Darlington configuration presents a
specific advantage in that it can considerably increase the current switched by
the transistor for a given base drive. The VCE (sat) for the Darlington is
generally more than that of a single transistor of similar rating with
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corresponding increase in on-state power loss. During switching, the reverse-
biased collector junction may show hot-spot breakdown effects that are
specified by reverse-bias safe operating area (RBSOA) and forward-bias safe
operating area (FBSOA). Modern devices with highly interdigited emitter
base geometry force more uniform current distribution and therefore
considerably improve secondary breakdown effects. Normally, a well-
designed switching aid network constrains the device operation well within
the SOAs.
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Self -study

LEAD-IN
1. What higher educational establishments train power engineers?
2. What do you know about them?

3. Why did you choose Tomsk polytechnic university to enter?

READING
4. Before reading the text say whether these sentences are true or false.

1. Moscow Power Engineering Institute is older than Tomsk polytechnic
university.

2. MPEI now is the largest Russian Power Engineering University and

scientific center.

MPEI consists of 9 Technical Institutes, 3 special Faculties.

4. In accordance with official rating of the Ministry of Education of
Russian Federation the MPEI holds one of the leading places in the list
of all technical universities of Russia.

5. There are 70 Departments in MPEI, 550 educational laboratories for
students and more than 100 research laboratories.

6. MPEI has two branches in Russia and abroad.

(O8]

Moscow Power Engineering Institute (Technical University) — MPEI —
was founded in 1930 in Moscow at the very beginning of world power
engineering development and was widened and enlarged with the discovering
of new energy sources, solving new scientific and technological problems,
implementing of new methods of energy generating, distributing and
consuming. MPEI is of the same age as Russian Power Engineering.

MPEI now is the largest Russian Power Engineering University and
scientific center, one of the main universities in Russia in the field of Power
Engineering, Electrical Engineering, Electronics and Computers Science.
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MPEI today is a unity of modern educational and scientific laboratories,
cabinets and lecture halls supplied with modern equipment, installations,
control and measuring systems and technical means of education. The MPEI
has the official status of Technical University and is a Member of
International Association of Universities being really international higher
educational institution. In accordance with official rating of the Ministry of
Education of Russian Federation the MPEI holds one of the leading places in
the list of all technical universities of Russia.

MPEI has a unique educational Heat and Power Plant which was the
first plant of such type from those, which were built for Universities; Main
Computer Center and many computer laboratories; the Center of Video-
Computer Methods of Teaching; Center of Distant Education; one of the
largest university's Scientific and Technological Library; own Publishing
House, which produce text-books, manuals, scientific literature; Russian
Language Center; large sport stadium, swimming pool, sport halls for
students and professors.

Now MPEI consists of 7 Technical Institutes, 3 special Faculties,
including Preliminary Faculty and Retraining Faculty for the specialists from
industry and educational institutions, Institute of Humanities, Institute of
Technology, Ecology and Business and also several affiliated educational
centers, such as Institute of Business Security, Linguistics Institute, Institute
MPEI-FESTO, etc. There are 70 Departments in MPEI, 550 educational
laboratories for students and more than 100 research laboratories. Now more
than 14 000 students are trained at MPEI, including about 700 foreign
students from 60 countries, and more than 500 Ph.D. students (100 foreigners
included) are preparing the Ph.D. thesis.

More than 1500 professors, associated professors and lecturers are in the
MPEI's educational staff, and the most among them have the Degree of
Doctor of Science and Doctor of Philosophy.

MPEI has two branches in Russia (at the cities of Smolensk and
Voljskiy).

5. Answer the questions.

1. What tasks does MPEI solve?

2. What are the fields of scientific interests of MPEI?

3. What equipment is there at students’ disposal?

4. What place with official rating of the Ministry of Education of Russian
Federation does MPEI hold?

5. How many Institutes and Faculties are there in MPEI?

6. How many students are trained there?
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VOCABULARY

6. Match the word to its definition.

1 | cabinet A | An essay or written statement based on arguments

2 | foreign- B | A long-lived group, organization or practice

3 | literature C | To have a relationship with another person or group

4 | thesis- D | An official group of advisors to a head of state

5 |unique E | Of different origin

6 |institution |F | From another country

7 | status G | Businesses of the same type; businesses concerned
wit goods

8 | affiliate H | Legal condition

9 | industry I | —One ofakind

10 | Foreign J | Written art

7. Fill in the gaps with the words from the table.

1. He is not married; his marital is single.

2. Columbia University is the oldest of
higher education in New York City.

3. The Asian company is with another

company in Europe.

4. Blood transfusions must be the same blood type because the body will
attack foreign antibodies.

5. The tobacco markets a very profitable
product.

6. In New York it found 62.58 % of the population of the slum to be

-born, whereas for the whole city the

percentage of ers was only 43.23. — J. Riis
— The Battle with the Slum.
7. The president called his into a meeting.

8. Some people think Moby Dick was America's first great

9. Picasso was a painter.
10. She wrote a for her philosophy professor.
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8. Fill in the blanks with the necessary forms of the words from the right.

The principal source of energy comes fromthe 1|1 BURN
of fossil fuels such as coal and oil to 2 steam, | 2 GENERATION
which drives steam turbines, which in turn drive
3 generators. Other important energy sources | 3 ELECTRICITY
are hydroelectric and nuclear. In the former, electric
generators are driven by waterwheel (hydraulic)
turbines near 4 or human-made waterfalls; in the | 4 NATURE
latter, nuclear 5 generate heat to drive the steam- | 5 REACT
turbine — generator chain. There are also other less
6 used sources of energy such as geothermal | 6 WIDE
sources, wind, sun, and tides.

9. Translate the sentences from English into Russian.

1. The modules of identical types can also be easily interchanged and
defective modules replaced by spare modules in the event of a fault.

2. Downtime is now low.

3. This arrangement is therefore recommended for all critical installations
that require an uninterpted power supply and cannot downtime during
operation.

4. Tt 1s most suited for installations such as power stations, refineries,
petrochemical plants, fertilizers, and similar process plants.

5. Similarly, hospitals, airports, railways, etc. are also such critical areas
that may experience chaos due to a disruption of utilities unless the
normal supply is restored swiftly.

6. In such places this type of construction is more appropriate.

7. A draw-out assembly can be designed only in a cubicle construction
and is totally compartmentalized.

8. The two types of draw — out constructions noted above can be broadly
described as follows.

9. In this design the incoming and outgoing power contacts are of the
draw-out type, but the control terminals are the plug-in type.

10.The plug-in contacts of the control terminal assembly are wired and
left loose in the moving trolley, and are engaged manually with the
fixed contacts mounted on the frame, after the trolley is racked-in and
seated in its place.
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10. Translate these sentences from Russian into English.

1. Ilpu monkito4YeHUH HATPy3KHM K BTOPUYHOM OOMOTKE BO BTOPHUYHOMN
LEMHA BO3HUKAET TOK.

2. DTOT TOK CO34A€T MAarHUTHBIA MOTOK B MAarHUTOIIPOBO/IE.

3. IloTOK TOKa HalpaBIEH MNPOTHUBOIOJI0KHO MAarHUTHOMY IIOTOKY,
CO3/1aBacMOMY NIEPBUYHON OOMOTKOM.

4. B pe3ynpTaTeé B NEPBUYHOM LENM HAPYLIAETCS PABEHCTBO
AIIEKTPOJBUTAIONIEH CHJIBI MHAYKIMH W DJIEKTPOABUTAIONICH CHJIIBI
HUCTOYHUKA MUTAHUS.

5. DTO NPUBOIUT K YBEIMYEHHUIO TOKA B MEPBUYHONM OOMOTKE 10 TEX
1Op, MOKa MAarHUTHBIA MOTOK HE JOCTUTHET NMPAKTHUYECKU MPEHKHETO
3HAYCHUSI.

6. Crenenp noreps (u cHmwxeHus: KII/[) B Tpancpopmarope 3aBUCUT OT
KauyecTBa, KOHCTPYKIIMU U MaTepHalia «TPaHC(HOPMATOPHOTO KEIe3a.

7.1lorepu B CTamd COCTOAT B OCHOBHOM H3 MOTEPh Ha HArpeB
CepACUYHHUKA, Ha TUCTEPE3UC U BUXPEBBIC TOKHU.

8. Ilotepu B TpaHchopMarope, rae «KeIe30» MOHOJIUTHOE, 3HAYUTEILHO
Oonpllie, yeM B TpaHc(opMarope, Iie OHO COCTABIECHO W3 MHOTHMX
CeKIUH (Tak KaK B 3TOM CIy4ae YMEHBIIAETCS KOJIMYECTBO BUXPEBBIX
TOKOB).

9. Ha mpakTrike MOHOJUTHBIE CEPACYHUKU HE TIPUMEHSIOTCSI.

10. Ins cHWKEHUs TMOTEeph B MAarHUTOINPOBOJIE TpaHchopmaropa
MarHuTOIMPOBOJ MOXXET HW3TOTaBIUBATHCA W3 CHEIUAIBHBIX COPTOB
TpaHchHOPMATOPHOM CTau ¢ 100aBICHUEM KPEMHUS.

WRITING
11. Read the text and write an abstract.
Insulated-Gate Bipolar Transistor (IGBT)

The IGBT has the high input impedance and high-speed characteristics
of a MOSFET with the conductivity characteristic (low saturation voltage) of
a bipolar transistor. The IGBT is turned on by applying a positive voltage
between the gate and emitter and, as in the MOSFET, it is turned off by
making the gate signal zero or slightly negative. The IGBT has a much lower
voltage drop than a MOSFETof similar ratings. The structure of an IGBT is
more like a thyristor and MOSFET.
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For a given IGBT, there is a critical value of collector current that will
cause a large enough voltage drop to activate the thyristor. Hence, the device
manufacturer specifies the peak allowable collector current that can flow
without latch-up occurring. There is also a corresponding gate source voltage
that permits this current to flow that should not be exceeded. Like the power
MOSFET, the IGBT does not exhibit the secondary breakdown phenomenon
common to bipolar transistors.

However, care should be taken not to exceed the maximum power
dissipation and specified maximum junction temperature of the device under
all conditions for guaranteed reliable operation. The on-state voltage of the
IGBT 1is heavily dependent on the gate voltage. To obtain a low onstate
voltage, a sufficiently high gate voltage must be applied. In general, IGBTs
can be classified as punch-through (PT) and nonpunch-through (NPT)
structures, In the PT IGBT, an N buffer layer is normally introduced
between the Pro substrate and the NA epitaxial layer, so that the whole NA
drift region is depleted when the device is blocking the off-state voltage, and
the electrical field shape inside the NA drift region is close to a rectangular
shape. Because a shorter NA region can be used in the punch-through IGBT,
a better trade-off between the forward voltage drop and turn-off time can be
achieved. PT IGBTs are available up to about 1200 V.

High voltage IGBTs are realized through a nonpunch-through process.
The devices are built on an NA wafer substrate which serves as the NA base
drift region. Experimental NPT IGBTs of up to about 4 KV have been
reported in the literature. NPT IGBTs are more robust than PT IGBTs,
particularly under short circuit conditions. But NPT IGBTs have a higher
forward voltage drop than the PT IGBTs. The PT IGBTs cannot be as easily
paralleled as MOSFETs. The factors that inhibit current sharing of parallel-
connected IGBTs are (1) on-state current unbalance, caused by VCE(sat)
distribution and main circuit wiring resistance distribution, and (2) current
unbalance at turn-on and turn-off, caused by the switching time difference of
the parallel connected devices and circuit wiring inductance distribution. The
NPT IGBTs can be paralleled because of their positive temperature
coefficient property.
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Individual Home Task Ne 1

Variant 1

READING

Text 1. Read the text, and match the questions (A-F) to the numbered
spaces (1-5), as in the example (0). Then, explain the words in bold.

A. How did the invention of the incandescent light bulb change people’s
life?

B. Was Edison the only one who dealt with electricity?

C. What did Thomas Edison and George Westinghouse do to control the
industry?

. What was invented by Thomas Alva Edison?

Why did many inventors try to perfect incandescent lamps?

How do incandescent lamps make light?

MmO

The modern world is an electrified world

0. The incandescent light bulb changed human existence by illuminating
the night and making it hospitable to a wide range of human activity.

1. The electric light, one of the everyday conveniences that most affects
our lives, was invented in 1879 by Thomas Alva Edison.

2. Incandescent lamps make light by using electricity fo heat a thin strip
of material (called a filament) until it gets hot enough to glow.

3. Many inventors had tried to perfect incandescent lamps to «sub-
divide» electric light or make it smaller and weaker than it was in the existing
electric arc lamps, which were too bright to be used for small spaces such as
the rooms of a house.

4. Edison was neither the first nor the only person trying to invent an
incandescent electric lamp. Many inventors had tried and failed, some were
discouraged and went on to invent other devices. Among those inventors who
made a step forward in understanding the eclectic light were Sir Humphrey
Davy, Warren De la Rue, James Bowman Lindsay, James Prescott Joule,
Frederick de Moleyns and Heinrich Gobel.

5. Between the years 1878 and 1892 the electric light industry was
growing. Thomas Edison and George Westinghouse determined to control
the industry. They formed the Board of Patent Control, a joint arrangement
between General Electric and the Westinghouse Company.
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Text 2. Read the article. Choose the best word (A, B or C) for each space

(1-8).
Resistivity of various materials
A conductor such as a metal has high 1...... and a low resistivity. An
insulator like glass has low conductivity and a 2...... resistivity.

The conductivity of a semiconductor is generally intermediate, but
varies widely under different conditions, such as exposure of the material to
3.... fields or specific frequencies of light, and, most important, with
temperature and composition of the semiconductor material.

The degree of doping in semiconductors makes a large difference in
conductivity. To a point, more doping leads to higher 4..... The conductivity

of a solution of water is highly 5...... on its concentration of dissolved salts,
and other chemical species that ionize in the solution. Electrical conductivity
of water samples is used as an 6...... of how salt-free, ion-free, or impurity-

free the sample is; the purer the water, 7...... the conductivity (the higher the
resistivity). Conductivity measurements in water are often reported as
specific conductance, relative to the conductivity of pure water at 25 °C. An

EC meter is normally used to 8...... conductivity in a solution.
1. a. conductivity  b. resistivity c. impurity
2. a. conventional  b. low c. high
3. a. electric b. dielectric c. specific
4. a. conductivity  b. transition c. temperature
5. a. dependent b. depend c. dependency
6. a. conductor b. insulator c. indicator
7. a. the lower b. the higher c. the colder
8. a .decrease b. increase C. measure

VOCABULARY & GRAMMAR TEST

Choose the right option.

