INTRODUCTION
TAKE A MOMENT to make a list of all the things you have used in the past twenty-four hours that were developed through technology. Your list might include complicated devices, such as a computer, a cell phone, a video-game controller or a car. Your list might also include less complicated devices, such as a bicycle or a stapler. But what about other, even simpler devices, such as a pencil or a toothbrush?

CHAPTER 1
ENGINEERING, TECHNOLOGY, SOCIETY, AND THE ENVIRONMENT

SECTION 1 Technology, Engineering, and Science

SECTION 2 Technology and Prehistory

SECTION 3 Technology and History

SECTION 4 Technology and Society

SECTION 5 Technology and the Environment

STUDY TOOLS

This book is designed to help you get the most from your study of engineering and technology. Each chapter is divided into sections, and each section begins with a list of Key Ideas. For the most part, these Key Ideas are derived from the International Technology Education Association’s (ITEA) Standards for Technological Literacy, which is a list of formal educational standards intended to guide educators as they help school-aged children become technologically literate citizens. Read and think about the key ideas before and after you complete each chapter. This will help you determine how your learning is progressing.

Within each section, key terms are formatted in boldface the first time they are defined. You will also find the key terms and their definitions in the glossary at the end of this book.

[[Insert Figure 1.1 here]]

[[Insert Figure 1.2 here]]

We define technology as the means by which humans modify the world to address their needs and wants. That means that a toothbrush is a result of technology. So are a spoon, a notebook, and a running shoe. For that matter, the grains in the cereal you had for breakfast are the result of technology because humans selectively breed plants in order to create seeds that produce the best possible crops. Indeed, the seeds from which your cereal grains grew might be patented.

In this book, you will learn how engineers transform their knowledge of mathematics and sciences, such as physics, chemistry, and biology into practical applications. You will explore how technological innovations have changed and continue to change our world. As you will see, modern countries increasingly depend on engineered innovations to keep their economies robust and the environment healthy. New technologies are being adopted at a dizzying pace. Politicians and responsible citizens are expected to make informed decisions about the impact of technology on society and on each other. Yet, few people understand the role engineering and technology play in all this.

People interact with technology every day, but do you have a working knowledge of the technologies you and your family use? Is it enough to know when and how to use a device, or should you also know how the device works and the effects of the use of that device on society and the environment?

Because of the seamless nature of user-friendly technology, people typically have become accustomed to using devices without knowing what makes them operate, the implications of their use, or how they came to be. We tend to think of technology only in terms of its products—cell phones, computers, air fresheners, amusement parks, or antibiotics. The knowledge and techniques used to create and market such items—research methods, engineering know-how, manufacturing expertise, technical and marketing skills—are also important to the quality of our lives.
[[Insert Figure 1.3 here]]

One intent of this chapter is to narrow the gap between technological reality and public understanding. Another is to present a brief history of technology revealing the inevitable environmental trade-offs that occur when we adopt new technologies. If our environment and economy are to be healthy and robust, it is essential that decision-makers consider ethical factors as they grapple with the uses and misuses of technology.

SECTION 1: Technology, Engineering, and Science

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The rate of technological development and diffusion is increasing rapidly.

· Technological progress promotes the advancement of science.

· Technological innovation often results when ideas, knowledge, or skills are shared within a technology, among technologies, or across other fields.

· Making decisions about the use of technology involves weighing the trade-offs between its positive and negative effects.

· Throughout history, humans have devised technologies to reduce the negative consequences of other technologies.

[[End Key Ideas > Box here]]

[[Insert Figure 1.4 here]]

You probably have a sense that technology, engineering, and science are related in some way. People typically use these terms interchangeably. However, these terms actually refer to different things. Before you can understand the role technology has played in human history, you need to make sure you understand these terms.

