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e use th@ word “energy” daily to refer
to different things. We are told, for
“instance, that certain food does not
sufficient energy; we are told about the

energy kesources; or we are
icians about the energy
ired, we have "no energy.”
e sources of

The Source
of Change

al energy—and so on.
general, and in the
energy is “the potential
e capacity to act,

tion. Other accepted

aY g S
to produ
transform

han f-
or set in

ted with exploiting and using t
e, both industrially and economically.
he development of steam engines during
T the Industrial Revolution generated the

need for engineers to develop formulas

and concepts to describe the thermal and
mechanical efficiencies of the systems they
were developing. Thus, they began speaking
about “energy.” Energy is an abstract physical
quantity. This means that it cannot be
measured in a pure state but that only
variations of energy in material systems can
be observed. These variations are equivalent to
the work required to change one system from
its initial state to a subsequent one. Energy
cannot be created or destroyed; it can only be
transformed from one form to another.
Obviously there are forms of energy that can
be transformed or used more easily than
others and, in the end, all forms of energy will
become heat energy, one of the most
disordered forms of energy. This loss of energy

ONE GIANT SOURCE OF ENERGY
Our star, the Sun, is a huge nuclear
reactor where each second more than
four tons of matter are transformed
into energy equivalent to almost 92
billion megatons of TNT.

ome religions and

s that we will use refer to energy asa
source and as the technologgg -

. J.l". 2,
it

3

| ' sults in inesand
e king with less
the 100 percent efficié% ne would
t if one were to apply the principle of the
conservation of energy literally.

(V2]

owever, as already mentioned, there is
also another definition of the word
“energy” that refers to the natural
sources necessary to produce energy as
gineers and physicists understand it. This
derstanding of energy is very important and
affects us all. Its role in the global economy is
essential, and it could be said that most recent
wars have had as one of their goals the control
of energy resources—hboth renewable and
nonrenewable.

important sources of energy used by

humanity. We show how human ingenuity
has been able to put the different forms of
energy at its service by developing machines
of all kinds, and we describe some of the most
important manifestations of energy in the
natural world. We also dedicate a chapter to
describe the uses of clean, renewable sources
of energy, including solar, wind, water, and
geothermal sources. Finally, we list some of
the inventions that people throughout history
have developed to satisfy their instinct to
explore. These are inventions that made people
move faster and travel farther with less and
less energy. The progression from animal-
driven transportation to steam engines and
internal-combustion engines is a key to
understanding modern civilization.

]: n this book, we present some of the most
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8 ORIGIN AND SOURCES

Sources of Energy

— nergy is vital to life. From it, we get light and heat,
— and it is what allows economic growth. Most of the

| energy we use comes from fossil fuels, such as
petroleum, coal, and natural gas—substances that
took millions of years to form and that will
someday be depleted. For this reason,
there are more and more countries
investing in technologies that take
advantage of clean, renewable
energy from the Sun, wind,
water, and even the interior
of the Earth. @

Nonrenewable
Sources

These are the sources of energy that are

limited and can forever be depleted through
use. They represent up to 85 percent of the
world's energy consumption and form the

basis of today's insecure energy economy. These
nonrenewable sources of energy can be classified
into two large groups: fossil fuels (coal, petroleum,
and natural gas) and nuclear energy, which is
produced in nuclear power plants from uranium—
a scarce, controlled radioactive material.

Renewable
resources
13%

PRIMARY Petroleum
GLOBAL ENERGY 6%
SOURCES

Nuclear energy
6%

Percentages are for Coal ~ Natural gas
the year 2003 24% 21%
FOSSIL CHEMICAL ENERGY

Fossil fuels (coal, natural gas, and petroleum) are the
result of the sedimentation of plants and animals that
lived millions of years ago and whose remains were
deposited at the bottom of estuaries and

THERE COULD BE NO MORE COAL
RESERVES AFTER THE YEAR

2300.

COAL

Coal drove the Industrial Revolution in the
developed world. It still provides a quarter
of the world's commercial energy. Coal is
easy to obtain and use, but it is the dirtiest
of all energy resources.

swamps. Fossil fuels are the main source of energy for
industrial societies. Their combustion releases into the
atmosphere most of the gases that cause acid rain
and the greenhouse effect.

ENERGY AND MOVEMENT 9

Renewable energy resources are not used up or  because they can be recovered or regenerated.  exploitation, biomass and geothermal energy

exhausted through use. As long as they are Some of these sources of energy are the Sun, can also be considered renewable energy
used wisely, these resources are unlimited the wind, and water. Depending on the form of  resources.
RAL NUCHE! E
olar energy absorbed by the Eart f d _ ) .
a year is.equivalent to 20 times the enei is generated by turbines or water . : _ultlmately comes from_the Sun. Solar The production of hydrogen is a new and,
storen by""all the fossil-fURRESSaPYESin :g 5 wheels turned by the fall of water. Its main radiation creates regions of high and low for the moment, costly process. But, unlike other
1d and 10,000 ti ter than th 4 drawback is that the construction of pressure that creates currents of air in the fuels, hydrogen does not pollute.
el e MU UTEIEE U ARE LS reservoirs, canals, and dams modifies the atmosphere. Wind is one of the most promising
current CO"SL““"EW" of energy. ecosystems where they are located. renewable energy resources, because it is

relatively safe and clean.

produce fuel from biological resources, such as
The Sun provides the Earth with wood, agricultural waste, and manure. It is the
great quantities of energy, which is produced by the heat in the crust and primary source of energy in the developing regions.
can be used for heating as well mantle of the Earth. Its energy output is The methane gas it produces can be used for
as for producing electricity. constant, but power plants built to access it cooking or to generate electricity.
must be located in places where water is very
close to these heated regions.

is one of the newer forms of producing
electrical energy. It harnesses the energy released
by the ocean as its rises and falls (the ebb and
flow of tides).

NUCLEAR

ENERGY
One of the methods of obtaining
electrical energy is through the use
of controlled nuclear reaction. This
technology continues to be the center of
much controversy because of the deadly
wastes it generates.

The most common
biofuels are ethanol and

biodiesel, which are produced

from conventional agricultural

products, such as oilseeds, sugarcane,
gﬁ'? ?ﬁ:; YRlEJI'\‘R EELR&I}E;#%E”Y'EAR or cereals. In the future, they are
expected to partially or completely
2 1 5 O : 3 O 5 0 replace gasoline or diesel.
° °
NATURAL GAS PETROLEUM

Formed by the breakdown of organic
matter, it can be found in isolation or
deposited together with petroleum. One
way of transporting it to places of
consumption is through gas pipelines.

Petroleum is the most important energy resource
for modern society. If it were to suddenly be
depleted, it would be a catastrophe: airplanes, cars,
ships, and thermal power plants, among many
other things, would be inoperable.

0

O PERCENT OF "GREEN" ELECTRICITY
THAT EUROPE PLANS TO USE IN 2010
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Matter <40

g |
o _ _ e ¥ Gaseous State
he dictionary says that matter is everything that takes up space. In other words, whatever makes I ‘f‘} ‘-!': Y ‘ . o e A nr
‘ up a substance in the physical universe—the Earth, the seas, the Sun, the stars—is matter. SEPARATED L Ai® o N ” escape the surface of liquid water to
Everything that humans see, touch, or feel is matter. Matter can be hard as steel, adaptable as : MOLECLEES § '% e
water, and shapeless as the oxygen in the air. The study of matter has permitted the fabrication e V- #u W condensation and the change from
: HH : A 5 § S N T = o liquid to solid state is called
of tools, construction of cities, and even flights into space. Regardless of what is currently ‘ . | R selidiication! o freesia. In'atper
known about it, the more scientists look into matter, the more complexity they find. For ' B | o 2” instances, there can be a direct change
example, it is now known that not even the hardest diamond is really solid, because the : / from salid tgzst el
X ple, 1t W Know v I I y 1d, u 4 from gas to solid (condensation).

atom—the heart of matter—is almost all empty space. ®

What Is Matter
Made of?

9l Matter is made of small particles called atoms.
@ The atoms group themselves and form
molecules, which are arranged into the various
forms of matter. In our daily lives, the most
commonly recognized states in which matter

exists are solid, liquid, and gas. In solid state,

bodies have an almost invariable volume
because their particles (atoms, ions, or
molecules) are in such close contact that
they can get no closer. When the
temperature is high enough (melting),
particles lose their fixed positions
and, although they are still very
close, the crystalline structures
exclusive to solids disappear in
changing to the liquid state.

Above the boiling point, the

particles lose contact with

each other and move freely

(gaseous state).

o Gas
o
” L]

Liquid State

As in all liquids, water molecules
tend to form groups. They can
move over one another, allowing
water to flow with ease. The
variable form of liquids (which
adjust to the containers that
house them) results from the
fact that, above the melting
point, liquid particles do not stay
in the fixed positions of a solid

Plasma State

Plasma is sometimes called “the fourth state
of matter.” It is a gas in which the atoms
have lost their electrons and therefore have
an electrical charge. The electrically charged
atoms are called ions. Plasmas conduct
electricity and are influenced by magnetic
fields. For example, in a fluorescent bulb,
mercury vapor becomes a plasma that d instead -

produces ultraviolet radiation and causes Pty o move Ina

phosphors to fluoresce. The Sun and stars are disordered fashion. -y
also in this state. They are not solids.

From the Solid State to the Gaseous

W9 Ice and steam are the same substance as liquid ~ have the same shape and the same atoms in the three

Ba® water. The difference lies in the strength with states. Water can change directly from ice to a
which their molecules attract each other and the way ~ gaseous state, but the process, called sublimation,
in which they group themselves. Water molecules occurs slowly at normal air pressure.

*’ﬁi'

Solid State S S R
As a general rule, in solids the particles (atoms 0 \% _.m j ¥ O
or molecules) are closer together than liquids. = dr«‘ - H..., -L' 8 2 I i |

T JOINED
greater than in the liquid state. However, =~ { o MOLECULES
water is an exception. In other words, when : ﬁ : (o)
water freezes, it expands and becomes lighter. T (O C)

That is why the density of a solid substance is
il
Freezing point.

The temperature at which water
passes from the liquid to solid state.

(100° C)

Boiling point. The temperature
at which water turns into vapor.

Ice floats on water because of this process.
When the temperature of a piece of ice
increases, the molecules increase their
vibration and their separation.

" LOOSELY JOINED
MOLECULES
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The Atom

n physics and chemistry, an atom is the smallest unit of a chemical element that

retains its identity and properties; it cannot be divided any further by chemical

processes (it can, however, be divided by physical processes). All matter in the
universe is made up of atoms. This concept originated in ancient Greece, but the
existence of the atom was not demonstrated until the 19th century. The development

of nuclear physics in the 20th century led to the discovery that the atom can

be subdivided into various types of smaller particles.