1. In electronic design and ...... transmission, various techniques are used to
compensate for the effect of voltage drop.
a) power
b) current
c) wire
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2. Resistivity is electrical ...... of a conductor of unit cross-sectional area and
unit length.

a) resistance

b) conductivity

c) transition
3. An electric current flowing in a loop of superconducting ...... can persist
indefinitely with no power source.

a) current

b) circuit

c) wire
4. Voltage drop is the reduction in ....... in the passive elements (not
containing sources) of an electrical circuit.

a) voltage

b) power

c) resisitance
5. The idea behind an electron gun is to create electrons and then ...... them
to a very high speed.

a) facilitate

b) accelerate

c) persist
6. Electric ...... is a flow of electric charge through a medium.

a) current

b) circuit

c) wire
7. Electrical engineering is a field of engineering that generally deals ......
the study and application of electricity, electronics and electromagnetism.

a) at

b) in

c) with
8. Electrical engineers ...... new and better electronics.

a) design

b) designs

c) designes
9. Many projects ...... at first.

a) does not work

b) do not works

c¢) do not work
10. Electrical engineers are usually concerned with using electricity to ......
energy

a) transmit

b) transmission

¢) transmitted
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TRANSLATION
Translate the sentences from English into Russian.

1. The simplest way to reduce voltage drop is to increase the diameter of the
conductor between the source and the load which lowers the overall
resistance.

2. Excessive voltage drop will result in unsatisfactory operation of electrical
equipment.

3. The earliest mention of electric phenomena is found in ancient Egyptian
texts from about 2750 BC.

4. The magnetic effect of minerals like magnetite was known to the ancient
Greeks.

5. In the 18th century, Benjamin Franklin first proved that lightning was
electricity.

6. Electrical engineering gave rise to telecommunication.

7. Electrons can flow freely and easily through a copper wire, but cannot as
easily flow through a steel wire of the same shape and size.

8. The difference between, copper, steel, and rubber is related to their
microscopic structure and electron configuration, and is quantified by a
property called resistivity.

9. The voltage drop is the driving force pushing current through a resistor.

10.Conductance and resistance are reciprocals.

WRITING
Read the text and write an abstract.
Welcome to Caltech Electrical Engineering

EE at Caltech has a century-long record of excellence, innovation and
training many distinguished leaders in the field. As a discipline, EE has had a
huge impact on the technologies that define modern-day life and society.

EE at Caltech emphasizes both the fundamentals of electronics and
systems, as well as acknowledging the multi-disciplinary nature of the field.
Closely allied with Computation and Neural Systems, Applied Physics,
Bioengineering, Computer Science, and Control and Dynamical System, it
offers students the opportunity for study and research, both theoretical and
experimental, in a wide variety of subjects, including wireless systems,
quantum electronics, modern optics, lasers and guided waves, solid-state
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materials and devices, bio-optics and bio-electronics, power and energy
systems, control theory, learning systems, computational finance, signal
processing, data compression, communications, parallel and distributed
computing, fault-tolerant computing, and computational vision.

Substantial experimental laboratory facilities, housed mainly in the
Moore Laboratory of Engineering, are associated with each of these research
fields. The Charles Wilts Prize is awarded every year to one EE graduate
student for outstanding independent research in Electrical Engineering
leading to a PhD.

Caltech has a reputation as a world-class research university, and it is no
exaggeration to say that much of this reputation is based on the quality of its
graduate students. Its bright and motivated graduate students collaborate with
its professors in their research efforts and make it one of the top Electrical
Engineering departments in the country.
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Variant 2

READING

Text 1. Read the text, and match the questions (A—F) to the numbered
spaces (1-5), as in the example (0). Then, explain the words in bold.

A.How 1is current often described in engineering or household
applications?

B. What current reverses direction repeatedly?

C. What concept was introduced by Michael Faraday?

D. What is alternating current affected by?

E. What is direct current?

F. What is the time-averaged value of an alternating current?

0. In engineering or household applications, current is often described
as being either direct current (DC) or alternating current (AC). These terms
refer to how the current varies in time.

1. Direct current, as produced by example from a battery and required
by most electronic devices, is a unidirectional flow from the positive part of a
circuit to the negative. If, as is most common, this flow is carried by
electrons, they will be travelling in the opposite direction.

2. Alternating current is any current that reverses direction repeatedly;
almost always this takes the form of a sinusoidal wave. Alternating current
thus pulses back and forth within a conductor without the charge moving any
net distance over time.

3. The time-averaged value of an alternating current is zero, but it
delivers energy in first one direction, and then the reverse.

4. Alternating current is affected by electrical properties that are not
observed under steady state direct current, such as inductance and
capacitance. These properties however can become important when circuitry
is subjected to transients, such as when first energised.

5. The concept of the electric field was introduced by Michael Faraday.
An electric field is created by a charged body in the space that surrounds it,
and results in a force exerted on any other charges placed within the field.
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Text 2. Read the text. Choose the best word (A, B or C) for each space
(1-8).

What do Electrical Engineers do?

Electrical engineers design computers and incorporate them into 1......
and systems. They design two-way communications systems such as
telephones and fiber-optic systems, and one-way communications systems
such as radio and television. They design control systems, such as aircraft
collision-avoidance systems, and a variety of systems used in medical
electronics. Electrical engineers are involved with 2....., control, and delivery
of electric 3...... to homes, offices, and industry. 4...... power lights, heats,
and cools working and living space and operates the many devices used in
homes and offices. Electrical engineers analyze and interpret computer-aided
tomography data, seismic data from earthquakes and well drilling, and data
from space probes. They 5...... with systems that educate and entertain, such
as computers and computer networks, compact-disk players, and multimedia
systems.

The 6...... of communications equipment, control systems, computers,
and other devices and processes into reliable, easily understood, and practical
systems is a major challenge, which has given rise to the discipline of
systems engineering. Electrical 7...... must respond to numerous demands,
including signal 8....., better communications; faster and more reliable
transfer of funds, orders, and information in the business world; and the need
of medical professionals for access to medical data and advice from all parts

of the world.
1. a. devices b. circuits c. currents
2. a. correlation.  b. gravitation c. generation
3. a. power b. charge c. voltage
4. a. electricity b. electric c. electronic
5. a. deal b. design c. depend
6. a. correlation  b. integration  c. transmission
7. a. power b. equipment  c. engineering
8. a. processing b. induction c. accumulation
64

"KOMMNEKT 3JIEKTPOHHbIX

YYHEBHO-METOAUWYECKUX MATEPUAJOB



AHrmnickuin 53bIK. MpodeccnoHanbHO-0pUEHTUPOBAHHbIN KypC:
yyebHoe nocobue / T.b. MeicyHew, M.B. Hetecosa, 2012. — 120 c.
]! 1! B aBTOpCKOW peaakuum

——

VOCABULARY & GRAMMAR TEST
Choose the right option.

l....... guns are actually the devices that are the heart of most TVs and
computer monitors.

a) electrical

b) electricity

c) electron

2. Electrical engineering ...... with the problems associated with large-scale
electrical systems such as power transmission and motor control

a) resist

b) has

c) deals

3 Resistivity of semiconductors, such as carbon and silicon, generally ......
with temperature rise.
a) decreases
b) measures
C) occurs
4. Electrical engineers ...... on many kinds of products.
a) work
b) working
c) works
5. The value of resistivity...... also on the temperature of the material.
a) depends
b) resisits
C) powers
6. The ...... can be built up by rubbing certain objects together, such as silk
and glass or rubber and fur.
a) electron
b) atom
c) charge
7. Electric fields ...... by a charged body in the space that surrounds it.
a) is created
b) are created
c) is creating

8. An electric ...... 1s an interconnection of electric components, usually to
perform some useful task, with a return path to enable the charge to return to
its source.
a) circuit
b field
c) charge
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9. Electrical ...... is usually generated by electro-mechanical generators
driven by steam produced from fossil fuel combustion.

a) energy

b) circuit

c) charge

10. Electric current in a wire, where the charge carriers are electrons, is a
...... of the quantity of charge passing any point of the wire per unit of time
a) energy
b) measure
c) power

TRANSLATION
Translate the sentences from English into Russian.

1. The discovery of the electron, which carries a charge designated as
negative, showed that the various manifestations of electricity are the
result of the accumulation or motion of numbers of electrons.

2. Electricity is a phenomenon associated with stationary or moving electric
charges.

3. A long, thin copper wire has higher resistance (lower conductance) than a
short, thick copper wire.

4. A photoresistor or light dependent resistor (LDR) is a resistor whose
resistance decreases with increasing incident light intensity.

5. Photoresistors can be found in many consumer items such as camera light
meters, street lights, clock radios, alarms, and outdoor clocks.

6. The electric light, one of the everyday conveniences that most affects our
lives, was invented in 1879 by Thomas Alva Edison.

7. The need for electrical engineers was not felt until the invention of the
telephone (1876) and the incandescent lamp.

8. Electrical engineering is concerned with the practical applications of
electricity in all its forms, including those of electronics.

9. The Charles Wilts Prize is awarded every year to one graduate student for
outstanding independent research in Electrical Engineering.

10.The university offers students the opportunity for study and research, both
theoretical and experimental, in a wide variety of subjects, including
wireless systems and quantum electronics.
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WRITING
Read the text and write an abstract.

The modern world is an electrified world. The incandescent light bulb
changed human existence by illuminating the night and making it hospitable
to a wide range of human activity. The electric light, one of the everyday
conveniences that most affects our lives, was invented in 1879 by Thomas
Alva Edison. Incandescent lamps make light by using electricity to heat a
thin strip of material (called a filament) until it gets hot enough to glow.
Many inventors had tried to perfect incandescent lamps to «sub-divide»
electric light or make it smaller and weaker than it was in the existing electric
arc lamps, which were too bright to be used for small spaces such as the
rooms of a house.

Edison was neither the first nor the only person trying to invent an
incandescent electric lamp. Many inventors had tried and failed, some were
discouraged and went on to invent other devices. Among those inventors who
made a step forward in understanding the eclectic light were Sir Humphrey
Davy, Warren De la Rue, James Bowman Lindsay, James Prescott Joule,
Frederick de Moleyns and Heinrich Gobel.

Between the years 1878 and 1892 the electric light industry was
growing. Thomas Edison and George Westinghouse determined to control
the industry and its advancement. They formed the Board of Patent Control, a
joint arrangement between General Electric and the Westinghouse Company.
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Variant 3

READING

Text 1. Read the text. Choose the best word (A, B or C) for each space
(1-8).

What do Electrical Engineers do?

Electrical engineers design computers and incorporate them into 1......
and systems. They design two-way communications systems such as
telephones and fiber-optic systems, and one-way communications systems
such as radio and television. They design control systems, such as aircraft
collision-avoidance systems, and a variety of systems used in medical
electronics. Electrical engineers are involved with 2....., control, and delivery
of electric 3...... to homes, offices, and industry. 4...... power lights, heats,
and cools working and living space and operates the many devices used in
homes and offices. Electrical engineers analyze and interpret computer-aided
tomography data, seismic data from earthquakes and well drilling, and data
from space probes. They 5...... with systems that educate and entertain, such
as computers and computer networks, compact-disk players, and multimedia
systems.

The 6...... of communications equipment, control systems, computers,
and other devices and processes into reliable, easily understood, and practical
systems is a major challenge, which has given rise to the discipline of
systems engineering. Electrical 7...... must respond to numerous demands,
including signal 8......, better communications; faster and more reliable
transfer of funds, orders, and information in the business world; and the need
of medical professionals for access to medical data and advice from all parts

of the world.
1. a. devices b. circuits c. currents
2. a. correlation  b. gravitation c. generation
3. a. power b. charge c. voltage
4. a. electricity b. electric c. electronic
5. a. deal b. design c. depend
6. a. correlation  b. integration  c. transmission
7. a. power b. equipment c. engineering
8. a. processing  b. induction c. accumulation
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Text 2. Read the text, and match the questions (A-F) to the numbered
spaces (1-5), as in the example (0). Then, explain the words in bold.

G. How did the invention of the incandescent light bulb change people’s
life?

H. Was Edison the only one who dealt with electricity?

I. What did Thomas Edison and George Westinghouse do to control the
industry?
What was invented by Thomas Alva Edison?

. Why did many inventors try to perfect incandescent lamps?
How do incandescent lamps make light?

R

The modern world is an electrified world

0. The incandescent /ight bulb changed human existence by illuminating
the night and making it hospitable to a wide range of human activity.

1. The electric light, one of the everyday conveniences that most affects
our lives, was invented in 1879 by Thomas Alva Edison.

2. Incandescent lamps make light by using electricity fo heat a thin strip
of material (called a filament) until it gets hot enough to glow.

3. Many inventors had tried to perfect incandescent lamps to «sub-
divide» electric light or make it smaller and weaker than it was in the existing
electric arc lamps, which were too bright to be used for small spaces such as
the rooms of a house.

4. Edison was neither the first nor the only person trying to invent an
incandescent electric lamp. Many inventors had tried and failed ,some were
discouraged and went on to invent other devices. Among those inventors who
made a step forward in understanding the eclectic light were Sir Humphrey
Davy, Warren De la Rue, James Bowman Lindsay, James Prescott Joule,
Frederick de Moleyns and Heinrich Gobel.

5. Between the years 1878 and 1892 the electric light industry was
growing. Thomas Edison and George Westinghouse determined to control
the industry. They formed the Board of Patent Control, a joint arrangement
between General Electric and the Westinghouse Company.
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VOCABULARY & GRAMMAR TEST
Choose the right option.

1. Resistivity is electrical ...... of a conductor of unit cross-sectional area and
unit length.

a) resistance

b) conductivity

c) transition

2. Electrical engineering ...... with the problems associated with large-scale
electrical systems such as power transmission and motor control.

a) resist

b) has

c) deals

3 Resistivity of semiconductors, such as carbon and silicon, generally ......
with temperature rise.
a) decreases
b) measures
) occurs
4. Electrical engineers ...on many kinds of products.
a)work
b)working
c)works
5. Electric ...... is a flow of electric charge through a medium.
a) current
b) circuit
c) wire
6. Electrical engineering is a field of engineering that generally deals ...... the
study and application of electricity, electronics and electromagnetism.
a) at
b) in
¢) with
7. Electrical engineers ...... new and better electronics.
a) design
b) designs
c) designes
8. Many projects ...... at first.
a) does not work
b) do not works
¢) do not work
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9. Electrical engineers are usually concerned with using electricity to ......
energy.

a) transmit

b) transmission

¢) transmitted
10. In electronic design and ...... transmission, various techniques are used
to compensate for the effect of voltage drop.

a) power

b) current

c) wire

TRANSLATION
Translate the sentences from English into Russian.