Defining Terms

Science is the systematic study of the natural world. We can think of science as having two main parts:

· A body of knowledge about the natural world
· A process of inquiry that generates such knowledge
Engineering is the practical application of the information acquired by science. Like science, engineering consists of two main parts:

· A body of knowledge about the design and construction of products
· A set of processes and techniques that are the methods for accomplishing the desired aim of creating the products

Generally speaking, science is about understanding the natural world, about discovering and explaining what is. Engineering is about humans creating what has never been. Think of present-day science and engineering as being tightly coupled. They each use the same tools, but their objectives differ. Science involves the analysis of newly observed or unexplained events or objects. The results of the analyses are then used to model, mathematically or graphically, the particular event or object. In contrast, engineers focus on designing solutions for specific problems. Engineers apply analyses and mathematical or graphical modeling as they design or modify socially useful products.
[[Insert Figure 1.5 here]]

So how does the term “technology” fit into this? Technology, as we have already seen, is the means by which humans modify the world to address their needs and wants. In other words, technology is a combination of engineering and science. The term technology is used to refer to the:
· tangible artifacts of the human-designed world (e.g., bridges, automobiles, computers, satellites, medical imaging devices, drugs, genetically engineered plants);

· systems of which artifacts are a part (e.g., transportation, communications, health care, food production);

· the people, infrastructure, and processes required to design, manufacture, operate, and repair the artifacts. [NAE, 2002b]
[[Insert Figure 1.6 here]]

You have probably heard people use the term “technology” to refer to specific things created by engineers—such as computers, or satellites. You might also have heard the term used to refer to scientific pursuits—such as the study of plant DNA (deoxyribonucleic acid) or the analysis of radio signals from deep space. But strictly speaking, technology refers to the many ways that humans have devised to resolve the problems we have faced. For example, we have used technology to acquire food, to travel from place to place, and to build ourselves homes. As you will learn next, we have also used technology to learn more about the world—in other words, to acquire more scientific knowledge.
The Relationship between Technology and Science

Throughout history, technological progress has promoted the advancement of science. Technology is and has been the basis for much scientific research. You cannot easily separate the achievements of technology from those of science. When the Apollo 11 spacecraft traveled to the moon, the media called the accomplishment a victory of science (Figure 1.7), but in fact the feat was a combination of science and engineering. Similarly, the development of disease-resistant plants should not be attributed to science alone. Science is integral to both of these landmark achievements, but it is more accurate to call both events technological developments—that is, a combination of science and engineering.
The rate of technological development and diffusion is increasing rapidly. Technological progress promotes scientific advancement. An example of scientific knowledge that would have remained unknown without a prior technological development is our understanding of human DNA. Thanks to the invention of gene-sequencing machines (Figure 1.8), modern scientists were able to unlock the secrets of human DNA. In a large-scale scientific/technological endeavor known as the Human Genome Project, decoded DNA information provided an enlightening new system of scientific knowledge. This knowledge has led to the design and implementation of health innovations that guide health-care professionals during diagnostic and patient-healing processes. Spin-offs from the Human Genome Project include new understanding of the genetic factors responsible for conditions ranging from age-related blindness to obesity; genes representing these factors can now be detected through diagnostic techniques. Also, hundreds of biotechnology-based products that relate to the healing process are now undergoing or have undergone clinical testing. The ideas, knowledge, and skills resulting from the Human Genome Project spread swiftly to other fields, such as health care and diagnostic technologies.
[[Insert Figure 1.7 here]]

[[Insert Figure 1.8 here]]

You can probably think of other technological developments that allowed humans to share what they had learned about the world. A simple example is the magnifying glass, which allowed humans to observe things that they would otherwise not be able to see. Another example is the deep-water sailing ship, which allowed scientists, such as Charles Darwin to travel around the world, collecting specimens and observing and recording scientific data that helped him theorize.

[[Insert Figure 1.9 here]]

Technological advances, such as the development of gene-sequencing machines, are made possible by innovation, which is the process by which preexisting products or ideas are transformed into new techniques and more useful or economical products. Technological innovation often results when ideas, knowledge, or skills are shared within a technology, among technologies, or across other fields. The rate of technological development and diffusion was slow during most of human history, but eventually the trial-and-error technological techniques that had been so common earlier were largely replaced (during the second industrial revolution) by an emphasis on research and the application of scientific understandings. In today’s world, technological advancement is increasing rapidly due to the effects of research and the people and organizations that support change.
Solving Problems through Technology

Ultimately, people use technology to achieve the goal of solving human problems. In their pursuit of useful and practical solutions to vexing problems, such as hunger and disease, scientists and engineers do not always behave according to common expectations. Some scientists choose to become involved in designing practical applications of their discoveries. When they do so, they act like engineers. As engineers develop technologies or solve problems, they may need unknown information about the natural world. If they choose to obtain and explain that new knowledge themselves, through research, then they behave like scientists.