How It Is Held Together

*. Because protons have positive charges, they
repel each other. However, the atomic nucleus
remains intact because of another force of greater
magnitude, though of shorter range, known as the
strong nuclear interaction.

— The electric field
Protons ————— .e=n e is long range.
The two positive

electric fields repel

each other. N

— Short-range
nuclear force

Neutrons add
nuclear force,
without an
electric charge,
reinforcing the
bond.

If the protons get
close enough, the
nuclear force
attracts them and
keeps them
joined.

History of the
Atomic Theory

Nucleus

determines the physical properties that
distinguish one element from another. It contains
most of the atom's mass (atomic weight).

PROTONS
ELECTRICAL CHARGE: POSITIVE

ATOMIC WEIGHT: 1

The quantity of protons determines the
chemical element to which the atom belongs.
For example, if three protons are removed
from a lead atom, a gold atom remains.

NEUTRONS

ELECTRICAL CHARGE: NEUTRAL
ATOMIC WEIGHT: 1
Helps hold the nucleus together.

ISOTOPES

The nucleus of a given element can
have a variable number of neutrons
without changing its fundamental
nature. These variations of the same
element have slightly different
behaviors and are known as isotopes.

IONS
[ ]
RADIOACTIVITY @
Certain unstable isotopes decay over /-\_
=

time, emitting particles and radiation.

Particles

500 BC 1808

ANCIENT GREECE JOHN DALTON
Democritus and Leucippus states that atoms of a
assert that matter is same element measure
composed of tiny, and weigh the same
indivisible particles that but not those of a

are in constant motion. different element.

If the number of electrons
is equal to the number of
protons, the atom is
electrically neutral.

*  If the atom loses an
electron, it transforms into
a positive ion, or cation.

If it gains an extra one, it
becomes a negative ion, or
anion.

1869

DMITRY MENDELEYEV
organizes the elements
according to their
atomic weight in the so-
called periodic table of
elements.

Invisible to the Microscope

* The atoms cannot be seen through a microscope (either optical
or electronic). Computational advancements have allowed us to
obtain images of the position that atoms occupy in a substance, but
the structure of each individual atom has not been imaged.

ATOMIC STRUCTURE

Nucleus: The .+~ " Electron cloud:
densest part of | ‘ 1 Lightest region
the atom ./ that surrounds

the nucleus
-

Diameter 0.0000001 mm

1911

ERNEST RUTHERFORD
develops the first
coherent model that
explains the atomic
structure. It was improved
in 1913 by Niels Bohr.

1920

QUANTUM MECHANICS
sets the foundation for the
discovery of atoms in the
20th century. In 1932,
neutrons were discovered,
completing the model.

ENERGY AND MOVEMENT 13

10 trillion

THE NUMBER OF ATOMS THAT CAN FIT ON THE SURFACE OF A PINHEAD

Electron Cloud

The electrons are found in the electron cloud. An electron has a

negative electrical charge and an atomic weight of 0.0005434
amu. The electrons determine the chemical and electrical properties of
elements, and they are involved in bonding with other atoms. Within the
electron cloud, the electrons are distributed in orbits, or orbitals.

Electron Orbitals

RUTHERFORD-BOHR MODEL . / =
(PLANETARY MODEL) [ / .
This model, which is obsolete, depicted | ( \
electrons as planets that revolve around | \ /
the nucleus. However, it is the model that \ \\ /

persists in popular perception. \ ~@-

< -
VALENCE SHELL MODEL - ,.
(QUANTUM MODEL)
The electrons are not in a fixed orbit but in
regions of greater or lesser probability, and
they can move in any direction within the
region.

Quantum Leap

Niels Bohr discovered that electrons orbit the atom with discrete levels
or quanta of energy—that is, not all orbitals are permitted but only a
finite number. The electrons jump from one level to another in quantum
leaps. If a jump is from a higher energy level to a lower one, a photon is
released (emits light). If the jump is reversed, a photon is captured
(absorbs light).

Molecules

are typically structures with two or more atoms joined by bonds that
can be covalent, or ionic.

e,
{ ﬁ 3\ COVALENT BOND
'-\ /! The bonding electrons are
Seel shared by both atoms.
N W=

\  ® Carbon electron
{ ﬂ | Hydrogen electron

An electron abandons the
least electronegative atom to
= become part of the electron
= A cloud of the more
:Cl ) electronegative one.
NS

{/ 6 |\' IONIC BOND
\.____,./

Electronic bond ~ # Sodium electron
® Chlorine electron
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Electricity

Industrial Production

t present, the most used form of energy is electricity. This is because of the O e
flexibility of the existing methods used in its generation, because of the s oo affrlclos s, vy plant rooshts ofthe generatins it Tase
advantages of using high-voltage power lines, and because electric engines are A T AMPERE MAIN UNIT
more efficient than heat engines. The drawbacks to this form of energy stem from the VOLT  ELECTRIC POTENTIAL (VOLTAGE)
H H Has By moving a magnet across a If the magnet is moved away,
fact thé_lt [t is pot possible to _store large amounts of electricity and the fact that L i o i 2 i 7 (Eat WATT  ELECTRIC POWER
transmission lines are expensive. @ is produced. opposite direction. OHM ELECTRICAL RESISTANCE
Magnet Conductor . Magnet  Conductor ;
The World of Electrons X “\y/ -
ELECTRIC CHARGE & = == —— =
An atom that loses or gains an electron is !
called an ion and becomes electrically charged. | " . R - 3
y . By keeping the magnet moving, the current remains constant but
AN { \ reverses direction continuously. This type of current is called
S alternating current (AC).

High-voltage
NEGATIVE ION power lines

Atom with one or AR
more extra electrons / e T
CIRCUIT

By joining two objects of opposite charges
with a conductor, an electrical circuit is formed.

L
/

~POSITIVE —
TERMINAL

POSITIVE ION
Atom lacking one
or more electrons

~ —
How a Generator I‘Ig/

TURBINE

Its blades convert
the linear power
into rotary power.

60 CYCLES PER SECOND

Number of times that a full turn of
the magnet is produced; the
alternating current changes direction.

MOTIVE FORCE

Water, steam, or wind is
used depending on the type
of generator.

ROTATING MAGNET
The turbine
constantly moves a
powerful magnet.

transports the

electrons from the

T negative pole to v
the positive one. | CONVENTIONAL

CURRENT ‘
. Current flows 3
¥ . from the positive =~
P A g L “ -.
Sl 4 terminal to the - .

negative o - g . i " i

The axle transmits
the rotational motion
of the magnet. -

e T U CHON

v
U B i .

. L o " " { . 4 - Av "
- L T - -4 — . ‘ = = e
2 - 0 | - . ooty e "*_ . A *_v_q‘
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18 MANIFESTATIONS OF ENERGY

The Wheel

ogether with fire, the wheel is one of the key inventions in

the history of humankind. It was invented in

Mesopotamia, where it was successful, and it was @SS . et Fos VR AN R
distributed through the Old World thanks to the R T o, the whee Gl De s e Siolsly the gargo was plaoeth - =
abundance of large beasts of burden. Pre- <. R - or tyi guides tha
Columbian American culture also discovered ;
the wheel, but did not use it to go beyond
the manufacture of toys and small
artifacts; this scenario arose
because of the lack of large
beasts of burden to facilitate
the use of vehicles—and
also because the most
advanced
civilizations did
not occupy
flat
terrain. ®

N TR R S R N S T s W e L .
P SRR SR VR e

-

"y k '_v.,

ey 7 A 2 oV .
5™ S &

Leather‘ bearing Wooden rollers

IntPoduced by the Celts A bed of small wooden bars
“in France and Germany that turn freely. This gave rise
" around100BC to modern bearings.

‘:""“ . & oy WO Wheels and Machines
" “Tripartite Wheel AT S\ |

it gg?‘ AT

<2

>

The most comn.'l:(;n type of primitive wheel. It is still used in many.

oy 3 W x o 3
N "s %, % .
‘I, N .\.. \.
3 N <
N ~ CRAEAN N ‘
W, the wheel, even LR 7
“earlier thanits . 3

use in . O
transportatioh N\

STEEL RIMS

Their purpose is to r u
They were used throu
&

Mills

use the force of wind
or water to grind
grains or pump
underground water
to the surface.
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The Pendulum

his simple machine, whose physical principle was discovered by Galileo Galilei, has had many
practical applications, especially in making clocks, in which the pendulum is used to drive the
clock's inner workings. A small initial impulse can generate a considerable amount of motion
that, through axles and gears, can be transformed into energy. The pendulum was used in 1851 by
Jean-Bernard-Léon Foucault to demonstrate both the rotation of the Earth and the Coriolis effect. ®

Foucault Pendulum

A device designed by the French physicist Jean-Bernard-Léon Foucault in
1851, which serves to demonstrate that the Earth revolves on its axis

THE EXPERIMENT
Foucault started the
pendulum swinging and
observed its oscillation.

Foucault deduced that if the plane of
oscillation of the pendulum cannot
change, it was the Earth that revolved
underneath the pendulum.

An imaginary I
pendulum on one iy
of the two poles oo
would always
oscillate in the
same direction.

The pendulum was
sufficiently heavy

to swing for Although, if seen from Earth, it would
several hours appear to rotate around its own axis.
without stopping.
The same is true if the pendulum is
placed on a rotating plane, as in a
carousel.
Little by little, 15 hours The pendulum
the pendulum 13 hours always oscillates
oscillated in a in the same

slightly different 11 hours
direction. After
one day, it had 9 hours

direction, even if
the carousel
—=——0" rotates.

3

made three
fourths of a To an observer on the carousel, the
turn. pendulum appears to turn.
Applications

METRONOME CLOCK MAKING

The first
mechanical clocks
used pendulums
to move their
hands at a
constant speed.
Each oscillation
takes the same R
amount of time. .

It is used by musicians
to measure time.

The duration depends on Y
the distance between the Y
weight and the point of
rotation. The greater the
distance, the longer the
oscillation period.

2 seconds 0.2 second

Rotation point

ENERGY AND MOVEMENT 21

Vertical axis

It has a symmetric weight that hangs
from a string tied to a fixed point.

— When the weight is moved from
its equilibrium point, it oscillates.

Oscillation plane
The motion remains in a
constant plane.

It stops because of air resistance
and friction on the string.

) in'lphlse,%in_d taking
. longer to slow dowr
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2
Th HOW TO FIND NORTH HOW TO FOLLOW A BEARING

The magnetized
needle always
points north. Baseline

Graduated
dial

JI00 )SITIC
.

 Tld: gl

. : wse of their versatility, low ) g I
passes s 0 orting and recreational activities. L ( s
| . " . - l. 1 1 E

#

The cardinal points

Ay

A - 4 4 " are correctly |
vigal D compass . ’ e D' positioned when . Magnetic
: MAGNETIC NEEDLE b | the pointer lines up / s needle

" The compass is used to trace a course on a navigat
chart. Compasses range from simple handheld models,
such as the one shown here, to complex models that were used
for navigation at sea.

always orients itse with the needle.