1. The discovery of the electron, which carries a charge designated as
negative, showed that the various manifestations of electricity are the
result of the accumulation or motion of numbers of electrons.

2. Electricity is a phenomenon associated with stationary or moving electric
charges.

3. A long, thin copper wire has higher resistance (lower conductance) than a
short, thick copper wire.

4. A photoresistor or light dependent resistor (LDR) is a resistor whose
resistance decreases with increasing incident light intensity.

5. The simplest way to reduce voltage drop is to increase the diameter of the
conductor between the source and the load which lowers the overall
resistance.

6. Excessive voltage drop will result in unsatisfactory operation of electrical
equipment.

7. Electrons can flow freely and easily through a copper wire, but cannot as
easily flow through a steel wire of the same shape and size.

8. The difference between, copper, steel, and rubber is related to their
microscopic structure and electron configuration, and is quantified by a
property called resistivity.

9. The voltage drop is the driving force pushing current through a resistor.

10. Conductance and resistance are reciprocals.
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WRITING
Read the text and write an abstract.
Welcome to Caltech Electrical Engineering

EE at Caltech has a century-long record of excellence, innovation and
training many distinguished leaders in the field. As a discipline, EE has had a
huge impact on the technologies that define modern-day life and society.

EE at Caltech emphasizes both the fundamentals of electronics and
systems, as well as acknowledging the multi-disciplinary nature of the field.
Closely allied with Computation and Neural Systems, Applied Physics,
Bioengineering, Computer Science, and Control and Dynamical System, it
offers students the opportunity for study and research, both theoretical and
experimental, in a wide variety of subjects, including wireless systems,
quantum electronics, modern optics, lasers and guided waves, solid-state
materials and devices, bio-optics and bio-electronics, power and energy
systems, control theory, learning systems, computational finance, signal
processing, data compression, communications, parallel and distributed
computing, fault-tolerant computing, and computational vision.

Substantial experimental laboratory facilities, housed mainly in the
Moore Laboratory of Engineering, are associated with each of these research
fields. The Charles Wilts Prize is awarded every year to one EE graduate
student for outstanding independent research in Electrical Engineering
leading to a PhD.

Caltech has a reputation as a world-class research university, and it is no
exaggeration to say that much of this reputation is based on the quality of its
graduate students. Its bright and motivated graduate students collaborate with
its professors in their research efforts and make it one of the top Electrical
Engineering departments in the country.
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Variant 4

READING

Text 1. Read the article. Choose the best word (A, B or C) for each space

(1-8).
Resistivity of various materials
A conductor such as a metal has high 1...... and a low resistivity. An
insulator like glass has low conductivity and a 2...... resistivity.

The conductivity of a semiconductor is generally intermediate, but
varies widely under different conditions, such as exposure of the material to
3...... fields or specific frequencies of light, and, most important, with
temperature and composition of the semiconductor material.

The degree of doping in semiconductors makes a large difference in
conductivity. To a point, more doping leads to higher 4...... The conductivity
of a solution of water is highly 5...... on its concentration of dissolved salts,
and other chemical species that ionize in the solution. Electrical conductivity
of water samples is used as an 6...... of how salt-free, ion-free, or impurity-
free the sample is; the purer the water, 7...... the conductivity (the higher the
resistivity). Conductivity measurements in water are often reported as
specific conductance, relative to the conductivity of pure water at 25 °C. An

EC meter is normally used to 8...... conductivity in a solution.
1. a. conductivity  b. resistivity c. impurity
2. a. conventional  b. low c. high
3. a. electric b. dielectric c. specific
4. a. conductivity  b. transition c. temperature
5. a. dependent b. depend c. dependency
6. a. conductor b. insulator c. indicator
7. a. the lower b. the higher c. the colder
8. a. decrease b. increase C. measure
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Text 2. Read the text, and match the questions (A-F) to the numbered
spaces (1-5), as in the example (0). Then, explain the words in bold.

G. How is current often described in engineering or household applications?
H. What current reverses direction repeatedly?

I.  What concept was introduced by Michael Faraday?

J. What is alternating current affected by?

K. What is direct current?

L. What is the time-averaged value of an alternating current?

0. In engineering or household applications, current is often described as
being either direct current (DC) or alternating current (AC). These terms refer
to how the current varies in time.

1. Direct current, as produced by example from a battery and required by
most electronic devices, is a unidirectional flow from the positive part of a
circuit to the negative. If, as is most common, this flow is carried by
electrons, they will be travelling in the opposite direction.

2. Alternating current is any current that reverses direction repeatedly;
almost always this takes the form of a sinusoidal wave. Alternating current
thus pulses back and forth within a conductor without the charge moving any
net distance over time.

3. The time-averaged value of an alternating current is zero, but it
delivers energy in first one direction, and then the reverse.

4. Alternating current is affected by electrical properties that are not
observed under steady state direct current, such as inductance and
capacitance. These properties however can become important when circuitry
is subjected to transients, such as when first energised.

5. The concept of the electric field was introduced by Michael Faraday.
An electric field is created by a charged body in the space that surrounds it,
and results in a force exerted on any other charges placed within the field.

VOCABULARY & GRAMMAR TEST
Choose the right option.
1. Electric current in a wire, where the charge carriers are electrons, is a ......
of the quantity of charge passing any point of the wire per unit of time
a) energy

b) measure
c) power
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2. ...l guns are actually the devices that are the heart of most TVs and
computer monitors.

a) electrical

b) electricity

c) electron
3. An electric current flowing in a loop of superconducting ...... can persist
indefinitely with no power source.

a) current

b) circuit

c) wire
4. Voltage drop is the reduction in ...... in the passive elements (not
containing sources) of an electrical circuit.

a) voltage

b) power

c) resisitance
5. The idea behind an electron gun is to create electrons and then ...... them
to a very high speed.
6. The value of resistivity ...... also on the temperature of the material.

a) depends

b) resisits

C) powers
7. The ...... can be built up by rubbing certain objects together, such as silk
and glass or rubber and fur.

a) electron

b) atom

c) charge
8. Electric fields ...... by a charged body in the space that surrounds it.

a) is created

b) are created

c) is creating

9. An electric ...... 1s an interconnection of electric components, usually to
perform some useful task, with a return path to enable the charge to return to
its source.

a) circuit

b) field

c¢) charge
10. FElectrical ...... is usually generated by electro-mechanical generators
driven by steam produced from fossil fuel combustion.

a) energy

b) circuit

c) charge
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TRANSLATION
Translate the sentences from English into Russian.

1. The earliest mention of electric phenomena is found in ancient Egyptian

texts from about 2750 BC.

2. The magnetic effect of minerals like magnetite was known to the ancient
Greeks.

3. In the 18th century, Benjamin Franklin first proved that lightning was
electricity.

4. Electrical engineering gave rise to telecommunication.

5. Photoresistors can be found in many consumer items such as camera light
meters, street lights, clock radios, alarms, and outdoor clocks.

6. The electric light, one of the everyday conveniences that most affects our
lives, was invented in 1879 by Thomas Alva Edison.

7. The need for electrical engineers was not felt until the invention of the
telephone (1876) and the incandescent lamp.

8. Electrical engineering is concerned with the practical applications of
electricity in all its forms, including those of electronics.

9. The Charles Wilts Prize is awarded every year to one graduate student for
outstanding independent research in Electrical Engineering.

10. The university offers students the opportunity for study and research, both
theoretical and experimental, in a wide variety of subjects, including
wireless systems and quantum electronics.

WRITING
Read the text and write an abstract.

The modern world is an electrified world. The incandescent light bulb
changed human existence by illuminating the night and making it hospitable
to a wide range of human activity. The electric light, one of the everyday
conveniences that most affects our lives, was invented in 1879 by Thomas
Alva Edison. Incandescent lamps make light by using electricity to heat a
thin strip of material (called a filament) until it gets hot enough to glow.
Many inventors had tried to perfect incandescent lamps to "sub-divide"
electric light or make it smaller and weaker than it was in the existing electric
arc lamps, which were too bright to be used for small spaces such as the
rooms of a house.
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Edison was neither the first nor the only person trying to invent an
incandescent electric lamp. Many inventors had tried and failed, some were
discouraged and went on to invent other devices. Among those inventors who
made a step forward in understanding the eclectic light were Sir Humphrey
Davy, Warren De la Rue, James Bowman Lindsay, James Prescott Joule,
Frederick de Moleyns and Heinrich Gobel.

Between the years 1878 and 1892 the electric light industry was
growing. Thomas Edison and George Westinghouse determined to control
the industry and its advancement. They formed the Board of Patent Control, a
joint arrangement between General Electric and the Westinghouse Company.
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Individual Home Task Ne 2

Variant 1

READING
Text 1. Read the text and answer the questions below.

High-voltage overhead conductors are not covered by insulation. The
conductor material is nearly always an aluminium alloy, made into several
strands and possibly reinforced with steel strands. Copper was sometimes
used for overhead transmission but aluminium is lighter, yields only
marginally reduced performance, and costs much less. Overhead conductors
are a commodity supplied by several companies worldwide. Improved
conductor material and shapes are regularly used to allow increased capacity
and modernize transmission circuits. Conductor sizes range from 12 mm’
(#6 American wire gauge) to 750 mm” (1,590,000 circular mils area), with
varying resistance and current-carrying capacity. Thicker wires would lead to
a relatively small increase in capacity due to the skin effect, that causes most
of the current to flow close to the surface of the wire. Because of this current
limitation, multiple parallel cables (called bundle conductors) are used when
higher capacity is needed. Bundle conductors are also used at high voltages
to reduce energy loss caused by corona discharge.

Today, transmission-level voltages are usually considered to be 110 kV
and above. Lower voltages such as 66 kV and 33 kV are usually considered
subtransmission voltages but are occasionally used on long lines with light
loads. Voltages less than 33 kV are usually used for distribution. Voltages
above 230 kV are considered extra high voltage and require different designs
compared to equipment used at lower voltages.

Since overhead transmission wires depend on air for insulation, design
of these lines requires minimum clearances to be observed to maintain safety.
Adverse weather conditions of high wind and low temperatures can lead to
power outages. Wind speeds as low as 23 knots (43 km/h) can permit
conductors to encroach operating clearances, resulting in a flashover and loss
of supply.””! Oscillatory motion of the physical line can be termed gallop or
flutter depending on the frequency and amplitude of oscillation.
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. What is the conductor material?

Why isn’t copper used for overhead transmission?

What allows to increase capacity and modernize transmission
circuits?

How does conductor size range?

Why are thicker wires not effective?

What is transmission level voltage today?

How is voltage graded?

What rules are necessary to be kept to maintain safety in overhead
transmission wires?

el
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Text 2. Read the text and decide whether the sentences are true or false.

1. The total real power in a three-phase system can not be determined by
the sum of the wattmeter readings.

2. However, in practice, this may be possible due to the nonaccessibility
of the neutral of the wye connection.

3. Hence it is more desirable to have a method for measuring the total
real power drawn by a three-phase load.

4. The three-phase power can be measured by three single-phase
wattmeters having current coils in each line and potential coils
connected across the given line and any common junction.

5. This is known as the two-wattmeter method of measuring three-phase
power.

6. The method is not valid for either balanced or unbalanced circuits.

A wattmeter is an instrument with a potential coil and a current coil so
arranged that its deflection is proportional to VI cos 0, where V is the voltage
(rms value) applied across the potential coil, I is the current (rms value)
passing through the current coil, and 0 is the angle between VI and II. By
inserting such a single-phase wattmeter to measure the average real power in
each phase (with its current coil in series with one phase of the load and its
potential coil across the phase of the load), the total real power in a three-
phase system can be determined by the sum of the wattmeter readings.
However, in practice, this may not be possible due to the nonaccessibility of
either the neutral of the wye connection, or the individual phases of the delta
connection. Hence it is more desirable to have a method for measuring the
total real power drawn by a three-phase load while we have access to only
three line terminals.
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The three-phase power can be measured by three single-phase
wattmeters having current coils in each line and potential coils connected
across the given line and any common junction. Since this common junction
is completely arbitrary, it may be placed on any one of the three lines, in
which case the wattmeter connected in that line will indicate zero power
because its potential coil has no voltage across it. Hence, that wattmeter may
be dispensed with, and three-phase power can be measured by means of only
two single-phase wattmeters having a common potential junction on any of
the three lines in which there is no current coil. This is known as the two-
wattmeter method of measuring three-phase power. In general, m-phase
power can be measured by means of m — 1 wattmeters. The method is valid
for both balanced and unbalanced circuits with either the load or the source
unbalanced.

GARMMAR AND VOCABULARY

Fill in the blanks with the necessary forms of the words from the right.

When the load power factor is unity, corresponding to a

purely 1 load, both wattmeters will indicate the | 1 RESIST
same wattage. In fact, both of them should read positive;

if one of the wattmeters has a below-zero 2in |2 INDICATE
the laboratory, an upscale deflection can be obtained by

simply 3 the leads of either the current or the 3 REVERSE

potential coil of the wattmeter. The sum of the wattmeter
readings gives the total power absorbed by the load. At
zero power factor, corresponding to a purely 4 |4 REACT
load, both wattmeters will again have the same wattage
indication but with the opposite signs, so that their 5 |5 ALGEBRA
sum will yield zero power absorbed, as it should. The
transition from a negative to a positive value occurs
when the load power factor is 0.5 (i.e., ¢ is equal to 60°).
At this power factor, one wattmeter reads zero while the
other one reads the total real power 6 to the 6 DELIVER
load.
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TRANSLATION
Translate the sentences from English into Russian.

1. Similarly, the control terminals are to be disengaged manually first, when
the trolley is to be drawn out.

2. Such a construction is cumbersome and requires utmost caution to ensure
that the terminals are properly disengaged before the trolley is racked-out.

3. Otherwise it may pull the wires and snap the connections and result in a
major repair.

4. It 1s also possible that, due to human error, the operator may slip to engage
the terminals at the first attempt and may have to do it at a second attempt,
adding to the downtime, while energizing or replacing a faulty trolley,
eventually defeating the purpose of a draw-out system.