Technology Brings Benefits and Burdens

Making decisions about the development and use of new technologies involves weighing positive and negative effects. Technological advances involve trade-offs—giving up one thing in return for another. Be aware that while a new tool, product, or technique may benefit humankind, the same technology may, at the same time, burden society. Technology always influences history. Positive and negative consequences occur whenever a new product or process comes along. These consequences affect people and the environment. Negative consequences can be particularly harsh when they are unanticipated. For instance, radioactivity was discovered around the start of the twentieth century, and early in that century, glowing radioactive radium dials began to be sold that made watch dials easy to read during darkness. Everyone, was pleased, including the watchmakers. This innovation turned out to be a burden when those who were hired to brush the radium onto the watch faces began to die of tongue cancer from licking the brushes.
Throughout history, humans have devised technologies to reduce the negative consequences of other technologies. For example, recently, the pollution caused by gas-fueled automobiles has led to the invention of new energy sources for powering automobiles, including electricity. Can you think of other examples of new technologies that have been developed to counteract the effects of older technologies?

[[Insert Figure 1.10 here]]

[[Start Section one Feedback > here]]

SECTION ONE FEEDBACK >
1.
Use “science” and “technology” in a sentence.

2.
Name the two main parts of engineering.

3.
Name one technological development (other than those described in the chapter) that led to new scientific knowledge.

4.
Describe one difference between science and engineering.

5.
Which of these human activities is oldest—science, engineering, or technology?

[[End Section one Feedback > here]]

SECTION 2: Technology and Prehistory

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The evolution of civilization has been directly affected by, and has in turn affected, the development and use of tools and materials.

· The nature and development of technological knowledge and processes are functions of the setting.

[[End Key Ideas > Box here]]

Now that you have a better understanding of the nature of technology, you are ready to chart technology’s progress from prehistoric times to the present day. As you will see, technology’s history is largely the history of tools and power sources. This section and the next explore:

· The materials used during a particular period to create tools and other objects

· The main power sources used during a particular period

· The effects of innovation on the environment and human health throughout history

When discussing technology, it is helpful to refer to specific ages, or periods, in human history. Figure 1.11 shows the name, time range, and major innovation associated with each age. You will learn more about the Iron Age, the Bronze Age, and other ages of history throughout this section.
The Stone Age

Two million b.c.e. to about 3000 b.c.e. (b.c.e. means “before the common era,” which sometimes is written as “b.c.,” meaning “Before Christ.”)

Stone Age cultures left no written records. The lack of written records led anthropologists—scientists who study human beings and their ancestors—to characterize the time period and the people who lived then as “prehistoric.” Can you imagine the difficulties involved in trying to recreate the construction of items made during times when people had no way to leave a written record of what they did?
[[Insert Figure 1.11 here]]

Just as mammals and birds today transform natural objects, such as twigs or stones into tools to help solve their problems (Figure 1.13), our ancestors made similar use of natural objects. Perhaps millions of years passed before someone purposely used a sharp stone to construct a tool. Much later, tool making was conducted on a regular basis. Later still, during the Stone Age, such tasks were carried out at specific sites by specialists.
[[Insert Figure 1.12 here]]

Stone Age humans were hunter-gatherers; they obtained food by hunting, fishing, and foraging (Figure 1.12). Their main power source was their own muscles. The material transformed into tools during this age was primarily stone.

[[Insert Figure 1.13 here]]

[[Insert Figure 1.14 here]]

[[Insert Figure 1.15 here]]

Energy is the capacity to do work; work is done when energy is used to create a force that causes an object to be moved over a distance. Power is the rate at which work is done. Scientists typically measure work in units known as joules. Power is measured in units known as watts. If you do 100 joules of work in one second (using 100 joules of energy), the power expended is 100 watts.

Stone Age humans lived a nomadic life, traveling in small groups and surviving by gathering food through hunting, fishing, and foraging for edible plants. They learned how to acquire, use, and control fire. Taming fire was a technological development that contributed to the survival of early humans. Out-of-control fires would have been a major cause of periodic but temporary changes in the landscape.