The compass is pointed The graduated dial is . Keeping
PIVOT : . pass -~ toward the destination ~ rotated until the lined up
Low-friction p’ - ) ’ _' by alig|1i|1g it with inter is Ii|.1ed up with ensures tI.1
support on J ! . baseline. i he magnetic needle. direction is
which the et
needle sits .
“» - >

-

THE EARTH'S MAGNETISM

This turns it into a
great magnet that
generates a magnetic
field arqund it.

L

The Earth has in its core a
cide with the geographic north great mass of molten

e magnetic field varies with the magnetic iron.

ovement of masses within the Earth.

GEOGRAPHIC
NORTH

The magnetic nee
the compass poi
north-south dire
once'it lines up
Earth's magne’

DECLINATION ANGLE

y - | The angular difference between the magnetic
= uﬁ and the geographic north. All navigation maps
- give this value to adjust for local compass
POINTER ) readings.
rotates with the
graduated dial ! Ol’y

and points to the
north on the dial.

agnetite, a The Chinese already Arabs bring to It is used for Gimbals are used It is discovered that the More precise instrumen

" pnagnetic mineral, knew the usefulness Europe a compass navigating the to keep a compass magnetic north does and systems, such as
GRADUATED D! " \as discovered in of the magnet for similar to that used Mediterranean horizontal despite coincide with the radar, radionavigation,
The rotating . ! agnesia, Asia Minot. navigating. by the Chinese. Sea. movements of the geographic one. Magnetic and satellite navigation,
from 0 to 360 ship. declination is studied. are implemented.

the four cardinal'p

- e =
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The steam expelled
by the motion of
the piston becorﬁes
liquid in the -
condenser.

INNOVATOR
NAME JAMES WATT
NATIONALITY SCOTTISH

. OCCUPATION ENGINEER

The changes he introduced
made it possible to apply
the steam engine to
industrial processes.

Applications of the Era
Mainly in industry, mining, and
transportation

* WATER EXTRACTION

Basing his design on'an earlier model,
Thomas Savery in 1698 patented a ’n
engine that was used to extract water
from mines. In 1712, Thomas Newcomen

M—perfected it. 9

SPINNING AN \VING

It was used first to create spinning and
weaving machines, and it was used later in
printing presses.

y
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STERILIZATION
About 1900, this model was built. I‘t servet?, =
among other things, to sterilize water for =

nursing an? for preparlni medicaf“ ons ‘#

TRANSPORTATION -
In ships, cars, and Iocomotlves Some= "

locomotives, like the Rocket, reached spgis
close to 36 miles per hour (58 km/h). =

: 2
GENERATING ELECTRICITY
Currently this is one of the steam engine's
most important uses. The steam is sent
through a turbine, and its mechanical energy
is transformed into electrical energy.

&
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SAFETY FUSE
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/’,":/ ﬂ""/ nd 3 - 1 Made up of layers of
105, - e A ] impermeable plastic that
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{ f & protect the gunpowder core
|
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179 .
Detonator § 3 »

: ' ELECTRIC DETONATO

: P Y supply direct current to the detonators,
Cartridge Drr permitting their activation from a great
] B distance.

RACK TWIST

Pressure Turn

<o ¢

Thick, oily, colorless or yellow liquid. ﬁ

volatile, sensitive to shock, friction, minimizes the leaking

Ve
t.
. . nitroglycerin a

DYNAMITE MODERN EXPLOSIVES
Alfred Nobel Ammonium nitrate is the basis for
. ] patented dynamite in 1867. modern explosives. An example is
and nitrogen. Potent explosive. Soli . He operated several ANFO, a mixture of ammonium
colorless or pale yellow, and odorless. factories where the nitrate and fuel, which is currently
It is exploded with a d:atonator. I explosive was produced. the most commonly used explosive.

1867 1955
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The Battery

ALKALINE BATTERY
enerates electrical power by means of a chemical process that alters the characteristics - W
of its components, and consequently a battery becomes discharged after a certain T o WA oI
amount of use. The battery can produce an electric current between its two terminals, e —— —
which are also known as poles or electrodes. The battery derives its name from the early '
practice of lining cells together horizontally, like batteries of troops. ® CATHODE
Made of manganese dioxide and
graphite, it receives electrons
from an external circuit.
Adding Together Energy POSITIVE TERMINAL ELECTROLYTE
has the shape of a A solution of potassium
circular button. hydroxide that transports the
IN PARALLEL jonic current inside the cell Types

The positive terminals
are first connected to
each other, followed by
the negative ones.

The voltage remains
the same, but the
batteries last longer.

15V

IN SERIES

The negative terminal
of one connects to
the negative terminal
of the next one.

The voltage of the
15V batteries is added.
The power remains

9 V BATTERY

Formed by six 1.5 V
cells in series.

the same.
Two 1.5 V batteries
produce 3 V.
-_
AA Model
Standard measurements 1.00 o
mm minimum L |
e [S— | 4920 |
AN\ 1450 JT
1350 T
5350 48.80 -0.10
Maximum

4650 Minimum

PLASTIC LINING
serves as insulation.

NICKEL-PLATED

STEEL CASE
contains the active ingredients
and is the positive collector.

atom that oxidizes,

trons are released.

A residue of very unstable zinc

ions is left behind.

The anode collector conducts the
electrons to the negative terminal
of the cell.

From the negative terminal,
the electrons enter the electrical
circuit.

SEPARATOR

Made of porous, nonwoven fabric.

It separates the electrodes and
also contains the electrolyte.

ANODE
Zinc powder. It serves as the
source of electrons.

ANODE COLLECTOR
Tin-covered metal. It conducts
the electrons from the anode to
the external circuit.

POSITIVE TERMINAL
receives the electrons from the
circuit to keep the tension high.

Takes up the electrons and
transfers them to the cathode.

The electrons combine with the
manganese dioxide to form
negative ions.

These ions combine with the
water in the electrolyte. They
separate into negative hydroxide
ions and positive hydrogen ions.

The negative hydroxide ions pass
to the anode. They combine with
the unstable zinc ions,

generating zinc oxide and water.

When all the zinc has converted
to oxide and water, the battery is
discharged.

15V

Frequently made of lithium,
it is more expensive but
takes up less space than
alkaline batteries.

CLOCK

The most used are nickel
metal hydride batteries.
They have less voltage and a
shorter life than alkaline
batteries, but they can be
recharged many times.
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The Turbi
turbine transforms the energy of fluids passing through it into the rotational motion of PRC
an axle. The fluid could be liquid, as in the hydraulic turbines of hydroelectric power
plants, or gas, as in steam and gas turbines. The fluid pushes against blades mounted _ ‘
on components called a stator and a rotor. As the fluid pushes against the blades of the -
rotor, it produces rotational motion that causes the rotor to turn an axle. \
COMMERCIAL WAR PLANES HELICG
AIRPLANES use a special type of use them to move
- - use a turbofan turbine for greater rotor blades, which
system to save fuel. thrust and speed. support and propel them.

The operating
principle is the
same one used
- in windmills.

MATERIAL STARTUP
They are made with They are started with pressurized air

nickel alloys, allowing that is injected from an auxiliary
them to operate at power unit into the compressor. In _ m
3,100° F (1,700° C) airplanes, this unit makes the turbine / ’

without deforming. an autonomous source of power.

PROPULSION

How Jet Propulsion Works

' The turbine system has four phases: compression of incoming air,
combustion, expansion, and exhaust of the gases. The result is thrust.

Turbine

[]

sucksingreat .

amounts of air, Incoming
causing 2 Pt cligangl’ -

compression in the o
first stage, which il
eventually becomes .
thrust. Bypass —
air

Incoming  G: _—

air

s Turbine g
[ The force of the gases makes

m ~ Propulsion  ¢pe tirbin h
e turning the compressor.

IN HELICOPTERS,
TANKS, AND SHIPS

the impulse of the gases

2 COMBUSTION CHAMBER
.

is changed into rotational X -
motion by means of a = % Gear hox -
second turbine. Rotates independently and

3 f can move a motor, rotor
Compressor Combustion region blades (helicopters), or

wheels and tracks (tanks).
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The Earth's Magnetism

he Earth behaves like a giant bar magnet and has a magnetic field with two poles. It is likely
that the Earth's magnetism results from the motion of the iron and nickel in its
electroconductive core. Another probable origin of the Earth's magnetism lies in the
convection currents caused by the heat of the core. The Earth's magnetic field has varied over the
course of time. During the last five million years, more than 20 reversals have taken place. The
most recent one occurred 700,000 years ago. The interaction of the Earth's magnetic field with
the Sun's magnetic field produces phenomena such as the aurora borealis and australis; the
interaction can also cause interference in radio-wave transmissions. ®

GEOGRAPHIC NORTH POLE
is located in the northern
end of the Earth's axis,
which has a 23.5° tilt.

MAGNETIC NORTH POLE
is located close to the geographic
North Pole. Its position varies
over time. Currently it is located
about 870 miles (1,400 km) from
the geographic North Pole.

CRUST
of silicate rocks

MANTLE
mainly of
silicate solid

OUTER CORE
Molten

INNER CORE
Solid iron and nickel

The rotation of
the Earthonits
own axis ]l
[EIEEES »
magnetism.

23 ==
MAGNETIC SOUTH POLE

is located close to the geographic South Pole. Its
position varies over time. Currently it is located about

1,700 miles (2,750 km) from the geographic South Pole.

GEOGRAPHIC SOUTH POLE
is located in the southern end
of the Earth's axis.

MAGNETOSPHERE

The invisible lines of force that
form around the Earth. It has an

ovoid shape and extends 37,000
miles (60,000 km) from the Earth.
Among other things, it protects the
Earth from harmful particles
radiated by the Sun.

PLANETARY AND
SOLAR MAGNETISM

The planets in the solar system The four giant planets possess
have various magnetic fields stronger magnetic fields than
with varying characteristics. the Earth.

NEPTUNE URANUS SATURN JUPITER

- @

SUPERCONDUCTOR MAGNETS

generate magnetic fields, as the Earth does. They are
stronger than ordinary electromagnets and can generate
more energy. They have many uses, from railway
transportation to nuclear medicine.

ELECTROMAGNET

Heating of the coil by the
wire's electrical resistance
results in the loss of energy
in the form of heat and
wear and tear on the
magnet.

The deformation of the
magnetosphere is caused by
the action of electrically
charged particles streaming
from the Sun.

MARS EARTH

It is believed
that in the
past its
magnetic field
was stronger.
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The atmosphere
reaches 560 miles
(900 km).

Solar wind
with charged
atomic
particles

The Van Allen belts are
bands of ionized
atomic particles.

VENUS MERCURY

It is the only It has a The gases that
planet in the weak flow from

solar system magnetic Sun's corona
that does not field. produc

have a magnetic field

magnetic field. around it.