5. Fully draw-out type In this construction the control terminals are of the
sliding type

6. The moving contacts are mounted on the trolley while the fixed matching
contacts are mounted on the panel frame.

7. These contacts engage or disengage automatically when the trolley is
racked-in or racked-out of the module respectively.

8. This type of construction eliminates human error and reduces racking time.

9. The trolley can now be replaced swiftly with the least downtime.

10.To analyse the shape of a current wave on a short-circuit, consider the
following conditions that may occur at the instant of the fault:

WRITING
Read the text and write an abstract.
Limitations

The amount of power that can be sent over a transmission line is limited.
The origins of the limits vary depending on the length of the line. For a short
line, the heating of conductors due to line losses sets a thermal limit. If too
much current is drawn, conductors may sag too close to the ground, or
conductors and equipment may be damaged by overheating. For
intermediate-length lines on the order of 100 km (62 mi), the limit is set by
the voltage drop in the line. For longer AC lines, system stability sets the
limit to the power that can be transferred. Approximately, the power flowing
over an AC line is proportional to the cosine of the phase angle of the voltage
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and current at the receiving and transmitting ends. Since this angle varies
depending on system loading and generation, it is undesirable for the angle to
approach 90 degrees.

Very approximately, the allowable product of line length and maximum
load is proportional to the square of the system voltage. Series capacitors or
phase-shifting transformers are used on long lines to improve stability. High-
voltage direct current lines are restricted only by thermal and voltage drop
limits, since the phase angle is not material to their operation.

Up to now, it has been almost impossible to foresee the temperature
distribution along the cable route, so that the maximum applicable current
load was usually set as a compromise between understanding of operation
conditions and risk minimization. The availability of industrial Distributed
Temperature Sensing (DTS) systems that measure in real time temperatures
all along the cable is a first step in monitoring the transmission system
capacity. This monitoring solution is based on using passive optical fibers as
temperature sensors, either integrated directly inside a high voltage cable or
mounted externally on the cable insulation.

A solution for overhead lines is also available. In this case the optical
fiber is integrated into the core of a phase wire of overhead transmission lines
(OPPC). The integrated Dynamic Cable Rating (DCR) or also called Real
Time Thermal Rating (RTTR) solution enables not only to continuously
monitor the temperature of a high voltage cable circuit in real time, but to
safely utilize the existing network capacity to its maximum. Furthermore it
provides the ability to the operator to predict the behavior of the transmission
system upon major changes made to its initial operating conditions.
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Variant 2

READING
Text 1. Read the text below and answer the questions.

What are the transmission networks designed for?
What are the components of the transmission networks?
Who administrates the transmission networks?

What does the transmission efficiency depend on?

How is the change in voltage usually achieved?

What is a transmission grid?

What is the most cost-effective number of wires?

Nowvk R =

Engineers design transmission networks to transport the energy as
efficiently as feasible, while at the same time taking into account economic
factors, network safety and redundancy. These networks use components
such as power lines, cables, circuit breakers, switches and transformers. The
transmission network is usually administered on a regional basis by an entity
such as a regional transmission organization or transmission system operator.

Transmission efficiency is hugely improved by devices that increase the
voltage, and proportionately reduce the current in the conductors, thus
keeping the power transmitted nearly equal to the power input. The reduced
current flowing through the line reduces the losses in the conductors.
According to Joule's Law, energy losses are directly proportional to the square
of the current. Thus, reducing the current by a factor of 2 will lower the
energy lost to conductor resistance by a factor of 4.

This change in voltage is usually achieved in AC circuits using a step-up
transformer. HVDC systems require relatively costly conversion equipment
which may be economically justified for particular projects, but are less
common currently.

A transmission grid is a network of power stations, transmission
circuits, and substations. Energy is usually transmitted within a grid with
three-phase AC. Single phase AC is used only for distribution to end users
since it is not usable for large polyphase induction motors. In the 19th
century, two-phase transmission was used but required either three wires with
unequal currents or four wires. Higher order phase systems require more than
three wires, but deliver marginal benefits.
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Text 2. Read the text and decide whether the sentences are true or false.

The capital cost of electric power stations is not very high.

Electricity is usually produced locally.

The power can flow even if some links are inoperative.

Base load is the unvarying (or slowly varying over many hours)

portion of the electric demand.

5. Renewable energy sources such as solar photovoltaics, wind, wave,
and tidal are also considered «base load».

6. The remaining power demand, if any, is supplied by peaking power

plants.

b S

The capital cost of electric power stations is so high, and electric
demand is so variable, that it is often cheaper to import some portion of the
needed power than to generate it locally. Because nearby loads are often
correlated (hot weather in the Southwest portion of the US might cause many
people to use air conditioners), electricity often comes from distant sources.
Because of the economics of load balancing, wide area transmission grids
now span across countries and even large portions of continents. The web of
interconnections between power producers and consumers ensures that power
can flow, even if a few links are inoperative.

The unvarying (or slowly varying over many hours) portion of the
electric demand is known as the base load and is generally served best by
large facilities (which are therefore efficient due to economies of scale) with
low variable costs for fuel and operations. Such facilities might be nuclear or
coal-fired power stations, or hydroelectric, while other renewable energy
sources such as concentrated solar thermal and geothermal power have the
potential to provide base load power. Renewable energy sources such as solar
photovoltaics, wind, wave, and tidal are, due to their intermittency, not
considered «base load» but can still add power to the grid. The remaining
power demand, if any, is supplied by peaking power plants, which are
typically smaller, faster-responding, and higher cost sources, such as
combined cycle or combustion turbine plants fueled by natural gas.
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GRAMMAR AND VOCABULARY
Fill in the blanks with the necessary forms of the words from the right.

A high-power electrical transmission tower

Long-distance 1 of electricity (thousands of | | TRANSMIT
kilometers) is cheap and 2, with costs of | 2 EFFICIENCY
US$0.005-0.02/kWh (compared to annual averaged
large 3 costs of US$0.01-0.025/kWh, retail | 3 PRODUCT
rates upwards of US$0.10/kWh, and multiples of
retail for instantaneous suppliers at 4 highest | 4 PREDICT
demand moments). Thus distant 5 can be | 5 SUPPLY
6 than local sources (e.g., New York City | 6 CHEAP
buys a lot of electricity from Canada). Multiple local
sources (even if more expensive and 7 | 7 FREQUENT
used) can make the transmission grid more fault
tolerant to weather and other disasters that can
8 distant suppliers. 8 CONNECTION

TRANSLATION

Translate the sentences from English into Russian.

1. When the short-circuit occurs at a current zero, Le., when the applied
voltage is almost at its peak, the voltage and current waves will follow the
current lagging the voltage by almost 84".

2. The current will now be almost symmetrical.

3. When the short-circuit occurs at a voltage zero the current will also
commence at zero.

4. This is an unusual situation when both the voltage and the current waves
commence at zero and yet cannot propagate in phase with each other, in
view of the current lagging the voltage by almost 84".

5. This situation is resolved by a shift in the zero axis of the current wave by
almost 84".

6. Now it is able to fulfil its above condition again.

7. The current will now be fully asymmetrical.

8. Let us consider a more realistic situation, when the short-circuit may occur
somewhere between the above two conditions.

9. Supposing the current and the voltage waves both have some value on their
respective wave forms at the instant of short-circuit.

10. The current will again tend to become somewhat asymmetrical but not fully.

85

" KOMMJEKT 3NIEKTPOHHbIX

YYHEBHO-METOAUWYECKUX MATEPUAJOB



AHrmnickuin 53bIK. MpodeccnoHanbHO-0pUEHTUPOBAHHbIN KypC:
yyebHoe nocobue / T.b. MeicyHew, M.B. Hetecosa, 2012. — 120 c.
B aBTOpCKOW peaakuum

——

WRITING
Read the text and write an abstract.
Load balancing

The transmission system provides for base load and peak load
capability, with safety and fault tolerance margins. The peak load times vary
by region largely due to the industry mix. In very hot and very cold climates
home air conditioning and heating loads have an effect on the overall load.
They are typically highest in the late afternoon in the hottest part of the year
and in mid-mornings and mid-evenings in the coldest part of the year. This
makes the power requirements vary by the season and the time of day.
Distribution system designs always take the base load and the peak load into
consideration.

The transmission system usually does not have a large buffering
capability to match the loads with the generation. Thus generation has to be
kept matched to the load, to prevent overloading failures of the generation
equipment.

Multiple sources and loads can be connected to the transmission system
and they must be controlled to provide orderly transfer of power. In
centralized power generation, only local control of generation is necessary,
and it involves synchronization of the generation units, to prevent large
transients and overload conditions.

In distributed power generation the generators are geographically
distributed and the process to bring them online and offline must be carefully
controlled. The load control signals can either be sent on separate lines or on
the power lines themselves. To load balance the voltage and frequency can be
used as a signaling mechanism.
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Variant 3

READING
Text 1. Read the text below and answer the questions.

What is the average lost of transmitting electricity?

What lessens the resistive losses in the conductor?

What happens to the losses if the conductor size is reduced?
What is the voltage of overhead lines?

What measures are taken to reduce corona losses?

How are losses estimated?

What is the longest cost-effective distance between DC?

NownhkLbhbe=

Losses

Transmitting electricity at high voltage reduces the fraction of energy
lost to resistance, which averages around 7 %. For a given amount of power,
a higher voltage reduces the current and thus the resistive losses in the
conductor. For example, raising the voltage by a factor of 10 reduces the
current by a corresponding factor of 10 and therefore the I’R losses by a
factor of 100, provided the same sized conductors are used in both cases.
Even if the conductor size (cross-sectional area) is reduced 10-fold to match
the lower current the IR losses are still reduced 10-fold. Long distance
transmission is typically done with overhead lines at voltages of 115 to 1,200
kV. At extremely high voltages, more than 2,000 kV between conductor and
ground, corona discharge losses are so large that they can offset the lower
resistance loss in the line conductors. Measures to reduce corona losses
include conductors having large diameter; often hollow to save weight, or
bundles of two or more conductors.

In general, losses are estimated from the discrepancy between energy
produced (as reported by power plants) and energy sold to end customers; the
difference between what is produced and what is consumed constitute
transmission and distribution losses.

As of 1980, the longest cost-effective distance for DC electricity was
determined to be 7 km (4,300 mi). For AC it was 4,000 km (2,500 mi),
though all transmission lines in use today are substantially shorter.
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Text 2. Read the text and decide whether the sentences are TRUE or
FALSE.

1. In an alternating current circuit, the inductance and capacitance of the
phase conductors is insignificant.

2. Reactive current causes extra losses in the transmission circuit.

3. The ratio of real power (transmitted to the load) to apparent power is
the power factor.

4. As reactive current increases, the reactive power decreases and the
power factor decreases.

5. For systems with low power factors, losses are equal to the systems
with high power factors.

6. To control reactive power flow for reduction of losses and
stabilization of system voltage, utilities add capacitor banks and other
components.

In an alternating current circuit, the inductance and capacitance of the
phase conductors can be significant. The currents that flow in these
components of the circuit impedance constitute reactive power, which
transmits no energy to the load. Reactive current causes extra losses in the
transmission circuit. The ratio of real power (transmitted to the load) to
apparent power is the power factor. As reactive current increases, the reactive
power increases and the power factor decreases.

For systems with low power factors, losses are higher than for systems
with high power factors. Utilities add capacitor banks and other components
(such as phase-shifting transformers; static VAR compensators; physical
transposition of the phase conductors; and flexible AC transmission systems,
FACTS) throughout the system to control reactive power flow for reduction
of losses and stabilization of system voltage.

GRAMMAR AND VOCABULARY

Fill in the blanks with the necessary forms of the words from the right.

Long distance transmission allows remote 1 energy | 1| NEW
resources to be used to displace fossil fuel 2. |2 CONSUME
Hydro and wind sources cannot be moved 3 to |3 CLOSE
populous cities, and solar costs are the 4 in remote | 4 LOW
areas where local power needs are minimal. 5 costs | 5 CONNECT
alone can determine whether any particular renewable
alternative 1s economically sensible. Costs can be | 6 PROHIBIT
6 for transmission lines, but various 7 for | 7 PROPOSE
massive infrastructure 8 in high capacity, very long | 8 INVEST
distance super grid transmission networks could be
recovered with modest usage fees.
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TRANSLATION
Translate the sentences from English into Russian.

1. The content of asymmetry will depend upon the instant at which the short-
circuit condition occurs on the current wave and the p.f.of the faulty
circuit.

2. The higher the recovery voltage at the instant of fault, the lower will be
the asymmetry (at V,, the d.c. component will be zero) and vice versa (at
Vo,t he d.c. component will be the maximum).

3. It is observed that there may be asymmetry in the system as long as the
short-circuit condition lasts.

4. But the content of the asymmetry may be quite feeble after three or four
cycles.

5. However, if the short-circuit condition still prevails. Such as when
conducting a short-circuit test up to the desired duration of 1 or 3 seconds,
the short-circuit current, although theoretically asymmetrical until the test
period, may be regarded as symmetrical (having reached its steady state)
after three or four cycles.

6. The content of asymmetry is ignored after three or four cycles for all
calculations and practical purposes.

7. In fact, a d.c. component less than 50 % that of the peak symmetrical
component of the fault, current Is,, at any instant during the course of
short- circuit condition may be ignored.

8. In other words, the relevance of the asymmetry may be considered only
up to the first peak, as the immediate subsequent peaks may also be less
than 50 % of the peak value of Is, (Idc < 0.5 ZM) at that instant.

9. The generation of an asymmetrical current on an a.c. system, leads to the
inference that a short-circuit condition will give rise to a d.c. component
due to a shift in its zero axis.

10.During the sub-transient state the value of the asymmetrical current will
be the phasor sum of the symmetrical Is, and the asymmetrical Idc,current
components.
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WRITING
Read the text and write an abstract.

Operators of long transmission lines require reliable communications for
control of the power grid and, often, associated generation and distribution
facilities. Fault-sensing protective relays at each end of the line must
communicate to monitor the flow of power into and out of the protected line
section so that faulted conductors or equipment can be quickly de-energized
and the balance of the system restored. Protection of the transmission line
from short circuits and other faults is usually so critical that common carrier
telecommunications are insufficiently reliable, and in remote areas a common
carrier may not be available. Communication systems associated with a
transmission project may use:

o Microwaves;

« Power line communication;

« Optical fibers.