Toward the end of the last ice age, about 10,000 to 15,000 years ago, some human communities made the transition to a more settled way of life. Evidence of this transition includes ancient tools, human remains, and prehistoric art.
The domestication of animals—breeding animals for a life in close association with and to the advantage of humans—marked a switch in power emphasis. The muscles of domesticated animals became an even more important source of power than human muscles.

As humans began to end their nomadic lifestyle, they had more time to develop agricultural innovations that resulted in reliable harvests and increased food supplies. Over time, they learned how to manufacture special farming tools. These tools, which included sickles and grinding stones, were used for tending, harvesting, and processing crops. Just as the development and use of tools and materials evolved, so did civilization evolve, in this case from a nomadic life to an agricultural life.

[[Insert Figure 1.16 here]]

Manufacturing refers to the process of making raw materials into products by hand or by machinery. Materials are the substances of which something is composed or can be made. Raw materials are crude or processed materials that can be converted, by manufacture, further processing, or combination into useful products.
These technological changes took place slowly over long periods of time. In response to the need for food and protection, people became adept at devising tools featuring points or barbs. The stone-headed spear, arrow, and the harpoon were in widespread use (Figure 1.19) before 3000 b.c.e. Humans first used stone tips some time between 21,000 to 17,000 years ago.

The study of artifacts—objects created by humans for practical purposes—left by ancient peoples, as well as observations of people from current civilizations who continue to use Stone Age technologies, reveals much about the culture of early human civilizations. Culture refers to the customary beliefs, social forms, and material traits of human groups.

Since this early period of human civilization, the evolution of civilization has been continually and directly affected by the development and use of tools and materials. The nature and development of technological knowledge and processes are functions of the setting. Typically a new setting—a necessary combination of circumstances—would spur a new development. For example, the advent of an ice age might spur people to develop a technique for stitching together furs to create warm coverings for their feet. Can you see that the development of this technological knowledge and process is a function of the setting?
[[Insert Figure 1.17 here]]

[[Insert Figure 1.18 here]]

[[Insert Figure 1.19 here]]

It is interesting to note that the Yanomamo tribe, native South Americans from the Amazon basin, continued to use Stone Age technologies until the 1950s (Figure 1.20). Even today, the Yanomamo have kept to their original ways of living, even though they now save time by using imported metal tools. Perhaps they never experienced the appropriate setting thought necessary to drive them to develop their own metallurgical technologies.
[[Start Section two Feedback > here]]

SECTION TWO FEEDBACK >
1.
Name an important communication behavior that Stone Age humans lacked.

2.
How have prehistoric artifacts helped us to understand prehistoric cultures?

[[End Section two Feedback > here]]

Section 3: Technology and History

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Throughout history, technology has been a powerful force in reshaping our social, cultural, political, and economic landscapes.
· The Iron Age was defined by the use of iron and steel as the primary materials for tools.

· The Middle Ages saw the development of many technological devices that produced long-lasting effects on technology and society.

· Early in the history of technology, the development of many tools and machines was based not on scientific knowledge but on technological know-how.

· Selecting resources involves trade-offs between competing values, such as availability, cost, desirability, and waste.

· Inventions and innovations are now the results of specific, goal-directed research.

· The Renaissance, a time of rebirth of the arts and humanities, was also an important development in the history of technology.

· The Industrial Revolution saw the development of continuous manufacturing, sophisticated transportation and communication systems, advanced construction practices, and improved education and leisure time.

· Energy resources can be renewable or nonrenewable.

· New technologies create new processes.

[[End Key Ideas > Box here]]

[[Insert Figure 1.20 here]]

Throughout history, technology has been a powerful force in reshaping the social, cultural, political, and economic landscapes. In this section, you will examine some examples of how history has been shaped by emerging technologies.