SUPERCONDUCTOR
Particle accelerators
make use of
superconductor magnets
and their lack of electric
resistance to produce
strong magnetic fields.
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Incidence on the Earth

CLOUDS
The clouds reduce
_Hltraviolet radiation
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Tans without
reddening the skin; has
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Reach the
Earth's
surface

UV RAYS
INFRARED RADIATION

MICROWAVES
RED
RAYS

UVB

More intense and more
harmful for the biosphere
than UVA radiation

INFRA- VISIBLE
LIGHT

UV RAYS' | X-R

uvc Wavelength in
Incompatible with animal nanometers
and plant life (102 m)

+,90 percent is The ozone ]
blocked by the layer ‘
ozone and completely
oxygen in the blocks them.
atmosphere.

The ozone layer is located in the sfratosphere (10 to 15 miiles [15
to 25 kml] high) and Mcts-,the Earth by absorbing UV rays.

Thickness of the Iayer. I!e thinher it is, the less radiation

Wi tersy Tl o gt - s 2

3

NATURAL THINNING.
The ozone layer gets thinner in spring because of magnetic storms
in the upper atmosphere and because of photochemical reactions.

il Inspring and
lls mer, the

solar radiation

intensity of the

LATITUDE

The mtensnty is
qtest at the -
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Gravity

his is the name given to the mutual attraction of two objects
with mass. It is one of the four fundamental forces observed
in nature. The effect of gravity on a body tends to be
associated, in common language, with the concept of weight.
Gravity is responsible for large-scale movements throughout the
universe; it causes, for example, the planets in the solar system
to orbit the Sun. In astronautics, the energy of gravitational
fields is used to accelerate or slow down space probes,
changing their trajectories and allowing them to move toward
new, less accessible destinations.

As speed increases, the friction from
air increases until it equals the force
of gravity. The terminal velocity of the
object has been reached.

AIR RESISTANCE

The force due to the friction of the ball

! with the air. It increases with the speed
) of the ball.

. GRAVITATION " -
- avitational force between -
How Gravity Works universe.
The force that keeps the stars together in the ~ DIRECTLY PROPOR .
galaxies and our feet firm on the ground PRODUCT OF THEIR
" =

Since
IN SPACE orea PR i is

more intense.
FIRST LAW SECOND LAW THIRD LAW i
A planet does not move The acceleration that this If the Sun exerts a force on
ina st_raight line, because force prod'uces i_s such th_a\t the planet, the pIane’f exerts How long a ball takes
thereis a forct? (fr.om the the pl_anet s orbital path is a forc.e on the Sun ywth the to fall 3 feet (1 m) on
Sun) that gravitationally an ellipse that has the Sun same intensity but in the the Moon
attracts it. as one of its foci. opposite direction.

B Foe f b 0.4s

Gravity is a property of all bodies with mass ON EARTH 1 1 S
(people, things, planets, stars, and so on). o

ON THE MOON

-

1642-1°

ISAAC NEWTON

conceptually unified the dynamic$
of stars with the Earth's gravitatio
and untangled the secrets of light
and color.

IRTIONAL TO THE SQUARE
&' BETWEEN THE MASSES

MATHEMATICAL FORMULA

As we move away In: ol ; '

from the Earth's weight oT a ba __ . |~/I m A its downward
center, the force of decreases because Y SERFth's center.
gravity decreases. the force of gravity =

is less, even though

its mass does not
change.

3 x 10M0/(Ke §)

the constant of universal gravitation

EARTH




40 ENERGY RESOURCES ENERGY AND MOVEMENT 41

Natural (Gas Lossless Trip @ o 1/600
- I Igrili;j‘esr::’g;cc[:)er?s;ﬁfr?tlal and The reduction in volume of

Ball of natural gas is the natural gas when it is liquefied
efficiency with which it can be for storage or transport

fter petroleum, natural gas slowly rose to a position of importance in the global balance of transported. From gas deposits,
R R HH H A A it can be sent thousands of miles
energy sources because of |ts'avallab|I|ty and efﬁqlency. It ha§ a reputation of t?emg the by <hip or through aus pipelines CASIFICATION
cleanest fossil fuel. Technological advances, especially in the discovery of deposits, have with minimal losses. @ After transport, the
produced an explosion in the reserve statistics in the last 15 years. These developments have been liquefied gas is
accompanied by an ever-increasing dependency on natural gas in different parts of the planet. ® o ;‘;ts‘g‘jfsttz tt:io be

distributed through a
network of gas mains.

6 TRANSPORT

Large, double-hulled,
pressurized ships
transport the gas in

Phantom Energy g DISTRIBUTION e LIQUEFACTION a liquid state.

W Natural gas is a colorless, odorless fluid that After being distilled and When it must be

el contains between 70 and 90 percent methane, the converted essentially into transported by sea or stored,
component that makes it useful as a source of energy. methane, natural gas is the gas is compressed and
distributed for use cooled to -258° F (-161° C)

through gas pipelines. to liquefy it.

REFINEMENT

The solid and wet components are
separated. Then the byproducts, like
propane and ethylene, are separated.

o EXTRACTION

The gas is extracted
from the deposit
through a hole. When
the gas is under
pressure, it rises to the
surface on its own.
When it is not under
pressure, it must be
pumped.

Reserves

9l The largest reserves of natural gas in the world are found in
el Russia and the Middle East.

Country Trillion cubic feet % of Total

Russia I 1630 274
Iran I 071 159
Qatar I 011 149

- Saudi Arabia 241 39
Dry gas deposits Petroleum deposits United Arab Emirates Il 214 35
United States I 204 L33
Nigeria B 185 6 1 2 4
LP G Algeria Il 161 9
Venezuela M 151 trillion cubic feet is
: 1 the total of the
Liquefied petroleum gas (LPG) : — - &= i I known reserves in
is a byproduct of natural gas. It D it Gas chamber . . Indonesia W 98 the world.
is bottled in cylinders and used eposi Petroleum Norway i 84
by people who live in remote Gas tends to be located inside porousrocks b ol | | [T |
areas to operate, for instance, capped by impermeable rocks that are not Malaysia 175 12
necessarily associated with petroleum. Rest of the world I 1037 169

boilers and motors.
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Petroleum JE—

etroleum is the main energy source in the developed world. It comes — Contaminant-gas F : CRANSPORT . '

from ancient organic deposits that have been buried in the bowels of treatment units . @ Refined s are faken o a® [fug-

the Earth for hundreds of millions of years. Its pure state, called crude " _ ' their distribution e
oil, is a mix of different hydrocarbons of little use, and hence the oil ; e e &
must first be distilled to separate its components. This valuable = 1 i : transport.
resource, which pollutes the atmosphere when burned, is i
nonrenewable and available only in limited reserves; - ¥ r : ‘
these characteristics have driven researchers to look ) .

. | The measure of a barrel of petroleum. Currently
for alternative energy sources. ® b the global demand for petroleum is about 86
million barrels per day.
’ =
From the Well -
to the Tank Distillation
I The process through which oil is refined. It consists of

I After its extraction, crude Ba® applying heat to crude oil to separate its components,
Ba@ oil is distilled and fractioned which all have different boiling and condensation points.

into several products, among
them gasoline.

After being heated to The vapor rises,
752° F (400° C), the oil crossing a series of
enters as vapor into the perforated plates.
lower reaches of the As it rises, it cools.

distillation tower.

A = _ The different
Connecting o aE compounds
pipes ; Colder e
Irreren
If’r [ ,|_|f_|,_|| temperatures and
= . are collected in
o different plates.
N i
[1— Gases for bottling
e DISTILLATION (propane and butane),
permits the separation fiail sl petrochemical
of the crude oil into its P— |5 products
diverse components, D,_ .
which are then Gasoline
stored separately. o S T
i =l
L s
9 CRUDE OIL STORAGE Kerosene
The crude oil is stored and then
transported to refineries through - ’_|] U’_1
pipelines or by large tanker ships. - Catalytic separation unit E
Diesel
converts some distillation products into lighter,
more valuable products through catalysts. ,_|U'_|
EXTRACTION VAPORIZATION D.
The oil is pumped from the deposit The crude oil is heated in ” — -+ Industrial fuels
up to the storage tanks. a boiloer up to 752° F l \ o KNOWN CRUDE OIL RESERVES .
. (400° C) or more. Once ~ o~ > In billions of barrels (year 2006) | M |
> vaporized, it is sent through | \ i > [1
* the distilling tower. & 1. Saudi Arabia ... . 7. Venezuela....... 79.7 L Lubricants, polish,
- waxes
Residual 2. Canada...... 8. Russia....... 60.0
treatment i '_|i_|'_|
system 3. Iran ... 9. Libya..... . 391 '_/ | |
4 The year the world's oil reserves could 4.1raq ... 10 Nigeria ....... 359 || P j‘-‘— vAvj;:f:)tl:ooﬁng
4 run out if the current rate of . . T — TS,
consumption is maintained and no 3. Kuwait ... LL. United States........ 214 Gasifieo! \E_‘ Hotter ¥ / other residues
new discoveries are made. 6. United Arab Emirates ... 97.8 Rest of the world ... 166.6 crude oil e — m—
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Nuclear Ener

ne of the most efficient and cleanest methods for
obtaining electric energy is through a controlled

nuclear reaction. Although this technology has been
used for half a century, it continues to be at the center of
debate because of the risks it poses to the environment and
health and because of the highly toxic waste it creates.

Fission

_’_ The nuclei of certain atoms, like
uranium-235, can be broken apart when

bombarded by neutrons. In doing so, they

release great amounts of energy and new

neutrons that can break down the nuclei of

other atoms, generating a chain reaction.

Neutron

Moderator

To achieve the breakdown of Nucleus of
the nucleus, the neutrons must a uranium-
collide with it at a specific 235 atom
speed, which is governed by a

moderating substance, such as

water, heavy water, graphite,

and so on.

(<

Neutron
-
Neutron
Energy

Generation of Energy

_’_ The purpose of nuclear fission is to create very hot steam to
operate turbines and electrical generators. The high temperatures

are achieved by using nuclear energy from the reactor.

/

Mobhile crane

moves the mechanism
that replenishes the
reactor with nuclear fuel.

Reactor core

contains the radioactive fuel
and is where the nuclear
reaction takes place.

370,000

Power, in megawatts (MW),
generated by nuclear energy
throughout the world

Reactor - =
: l ! {5 ‘.II Turbine Generator
1l | | — =
— i : }ll!lllj llllllllll ‘Ill-.l'.
iy =1 - Jl | E
Exchanger i J | - )
l rf I|I H I 7
= = | . 7 /1R
HUUnpl = | oz Transformer /"/'/FQ
SRR i - f.' ) \ - ol
T fp— | Cooling '\ = ] A E
l-_‘_\_ _: "“_—“, tower .I :"lllIlIIIIIIIIIIIIlllIIllI‘lIlllllIlll!lIIlIIlIlliIll ' ___:__|') 11[} EH
1 Water 2 Steam Electricity 4 Recycling 5 Transport

Pressurized water, together with the
moderator, is pumped through the core of
the reactor, and the temperature of the
core increases by hundreds of degrees.