Rarely, and for short distances, a utility will use pilot-wires strung along
the transmission line path. Leased circuits from common carriers are not
preferred since availability i1s not under control of the electric power
transmission organization.

Transmission lines can also be used to carry data: this is called power-
line carrier, or PLC. PLC signals can be easily received with a radio for the
long wave range.

Optical fibers can be included in the stranded conductors of a
transmission line, in the overhead shield wires. These cables are known as
optical ground wire (OPGW). Sometimes a standalone cable is used, all-
dielectric self-supporting (4DSS) cable, attached to the transmission line
Cross arms.

Some jurisdictions, such as Minnesota, prohibit energy transmission
companies from selling surplus communication bandwidth or acting as a
telecommunications common carrier. Where the regulatory structure permits,
the utility can sell capacity in extra dark fibers to a common carrier,
providing another revenue stream.
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Variant 4

READING
Text 1. Read the text below and answer the questions.

1. What is HDVC used for?

2. What current is used for long distance transmissions?

3. Why DC is more cost-effective than AC?

4. What is the maximum length when AC can be applied?

5. What is the length of submarine connect?

6. What is the relation of the power transmitted by an AC line to the
phase angle between source end voltage?

High-voltage direct current (HVDC) is used to transmit large
amounts of power over long distances or for interconnections between
asynchronous grids. When electrical energy is required to be transmitted over
very long distances, it i1s more economical to transmit using direct current
instead of alternating current. For a long transmission line, the lower losses
and reduced construction cost of a DC line can offset the additional cost of
converter stations at each end. Also, at high AC voltages, significant
(although economically acceptable) amounts of energy are lost due to corona
discharge, the capacitance between phases or, in the case of buried cables,
between phases and the soil or water in which the cable is buried.

HVDC is also used for long submarine cables because over about 30 km
length AC can no longer be applied. In that case special high voltage cables
for DC are built. Many submarine cable connections — up to 600 km length —
are in use nowadays.

HVDC links are sometimes used to stabilize against control problems
with the AC electricity flow. The power transmitted by an AC line increases
as the phase angle between source end voltage and destination ends increases,
but too great a phase angle will allow the generators at either end of the line
to fall out of step. Since the power flow in a DC link is controlled
independently of the phases of the AC networks at either end of the link, this
stability limit does not apply to a DC line, and it can transfer its full thermal
rating. A DC link stabilizes the AC grids at either end, since power flow and
phase angle can be controlled independently.

91

" KOMMJEKT 3NIEKTPOHHbIX

YYHEBHO-METOAUWYECKUX MATEPUAJOB


http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Corona_discharge
http://en.wikipedia.org/wiki/Corona_discharge
http://en.wikipedia.org/wiki/Capacitance
http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/High-voltage_direct_current
http://en.wikipedia.org/wiki/Submarine_power_cable
http://en.wikipedia.org/wiki/High_voltage_cable

AHrmnickuin 53bIK. MpodeccnoHanbHO-0pUEHTUPOBAHHbIN KypC:
yyebHoe nocobue / T.b. MeicyHew, M.B. Hetecosa, 2012. — 120 c.
B aBTOpCKOW peaakuum

——

Text 2. Read the text below and decide decide whether the sentences are
True or False.

1. Adjustment of the flow of AC power with the relative phase of three
electrical grids is everyday occurrence in AC systems.

2. If one of AC system components fail, it places sudden loads on a

remaining working grid system.

. With an HVDC line instead, such an interconnection would fail.

4. Such a system would be less prone to cascade failures if part of it
were suddenly shut down.

5. There is no prominent example of such a transmission line in the
Western United States.

6. Adjusting the flow of AC power is an everyday occurrence in AC
systems.

W

AC power

To adjust the flow of AC power on a hypothetical line between Seattle
and Boston would require adjustment of the relative phase of the two
electrical grids. This is an everyday occurrence in AC systems, but one that
can occasionally fail when AC system components fail and place sudden
loads on a remaining working grid system.

With an HVDC line instead, such an interconnection would: (1) Convert AC
in Seattle into HVDC. (2) Use HVDC for the three thousand miles of cross
country transmission. Then (3) convert the HVDC to locally synchronized AC in
Boston, and optionally in other cooperating cities along the transmission route.
Such a system would be less prone to cascade failures if part of it were suddenly
shut down. One prominent example of such a transmission line is the Pacific DC
Intertie located in the Western United States.

GRAMMAR AND VOCABULARY

Fill in the blanks with the necessary forms of the words from the right.

The fundamental principles of electricity generation
were 1 during the 1820s and early 1830s by the | 1 DISCOVER
British scientist Michael Faraday. His basic method is
still used today: electricity is generated by the 2 |2 MOVE
of a loop of wire, or disc of copper between the poles
of a magnet. For electric utilities, it 1s the first process
in the 3 of electricity to consumers. The | 3 DELIVER
other processes, electricity transmission, distribution,
and electrical power 4 and recovery using |4 STORE
5 storage methods are normally carried out | 5 PUMP
by the 6 power industry. 6 ELECTRICITY
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TRANSLATION
Translate the sentences from English into Russian.

1. For hazardous areas flameproof enclosures alone are recommended, except
in areas with moderate intensity of contamination and where such
assemblies are located away from the affected area and in a separate well-
ventilated room, when pressurized enclosures may also be safe.

2. The reason for this precaution is that frequent arcing takes place within the
enclosure on each switching of a contactor, switch, breaker or an OCR etc.
and also during operation of power and auxiliary contactors.

3. The classification of gases, vapour and volatile liquids according to their
ignition temperatures has been given.

4. As a switch, a contactor or a breaker produces an arc during a switching
operation, an explosion may occur within the enclosure on a re-switching.

5. It is also possible that when the enclosure door is opened to check, test or
replace a component, contaminants may have entered the enclosure.

6. It 1s also likely that on a re-closing of the feeder door, the closure is not
perfect due to human error and contaminants have leaked into the
enclosure.

7. All this may lead to an explosion on a re-switching.

8. Since it is not practical to manufacture a flameproof enclosure due to its
size and bulk and the number of knockouts and openings on the doors for
switches, metering, indicators, and pushbuttons (PBs) etc., it is common
practice to locate these assemblies some distance from the affected area in
a separate well-ventilated room.

9. Depending upon the location and intensity of contamination, it may be
permissible to meet the requirement by using a pressurized enclosure by
maintaining a positive pressure inside the enclosure similar to that for
motors.

10.When there are many switchgear assemblies, the room itself can be
pressurized, which is safer and easier.
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WRITING
Read the text and write an abstract.
Grids for railways

In some countries where electric trains run on low frequency AC (e.g.,
16.7 Hz and 25 Hz) power, there are separate single phase traction power
networks operated by the railways. These grids are fed by separate generators
in some traction powerstations or by traction current converter plants from
the public three phase AC network.

Superconducting cables

High-temperature superconductors promise to revolutionize power
distribution by providing lossless transmission of electrical power. The
development of superconductors with transition temperatures higher than the
boiling point of liquid nitrogen has made the concept of superconducting
power lines commercially feasible, at least for high-load applications. It has
been estimated that the waste would be halved using this method, since the
necessary refrigeration equipment would consume about half the power
saved by the elimination of the majority of resistive losses. Some companies
such as Consolidated Edison and American Superconductor have already
begun commercial production of such systems. In one hypothetical future
system called a SuperGrid, the cost of cooling would be eliminated by
coupling the transmission line with a liquid hydrogen pipeline.

Superconducting cables are particularly suited to high load density areas
such as the business district of large cities, where purchase of an easement for
cables would be very costly.

Single wire earth return

Single-wire earth return (SWER) or single wire ground return is a
single-wire transmission line for supplying single-phase electrical power for
an electrical grid to remote areas at low cost. It is principally used for rural
electrification, but also finds use for larger isolated loads such as water
pumps, and light rail. Single wire earth return is also used for HVDC over
submarine power cables.
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Wireless power transmission

Both Nikola Tesla and Hidetsugu Yagi attempted to devise systems for
large scale wireless power transmission, with no commercial success.

In November 2009, LaserMotive won the NASA 2009 Power Beaming
Challenge by powering a cable climber 1km vertically using a ground-based
laser transmitter. The system produced up to 1 kW of power at the receiver
end. In August 2010, NASA contracted with private companies to pursue the
design of laser power beaming systems to power low earth orbit satellites and
to launch rockets using laser power beams.

Wireless power transmission has been studied for transmission of power
from solar power satellites to the earth. A high power array of microwave or
laser transmitters would beam power to a rectenna. Major engineering and
economic challenges face any solar power satellite project.

Security of control systems

The Federal government of the United States admits that the power grid
is susceptible to cyber-warfare. The United States Department of Homeland
Security works with industry to identify vulnerabilities and to help industry
enhance the security of control system networks, the federal government is
also working to ensure that security is built in as the U.S. develops the next
generation of 'smart grid' networks.

Answer keys
The real and reactive powers of the load (motor) are:
PM=25-0,707=17,68 kW,
OM =25 sin (cos — 10,707) = 17,68 kKVAR;
(a) The line current of the motor, before the addition of the capacitor bank, is
IM = S3¢ \3 VL = 25,000;
V3 -220=65,6 A.
After the addition, the new value of line current is
Icorr = PM N3 VLPFcorr = 17,680;
V3 -220-0,9=51,55 A.
(b) The corrected new value of reactive power is
Qcorr = PM tan(cos — 10,9) = 17,68 tan 25,8° = 8,56 kVAR.
The kVA (kVAR ) rating of the capacitor bank needed to improve the power
factor from
0,707 to 0,9 lagging is then found as
Qcap = Qcorr — OM = 8,56 — 17,68 = —9,12 kVAR.
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(c) Per-phase capacitive kVAR = 9,12/3 = 3,04 kVAR. With wye connection,
V2LNXC= 220M3 2 XC=3,04"103
or
XC= 220M3 23,04 -103=5,31 Hence, C=12mn-60 531 =500 uF;
(d) With delta connection,
V2 LXC=2202XC=3,04-103
or
XC=22023,04-103=1592
Hence,
C=12m-60-1592=166,6 uF Note that Z =3ZY,or C = (1 3)CY, as
it should be for a balanced case.
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absorb MOTJIOTUTh drill TPCHUPOBKA
AC AC dynamo JMHAMO
accumulator aAKKyMYJISTOD
alternating MEPEMEHHBIN TOK efficiency 3¢ (HeKTUBHOCTH
current efficient 3¢ HeKTHBHBIN
anthracite coal | anTpanur electric NIEKTPUYECKUI
appliance pubop electrical IEKTPUICCKUIT
electrical grid | anekTpuueckas
battery Oatapes ceTka
biodiesel ouonuzenn electromagnet | 1eKTpOMarHuTHast
biofuel OMOTOIUTHBO ic energy SHEPTUS
biomass Oonomacca electron AJIEKTPOH
bituminous energy SHEPTUs
coal KaMEHHBIN yTroJib engine JIBUTaTEb
blackout 3aTEMHEHUE engineer UH)XKEHED
boiler KOTEJ entropy SHTPOIHUS
British bpuranckas environment | OKpy’Karomas cpeaa
thermal unit TEIUIoBas €IUHHULIA erg apr
ethanol ATAHOI
capacity CHOCOOHOCTh
carbon yTIepon fossil fuel HCKOIIaeMoe
carbon YTIIEPOANCTHIH CIex TOILIHBO
footprint YIIIEPOAUCTHIN flexible fuel TrUOKO€ TOTUTUBO
carbon tax HaJor flywheel MaxoBO€ KOJIECO
charcoal JIPEBECHBIN YTOJb fuel TOTLTNBO
chemical XUMHUYECKast fuel cell TOIUTMBHBIN
energy SHEPTHSI DIIEMEHT
clean energy | 9KOJIOTHYECKU furnace neyb
YHUCTAst DHEPTHSI ra3
climate M3MEHEHUE gas OeH3HH
change KJIMMaTa gasoline ra3oBas TypOuHa
coal yToJb gas-turbine IIPOU3BECTH
coke KOKC generate MOKOJICHNE
combustion Cropasue generation TeHepaTop
conservation COXpaHeHue generator re0TEPMHUUYECKUI
crude oil chIpast He(Th geothermal riio0anbHOe
current TOK global MOTEIUICHUE
warming 3€JICHBIN
dam Jamoba green npupo1ocoeperaro
DC MIOCTOSTHHBINA TOK green energy | mas
diesel JIU3€EIb BO300HOBIIIEMAS
direct current | TOCTOSIHHBIN TOK DHEPTHSI
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greenhouse MapHUKOBBIN mining ropHas
effect s ekt MIPOMBIIIIICHHOCTh
greenhouse MApHUKOBBIN ra3 motor JIBUTATEIb
gas
grid ceTKa natural gas MIPUPOJIHBIN ra3
nuclear SIICPHBIN
heat BBICOKAsI nuclear siepHas SHEPTHs
TeMIIepaTypa energy
heat exchange | oOMeH BrICOKOM nuclear power | sIEpHBIH peakTop
TEeMIIEPATyPhI nuclear SIIPO
high-voltage | BBICOKOBOJIBTHBII reactor
horsepower JIOIIAAMHAS CUJIa nucleus OBITH
human- IIPUBE/ICHHBIN B HEMOAKIIOYECHHBIM
powered JIeCTBHE off-the-grid He(ThH
YeJI0OBEKOM
hybrid THOPHT oil HeTsAHAS
hydrocarbon | yrneBogopon oil rig wiatdopma
hydroelectric | TuapolIeKTpUIECK
un peak oil UK 100b14U HEPTH
hydrogen BOJIOPOJ peat Topd
hydrothermal | runporepmanbHbIii petroleum HEPTH
photon dboToH
industry IIPOMBIIIJIEHHOCTh photovoltaic ¢dororanbBaHUYECK
internal JIBUTATEIb 15071
combustion BHYTPEHHETO photovoltaic ¢dororanbBaHNYECK
engine CTOpaHus panel as TpyIma
inverter HUHBEPTOP pollution 3arpsi3HEHUE
potential [MOTEHITNAILHAS
jet fuel pEaKTUBHOE energy SHEPrus
TOILIHBO power MOIIHOCTh
joule JOKOYJIb power grid HHEeprocucremMa
power lines JTUHUHT
Kelvin scale [Ixana KenpBuna power plant AJeKTpoIepeadn
kilowatt KHJIOBATT power station | 3JIEKTPOCTAHITUS
kilowatt-hour | yac xkumoBarra ANEKTPOCTAHIIMS
kinetic energy | KuHeTHYECKas power nepeaaya
SHEprus transmission | 3JEKTPOIHEPTHH
propane nporaH
light CBET public utility | npeanpusTue
liquefied KOMMYHaJIEHOTO
petroleum gas | CKM>KEHHBIH ra3 00CITy>KUBaHUS
magnetic MarHuTHas SHEPrUs radiant M3ITy4arouil
energy radiate H3IIy9aTh
megawatt MeraBaTT reactor peaxkTop
methane MeTaH reciprocating | MOPIITHEBOM
methanol METaHOJI engine JIBUTaTENh
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reflect OTpakaTh
renewable BO300HOBUMBIi1
reservoir pesepByap

shale clIaHery

solar panel COJIHEUHas OaTapes
solar power COJIHEYHAs! SHEPTHs
static CTaTHYECKOe
electricity AIIEKTPHYECTBO
steam nap

steam engine
steam turbine

MapoBOil IBUTATEIb
napoBasi TypOrHa

sun COJIHIIE
sunlight COJIHEYHBIH CBET
sunshine CBET
sustainable KU3HECTIOCOOHBII
temperature TeMIeparypa
therm TEPM
thermal TETJIOBAst SHEPTHSI
energy
thermodynami | TepmoarHaMUKa
cs
tidal power SHEPTUs MPUITHBOB
U OTJINBOB
transmission JUHUY TIepeaadn
lines nepeaaBaTh
transmit TypOuHa
turbine
utilities YTHINTBI
volt B
waste OTXOJBI
watt BaTT
wattage notpedsemas
MOIITHOCTb
wave power SHEPIHUs BOJIH
wind BETEP
wind farm BETPOBas
AIIEKTPOCTAHIINS
windmill BETpsiHAsl MEJIbHULIA
wind power SHEPTHUSI BETPa
wind turbine | BeTpstHOM
work JIBUTATEb
pabota

