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end of the kite string. The string went through the key and attached to a Ley-
den jar. (A Leyden jar consists of two metal conductors separated by an in-
sulator.) He held the string with a short section of dry silk as insulation from
the lightning energy. He then flew the kite in a thunderstorm. He first no-
ticed that some loose strands of the hemp string stood erect, avoiding one
another. (Hemp is a perennial American plant used in rope making by the
Indians.) He proceeded to touch the key with his knuckle and received a
small electrical shock.

Between 1750 and 1850 there were many great discoveries in the princi-
ples of electricity and magnetism by Volta, Coulomb, Gauss, Henry, Fara-
day, and others. It was found that electric current produces a magnetic field
and that a moving magnetic field produces electricity in a wire. This led to
many inventions such as the battery (1800), generator (1831), electric motor
(1831), telegraph (1837), and telephone (1876), plus many other intriguing
inventions.

In 1879, Thomas Edison invented a more efficient lightbulb, similar to
those in use today. In 1882, he placed into operation the historic Pearl Street
steam—electric plant and the first direct current (dc) distribution system in
New York City, powering over 10,000 electric lightbulbs. By the late 1880s,
power demand for electric motors required 24-hour service and dramatically
raised electricity demand for transportation and other industry needs. By the
end of the 1880s, small, centralized areas of electrical power distribution
were sprinkled across U.S. cities. Each distribution center was limited to a
service range of a few blocks because of the inefficiencies of transmitting
direct current. Voltage could not be increased or decreased using direct cur-
rent systems, and a way to to transport power longer distances was needed.

To solve the problem of transporting electrical power over long dis-
tances, George Westinghouse developed a device called the “transformer.”
The transformer allowed electrical energy to be transported over long dis-
tances efficiently. This made it possible to supply electric power to homes
and businesses located far from the electric generating plants. The applica-
tion of transformers required the distribution system to be of the alternating
current (ac) type as opposed to direct current (dc) type.

The development of the Niagara Falls hydroelectric power plant in 1896
initiated the practice of placing electric power generating plants far from
consumption areas. The Niagara plant provided electricity to Buffalo, New
York, more than 20 miles away. With the Niagara plant, Westinghouse con-
vincingly demonstrated the superiority of transporting electric power over
long distances using alternating current (ac). Niagara was the first large
power system to supply multiple large consumers with only one power line.
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Since the early 1900s alternating current power systems began appearing
throughout the United States. These power systems became interconnected
to form what we know today as the three major power grids in the United
States and Canada. The remainder of this chapter discusses the fundamental
terms used in today’s electric power systems based on this history.

SYSTEM OVERVIEW

Electric power systems are real-time energy delivery systems. Real time
means that power is generated, transported, and supplied the moment you
turn on the light switch. Electric power systems are not storage systems like
water systems and gas systems. Instead, generators produce the energy as
the demand calls for it.

Figure 1-1 shows the basic building blocks of an electric power system.
The system starts with generation, by which electrical energy is produced in
the power plant and then transformed in the power station to high-voltage
electrical energy that is more suitable for efficient long-distance transporta-
tion. The power plants transform other sources of energy in the process of
producing electrical energy. For example, heat, mechanical, hydraulic,
chemical, solar, wind, geothermal, nuclear, and other energy sources are
used in the production of electrical energy. High-voltage (HV) power lines
in the transmission portion of the electric power system efficiently transport
electrical energy over long distances to the consumption locations. Finally,
substations transform this HV electrical energy into lower-voltage energy
that is transmitted over distribution power lines that are more suitable for
the distribution of electrical energy to its destination, where it is again trans-
formed for residential, commercial, and industrial consumption.

A full-scale actual interconnected electric power system is much more
complex than that shown in Figure 1-1; however the basic principles, con-
cepts, theories, and terminologies are all the same. We will start with the ba-
sics and add complexity as we progress through the material.

TERMINOLOGY AND BASIC CONCEPTS

Let us start with building a good understanding of the basic terms and con-
cepts most often used by industry professionals and experts to describe and
discuss electrical issues in small-to-large power systems. Please take the
time necessary to grasp these basic terms and concepts. We will use them
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throughout this book to build a complete working knowledge of electrical
power systems.

Voltage

The first term or concept to understand is voltage. Voltage is the potential
energy source in an electrical circuit that makes things happen. It is some-
times called Electromotive Force or EMF. The basic unit (measurement) of
electromotive force (EMF) is the volt. The volt was named in honor of Al-
lessandro Giuseppe Antonio Anastasio Volta (1745-1827), the Italian
physicist who also invented the battery. Electrical voltage is identified by
the symbol “e” or “E.” (Some references use symbols “v” or “V.”

Voltage is the electric power system’s potential energy source. Voltage
does nothing by itself but has the potential to do work. Voltage is a push or
a force. Voltage always appears between two points.

Normally, voltage is either constant (i.e., direct) or alternating. Electric
power systems are based on alternating voltage applications from low-volt-
age 120 volt residential systems to ultra high voltage 765,000 volt transmis-
sion systems. There are lower and higher voltage applications involved in
electric power systems, but this is the range commonly used to cover gener-
ation through distribution and consumption.

In water systems, voltage corresponds to the pressure that pushes water
through a pipe. The pressure is present even though no water is flowing.

Current

Current is the flow of electrons in a conductor (wire). Electrons are pushed
and pulled by voltage through an electrical circuit or closed-loop path. The
electrons flowing in a conductor always return to their voltage source. Cur-
rent is measured in amperes, usually called amps. (One amp is equal to 628
x 10'¢ electrons flowing in the conductor per second.) The number of elec-
trons never decreases in a loop or circuit. The flow of electrons in a conduc-
tor produces heat due to the conductor’s resistance (i.e., friction).

Voltage always tries to push or pull current. Therefore, when a complete
circuit or closed-loop path is provided, voltage will cause current to flow. The
resistance in the circuit will reduce the amount of current flow and will cause
heat to be provided. The potential energy of the voltage source is thereby con-
verted into kinetic energy as the electrons flow. The Kinetic energy is then uti-
lized by the load (i.e., consumption device) and converted into useful work.

Current flow in a conductor is similar to ping-pong balls lined up in a
tube. Referring to Figure 1-2, pressure on one end of the tube (i.e., voltage)
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voltage source has been removed. Examples of capacitor loads are TV pic-
ture tubes, long extension cords, and components used in electronic devices.

Opposite to inductors, the current associated with capacitors leads (in-
stead of lags) the voltage because of the time it takes for the dielectric mate-
rial to charge up to full voltage from the charging current. Therefore, it is
said that the current in a capacitor leads the voltage. The units (measure-
ment) of capacitance are called farads.

Similar to inductors, the power associated with capacitors is also called
reactive power, but has the opposite polarity. Thus, inductors have positive
VARSs and capacitors have negative VARS. Note, the negative VARSs of in-
ductors can be cancelled by the positive VARs of capacitors, to leading a
net zero reactive power requirement. How capacitors cancel out inductors in
electrical circuits and improve system efficiency will be discussed later.

As a general rule, capacitive loads are not items that people purchase at
the store in massive quantities like they do resistive and inductive loads. For
that reason, power companies must install capacitors on a regular basis to
maintain a reactive power balance with the inductive demand.