The resulting steam enters
an exchanger, where it heats
water until it too is
converted into steam.

The steam enters the turbines
and makes them run. The
turbines drive the generator that
produces electricity.

The steam condenses
into liquid water and
is reused.

Before transmitting
electricity, a transformer
increases its voltage.

separate the liquid water
from the steam.

Steam to
the turbines

Hot water
pipes

Cold water
pipes

Pump

maintains the
circulation of the
fluids in the system.

436

The number of nuclear plants
operating throughout the
world. More than 30 are in
various stages of construction.
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Uranium

+_ In nature, uranium appears
associated with other minerals. In
addition, only 0.7 percent of uranium is
the isotope uranium-235, necessary for
nuclear fission. The proportion of
uranium-235 must be increased 3 to 5
percent in a process called enrichment.

1 The original mineral is
treated until a substance
called yellowcake is
obtained that is 80
percent uranium.

2 During conversion, first
uranium tetrafluoride
(UF4) and then uranium
hexafluoride (UF6) are
obtained.

3 The gaseous uranium
hexafluoride is spun
repeatedly in a
centrifuge until it attains
the desired concentration
of uranium-235.

4 The enriched uranium
gas is solidified again.

5 Through compaction, L, U™
pellets of enriched [ :
uranium are obtained .
that can be used as fuel L - I T (5
in nuclear reactors. ~— e {

6 The pellets are put into
hollow bars that are later
placed in the core of the
nuclear reactor.

Fuel rod

Uranium pellets
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Biofuels

asoline or diesel with added alcohol (ethanol) produced from crops such as corn appear

more and more promising as solutions to the problems posed by the eventual exhaustion of

the Earth's petroleum reserves, as well as the high cost of fossil fuels on the global market.
However, this type of energy presents new challenges. One item of environmental concern is the
possibility that massive exploitation of biofuels could lead to the replacement of jungles and
woodlands with single-crop plantations meant only for the production of raw plant materials. ®

W9l This is the alcohol in the medicine cabinets of
Bal our homes. It can be used in its pure form as a COOKING
fuel or combined with gasoline in different

proportions. The greater its purity, the greater are the

Ethanol e FERMENTATION

Yeast is added to convert
sugar into ethanol. This
The mixture is process, which produces

engine modifications required to burn the fuel. Two 9 MILLING ff;gf%?t 300°F :;esi ngihc:l:fsorwl:c:r(:de,
L "‘;"gges are El(:ha”d |E85' Whi.ch :‘a"e oL The raw material is (sterilization) and finished, the mixture,
ercent an ercent ethanol, respectively. A h . B ol

p P P \ mllled: and the. is finally cooled called mash, is 15 =
resulting flour is with a water- percent ethanol. 2% | R
mixed with water. refrigeration b g
Later an enzyme is system.
added that helps

c HARVEST convert starch into
Sugarcane, beets,

corn, yucca,
potatoes, and
even wood can be
used, with
varying degrees
of efficiency, to
produce ethanol.

KERNEL OF CORN
HULL

protects the seed from water,
insects, and microorganisms.

ENDOSPERM

represents 70 percent of the weight of
the dry grain. It contains starch, the
substance used to produce ethanol.

GERM
The most valuable and the only living
part of the grain. In addition to

containing the genetic material, vitamins,

and minerals, it is 25 percent oil.

DISTILLATION

The mixture is distilled first by evaporation to
obtain 96 percent pure ethanol. It is later distilled
by a molecular filtration process that can produce
ethanol that is almost entirely pure. A 5 percent
gasoline mixture is used for transportation.

—carbon dioxide
collection :

of the world's ethanol production is
accounted for by Brazil and the
United States. In Brazil, ethanol is
made from sugarcane, and in the
United States, it is made from corn.
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Byproducts

9l are generated during the production of ethanol.
Ba® Anhydrous carbon is used in the manufacture of
soft drinks. The stillage, a very nutritious residue, is used
to feed cattle.

55 pounds (25 kg) 4 gallons (15 1)
of corn of water
‘ »
PRODUCE
-

28 lasllon 18.5 pounds 18.5 pounds
. (84 kg) of (84 kg) of
(o thandl + carbon dioxide stillage

USE
Ethanol is added to

gasolines in different
proportions to be used in
vehicles. Gasolines with
ethanol content between
10 and 30 percent do not
require vehicle engines to
have special
modifications.




48 ENERGY RESOURCES ENERGY AND MOVEMENT 49

Solar Heating THE COLLECTOR

works using the greenhouse effect. It absorbs the heat from the Sun
and then prevents this heat from being lost. In doing so, it warms a
pipe, through which the fluid (water or gas) flows, that in turn heats
a tank (exchanger).

Another use of sunlight is as a source for heating water as well as
for heating homes. In this case, solar collectors are used; unlike
photovoltaic cells, the solar collectors do not produce electric energy.

Solar Energy

he harnessing of solar energy to produce
electricity and heat for everyday use is gaining
popularity. Applications of this clean, unlimited

Protective Cover

is formed by one or several

H H H ENERGY "
form Of ener_gy Itange fl’O"”_l chargmg b_attEI’IES In REGULATOR “ J.:’h'_"” S The maximum temperature a solar collector EILiZigl:alt)ist rI:tLeitnssst%r;hght
telecommunications satellites, to public /. = rlea;:“w‘::::e:lsed to heat a house or to hoat et sk
transportation, all the way to the solar / Py collector.

households being built in greater numbers
thI’OUghOUt the WOI’ld. contains tubing, generally
made of copper, through
which the fluid heated in the
collector flows.

/‘ // Absorption Plate

Photovoltaic Energy

; The energy obtained from sunlight. Requires the
P2 use of solar or photovoltaic cells.

Thermal Plate

The reflecting material and
the black color absorb as
much of the Sun's heat as
possible. The protective
plate then prevents any loss.

SOLAR CELL

It is essentially formed by a thin layer of semiconductor material
(silicon, for example), where the photovoltaic effect—the
transformation of light into electrical energy—takes place.

‘ HOT WATER AND HEATING CIRCUIT

1 The Sun shines on the # Photon

cell. Some very energetic The hot liquid It enters a heat The water leaves
photons move the - # Electron (-) flows from the exchanger, the exchanger at
electrons and make them collector through where it heats a temperature
jump to the illuminated i a circuit. the water used suitable for
face of the cell. # el in the house. domestic use or
\ for heating a

2 The negatively charged otss
electrons generate a # -
negative terminal on
the illuminated face <

and leave an empty

space in the positively .
charged dark face Electricity to
(positive terminal). 1 the network

3 Once the circuit is closed,
there is a constant flow of

. _—
electrons (electric current) - Hot-
from the negative terminal T o
to the positive one. G
A pump takes the
4 The current is maintained cooledifitidito th.e
as long as the Sun collector, where it Cold-water intake
illuminates the cell. repeats the cycle.
J’,
- — Other Applications
metallic grid metallic grid In almost every system powered by electricity, solar energy can play a is presently more expensive to use than coal, natural gas, or petroleum, this
contact contact central role without endangering the environment. Although this technology  difference in cost could change soon.
(negative (positive "
electrode) ——— 1 «— electrode) Space Transportation Electronics -
\ Its use has extended The great challenge. Calculators, watches, “,,.//
4 - . ] to probes and Many prototypes of radios, flashlights,
'—T I T—’ One of the an prob_lems W't_h usmg_solar satellites so that solar cars have been and so on. Almost
) ) U Positive energy on an industrial scale is the high startup today hardly any built, and some cities any battery-powered
Negative Negative Active Positive contact (+) cost required to harness the energy; this cost spacecraft are are already device can be
contact (-) semiconductor (-) charge semiconductor (+) keeps solar energy from competing with other designed without experimenting powered by solar
(mostly silicon)  carrier zone (mostly silicon) cheaper energy sources. solar panels. with buses. energy.
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Wind Turbines

"9 These modern, large wind turbines, between 150 and 200 feet (45 and 60 m) high, tend
Ball to be grouped in windy, isolated, mostly deserted regions. The most modern wind
turbines can generate 500 to 2,000 kW of power. |

Wind Energy

ne of the most promising renewable energy resources is the use of wind to produce electricity by
driving enormous wind turbines (windmills). Eolic power is an inexhaustible, clean, nonpolluting
source of energy with more advantages than disadvantages. The most important

disadvantages are our inability to predict precisely the force and direction of winds and the

possibly negative impact that groups of large towers could have on the local landscape. ®

High terrain, free of obstacles, is ideal }
for wind turbines, because the wind

blows freely there and reaches the

wind turbines without turbulence.

=5

Q‘— Blades 7

g = measure, on b

v average, 130 -

. feet (40 m) i

The Turbine 5 e

- . Low-speed axle Multiplier High-speed Generator Computer ree-blade i

r converts the wind into | turns slowly, With gears, it axle produces electric controls the rotors have :

La el_ectrlcal energy through the between 20 to 35 multiplies by 50 turns at around  energy from the conditions of the proven to be T']

use of simple technology based on revolutions per the speed of 1,500 rpm, mechanical energy  wind turbine and . m the_ '?1°5t
mechanical gears. minute (rpm). rotation of the allowing it to of the axle. efﬁgent ; ) : . . - ) -

design. h] The wind turbines are grouped into wind farms to maximize the potential of transmitting energy from only one

location. This has the advantage of lowering costs and reducing environmental impact on the landscape.

its orientation. :
high-speed axle. operate the "'ﬁ
generator.

e

The wind
moves the blades of the wind

turbine, producing mechanical
energy, which is then converted
into electrical energy.

Brakes
are activated when the winds surpass 74
miles per hour (120 km/h), preventing
damage to the wind turbine.

The Journey of Electricity

' The energy produced in wind farms can travel through the main power
Bl grid together with energy generated by other sources. %

” L]
|gm'||'*

with a fan. Also uses

oil to cool the
multiplier lubricant.
The transformer

Wind turbines
—
) Ny
Cooling system \
cools the generator

increases by several
thousand volts the
voltage from the
turbines.

Substations receive the
energy from the
collection plant and
increase the voltage by

. . hundreds of thousands of
—— Nearby cities receive the times for transmission to

74 9 O O O ; ’ energy directly from the distant cities.

megawatts is the installed capacity . ]
of wind farms in the world. The The collecpon
leading country is Germany, followed plant receives the

by Spain and the United States. energy from all the
transformers.

collection plant.

The blades
are movable. They can be oriented both to take maximum advantage of
the wind and to slow down the turbine when the winds are too strong.