B aBTOpCKOI pegakumm
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Grammar Reference

KocBennas peun (Reported speech)
Sequence of Tenses

KocBenHas peub 3HaUUT, 4TO YbH-TO CJIOBA (TIpsAMast pedb) COOOLIAIOTCS
B (opme KocBeHHOW peud. lIpennokeHHss ¢ KOCBEHHOM peYbl0 — 3TO
CJIOKHOMOJUYMHEHHBIE MPEMIOKEHUS C JOMOJHUTEIBHBIMU MPUAATOYHBIMU
NpeMIOKEHUSIMU. B aHrIMiickoM si3bIKe yHoTpeOJIEeHHE BPEMEHH TJiaroJsia-
CKa3yeMoro B NMPUIATOYHOM IMPEAJIOKEHUH 3aBUCUT OT BPEMEHHU rjaroJja-
CKa3yeMoro B TJaBHOM TMpPEAJIOKEHUU. ITO Ha3bIBaeTCsl IPaBUIIOM
COTJIacOBaHUS BPEMEH.

a) Ecin B riaBHOM IpeyioKEHHUH IJ1aroj-cka3yeMoe CTOUT B OJIHOM U3
¢opM Hacrosero wid Oyayliero BPEMEHH, TO IJIAaroj-cKazyemoe
B IIPUJIATOYHOM MPEJJIOKEHUN MOXKET CTOSATh B JHOOOW BpeMEHHOH (opme,
KOTOpast TpeOyeTCs MO0 CMBICITY.

0) Ecnu B r1aBHOM MPEAIoKEHUH TI1aroji-cCkazyeMoe CTOUT B OJHOM U3
dbopm mpomeniero BpemeHu (00buHO, Simple Past), To B mpumaTouHOM
MPEMIOKEHUH TJ1aroji-cKazyeMoe HYXKHO YIHOTPEOIsATh TakXke B OJHOU M3
dbopm mpoiieaiero.

Direct Speech Reported Speech
Present Simple — Past Simple
Present Continuous — Past Continuous
Present Perfect — Past Perfect
Present Perfect Continuous — Past Perfect Continuous
Past Simple — Past Perfect
Past Continuous — Past Perfect Continuous
Past Perfect — Past Perfect
Past Perfect Continuous — Past Perfect Continuous
Future Tenses (will) — Future in the Past (would)

Direct Speech Reported Speech
Peter: "I work in the garden." Peter said that he worked in the garden.
Peter: "I'm working in the garden." Peter said that he was working in the garden.
Peter: "I have worked in the garden." Peter said that he had worked in the garden.
Peter: "I have been working in the Peter said that he had been working in the
garden." garden.
Peter: "I worked in the garden." Peter said that he had worked in the garden.
Peter: "T was working in the garden." Peter said that he had been working in the

garden.
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Peter: "I had worked in the garden." Peter: "I had worked in the garden."

Peter: "I had been working in the Peter said that he had been working in the
garden." garden.

Peter: "I will work in the garden." Peter said that he would work in the garden.
Peter: "I can work in the garden." Peter said that he could work in the garden.
Peter: "I may work in the garden." Peter said that he might work in the garden.
Peter: "I would work in the Peter said that he would work in the garden.
garden."(could, might, should, ought to) | (could, might, should, ought to)

B) Kornma Bbl mepeBoauTe MpeasioxKeHHsl U3 IpsIMOM peUYHr B KOCBEHHYIO
pedb, YacTo ObIBAET HEOOXOAMMO 3aMEHHUTh HEKOTOPblE MECTOMMEHUS
M Hapeyuss B OPUAATOYHOM IPEUIOKEHHH. JIMuHbIE MeECTOMMEHUS
U3MEHSIOTCS B 3aBUCUMOCTHU OT CMBICJIA NPEIIOKECHUS.

this (evening) — that (evening)

today/this day — that day

these (days) — those (days)

now — then

here — there

next (week) — the following (week)

tomorrow — the next/following day

in a few days — a few days later

yesterday — the day before

three days ago, a week age — | three days before, a week before
last week, last month — the week before, the month before
last weekend — the weekend before / the previous weekend

r) OOpaTuTe BHUMaHUE Ha TOPSJIOK CJIOB B KOCBEHHOM peuHu.

Word Order in Reported Speech

Statements She said, "I live here." She said that she lived there.
General questions | He asked, "Do you know this | He asked me whether (if) I knew
man?" that man.
Special questions | He asked me, "What are you He asked me what I was doing.
doing?"
Commands She said, "Go to your room." She told me to go to my room
Suggestions He said, "Let's go to the lake." | He suggested that we go to the
lake. / He suggested going to the
lake.

n) Ecnu B JONMONMHUTENTHHOM TPHAATOYHOM MPEAJIOKEHUH BBIpAXKEHA
OOIIen3BeCTHAs MCTUHA, TO B MPHUAATOYHOM TMPEIIOKEHHUH OOBIYHO
yHoTpeOsIeTCsl  HACTOAINIee BpeMs, HECMOTPS Ha TO, YTO B TJABHOM
MIPEIIOKEHHUH YITOTPEOICHO MPOIIIEIITIEe BPeMs.
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e) CyliecTByeT MHOTO TJIaroJioB BBOJISIIIMX MPUIATOYHBIE B KOCBEHHOM
peun. OOpaTuTe BHMMaHWE HA HCIIOJIb30BaHUE TJIaroia say B KOCBEHHOM
peun. I'maron tell Bcerma wucmonb3yeTcs ¢ KOCBEHHBIM JOMOJHEHHEM
B KOCBEHHOU pEUH.

She said (that) she was going. She-saidto-ne-shewasgoine
She told me not to go there. She-told-me-dont-go-there-

She told us/me/the doctor/her husband the news.
MHorue riarojisl 0oJjiee «omnucaTesbHb», YeM say U tell. Hanpumep:
explain, interrupt, demand, insist, admit, complain, warn.
k) IlpaBwiia corimacoBaHus BpeMEH IOJDKHBI COOIOATHCS, OCOOCHHO
B OQUILIMATBLHON YCTHOM M THUCBMEHHOW pPEUYM U B PA3JIUYHBIX YCTHBIX
Y TUCBMEHHBIX TECTaX MO aHTJUHUCKOMY SI3bIKY. BhIllieykazaHHbIe U3BMEHEHUS
B MPUJATOYHOM MPEIOKEHUH (€CIIH TIaroi B TJIABHOM MPEUIOKEHUU CTOUT
B MPOIIEAIIEM BPEMEHH) TPEeOYIOTCSl NMpaBUJIAMU COTJIACOBAHUSI BPEMEH, HO
AT U3MEHEHHSI TaK)Ke 3aBUCIT OT KOHTEKCTa M MPOUCXOISAT HE BO BCEX
cinyvasx. CpaBHUTE:
Onu ckazan: «A nasewyy ee 3aempay.
On ckaszan, ymo Hasecmum ee Ha credyiowuti oens. (Ecau «zasmpay»
ObIIO 6 NPOUWLIOM 8 MOMEHM 2080pDeHUsl, OHO 3aMeHsemcs @Qpasou «Ha
cnedyrowuil 0eHb.)
On ckazan, umo nagecmum ee 3asmpa. (Eciu «3aempa» 6vino 6ce
ewe 6 byoyuem 8 MOMeHm 2080PEHUsl, OHO OCMAeMmCcs 8 NPeodloNCeHUU KaK
«3asmpay.)

Exercises

1. Choose the appropriate alternative that matches the direct speech
given.

1. "What’s she doing?"
a. I wondered what was she doing.
b. I wondered what she was doing.
2. "Don’t talk!"
a. The teacher told us not to talk.
b. The teacher told us to not talk.
3. "Have you finished with the computer?"
a. She asked if had I finished with the computer.
b. She asked if I had finished with the computer.
4. "Why did you have to wait so long?"
a. She wanted to know why we had to wait so long.
b. She wanted to know why did we have to wait so long.
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5. "What is the time?"
a. Can you tell me what is the time?
b. Can you tell me what the time is?
6. "Do you play chess?"
a. He asked me if I did play chess.
b. He asked me if I played chess.
7. "Do not tell her what I said."
a. He begged me to not tell her what he had said.
b. He begged me not to tell her what he had said.
8. "Where do you live?"
a. Tom asked me where I lived.
b. Tom asked me where did I live.
9. "When are you going back to Russia?"
a. He asked when I was going back to Russia.
b. He asked when was I going back to Russia.
10. "How did you get on in this quiz?"
a. How did I get on 1in this quiz is my business, not yours!
b. How I got on in this quiz is my business, not yours!

2. Choose the appropriate alternative that matches the reported speech
given.

1. Tom said, 'l want to visit my friends this weekend.'
a. Tom said he wants to visit his friends that weekend.
b. Tom said he wanted to visit his friends that weekend.
c. Tom said he wanted to visit his friends this weekend.
2. Jerry said, 'I'm studying English a lot at the moment.'
a. Jerry said he was studying English a lot at that moment.
b. Jerry said he was studying English a lot at the moment.
c. Jerry said I was studying English a lot at that moment.
3. They said, "We've lived here for a long time.'
a. They said they have lived there for a long time.
b. They said they lived here for a long time.
c. They said they had lived there for a long time.
4. He asked me, 'Have you finished reading the newspaper?'
a. He asked me if had I finished reading the newspaper.
b. He asked me if I had finished reading the newspaper.
c. He asked me if I finished reading the newspaper.
5. Susan reassured me, 'l can come tonight.'
a. Susan told me I could come that night.
b. Susan told me she could come that night.
c. Susan told me she could come tomorrow evening.
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6. 'l get up every morning at seven o'clock.', Peter said.
a. Peter said he got up every morning at seven o'clock.
b. Peter said I got up every morning at seven o'clock.
c. Peter said he had got up every morning at seven o'clock.
7. Cheryl asked her, 'How long have you lived here?'
a. Cheryl asked her how long she has lived there.
b. Cheryl asked her how long she lived there.
c. Cheryl asked her how long she had lived there.
8. She asked me, "When are we going to leave?'
a. She asked me when she was going to leave.
b. She asked me when we were going to leave.
c. She asked me when we are going to leave.
9. Mark asked me, "Why do you want to study Russian?'
a. Mark asked her why I wanted to study Russian.
b. Mark asked me why did I want to study Russian.
c. Mark asked me why I wanted to study Russian.
10. Jason asked me, 'Are you coming with me?'
a. Jason asked me if I came with him.
b. Jason asked me if [ was coming with him.
c. Jason asked me if I was coming with you.

3. Make reported questions. Start with «she asked me».

"Is John at home?"

"Does Julie drink tea?"

"Are you working tonight?"

"Do the children study Chinese?"

"Can you help me?"

"Where is the post office?"

"What does Luke do at the weekend?"
"Why did you go out last night?"

. "Where will you live after graduation?"
10 "Have you been to Paris?"

e e A ol

4. Make reported requests or orders. Start each sentence with «she asked
me» or «she told me».

"Please help me carry this"

"Please come early"

"Could you please open the window?"

"Can you help me with my homework, please?"

b
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5. "Do your homework!"
6. "Don't smoke!"

7.
8
9

"Would you mind passing the salt?"

. "Don't do that!"
. "Would you bring me a cup of coffee, please?"

10."Would you mind lending me a pencil?"

5. Make the reported speech into the direct speech.

1. She said that she was leaving the following day.

2. She told me to be quick.

3. She asked me where I lived.

4. She said that they had gone to the cinema and then to a Chinese.
5. She asked me what I was doing the following day.

6.
7
8
9.
1

She asked me if [ worked in London.

. She said that she had never been to Wales.
. She said that she didn't like mushrooms.

She asked me how often I played sport.

0.She said that she could help me the following day.

6. Complete the sentences with «said» or «told».

1. Julie that she would join us after work.

2. She me that she was going running this evening.

3. John us that he couldn't come to the party.

4. John that he had been to the cinema at the weekend.

5. She them she wanted to quit.

6. They that they didn't want to meet us on Tuesday.

7. They they were meeting Luke today.

8. 1 him [ wasn't impressed.

