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Part I
Energy

Picture your community if a sudden and complete power
failure has occurred one cold winter evening at about 6 PM,
Electric and electrically controlled gas and oil furnaces have
gone off. You go to light the gas stove in the kitchen to warm
at least one room, only‘to discover that it will not light because
the pumps that maintain pressure in the gas line into the city
are powered with electricity.® Only those people who had
the “foresight” to equip their homes with coal-fired furnaces
are keeping cozy and warm tonight. The next day when you
attempt to drive out to the country to cut some dead trees for
firewood you discover that the car has only a few gallons of
gasoline in the tank.® It is impossible to obtain gasoline
because service station pumps are operated by electric motors.

The telephone company, hospitals, municipal water sys-
tem, and a few radio stations are operating on an emergency
basis with standby generators. But you do not have a battery
powered radio so you have a problem trying to find out what
is happening. You are eating cold soup from cans you opened
with a hammer and screwdriver because the electric can opener
does not operate. The community is almost completely par-
alyzed. Electric typewriters do not type, automatic doors
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do not open, supermarket cash registers do not ring, escalators
and elevators are motionless, traffic signals do not function,
and crime accelerates in the darkened city. The evening of
the second powerless night finds you and your family, wrapped
in blankets, huddled in the living room, watching the last
candle burn down. There isn’t anything else to do. No
newspapers were printed today. There is no TV and the
theaters are all closed. Today you located a neighbor with a
battery radio. The powerout extends over a wide area and
was triggered by a malfunction in one of the system’s nuclear
power plants.

Perhaps the power will be back on tomorrow. But there
are rumors of fuel shortages for the other power plants and
the utility company is warning that the same thing can happen
again within a very short time. Already there had been some
power brownouts in your community the past summer. At
least the lights and stoves kept working.

This gloomy picture is presented to emphasize the degree
to which we have come to depend upon convenient electrical
energy and what happens when we are suddenly deprived of
our servants. Power brownouts and blackouts have occurred
and will become more frequent as our accelerating energy
demands continue to outrun our resources for supplying the
energy. Americans now use more than six times as much
electrical power per capita as the world average, and our de-
mand for more energy is doubling every 15 years. Within
the next 15 years we will need twice as many power generating



plants as we have now plus the necessary distribution system
to take care of the increase.

But simply building more power producers is not enough;
there must be fuel to produce heat energy that can then be
converted to electrical energy and we just do not have it.
Already this country consumes 30 %, of the world production
of ceal and oil and 509 of the natural gas. We presently
are importing one-third of the oil we consume and our pro-
duction of natural gas lags our requirements by about 109,.
Only in the areas of coal and nuclear fuel do we have an ample
supply — at the moment.® But these two energy sources are
principal polluters of the environment and their indiscriminate
use is of major concern and is being contested at every turn.
It is something to be concerned about.

Grammatical Notes

@® You go tolight ... with electricity: R AREREIE
to light ... one room {EH k&, HEAEEDE go;
HFARERGIE to warm at least one room  HfEEH Bk
18, PiBAdEEIESNAE to light. .., only to discover. ..
HERIRIE, HHEIEDR go, HPE—A that HNE
#i#, 5IREIEBEND B4 that ARAKH, 5|18%E
BN,

® The next day . . . in the tank: when J3e R B, BIHREE
M4, 1B the next day, to drive out... for firewood
FEARERKIRIE, B to cut some dead trees for
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firewood th/EB ®IRIE, HBIIEIEIEE to drive out,
that JyAIEiEH, SISEIEMI, fE discover WIZiE,

(® Only in the areas . . . at the moment: X-2—/ &4, M
VAR ERIE 4> in the areas of coal and nuclear fuel,
LB, “only +R1E” FLWAF, ERAIRER, &£
ARHRY
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1. Historical Perspective

For the first 99.65% of the time that man has occupied
the earth, he relied almost entirely upon his own muscles to
perform whatever tasks were necessary or desirable. It was
not until he succeeded in domesticating the beasts of burden
that he was able to rid himself of some of the numbing
drudgery that seemed to be his lot.® Domestication of animals
was soon followed by the use of the wind to propel primitive
vessels and flowing water to irrigate crops by means of crude
water wheels that lifted the water from the canal or stream to
the level of the field.

The next step was the utilization of wind and water power
to grind grain and operate primitive machinery to perform a
variety of tasks such as polishing, sawing, and turning.
Waterpower soon was being used to operate a diversity of
machinery to produce many products in demand by developing
civilizations. This is the way it remained until the eighteenth
century when Thomas Newcomen and James Watt developed
the first practical devices that enabled man to free himself
from dependence upon muscles, wind, and water to make his
life a bit easier.®

The Industrial Revolution in England and central Europe



in the 1800’s was powered by steam. While water powered
industries clustered around advantageous areas along rivers,
steam powered factories concentrated in regions close to fuel
sources, mainly the coal fields of Europe and eastern United
States. Thousands of people moved from rural areas to the
industrial cities to work in the factories and created the prob-
lems unique to urbanization which are still with us.