When facing the wind, their
shape causes a pressure

|
_/\; ’
N difference between the two _
< : faces of the wind turbine's N
blades. The pressure on the | 9 Energy @ Grid
blades produces a force that The electric energy produced by the generator After leaving the wind farm, the electric
turns the rotor. goes down the cables to a converter. energy can be incorporated into the main

distribution grid.

The electricity reaches the residential
distribution grid and finally homes.
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3 Divers ion of_‘: v Bypass Plant

1 Does not have a reservoir. It simply takes
advantage of the available flow of water and thus
is at the mercy of seasonal variations in water
flow. It also cannot take advantage of
occasional surplus water.

Hydroelectric Ener

bout 20 percent of the world's electricity is generated by the

force of rivers through the use of hydroelectric power

plants. This technology, used since the 19th century,
employs a renewable, nonpolluting resource, although the
technology's impact on the environment is high. According to
the United Nations, two thirds of the world's hydroelectric
potential is being used, especially in North America and Europe.

Reservoir

Turbine Room

_’_ The place where the kinetic energy
of the rivers is transformed into
mechanical energy by turbines and later
into electrical energy by generators
Generator
transforms the mechanical
energy of the turbines into
electrical energy.
1 Water / ’ bt
enters the powerhouse Vg
under pressure and 4
is injected into the

turbine.
J/ Needle
/ controls the pressure
F of the water injected
1 into the wheels.
Wheel
The force of
the water on
the blades
ol makes it spin.
2 Turbine
“— Injectors Ene
The force of the water on inject water under 3 rgy
its blades causes the pressure onto the The turbine makes the generator turn,
turbine to turn. turbine wheel.

thereby producing electric energy. The AR e e ( T
water is returned to the river. T = L L~ i
g ° - Second

reservoir

From the Dam to the City

O000000000000000000
O00000000000000000
D000000000000000000
O000000000000000000
000000000000000000

92,500

The planned hydroelectric capacity in
megawatts of China's Three Gorges Dam,
scheduled for completion in 2009. The previous
record holder was the 12,600-MW Itaipti Dam
on the border between Paraguay and Brazil.

A transformer lowers the voltage of the
electricity before distributing it to homes.

Electricity generated by the power plant is The electrical energy circulates through
sent to a transformer, where its voltage is high-voltage power grids over great
increased for transmission. distances.

1 The water enters the

1 The water goes from
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Plants with Reservoirs

The presence of a reservoir, formed by a containment dam,
guarantees a constant flow of water—and, therefore, of
energy—independent of variations in water level.

powerhouse and turns
the turbines. The
generators produce
electricity.

Powerhouse Reservoir

Once used, the
water is returned
to the river.

Pipes

Generator  Turbine

China

The world's largest producer of
hydroelectricity (95,000 MW
installed), followed by the United
States, Canada, and Brazil

Pumping Plant

has two reservoirs located at different levels. In this way, the
water can be reused, which allows a more efficient
management of water resources.

the upper reservoir to
the lower one,

generating electricity Powerhouse
in the process.

Reservoir

Second

reservoir Pipes
-—

Turbine

Powerhouse
Reservoir
In off-peak hours, the
water is pumped to
the first reservoir to
be reused.

Second

reservoir Pipes

Turbine
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Generation

Geothermal Energy e

a turbine, which then moves
an electrical generator.

s one of the cleanest and most promising sources of energy. The first

geothermal plant started operating more than 100 years ago.

Geothermal plants generate electricity from the heat that emanates from i ! The electricity obtainedi
the Earth's interior. Geothermal power plants, however, suffer from some _ N transmitted through high-
limitations, such as the fact that they must be constructed in regions with _— e Lo
high volcanic activity. The possibility of this kind of plant becoming defunct .. s
due to a reduction in such volcanic activity is always present. @ ' .

Transport

Types of Geothermal Deposits

Geothermal deposits are classified by their temperature and
by the resource they provide (water or steam).

Dry-Steam Deposits
700 They are the most efficient, although the least common.

et They produce steam at high temperature and pressure.
600

zgg High-Temperature Deposits

450 The greater the temperature of the water in the
400 deposit, the greater the efficiency of the plant in
350 producing electric energy. Those of medium-high
300 temperatures require binary-cycle power plants.

250

200 Low-Temperature Deposits

With temperatures lower than 176° F (80° C), they
are useful for meeting domestic needs, such as
heating or producing agricultural commodities.

Types of Power Plants nasite

Not all geothermal power plants are the same. Their characteristics depend N S 45 R N Accumulation of
on the type of geothermal deposit from where the resource is extracted. R S R SENE underground water and
| steam, sometimes

DRY-STEAM POWER PLANT N | R S & contained in cracks or

porous rocks, are

Some deposits provide water directly instead of steam. Axle to S % N heated by the magma
The water is at very high temperatures and is used to generator S e N and can be used as
generate electricity. Power plants of this type save a = . : |

- . energy resources. . {
step by not having to convert water into steam. oy 4 }

Steam to the

condenser
Steam from S

the deposit f Turbine ST R : =

_varies in thickness from 3 to

_— SRS . 44 miles (5 to 70 km) deep.
BINARY-CYCLE POWER PLANT L NN RS ot N

A DI _that separates us from the
The hot water from the deposit is used to raise the Axle to : RN Earth's turbulent interior:
temperature of a heat exchanger. The exchanger generator N SRS A
heats an organic fluid that produces steam, : b SN e AN
which is used to drive turbines and g S NS RN
generators. Binary-cycle plants are g 3 s S : SR NS
considered the cleanest and N 5 ; X i
most efficient, but they
are also the most
expensive.

/ 77

Cracks and Fissures
The magma from the
mantle rises through
cracks and fissures in the
crust, heating rocks. The
rocks heat the water
contained in them.

Organic y ~ Steam to the

fluid ; = condenser

Heat exchanger
Water from | & Axle to
the deposit — : generator

FLASH-STEAM POWER PLANT

The most common type. The deposit provides hot
water, generally at very high temperatures,
which is vaporized in the plant to drive
turbines and electrical generators. o
The water is then condensed \\\\\\

and reinjected into the 3 % y Upper Mantle
Slytt . > » V- i extends up to a depth of 370
€ 0 J miles (600 km). It is a
i e~ 4 N -~ viscous |ayer made up of The electric capacity, in
//" ] partially molten rock megawatts, of the world's

Vaporizer ’) - (magma) at temperatures geothermal energy plants. The
: > Steam to the

i

nearing 2,372° F (1,300° C). leading producer is the United

] condenser States, followed by the
Water from k| \\ Water to be T

the deposit : : ~ reinjected
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Tidal Energy
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Tidal Power Plant

The turbines, which power the
generators, are found inside
the plant. They convert the

Gates
are opened to let the water in as
the tide rises and then closed to
prevent its exit.

Location of the Dam

9 The power plant
e needs be located

e . - kinetic energy of the water : i ~
he varlf;ltlons in the tides and the force of the into meshanieal energy and na (f:;f::;;’;'itrtig the . _ ,
oceans' waves signify an enormous energy then into electrical energy.  Dam narrow bay.—places 2 — _
i i iCi i crosses the estuary or that have above- L —— >
_ _potentlal_ for gener_atmg electricity without e Sy o e /_/" Estuary
emitting polluting gases into the atmosphere It retains the water T J
or dep|et|ng resources, as happens in the during high tide. low tide and high tide). /
case of fossil fuels. Tidal plants are similar
to hydroelectric plants. They have a water- ) )
retention dam (which crosses an estuary 05 Sl T High-Voltage Grid

increases the voltage of the generated
power before its transmission.

from shore to shore) and a powerhouse
where the turbines and generators to
produce electricity are located. ®

takes the electrical energy
to the regions where it will
be consumed.

The Tides

'Y Responding to the Moon's gravitational pull on the
el Earth, the oceans' tides rise and fall twice a day.

Amplitude of the Tides

To produce electricity efficiently, the variance

High Tide v
The Moon

attracts the
waters of the sea,
and the tide rises.

between high and low tide needs to be at least
13 feet (4 m); this variation limits the number
of possible locations for tidal plants.

Low Tide
When the Moon
is to one side of
the Earth, the
water recedes.

Foundations

are built from concrete to
prevent the erosion
produced by the flow of
water over the terrain.

Turbines
are powered by
the flow of the
water. Upon
turning, they move
the generators
that produce
electricity.

Gates
regulate the exit of
trapped water, through the
turbines, during the
generation of electricity.

12 hours
25 minutes

The approximate time between two
high tides or low tides, depending
on the geographic location and
sometimes on other factors, such
as winds and ocean currents

Generation of Electricity

W9 As in a hydroelectric power plant, the trapped water
B turns a turbine that operates the generators.

Sea Dam Estuary
\
N
Gate  Turbine Gate

High Tide
During high tide, the level of the

water rises in the estuary. The
gates of the dam are opened to
let the water in.

Sea

|

Dam Estuary

Ly

n

Gate Turbine Gate

Water Reservoir

Once high tide is complete, the water
level in the estuary begins to drop. The
gates of the dam are closed to prevent
the trapped water from escaping.

Sea

The largest tidal power plant in the
world. It was built in northern
France in 1967 and has an electrical

generating capacity of 240
megawatts.

Dam Estuary
|

Iy

Turbine

Generation

During low tide, the trapped water is
released and it passes through the
system of turbines that power the
electrical generators.
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Biodigesters

hen anaerobic bacteria (bacteria that do not require oxygen to live) decompose organic

material through processes such as rotting and fermentation, they release biogas that can be

used as an energy resource for heating and for generating electricity. They also create mud
with very high nutritional value, which can be used in agriculture or fish production. This technology
appears promising as an energy alternative for rural and isolated regions, where, in addition to serving
the energy needs of the populace, it helps recycle organic wastes.

The Reactor o .
Digestion chamber Biogas Fertilizing mud

_’, is a closed Where the bacteria is a product of the process that Very rich in nutrients

chamber where ferment the waste. contains methane and carbon dioxide. and odorless, it is ideal

the bacteria break down They produce gas and It is used for cooking, heating, and for agricultural uses.

the waste. The fertilizing mud. generating electricity.

generated gas (called

biogas) and the

fertilizing mud are

collected for later use.

Waste

The organic
wastes are

introduced into
the reactor and
mixed with
water.

Dome
is built underground
and can be lined
with concrete,
brick, or stone.

Pathogens

Laboratory tests demonstrated that the biodigestion
process kills up to 85 percent of the harmful pathogenic
agents present in the organic waste, pathogens which
would otherwise be released into the environment.
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Ecological Cycle

Through recycling, biodigester

technology offers an alternative to the
problem of organic trash, with which more
and more large cities and agro-industries
must contend.

Fish-farming S,
development '~

) v

Wastes

can be used
both in urban
and in rural
regions.

Soil
treatment

Exeter

In 1895, this English city was
the first to inaugurate a public
lighting system powered by
biogas (from a water-
purification plant).