9. Lucy  Julie that she was leaving on Wednesday.

10.We that we were going on holiday the following week.
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YCJOBHBIE ITPEJJIOKEHUA

[Ipunatounsie ycnoBubie npepioxenus (Conditional Sentences) siBiis-
FOTCSl YaCThIO CIIOKHBIX MPEIJIOKEHUN, KOTOPBIE COCTOSIT U3 JIBYX MPOCTHIX
MPEMIOKEHUI: 21a6H020 Npeonodcenusi U npudamoyHo20 NPeoloH#CeHUsl, CO-
€IUHECHHBIX MNOAYMHUTEIIBHON CB3bI0. TakWe NPEeaIOkKEHHs 4Yalle BCETO
pa3lengoTCa 3amsTol, a MPUIATOYHOE MPEJIOKEHUE BBOJUTCS, Kak Ipa-
BUIIIO, coro3amu if ecru, on condition that npu ycrosuu umo u np.

If you go right now, you will come in time. —
Ecnu mot notioews npsmo cetivac, TO Tbl TPUACIIH BOBPEMSI.

IIpuoamounoe npeonodicenue BbIpaXaeT ycuosue, a 21A6HOe — Cle0CH-
8ue, BBITEKAIOIIEE U3 3TOr0 YCIOBUS.

B aHrnmiickom si3bIke yCJIOBHBIE MPEIJIOKEHUS NENIATCS Ha CIEAYIOLIUe

THUIIBI:
Tun ycja0BHOT0 IMpumep IlepeBon
Npe1Ji0KeHHs
[TepBerit THN (peanbHOE If I see him tomorrow, Ecnu s ero 3aBTpa ysuorcy,
YCIIOBHE) I’ll ask him about it. s cnpouty €ro 00 3TOM.
Bropoii Tun If I were the President, Ecnu 6v1 51 6611
(manmoBepositHOe ycnoBue) | I would forbid exams. MPE3UIAEHTOM, I OMMEHUT
Obl DK3aMEHBI.
Tpetwnii Tun (Hepeanibnoe | If I had been the captain of | Eciu 6v1 52 6bi1 kKanuTaHOM
yCIIOBUE) Titanic, I would have been | «Turanukay, s 6bi1 661
more attentive. HaMHOI'0 BHUMAaTEC/IbHEE.

HpI/IJIaTO‘IHOG YCJIOBHOC MPECAJIOKCHUC BBOAUTCA COXO3aMU:

co103 npuMep ynoTpedaeHust nepeBojt

IF If I find your book, I’ll ring you | Ecnu s Haiiny TBOO KHUTY,
up immediately. s Te0e HeMeJIEHHO TI03BOHIO.

PROVIDED We can hold these competitions | MbI MOkeM ITpOBECTH 3TH

THAT provided that we have enough | copeBHOBaHus, pH yCIOBUH,
time to prepare. YTO y HAc OyJeT JOCTaTOYHO

BPEMEHH Ha MOJITOTOBKY.

UNLESS We will be late for the lecture Mz&I ono3aeM Ha JIEKIHIO,
unless we hurry. €CITM HE TIOCTIEIINM.

IN CASE I always have two pens with me | S Bcerna 6epy ¢ coboit n1Be
in case one of them doesn’t pYYKH, Ha CITydai, €clii OJ{Ha
write. He OyJeT nucaTh.

ON CONDITION | He was allowed to train on Emy 6bu10 pazpenieHo

THAT condition that he didn’t work | TpeHupoBaTbcs, Ipu yCIOBUH,
hard. 9TO OH HE OyIeT

MIEPEHAIPSTATHCS.
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EVEN THOUGH | He won the game even though | On moGenun B 3T0it urpe, He
he got an injury CMOTpS Ha TO, YTO MOy YT
TpaBMy.
SUPPOSING Supposing it rains, shall we go | MbI noezem 3a roposa, eciu
(THAT) to the country? MOMIET HOXKIL?

1. ITepBeIil TUIT YCAOBHBIX NPEITIOKEHUN UCTIONB3YETCS ISl BBIPAXKEHUS
Oyayumx coObITui. B mpumaTouHoM MpensioKeHUU HCIOJIb3YETCS OAHO M3
HACTOSIIIIMX BPEMEH, a B TJIABHOM IIpocToe Oyaylliee BpeMs MM MOJAJIbHBIE
[JIaroJbl:

If + Present Tense, Future Tense

If I find her phone number, I'll tell you.
If he has free time, he’ll come to me.

2. Bropoili THUN YCIOBHBIX NPEMIOKEHUN BBIPAKAECT HEPEAIBHOE
JIeCTBHE U OTHOCUTCS K HACTOSIEMY WM Oy TylieMy BPEMEHHU:
If + Past Tense, would + simple Infinitive

If I had more money, I would travel much.
If you took a pill, you would feel better.

Bwmecro would (xpatkas popma ’d) MoxkeT ucnonab3oBaThes could vnm
might B TTTaBHOM TIPEIJIOKCHUM

1 might like them more if they played football.

If I got more free time, I could read more.

[Tocne if MbI OOBIYHO HCTIONB3YETCS Were BMECTO was JJIs BCEX JUIL:
If I were you, I would give it up.

3. Tperuii TUN YCIOBHBIX TMPEIJIOKEHUN BBIPAXKAET HEPEATBbHOE
JIeICTBHE U OTHOCUTCS K MPOILIOMY, T.€. JeHCTBHE MO0 HEBO3MOXKHO OBLIO
BBITIOJTHUTD, TUOO0 OHO HE MPOU3OILIO:

If + Past Perfect, would have + Past Participle

I would have come to him if [ had known his address.

YcoBHBIC TIPEMIOKEHUS BTOPOTO W TPETHETO THIA TMEPEBOJATCS Ha
PYCCKHUH S3BIK C HCIIOJIb30BAHUEM YACTHUIIBI «OBIY.

If I got more free time, I could read more.

Ecnu 661 y mens w110 6010U1e 8pemenu, 51 Obl OObULE YUMAL.

I would have come to him if | had known his address.
A 661 npuwén k Hemy, ecau Ovl 3HA €20 aopec.

4. Ipennoxenus ¢ I wish. IIpocToe nmpouieaiiee Bpems: yrnoTpeousercs
niociie I wish, xoraa TOBOPAT O HACTOAIIEM:
I wish + Past

I wish I knew your new phone number.
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Mopnanbublie rnaronsl could/would ynotpebinsioTcs, Korjga Mbl TOBOPUM
O BeIIax, KOTOpPbIE MBI XOTEJH ObI CAeNaTh WM O BEIlaX, KOTOPHIC MBI
XOTeNr OBl YTOOBI MPOU3OIIIIN:
I wish + could/would

I wish you would come. (= I want you to come.)

CoBepiiénHoe mnepeKTHOE BpEMsSI HCHOJIBb3YETCS, KOT/a BbIpa)aroT
COXKAJICHUE O YK€ CITYyUHBIIEMCS:
I wish + Past Perfect

I wish I hadn’t told it to him.

Takue npensiokeHus 0ObIYHO MTEPEBOATCS:
Kanw, umo. ..
XKanw, umo s ckazan emy smo.

Exercises

1. Match the parts to make conditional sentences.

1. You will be late ...

2. I'will give her a call...

3. You need not come to the party

4.1 could write and ask them.

5. You would hardly recognize her.

6. He would probably give you a lift.

7. You would earn more money.

8. I would have gone for a swim with you
9. It would have cost more than $700
10. Let her know

a) If [ had their address

b) If you saw her now

c) If you asked Pit

d) If you got a new job

e) If we had traveled first class

f) If I had not been ill

g) If I can remember her phone number
h) If you miss the bus

1) If you don't want to

j) If you should hear from him
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2. Put the verbs in the correct tense form.

Jane: If Jack got more money, he would waste 1. (waste) it all on stupid
things.

Jack: Itisn’t true. If I had more money, I 2. (spend) it on anew coat.

Ann: If I 3. (win) a lottery, I would buy a DVD-player.

Jack: I 4. (not buy) a DVD-player if [ were you. They're expensive.

Jane: If I had more money, I 5. (save) it for a holiday in Europe.

Jack: If I 6. (have) a lot of money, I 7. (buy) a motor bike.

Ann: I 8. (not buy) a motor bike if 9. (be) you. They are very dangerous.

If I were you I 10. (travel)

3. The following things might happen. What would you do if they
happened to you? Write your answers.

1. If I found a wallet in the street, I would

2. If my boy- friend moved to another town,

3. If I saw an accident,

4. If someone offered me a new job in ashop,

5. If the lights suddenly went out,

6. If I found at your door a homeless cat,

7. If I found a passport in a bus,

8. If I spilled cherry juice on my favourite blouse.
9
1

. If I came home and found someone burgling my neighbor’s house,
0. If I felt tired,

4. Write a sentence using I wish ... for each of the following situations.

1. The weather's horrible.

2. We can't go skating.

3. Yesterday we went to the restaurant, and I was 1ll all night.
4. I wanted to go to France.

5. Pete keeps asking me for money.

6. I have to get up at 6.00 in the morning.

7.1 can’t afford a car.

8. Ann has short hair.

9. Nick can't play tennis.

10. My husband doesn't know how to repair CD-player.
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5. Translate the sentences into Russian.

1. If it is really so, I can only say that [ am sorry.

2. If he came into the room now, I would recognize him.

3. If you had worked hard, you would have finished the work long ago.

4. 1 wish it were summer now.

5. I wish you had been there with us.

6. Of course, you may act as you want, but if I were you, I wouldn’t
behave like that.

7. You are too stubborn. I’'m that if you were older, you would understand me.

8.1 don’t trust him. If I trusted him, I would follow his advice.

9. I think you got ill. If you put on your warm coat, you would not catch
(a) cold.

10. If you went to this shop, you would be able to buy an excellent sports
bag.

6. Open the brackets and put the verb into the correct form.

. I would visit you if I (not/live) so far away.

. If T (know) history well, I would help you.

. If your coach (be) with us now, he would give us much useful advice.

. If he (not be) so lazy, he would pass exams much better.

. If she (have) more free time, she would took partin city competitions.

. If we (have) more money, we would be able to buy expensive
equipment.

. If I (practice) more, I will achive better results.

. If he (come) to our house yesterday, he would have met his friend.

. If she (not \pass) her examination, she would not have got a scholarship.

0. If only you had let me know, I (go) there immediately

NN AW

— O o0

MOJAJIBHBIE I'JTIAT'OJIbI

Mooanwvubie 2nazosbl B aHTJIUHUCKOM SI3BIKE — ATO TJIarojibl, KOTOpPbHIE
BBIPQKAKOT HE JICWCTBHE KAK TaKOBOE, & OTHOUICHHE K JCHUCTBUIO —
BO3MOXXHOCTh, BEPOATHOCTh, HEOOXOIWMOCTh, JOJDKEHCTBOBAHHUE U T.II.
HemocpenctBeHHO — ACHCTBHE  BhIpaXaeTCss B CMBICJIOBOM  TUIaroe,
CJeayIoIIeM B MHPUHUTUBHOMN (hopMe 32 MOJIaJIbHBIM TJ1aroJioM.

Mooanvuvimu 2nazonamu SBISIOTCS TIaroasl can, could, must, have
to, have got to, may, might, ought, shall, should, be to, need, dare.

I'maronsr have, be, should Moryt ObITHP HE TOJBKO MOJAJIbHBIMH, HO
1 BCIIOMOTaTeJIbHBIMU, a TJ1arojisl need, have, be, get — TaKke 1 CMBICTIOBBIMHU.
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AHrnuiickue  MoJajbHblE€  TJIarojikl  00JIaJal0oT  HEKOTOPBIMU
O0COOEHHOCTSIMH, KOTOPBIE OTJIMYAIOT UX OT OOBIYHBIX TJIar0JIOB:

1. MoganpHbIe TIArojbl HUKOT/IA HE HCIOJB3YIOTCS 0€3 CMBICIOBOTO
rnarona. Jlaxke eciam  CMBICJIOBOM TJIAaroJli HE  MCHOJIB3YETCS, OH
nmojipazyMeBaeTcs (Harpumep, B KPaTKUX OTBETax Ha BOMPOCHI). CMBICIIOBOM
TJIaroJl CJeAyeT TOocie MOJANbHOTO Tiaroia B (opme wHbuHUTHBA. [Ipn
3TOM Tiaroisl be to, ought to, have to, have got to codeTaroTcs
C ”H(OUHUTUBOM C YacCTHUIIEH t0, a OCTaJbHBIC IJ1arojibl — ¢ 6a30BOM (opmoii
MH(UHUTHBA (TO €CTh C MHPUHUTUBOM O€3 YacTHIIbI t0).

I can fly an aeroplane. A ymero nemams Ha asponnane.

He should behave. Emy ciedyem xopouio cebs secmu.

"May I go now?" "Yes, you may (go)." Mooxcno mue uomu? — /la,
modicrho. (B maHHOM cilyyae CMBICTIOBOM IJIarosl MOKET OIYCKaThCs, HO OH
BCE PaBHO MOJIpa3yMeBaETCs. )

You have to finish the work today. Tei Oondxxcen 3axoHuumes pabomy
Ce200HsL.

2. Ilo cBoMM CBOMCTBaM aHIJIMICKHE MOJIAJIbHBIC TJIaroJbl, KpoMme have
to, have got to, be to, dare, SIBASIOTCS HEJOCTATOUHBIMU, TO €CTh HE UMEIOT
JUYHBIX OPM, U B CBSI3U C 3TUM HE 00pa3yIOT CIOXHBIX IJIAroJbHBIX (opm
(TO ecTb HE MOTYT UMETh (POPMBbI MH(PUHUTUBA, MPUYACTHS, U TEPYHAMS).
Kpome TOro, HeEZOCTaTOYHBIC MOJANbHBIC TIJIaroibl HE IMPUHUMAIOT
OKOHYAHHUS —S/-eS B TPEThEM JIUIE CAWHCTBEHHOTO YHCJA HACTOSIIETO
BpPEMCHU.

I can swim. A ymeio nrasame.

She can swim. (A HE She cans swim.) Ona ymeem niagameo.

He may help you. Owu, 603modicHo, mebe nomooicem.

He may be swimming right now. Om, 603M04CHO, celuac niagaem.

3. MHoOrue MofaJIbHbBIE TJIaroJIbl HE UMEIOT (POPMBI OYTyIIeT0 BPEMEHH,
HEKOTOpbIE HE UMEIOT (POPMBI MPOIISAIIETO U HACTOSIIETO BpeMeHu (bomee
MOAPOOHO ATOT BOMPOC PACCMATPHUBAETCS B CICAYIONINX pa3/Ieiiax).