With the invention of the electromagnetic generator in
the latter part of the nineteenth century, it became possible
to convert the energy of burning fuel to electricity which could
then be transmitted to distant points for use.® The first
practical electric street railway (streetcar) went into operation
in Germany, and Thomas Edison installed the first electric
utility to supply 85 customers in New York City with incan-
descent electric lighting. Within a very short time, electric
power was being generated and distributed at many places
around the world and energy for everyone became a reality.

Grammatical Notes

@® It was not until ... his lot: j5—4 that B| SR EIE
MA), 3B the numbing drudgery,

@ This is the way . .. a bit easier: it remained until... A&
BN, f&Hs the way, 32iEhH time, way, direction,
distance, moment % ZAMNTENG, WARAARXRRRKRRF
BAREH, XA when ZIRHEIENRBEH the
eighteenth century, X R{\iF that 5| F8EE NGB
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#,37 devices, #idF e EiE to free himself from...
REENRIE, $HAREREE to make his life a bit
easier JyEIIRIE, EHEEhA enable,

® With the invention ... for use: it HEREE, ZHALE
45IE to convert. .. to electricity B R{5:3%iE, which
SIS IBENIBIERIE electricity,

Translation

1. i & w B ;R

ARG EBREWN9.65% MR FE, JLFREEB
B EM &I RS RORBER BN —I LI, EE ARSI
HKBE, THTHRERCPRARGBEEETATHEER
HANEL, AXR2aVRHMZE, XFRRIRED RS
BN, R B R KN IR P K,

T—FREFMARNMKIIRBLY. T FAQYIR,
NETFE, WE, REZBNTIE, AR, KOBERARED&
Milag, WMESHESUNAREROXAZE. EET/\#
4, LD - ARSNEEE - RO RPE - AIHAN
R RAR VIR, HRXEEN, XBEAEAFMKEES, K
ARKAEIRATRELUEE, HERARSEX.

+iagd, EXRERREK, AREHTIRES, BUK
A TP LS R ETARAKOBK, URRY
AT EPERE =4, EERER NSRRI 50K
o BT EFTHANREYREETVRE, BANT LTE B
S AT LA BT S R E, XERBESTREE.
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2. Energy—What It Is

Energy is one of those fundamental terms in science that
are impossible to define in the usual manner. If we resort
to the dictionary definition, “energy is the ability to do work,”
then we are confronted with the necessity for defining the word
work. The physicist regards work as a force acting through
a distance.* Which is quite understandable except for the
fact the term force also defies ordinary definition. If we
say that force is a “push or a pull,” we are now required to
explain what we mean when we use these two words and about
all we can say is that we exert energy when something is
pushed or pulled.®

We must resort to operational definitions which describe
something in terms of what it does rather than what it is. We
have already defined force as that which can change the state
of motion or configuration (shape) of an object. Thus,
energy is that which can cause a force to act to do work.

* In the English system of measurement, the common
unit for work is the foot-pound -— the product of pounds force
acting through distances measured in feet. Thus, if your
weight is 160 1b and you climb a flight of stairs a vertical
distance of 30 ft, you have done 30 ft x 160 1b=4800 ft-1b of
work.
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Science has been able to identify only three kinds of basic
energy to power the universe: 1) Gravitational energy exists
between all material things and is responsible for the gravita-
tional force that provides the power to operate the massive
turbines in our hydroelectric generating plants.®  Gravita-
tional energy also acts between very small particles such as
atoms and molecules but the force is not very effective unless
the particles are very close together. 2) Nuclear energy binds
together the particles that make up the nuclei of atoms. Man
has learned to release and utilize some of this energy under
very specific conditions. 3) Electromagnetic energy is that
which is associated with the subatomic particles that carry
net electrical charges, principally the electrons and protons
found in the atoms of all normal matter.

All kinds of energy can be classed as either potential or
kinetic. Kinetic energy is the energy of motion; anything that
is moving is capable of striking something else and exerting
a force against it or doing work on it, or both.

Potential energy is the energy of position or configuration.
The water stored behind the dam in Figure 1 possesses the
ability or potential to move through the penstocks and do
work. A woundup watch or clock spring is an example of
potential energy of shape or configuration. The food
(chemical) energy stored by plants is potential energy of con-
figuration because the pattern of molecular structures has been
altered by the radiant (electromagnetic) solar energy utilized
by the plants. This potential energy can be released when
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FIGURE 1 Hydroelectric power installation.

the food molecules are oxidized within the cells of living
organisms.* Certain atoms possess the capacity for con-
verting part of their potential nuclear energy to kinetic energy.
The uranium “fuel” atoms in a nuclear reactor designed to
produce electrical energy undergo a fission (splitting) action
that changes a tiny portion of their nuclear potential energy
to the kinetic energy of moving particles and radiation.
It should be apparent by now that potential energy can
be converted to kinetic energy and vice versa. An excellent

* You can demonstrate for yourself the conversion of
this potential chemical energy to Kkinetic energy [heat and
light]. Simply stick a shelled peanut on a pin and set it afire
with a match. The rather surprising amount of energy pro-
duced is the same amount you would realize for your body if
you ate the nut instead of burning it. The process that goes
on in your body cells is chemically the same but proceeds at
a slower rate and at many different places at once.
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