Gas for
domestic
use

Biofertilizers

Industrial
Biogas Plant

produces great
quantities of gas and
fertilizer.

B

S

1

Generation of
Electricity
Biogas can be used
to produce

electricity, although
on a small scale.

% : Gas for Q/

automotive 5SS
use

Electricity for
domestic use

Biogas

’_ The gaseous product of biodigestion, it is made up of a mixture of gases whose makeup depends on the Equivalencies
composition of the wastes and the break-down process.

55-70% | 30-45% | 1-10% | 0.5-3% | 0.1% ol[io)[En] =[r)

Methane Carbon Dioxide Hydrogen Nitrogen Sulfuric Acid

(CH,) (co,) (Hy) (N;) (H,S) The energy potential contained in
The energy-pro- A greenhouse gas. It Gas present in Gas present in the Corrosive and highly one pound of gasoline can be
ducing component | must be removed from the atmosphere atmosphere polluting agent. It has obtained from three pounds of
ES biogas for certain uses. to be removed. organic wastes.
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Fission and Chain Reaction

his weapon of mass destruction deri
first time a
Hiroshima and Nagasaki. In addition

s its energy from nuclear reactions. It was used for the
inst Japan, marking the end of World War II and the destruction of the cities of
the massive loss of human life at the moment of

Fission and Chain Reaction

Nuclear fission divides the nucleus of the uranium
atom by bombarding it with neutrons.

A neutron strikes

detonation, many cases of cancer and genetic repercussions followed in the adjacent areas affected " = e

by radioactivity. Apparently the horror of withessing what an atomic bomb could do was not enough, L Ty G

as today many countries have atomic arsenals even more powerful than the bombs used in 1945. @ e | 1 The nucleussps i o,
I\'! g 3 'f and an gnorl;:ﬁur‘se:ggﬂlit

The Hiroshima Bomb

It exploded on August 6, 1945, at a

height of 1,870 feet (570 m) over the
downtown of this Japanese city, taking more
than 70,000 lives. It was a fission bof

Name Little Boy
Type Fission
Power 14.5 kilotons
Weight 44 tons
DETONATION

An altimeter determines the
appropriate height for the
explosion and detonates a charge

by

| 1
f— 10,5 feet
i (32m)

|

24 feet
(0.74 m)

of common explosives; this process
impels the projectile toward the
atomic explosive.

. REACTION

The projectile travels through
the gun tube and impacts the
uranium-235 contained inside
the generator. This is what
initiates the nuclear chain
reaction.

and lethal radiation.

WARHEAD
Made of uranium-235,
it is highly fissile.

GUN TUBE '_

t the greatest amount of
ic explosive can undergo
n before the explosion.

ATOMIC
EXPLOSIVE

Compact sphere of
uranium-235. Its power
equals 14,500 tons of TNT
(trinitrotoluene).

es the chain reaction

of energy.

The three neutrons that were
released collide with other
uranium-235 nuclei, which then
divide and release more neutrons
and energy. The chain reaction is
sustained in this way until the
uranium is depleted.

y =t .

NUCLEAR ARSENALS

During the Cold War in the second half of
the 20th century, the United States and
the Soviet Union built large arsenals of
nuclear weapons. In addition, several other
countries developed nuclear-weapon
capabilities. Today it is believed that the
United States and Russia (which
maintained control of the former Soviet
Union's weapons) each have more than
5,000 deployed nuclear warheads with
perhaps as many in storage. France,
Britain, and China are each estimated to
have more than 100 nuclear weapons.
India and Pakistan have publicly tested
nuclear weapons and may have more than
a dozen each.

Mushroom cloud
of Hiroshima

ENERGY AND MOVEMENT 61

The Fusion Bomb

* Even more powerful atomic bombs use a

different type of nuclear reaction—the
fusion of hydrogen. That is why they are also
known as hydrogen bombs. They have a power of
up to 9,000 kilotons.

DETONATION

A small atomic fission bomb explodes,
generating large amounts of heat
inside the container.

REACTION

The heat compresses the
deuterium (hydrogen isotope)
against the rod of plutonium,
causing fusion.

EXPLOSION

The fusion of deuterium takes
place in a fraction of a second,
causing the explosion.

DAMAGE SCALE
Comparison between two nuclear explosions
of differing power

7 MILES 46 MILES  27MILES 1.7 MILES
(12 Km) (75 KM) @3 KM) (2.7 KM)
0.5 MILE
(0.8 KM)
1.3 MILES
FUSION BOMB (N0
1,000 KILOTONS -
(39 Km)
3.2 MILES
(5.1 KM)

HIROSHIMA
14.5 KILOTONS

TOTAL VAPORIZATION
TOTAL DESTRUCTION
B SEVERE DAMAGE
M SEVERE FIRES

My,
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Reach Following the Storm

Depending on its type, a 9 Today Doppler radars are used to discover the
radar's range can vary from Bl speed and other characteristics of storms.

tens to thousands of miles.

Doppler Radar

he radar's effective range and use of the Doppler effect—a physical
phenomenon postulated in 1842—create an efficient system able to detect
moving objects from afar. Doppler radars can determine the speed and direction c Detection
of a target, making these machines ideal for both civil and military purposes. The et e s b storm. The
introduction of Doppler radars revolutionized meteorology, allowing humans to follow waves' responses to various forms of water,
every development of storm patterns for the first time in history and helping people IR e T MRty
respond quickly and safely to many kinds of natural disasters. ®

and composition of clouds and can, for
example, detect the presence of hail.

_
_
- -
-
The Doppler Effect P
-
I Whenever any kind of electromagnetic-wave - -3
a® generator/receiver is turned on, it vibrates, and the /‘
waves it emits differ in wavelength from those it receives.
This phenomenon is known as the Doppler effect. The waves

emitted by the
radar change

Pitch of a car engine wavelength when

NNNNS : :
they collide with
/1-"\ moving raindrops. -
C— i - VWV
- F 4
Person 1 Conductor Person 2
As the source of the wave always hears the As the source of Measurements
moves away from the same pitch, the wave i
listener, the wavelength because it comes approaches the The Doppler effect allows meteorologists to
increases with respect to from a constant listener, the wave's determine a storm's velocity, or speed, and
the listener, and the pitch distance. pitch increases. direction, as well as the velocities of internal

decreases. wind currents.

AIRPLANES " 4 : 2 e Analysis
are equipped with Doppler radars that inform pilots about g ; iy A secono! Doppler_rada.r station pbtains data
areas of heaviest precipitation in storm clouds so that the from a different direction, allowing more

pilot can choose the safest route to the aircraft's precise ane_llysis of the _data. Then all _the data
destination. from the different stations are combined and

converted into numbers and graphs for a
more accurate reading.

How Doppler Radar Works

9 Doppler radar interprets changes in the wavelength of the radio
Bl waves it emits. These changes in wavelength are caused when
the waves sent from the radar are reflected by a moving object.

Other Applications

I Doppler radars are used in anticollision systems of ships and airplanes and as portable traffic-control radars. Doppler radars are also used in medical, military,
Bl and underwater research, among other applications.

Traffic Navigation Medicine

Emission

The radar emits radio waves of a known wavelength. If the
waves encounter an object, they are reflected.

Reception

The waves reflected from a moving object change wavelength,
which the radar correctly interprets as movement.

Bats

have a type of biological
Doppler radar. They emit sound
waves, which bounce off
possible prey, allowing the bats
to determine an obstruction's
speed and direction.

Police use portable
Doppler radars to
monitor the speed of
passing vehicles.
Doppler radars are
handy tools for
verifying the speed of
automobiles from any
location.

Ships and airplanes
use Doppler radar
systems to scan
nearby traffic for

possible collision risks.

The radars work in
tandem with
automatic emergency
exit systems.

Doppler systems have
been introduced in
diagnostic ultrasound
scanning. They can
provide visual feedback of
movements within the
body, as in the circulatory

system—even in the heart &% =

and brain. o
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Crash Test Dummies

o0 assess the risks that automobile passengers could experience in collisions, mannequins—designed to
resemble human beings of different sizes and weights—are used. They are fitted with aluminum bones
and muscles, as well as with rubber skin. These dummies are equipped with sensors that collect data on
every aspect of the collision (acceleration and deceleration effects, among other things). In this way,
biomechanical engineers can evaluate possible injuries that real occupants of a vehicle could sustain in similar
collisions. These robotic mannequins, which have helped to save many lives, are called crash test dummies.
Even though dummies can “feel” (or virtually replicate and simulate human sensory perceptions), they have

the advantage of not getting hurt the way humans could. ®

DIFFERENT TYPES OF SENSORS
1 34 Crash test dummies are equipped with different
types of tools—movement sensors, load sensors,
accelerometers, and potentiometers—that
indicate what happens when a person is in a
collision. These mannequins collect data

essential to injury prevention.

HEAD, NECK, AND FACE
9 accelerometers

1 potentiometer
7 load sensors

THORAX, BACK,
AND ABDOMEN
5 accelerometers
3 potentiometers
1 load sensor

LOWER LIMBS
4 accelerometers

2 potentiometers :
6 load sensors q

FEMUR
AND PELVIS
1 accelerometer

SAFETY FEATURES

Anatomy in Action

. . . . . AIR BAG SAFETY BELT
9 The dummies have rubbfar skin, aluminum skeletons, a}no! internal electronic \ In a collision, 10.5 prevents passengers 6 load sensors
Ball sensors. In tests, dummies are dressed—to reduce friction—and protected by \‘ to 21 gallons (40 to from being ejected from
air bags and safety belts. The force of each impact is collected by a computer 80 1) of air inflate the vehicle or from %
located in the vehicle's back seat. In a strong impact, dummies can have their “skin” the air bag in less being thrown onto the
than a tenth of steering wheel,
Accelerometers

cut, but only rarely are they damaged any more than this. A\ windshield, or front seat.
are designed to measure strong impacts.
They contain small magnets that slide when
the sensor moves, generating electrical

charges that indicate changes in speed.

COLLISION ACCORDING TO THE LAWS OF PHYSICS
The inertial forces in a collision are enormous. Energy is neither
created nor destroyed; it is only transferred. Injuries sustained in
a collision are the tangible effects of energy that could not be e S -~
absorbed in any other fashion. X . 3 - . N
: ; , ) / ’ 5 ; TRANSMISSION CABLES
s 2 4 ! : = carry information from the sensors to the
computer.