The Bronze Age: 3000 to 500 b.c.e. During the Bronze Age, humans developed and mastered a new and extremely important technique—smelting. Smelting is the extraction of a metal from its source (typically referred to as an ore). In the early part of the Bronze Age, humans learned how to smelt copper to make objects from the molten metal (Figure 1.21). Later, they learned to smelt tin and combine it with copper to create an alloy (a combination of metals) known as bronze. Bronze was an improvement over copper because bronze is more durable. Also, because bronze melts at a lower temperature, it was easier to work.
The Bronze Age began in an area of the Middle East known as the Fertile Crescent, which consisted of parts of present day Pakistan, Iraq, and Syria. Thanks to rivers that overflowed seasonally, the Fertile Crescent had good soil in which crops flourished. The area also benefitted from the abundant sunshine of the Mediterranean climate. The long, dry season with a short period of rain made the Fertile Crescent suitable for the first attempts at domesticating plants. The inhabitants found that small plants with large seeds, such as wheat and barley, were especially suitable for domestication because they were easy to harvest and store and because wild forms of the plants were widely available. The Fertile Crescent comprised a large area of varied geographical settings and altitudes that other regions lacked. These special situations made an agricultural life more profitable for former hunter-gatherers. The great variety of ecosystems meant a wider variety of plants to domesticate. This, in turn, made farming more profitable than nomadic life.

[[Insert Figure 1.21 here]]

[[Insert Figure 1.22 here]]

A thriving agrarian, or farming, culture arose in the Fertile Crescent. The plentiful food and generally favorable conditions led to an increase in the human population.
As human society expanded, it naturally became more complicated. One important example of this increasing complexity was the division of labor, through which work was broken down into its component tasks and distributed among different persons or groups, thereby increasing efficiency, production, and profits. Division of labor, in turn, created a need for specialized tools made from copper and then bronze. This demand for tools, in turn, resulted in expanded trade routes that fostered economic growth throughout the region. Thus, the development of smelting technologies allowed society to expand and become even more complicated. However, the consequences of smelting technologies were burdensome as well as beneficial. Smelting ores required a massive amount of fuel, entailing the destruction of up to four acres of forest per year in the Fertile Crescent. The denuded forests and smoke-filled air likely became a health and environmental problem for the areas now occupied by Greece, Turkey, Cyprus, and Lebanon.

The Iron Age: 500 b.c.e. to 500 c.e. (c.e. means “common era.”) The Iron Age was defined by the use of iron and steel as the primary materials for tools. The first step in this development was learning how to smelt iron ore. This technology likely was developed by metallurgists from Asia Minor (Figure 1.24), located east of present-day Greece between the Mediterranean and the Black seas. This region was an important center of early civilization. Extracting iron from its ore was a major technological achievement because it allowed people to manufacture tools that were stronger and less expensive than bronze tools. Among other things, Iron Age technology produced the iron-tipped plowshare, which permitted people to cultivate heavier soils and to plow more deeply, which in turn resulted in higher profits and increased food supplies. Over time, traders carried iron-smelting technology, along with iron products, from Asia Minor to other regions.
[[Insert Figure 1.23 here]]

[[Insert Figure 1.24 here]]

[[Insert Figure 1.25 here]]

Some civilizations did not progress from stone, to bronze, and then to iron. For example, some regions lack deposits that contain the tin needed to make the alloy bronze. Over time, those civilizations that skipped the development of bronze progressed directly from copper to iron. This is another example of how a civilization’s setting can affect the development of technological knowledge and processes.

[[Insert Figure 1.26 here]]

As civilizations advanced technologically in China, Egypt, Greece, Persia, and Rome, they became more dependent on water supplies. Water powered many of their industries, providing the force that did the work in enterprises, such as grain-grinding mills and iron-smelting facilities. Wood and peat fires then served as energy sources for forging metals (manufacturing tools by heating and hammering metal), heating homes, and bathing.
[[Insert Figure 1.27 here]]

During the Iron Age, tooling—shaping, forming, or finishing with a tool—led to the practice of small-scale metal grinding. Since ductile iron was not discovered until the mid-twentieth century, workers had to grind iron objects that had been cast, and the inevitable breakages resulted in considerable waste of materials. The accumulation of discarded material from such techniques likely created one of the first solid-waste disposal problems for humans.
The Middle Ages: 500–1500 c.e. The Middle Ages saw the development of many technological devices that produced long-lasting effects on technology and society. In the early Middle Ages, Europe was in turmoil due to repeated invasions following the collapse of the Western Roman Empire. As a result, industrial activity and population growth decreased. People felt unprotected and were afraid to travel or carry goods great distances by land. Manufacturing for export and trade purposes dropped off sharply, as did profits.
Horses became the main muscle power source for agriculture, and sailing ships were used to take advantage of wind power, eventually replacing the power that had been provided previously by groups of humans who sat on benches and rowed using oars.
Many technological devices developed during the Middle Ages produced long-lasting effects on technology and society. They included:

· a three-field system of crop rotation that involved planting legumes to replenish the soil with nitrogen and letting a third of each field lie fallow (rest) every year
· mills for processing cloth, brewing beer, and crushing pulp for paper manufacture

Early Middle Age technologies had a somewhat limited impact on the environment because industrial activity and population levels generally were in decline. Crops failed for several years following cooler and wetter summers and earlier autumn storms. Widespread famine resulted because people lacked technologies, such as refrigeration that would have allowed them to stockpile foodstuffs. Bubonic plague, commonly called the Black Death, was one of the worst natural disasters in history—it killed off a third of the European population in the mid-1300s. (Bubonic plague is caused by bacteria carried in fleas that leap from rats to humans and transmit bacteria through their bites.)
It was 400 years before Europe’s population returned to its previous level, but toward the end of the Middle Ages, growing human populations became concentrated within cities. There, emerging technologies increasingly fouled the air and water, and untreated human and animal wastes contaminated water sources, resulting in fatalities from diseases. Incomplete or inaccurate beliefs about the natural world also contributed to the dangers of living during this time. For example, people believed that bad-smelling air was the cause of fatal diseases, and even most physicians failed to realize that washing hands was important.
Western Technologies Emerge 1400–1750 c.e. The Renaissance, a time of rebirth of the arts and humanities, was also an important development in the history of technology. This period extended approximately from the 1400s to the middle of the 1600s. During the Renaissance, the arts and humanities flourished again after a long interruption during the Middle Ages. Important innovations included the printing press, clocks, gun powder, eyeglasses, flush toilets, microscopes, and submarines.
[[Insert Figure 1.28 here]]

[[Insert Figure 1.29 here]]

[[Insert Figure 1.30 here]]

Beginning about 1500 c.e., Western Europe entered a period of colonial expansion. That is, countries, such as England, Holland, Spain, and Portugal expanded their empires to control resources found in what became their colonies. As European nations expanded into the Indian Ocean region and the Americas, goods from those areas were brought back to Europe. Selecting resources involves trade-offs between competing values, such as availability, cost, desirability, and waste. For example, leaders of European nations faced many trade-offs when they decided to import resources from their colonies. They decided that:

· resources were more available in their colonies than at home;

· the low cost of colonial resources would ensure sufficient profit to offset the time to transport the raw materials and the risk of events, such as pirate raids.

Manufacturers and merchants appeared to value gaining new resources more than the negative impacts that befell the colonies, such as slavery and environmental degradation. An unexpected consequence of these decisions was that these new goods and the profits they brought fostered new social habits and the development of innovative manufacturing techniques for processing the new resources.
Increased production required increased energy use. Coal replaced wood as the power source for smelting. The use of coal improved industrial output, but it worsened air pollution problems. The benefits of expansion to new colonies improved standards of living for Western Europeans. But, at the same time, the increased mining and deforestation of colonies, as well as burgeoning industrial and manufacturing processes at home worsened environmental problems.

Coal is just one type of fossil fuel—that is, a substance that was formed below the earth’s surface long ago from decaying plant and animal remains. Petroleum and natural gas are also fossil fuels.

The Industrial Revolution: 1750–1900 c.e. The Industrial Revolution saw the development of:

· continuous manufacturing;

· sophisticated transportation and communication systems;

· advanced construction practices;

· improved education and leisure time.

This important period in human development was not a sudden, local change; it was a thorough change that affected the entire world. Agriculture, economic policies, and social structures were never the same again.
Each major change was interrelated; increased activity for one brought increased activity for the others. For example, improved yields in the agricultural sector were driven by the following changes:

· The transition from a system in which fields were held in common by a village to a system of private land holdings
· Improvements in farming techniques, including improved breeding of livestock, control of insects, irrigation and farming methods, and development of new crops
· The use of horsepower in the fields to replace oxen, the previous main source of power

The increased food supply enabled people to move from farms to urban areas, where they found work in various industries. An industry is a distinct group that provides systemic labor for the purpose of creating something of value. More raw materials derived from colonial expansion boosted the economy and created opportunities for innovators to improve industrial organization. Rates of production and overall efficiency improved, resulting in higher profits. Food became more widely available to more people.
[[Insert Figure 1.31 here]]