4. BompocHuTenbHBIE W OTpHIATEbHBIE (POPMBI MOJAIBHBIX TJIAroJIOB
oOpa3yrorcs 0e3 TOMOIIM BCIIOMOTATENbHBIX TJIAroJioB (32 HMCKIIOYCHUEM
riarona have to). Jlnsa obpa3zoBaHusl BOMPOCa MOAAIBHBIN I1aroj CTaBUTCS
B HA4aJlo MPEUIOKCHHMS, a JI 00pa30BaHUs OTPHIATCILHOTO MPEITOKCHUS
UCIOJIb3YETCs YacTUlla not.

Can you come over here? Mooicewvb noootmu ciooa?

May I ask you a question? Mooicno 3a0amv mebe gonpoc?

You mustn't (= must not) talk to the teacher that way. Tel He dondicen
Maxk pazeo08apueams ¢ yuumenem.

I shouldn't be talking about it. Mne ne ciedyem obcyscoams 3mo.
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OnHako:
Do you have to go now? Tebe nyxcro ceiuac yxooumu?
I don't have to go now. MHne He HydCHO celiuac yxooums.

Can — sBIII€TCS OTHUM M3 CAMBIX HCIIOJIH3yEMBIX MOJAIBHBIX TJIaroJioB
B aHTJIMHUCKOM s3bIke. OH MMEeT 3HAYCHHE BO3MOKHOCTH HIIM CIIOCOOHOCTH,
KaKk (u3nyeckod, Tak W YMCTBEHHOW. OH MOXKET WCIOJb30BaThC IS
BBIPKCHHSI TIPOCHOBI, Pa3peIICHNs WM 3aIPEIICHHs], a TAK)KE BEPOSITHOCTH
YT HEBEPOSTHOCTH.

I can ride a horse. A ymew e30umv na nowaou. (Beipaxaer
CIOCOOHOCTb. )

We can stay with my brother when we are in Paris. Koecoa 6yoem &
Ilapuoice, mol  mooicem ocmanogumvcs y Mmoezco Opama. (Bbeipaxaer
BO3MOKHOCTb. )

She cannot stay out after 10 pm. Ona ne moocem 2eynsimo nocie 10
seuepa. (Beipaxaer 3amnpeliieHue. )

Can you hand me the stapler? He mooiceuv nepedams mue cmeniep?
(BoipaxkaeT mpocr0y.)

Any child can grow up to be president. Jliobou pebenox modicem
svipacmu u cmams npezudenmom. (Boipaxkaer BeposSTHOCTb.)

Could — nimeet 3HaUEHUE BEPOSTHOCTU MJIM BO3MOKHOCTH B IPOIIJIOM.
OH MOXET HCHOJB30BATHCS I BBIPAKEHHUS MPOCHOBI U MPEHTIOKECHHUS.
Taxke rmaron could 4acto WCHONB3YETCS B YCIOBHBIX MPEIIOKEHHUSIX B
KauecTBE YCIOBHOU (DOPMBI IJ1aroia can.

Extreme rain could cause the river to flood the city. H3-3a cunvuolx
0oorcoell pexa moana 3amonums 20poo. (BeipakaeT BEpOSITHOCTb. )

Nancy could ski like a pro by the age of 11. K 11 2o0am Hsmucu yace
yMena Kamamvcsa Ha Jblcax Kaxk npogeccuonan. (BpipaxaeT BO3MOXKHOCTD
B [IPOILIJIOM. )

You could see a movie or go out to dinner. Bwvi mozcau 6v1 nocmompemo
KUHO Uiy cxooums noovedams. (Beipaxkaet npenioxeHue.)

Could I use your computer to email my boss? He moe 0Ovl 5
B0CNOIL306AMBCSL BAULUM KOMNBIOMEPOM, YMOObl OMNPABUMb IJIEKMPOHHOE
nucomo ceoemy HadanrbHuxy? (Beipaxkaet npocn0y.)

We could go on the trip if I didn't have to work this weekend. Muvi moenu
Obl Ky0a-HUOYOb Cbe30umv, eciiu Obl MHe He HYIHCHO ObLlo pabomamv 6 dmu
8bix00Hble. (Y CIIOBHOE MPEI0KEHNE. )
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May — 4dame BCEro HCHOJB3YeTCS JUIsl BBIPAKEHUS BO3MOXKHOCTH
U TIPENNONOXKEHUsA. TakXKe OH MOXET YMOTPEeONAThCS JIsi TOTO, YTOOBI
MPEIOCTAaBUTh PA3pEIICHHE U CIPOCUTH pa3pelieHre, XOTs B COBPEMEHHOM
aHTJIMHACKOM B TAKOM 3HAYCHHUH OH HCIIOJIB3YETCS BCE PEKE.

Cheryl may be at home, or perhaps at work. [llepun moocem Ovimo
ooma, a moxcem u Ha pabome. (BbipaxaeT BO3MOXKHOCTb, PEINOI0KECHUE. )

Johnny, you may leave the table when you have finished your dinner.
Jorconnu, mol Modiceub 6CMamy U3-3a CMod, Ko20d 3aKOHYULUUb YHCUHAMD.
(Beipaxkaet pazpenieHue. )

May I use your bathroom? Mooicho socnonv3oeamuvcs eautell 6AHHOU?
(BeipaxkaeT nmpocb0y Ha pa3penieHue. )

Might — yame BCero HCIONB3YEeTCS ISl BBIPAKEHUS BO3MOXKHOCTH
U TIPETIONoKeHusl. Takke OH YacTO MOXKET HCIOJb30BaThCS B YCIOBHBIX
npeIoxkeHusX. [loMuMo 3Toro, might MOXET HWCIIOJIb30BaThCs IS TOTO,
qTOOBl CHAENaTh NPEUIOKCHHE WM BBIPA3UTh MPOCHOY, XOTS B TaKOM
3HAYCHHUH OH PEJIKO MCITOJIB3YeTCS B aMEPUKAHCKOM aHTJIMHACKOM.

Your purse might be in the living room. Bawa cymouka modicem Ovimo
6 cocmunotl. (BpipaxxaeT BO3MOXHOCTb U TIPETIOTIOKEHHE. )

If I didn’t have to work, I might go with you. Eciu 6vl mMHe He HYHCHO
obL10 pabomamo, 51 Mo bl noumu ¢ éamu. (Y CIOBHOE MPEITI0KCHHUE. )

You might visit the botanical gardens during your visit.Boi moenu 6wvi
nocemums Oomanuveckue caovl 60 epems gauieco eusuma. (Beipaxaer
MPEI0KEHHE. )

Might I borrow your pen? Mooicno mue 83amb eauty pyuxy? (Boipaxaer
pockOy.)

Must — 4daimie BCEro HCIOJNb3YeTCs ISl BBIPAXKEHHUS YBEPEHHOCTH,
HECOMHEHHOCTH, BEpPOSTHOCTH. Takke OH MOXET HCIOIb30BaThC IS
BBIDOKCHHUSI ~ HEOOXOJWMOCTH,  JIOJDKCHCTBOBAHHMS  WJIM  CHJIBHOU
PEKOMEHJIAIIUU, XOTSI B COBPEMEHHOM aHTJIMACKOM MpearnounTaeTcs: Oonee
rudkas popma have to. Must not MOXKET UCTIONB30BATHCS IS 3alIpeTa Yero-
1m0 W WMeeT O4YEeHb CTPOTUH OTTCHOK, B COBPEMEHHOM SI3BIKE
MPEANOYUTAIOTCS MEHEe KaTerOpUYHbIE TIIaroiibl should not vnu ought not.

This must be the right address! Omo, 0onsxcno O6vimos, eepubiii adpec!
(BeIpaxkaet yBepeHHOCTb, HECOMHEHHOCTb. )

Students must pass an entrance examination to study at this school.
Cmyoenmul 00194CHbL COAMb BCMYNUMETILHBII IK3AMEH, YMOObl YUUMbCS
6 amom 3asedenuu. (BripaxkaeT HEOOXOIUMOCTb. )
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You must take some medicine for that cough. Bam cnedyem npunsmo
Kakoe-Hubyob jgekapcmeo om mozo kKauwiis. (Bwlpaxkaer CUIBHYIO
PEKOMEHIaITHIO. )

Jenny, you must not play in the street! [[icennu, Henvssa uepame Ha
yauye! (Beipaxkaet 3amper.)

Have to - (uHOrAa Ha3bIBa€MbId MOJAIBHON KOHCTPYKIIMEH)
yHOOTpeOIIeTCs MJi BbIPAXEHUS OO0S3aHHOCTU WJIM HEOOXOAUMOCTH (B
YTBEPAUTEILHON WM  BOMPOCUTENbHOW  (QopMe) WIH  OTCYyTCTBHUS
00s13aHHOCTH U HE0OXOoauMocTH (B oTpuiiateabHol dopme). Takxke riaroi
have to MOXET BBIpaKaTh YBEPEHHOCTh, HECOMHEHHOCTh, BEPOSITHOCTh. Have
fo SIBISIETCA CHUHOHMMOM MOJIAJIbHOTO TIJIaroyia must, U UMEET OTTEHOK
BBIHYKJIGHHOCTH, B CHITy KaKUX-THOO 00CTOATEIHCTB.

This answer has to be correct. Omom omeem, O001CHO OblMb,
npasuvuslil. (BeipaxkaeT yBepeHHOCTh, HECOMHEHHOCTb. )

They had to leave early. Hm npuwnoce yumu pano. (Bblpaxaer
00s13aHHOCTb, BBIHYKJICHHOCTb B CHUIY OOCTOSITEIBCTB. )

The soup has to be stirred continuously to prevent burning. Bpems om
8pEMEeHU CYNn HYNHCHO nomeuwiusams, ymodOvl oH He npueopen. (Bbipaxkaer
HEO0OXOIUMOCTb. )

Exercises

1. Complete the sentences, using may or can.

1. ... I come in? 2. Let me look at your exercises. I ... be able to help you.
3.1 ... not swim, because until this year the doctor did not allow me to be
more than two minutes in the water. But this year he says I ... stay in for
fifteen minutes if I like, so I’'m going to learn to swim. 4. Libraries are quite
free, and any one who likes ... get books there. 5. I ... come and see you
tomorrow if I have time. 6. Take your raincoat with you: it ... rain today.
7. Do you think you ... do that? 8. I ... finish the work tomorrow if no one
bothers me any more. 9. ... we come and see you next Sunday at three
o’clock in the afternoon? 10. What time 1s it? — It ... — be about six o’clock,
but [ am not sure.
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2. Complete the sentences, using may (might) or_can (could).

1. ... you help me? 2. I ... imagine her speaking in public: I knew that she
was so shy. 3. Something was wrong with the car: he ... not start it. 4. A fool
... ask more questions than a wise man ... answer. 5. She asked me if she ...
use my telephone. 6. ... I use your pen? 7. ... I find a pen on that table?
8. You ... read this book: you know the language well enough. 9. You ...
take this book: I don’t need it. 10. ... help you?

3. Translate into Russian.

1. You must work hard at your English. 2. You must learn the words. 3. Must
we learn the poem today? 4. It must be very difficult to learn Chinese. 5. You
must not talk at the lessons. 6. Everybody must come to school in time.
7. Don’t ring him up: he must be very busy. 8. You must not make notes in
the books. 9. I must help my mother today. 10. Don’t worry! This is not
important. — Not important! You must be joking!

4. Complete the following sentences using the most appropriate forms of
the verbs.

1. Jack has got a headache. He ... sleep well recently.
a) can’t
b) couldn’t have
c) hasn’t been able to
2.1... sleep for hours when I was a little girls.
a) could
b) am able to
c) can
3. Tom ... play tennis well but he ... play a game yesterday because he was
ill.
a) couldn’t, could
b) can, was able
c) can, couldn’t
4.1 didn’t want to be late for the meeting. We ... meet at 5 sharp.
a) were to
b) had to
c) could
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5. Where are my gloves? — 1 ... put them on because it’s cold today.
a) can’t
b) have to
c) needn’t
6. You ... take an umbrella today. The Sun is shining.
a) needn’t
b) mustn’t
c) can’t
7. I’'m sorry, you didn’t invite me to your birthday party. You ... invite me
next time.
a) must
b) should
c¢) need to
8. Well, it’s 10 o’clock. I ... go now.
a) can
b) has to
¢) must
9. You ... smoke so much.
a) would
b) can’t
c) shouldn’t
10. We have got plenty of time. We ... hurry.
a) must
b) needn’t
¢) should

5. Translate the sentences into English.

. BBI 105KHBI GPOCUTH KYpHUTH.

. Beuepunka Oblia 3ameudarenbHas. Bam cienoBano npuilTu.

. ThI MOXeEIIb PEIIUTH ITY MPOOIIEMY.

. Tebe cienyeTr HaBeCTUTh CBOET0 OOIBHOTO IpyTa.

. TeOe cnenoBao HABECTUTH CBOETO OOJIBHOIO APYTa, HO Thl HE HABECTHIL.
. He xoTute emie yasa?

. 51 BBIHYKJIEH OBbLI C/IeTaTh 3TO.

. 51 He 3Hat0, mouemMy Mol criemid. Ham He Hy>)KHO ObUIO CHEIIUTb.

. 51 GBI XOTEN MOUTH C TOOOM.

0. Tsl MOXeUIb J1e1aTh BCE, YTO XOUEIIb.

— O 0 1N DN K~ W
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6. Complete the following sentences using the most appropriate forms of
the verbs.

1.I _ gonow because | am already late for my class.
a) must
b) have
¢) have to
d) had to
2.Doyou  clean the house every day or every week?
a) must
b) have
c) have to
d) had to
3. 1 _ speak French without a problem now because I have had many
lessons.
a) may
b) can
c) have
d) must to
4. They ___ do their homework today because it is a holiday at the school.
a) must not
b) don't have
c) don't have to
d) had not to
5. This isn't a difficult task, so you  be able to complete it by Friday.
a) can
b) should
c) mustn't
d) couldn't
6. You _ have been really angry when your boss tried to embarrass you in
front of your co-workers.
a) can
b) must
c) shall
d) won't
7. you come over for dinner on Friday night? I really want to hang out
with you, so I hope you can come.
a) Can
b) Will have
c) Must
d) Must have
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8. We've worked long and hard today.  we call it a day?
a) Must have
b) Should have

c) Shall

d) Could have
9. Kendra  finish her homework on time, or she can't go outside to play
with her friends.

a) must

b) can't

c) must have

d) shall have
10. 1 see that you have a hole in your sneakers. You need a new pair of
shoes.

a) can

b) must

c) shall

d) may
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