TIME IN THOUSANDTHS OF A SECOND
: I
10 -
== : A ﬁiiggtiﬁle.\g;’(':nergy being . . Movement sensors .
; feleaset)ivaties diractly with till = . . - generate a small voltage that measures the twisting of the
i abicct Theykinetic body. The sensors located in this area record the speed and
PISCH A p intensity of the compression of the chest.

energy of an industrial truck is
greater than that of a small car.
According to Newton, a body in
motion will tend to continue in its .
motion unless it is acted upon by an ] ’ Y i
outside force. v Load sensors

. — - - " 1 measure the forces generated by a collision using small piezoelectric

20

F o -

INERTII_\_ B < p = y v . . crystals that generate electricity by expanding and contracting. These
In a collision, bodies inside 5 crystals, located throughout the dummy's body, provide very useful data
' 4 L in assessing and preventing serious injuries.

the vehicle continue to move
forward, because they resist
changes to their motion. Safety
belts counteract this inertia and
help keep the driver and passengers \ b
in their seats. Air bags reduce the ; ¥ | i

chance of possible injuries during L) - e Lo AD
collision when the body is propelled 2 .

forward and hits the dashboard. 4 ' 'Y " S EN So RS

E NEAR THE FACE
c ENERGY ABSORPTION i J 4 ) i W)
Newton's laws apply to the inside ’ y ! SURFACE OF
THE PLATE

of a body just as much as to the outside.
When a moving head encounters an
obstruction, the head and its contents
tend to keep moving forward, causing
tl}e l_)ram tt_) strike the inside of the ‘ LOAD CELL
cranial cavity—or the spleen to collide
g 3 4 PLATE
with the abdominal cavity.
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Roller Coasters AN B

hese colossal, twisted structures provide an 4 0

exhilarating and frenetic ride. They wed technology S

to basic and seemingly incompatible emotions,
such as panic, courage, fear, joy, vertigo, and
amusement. Built as if to exclusively prove
Newton's theories, the science of roller coasters
abounds with all his terminology: acceleration,
mass, gravity, movement, and inertia. But in
all this, what is really thrilling is the free

fall, the attraction of the abyss. ®

Safety Details

'S The designers of these extreme machines take into
Bl account all possible safety factors to provide as safe
an experience as possible. Riders are made to wear safety
belts, and machine parts are inspected on a regular basis to
prevent accidents. Joints and beams are X-rayed for flaws.
Safety devices applied to the drive chain before cars reach
the top prevent the train of cars from moving backward.
These devices are also installed on some of the hills, where
the train slows down in its climb. In the event of wind gusts
and sudden decelerations, these preventive measures keep
the train in place and stop it from backtracking.

Special device

is located intermittently along

the chain lift. As the train -‘,

prepares for its

descent, this device

prevents it from

moving backward. '.;E
——

Safety device

Steel rail

Protection
chain

Wheels to keep the trolley on the track
Three types of wheels are needed: upper wheels to control the
train for most of the route; lower ones for use on the hills—G

forces are sometimes greater than the weight of the train; and
lateral wheels to prevent the train from derailing on curves.

Upper
wheels

Lateral

Lower
wheels

MECHANICAL
ENERGY

At a certain point in the
trajectory, both energies
(potential and kinetic)
cancel each other out.

KINETIC ENERGY - e |
is energy of motion— i
that is, the energy
released by the train
every time it descends.

|
d

Force of
Gravity in Action

Most of the motion in a roller-coaster ride is a
response to the Earth's gravitational pull. No engines
are mounted on the cars. After the train reaches the
top of the first slope—the highest point on the ride—
the train rolls downhill and gains speed under the
Earth's gravitational pull. The speed is sufficient for it
to climb over the next hill. This process occurs over and
il over again until all the train's energy has been lost to
friction and the train of cars slows to a stop. If no
energy were lost to friction, the train would be able to
keep running as long as no point on the track was
higher than the first peak.

128 perhour
(206 km/h) “~

is the speed reached by Kingda Ka, the highest
and fastest roller coaster. It is located in New Jersey.

<
NN

A%

1912

marks the year John
Miller designed the first
underfriction roller coaster. POTENTIAL ENERGY

is the stored energy.

Every time the car
rises against the Earth's
gravitational pull, it gains
potential energy, which

is later manifested as
kinetic energy.

POTENTIAL

ENERGY

When the wagon .
reaches the highest : »
point of the roller ¥

coaster, it has a great deal
of potential energy.

£

4

~

e

F
-

-

THE PHYSICS OF THEME-PARK RIDE

Roller coasters are an example of how
energy is not destroyed but transformed.

ENERGY AND MOVEMENT 69

CENTRIPETAL
FORCE
causes an
object to move
in a circular
trajectory.
GRAVITY
is the mutual attraction
between two objects that
have mass.

e

FRICTION
is the absorption of energy.

The friction of the wheels against the rails results
in the loss of potential energy, causing the train to
eventually stop.

Acceleration

A body tends to remain at rest or in uniform
motion unless acted upon by a force. Therefore,
the forces a rider experiences in a roller
coaster are actually the resistance of the body
to changes in its motion, a property Newton

called inertia.
ACCELERATION } INERTIA
il
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utomobiles

he first attempts at manufacturing automobiles took place in China at the end of the 17th

century, although the first recorded use of an automobile dates back to 1769, when Nicolas-

Joseph Cugnot created a steam-propelled car. Karl Benz gave cars their current form in 188€
Since the introduction of the Model T assembly line, automobiles have not only changec
and rural landscape but also, most importantly, have completely transformed moder

SECOND STROKE: COMPRESSION

How the Engine
»_ :I'h de_lopment o

On the Inside

AIR BAG SYSTEM STEERING

A number of complementary systems inflates several flexible bags WHEEL equally even
allow the cars to function. Sophisticated inside the car, absorbing much activates the have differe
electronics and state-of-the-art design make of the impact that riders are steering =
today's models veritable mechanical jewels. subjected to during a collision. mechanism that At the end f
turns the front the trajectory, i
wheels. the spark plug " The mixture valve .
generates an ignites, creating [ IES
REAR SUSPENSION electrical great pressure The piston
FUEL-INJECTION SYSTEM spark. that pushes the . starts to rise,
electronically controls the 2 piston down. :  pushing along
amount of fuel injected into . [ Once the \ ¢ r the hot gases.
each cylinder. MUFFLER . The force . piston \ J
reduces the noise transmitted J reaches the *- ;
produced by through the piston top of its
FRONT SUSPENSION gases as they exit shaft causes vele begns
Set of springs and shock the exhaust pipe. Il g
absorbers that absorbs vibrations -
caused by uneven terrain
AIR INTAKE

The air that enters the engine
passes through a filter before
mixing with the gasoline.

RADIATOR /
cools do e
engil coolant.

COMPRESSOR

WHEEL RIM
is made out of a lightweight
alloy to lower the weight of

. the wheel.
; TIRE

activates the car's has ?fl.|0W pr_oﬁle, improving
air-conditioning stability during fast turns.
system.
DRIVE SHAFT DISK BRAKE
Extension from the A brake pad attached to the wheel, it is gripped by

:el': :2,:‘::3: energy transmission connecting the calipers when the brake pedal is depressed.
consumed by the car's thﬁ g(learbox to tljtehdrive
electrical devices. guern engines use fuel LlLEs DI

etficiently—consuming and  MASTER BRAKE P el mll::l;lﬂl’;haust away

polluting less than ever— CYLINDER from the vehicle.

and they can provide high Activated by the pedal,

power even with relatively it applies hydraulic GEARBOX CATALYTIC CONVERTER

small engines. pressure to the brake Series of gears used to adjust modifies the harmful

calipers, causing them the motor's speed of revolution components of exhaust gases:
to grip the wheels. to that of the drive wheels into less harmful emissions.
CUGNOT DAIMLER RENAULT OLDSMOBILE FORD T CITROEN BEETLE FERRARI MERCEDES-BENZ 300 SL  FIAT 600 CADILLAC DE VILLE TOYOTA HYBRID X
built the first steam- equipped a carriage Covered and with The first car In 1917, Henry Ford used  The front-wheel The first Volkswagen car The company presents Known as “Seagull This popular A spacious convertible, A concept car with a
propelled automobile. This with the first an internal produced in series in an assembly line to drive is was designed by Porsche its first street car, the Wings,” it was the first compact city car is it was the ultimate in sunroof, LED headlights,
vehicle reached about two gasoline engine. steering wheel the United States manufacture this car. introduced. at Hitler's request. 166 Sport. car with a fuel-injection produced in Ttaly. automobile luxury of swiveling rear seats, and
miles per hour (3 km/h). engine. its time. drive-by-wire controls
—————
1 ¥
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X

N\
T . \.. How It Works
N
al I l S W High speeds were achieved because SOURCE OF ENERGY
el of aerodynamic designs, lighter and Locomotives get 25,000 volts of electric energy
more powerful locomotives, and exclusive- from power cables through a pantograph, a
Ithough rail transportation dates back to ancient Greece (6th s mobile mechanism that travels with the train
. . and keeps the electrical circuit alive.
A century BC), this technology has only recently (beginning
of the 19th century) been used to its full potential. comadl
Tral_ns were essential to the Industr_lal Revolution, and CABIN .
during their almost 200 years of existence, they 3 o s
. . . ollector =
have evolved into increasingly fast models. : _g®
Some—such as the TGV (France), the EMERGENCY /\ ‘ St T
Shinkansen (Japan), the AVE (Spain), P EXIT VS

Springs

and the Intercity 125 (United
Kingdom)—travel faster
than 185 miles per hour
(300 km/h). ®

DRIVE RAILS ;
Each wheel has an The principle of rail travel has remainel
independent electric engine. essentially the same for the past 150 years.

LOCOMOTIVE J :

Equipped with powerful ' . -

electric engines, the TGV's ' : L : — Railhead - *
. Control EleSiiG P oy

locomotives can travel at high g t d «09. g X
speed even while climbing 3 5 7 1 6 mlleﬁ cable oot B Rail web
hills. Because the train has a . peI‘ our L - = ﬁal-.foot: -
locomotive at each end, the 1
locomotive does not need (5748 km/h)
:‘: be '§|‘1’°S'Ef"re0:.:’6ft‘?re % IN A TEST RUN, A TGV REACHED THIS SPEED

B IN 2007, SETTING A NEW RAIL SPEED RECORD.
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yCles ——

hicles are commonly used in both transportation and r
was invented in 1885. During the 20th century, motorcy
ess and rebellion. The fir ) ere used for |

of the most versatile; it adjusts to iwmountaln paths as
. Equipped with electronic innovations and a powerful
engine, it is comfortable and can even carry loads.

cycles were then manufactured an environments, re
1 even faster and more powerful engines were also invented for the ang for - T S
experiences on two wheels. - . SO S : ) liquid quartz display
- o . > 7 ‘ ) with an odometer, a

clock, and a fuel gauge.

Some Types of Motorcycles

adjusted according
to the driver's heig

ENDURANCE .
All-terrain motorcycles. ——

They are used in the MIRRORS
famous Paris-Dakar race.

S by

SCOOTER.

Il vehicles
fson:?w!;l:n transporta r :ggl(::ﬁMENT
because they are very pped with the latest - : ==
maneuverable and hnology. They are used 