[[Insert Figure 1.32 here]]

Prior to 1760, textiles manufacturing was a cottage industry—that is, an industry that relied on family units working at home, using their own equipment (Figure 1.32). In a typical family textile business, the children might be responsible for untangling the cotton or wool fibers, the mother for spinning the fibers into thread on a spinning wheel, and the father for weaving the thread into cloth.
The viability of home textile production was challenged in the mid-1760s by the introduction of an automated spinning device called the spinning jenny. The spinning jenny could spin threads simultaneously much faster than human hands could. Unlike family workers in cottage industries, who relied on their own muscle power to complete their work, textile factories (featuring devices, such as spinning jennys) were located on rivers so that they could draw on the relentless flow of water to operate machines. Factories also provided the advantage of allowing manufacturers to produce finished goods in a single location, rather than subcontracting the work to various family businesses in scattered locations.
Power sources continued to change as innovations continued to emerge. The steam engine (Figure 1.34) enabled factory machinery to work more efficiently, and locomotives moved raw materials and products quickly from place to place. In the 1880s, new technologies allowed people to derive electrical power from new sources, such as coal-driven steam. Electrical lighting changed how people worked and conducted business. Labor was no longer limited by how long natural daylight was available.
[[Insert Figure 1.33 here]]

[[Insert Figure 1.34 here]]

[[Insert Figure 1.35 here]]

In the mid to late 1800s, internal combustion engines were introduced (Figure 1.35). These engines obtained mechanical energy directly from the expenditure of chemical energy from fuel burned in a combustion chamber. The engines typically ran on gasoline derived from petroleum, a fossil fuel. These new engines helped reduce the cost of transporting people and products over land and water.
A by-product of the industrial revolution was environmental pollution levels that were similar to the levels we experience today. Increased population of humans and domesticated animals, filthy and unregulated factory towns, and periodic outbreaks of fatal diseases were persistent problems of the late 1880s. Great factories consumed coal in huge quantities, resulting in health-threatening air pollution and chemical discharges. Increasing amounts of untreated waste in factory towns left over from industrial processes, as well as waste from humans and domestic animals, greatly affected the environment and human health.

A so-called Second Industrial Revolution took place at the end of the nineteenth century. It featured a lasting change in the pattern of innovation. Earlier, the development of many tools and machines was based not on scientific knowledge but on technological know-how. The Second Industrial Revolution instead was characterized by a switch to an emphasis on the results of research. This switch contributed to the rapid development of inventions and innovations having to do with petroleum, chemicals, electricity, and steel. For the first time in history, technological innovations most often were achieved by those engineers who had learned to apply structured, goal-directed research methods that involved a blend of scientific and technological knowledge and techniques. For instance, after the British scientist Michael Faraday conducted research that demonstrated how to produce electrical current, later inventors, such as Thomas Edison in the 1880s, developed products, such as the light bulb and electricity generating facilities that improved life by supplying people with electricity to provide light and power machines.

[[Insert Figure 1.362 here]]

Twentieth-Century Technology 1901–2000 c.e. New technologies create new processes. During any ten-year period following World War I, more technological advances occurred than the sum total of new technological developments in any previous century. The innovations produced global benefits and burdens. Enlightened scientific methods and informed engineering design led to the rapid development of new technologies and the improvement of existing technologies. The problem of automobiles that were too expensive for the masses drove Henry Ford to develop a new set of processes. He established the assembly line, making the automobile affordable to the common person. In a similar way, the invention of propellers led to new processes that soon had airplanes soaring overhead. These new technologies served as a catapult for new development. Changes in power technologies resulted in jets, rockets, and then space shuttles replacing each other as the fastest, most powerful vehicles of flight.

[[Insert Figure 1.37 here]]

[[Insert Figure 1.38 here]]

Iron was alloyed with other metals and materials to produce stronger construction products and appliances. Artificial fibers became commercially important, and plastics were used to great effect in the metallurgy and ceramic industries.

The twentieth century’s first fundamental power innovation occurred in 1945, when scientists and engineers of the Manhattan Project (a joint effort of the U.S., Great Britain, and Canada to develop nuclear weapons during World War II) succeeded in releasing energy from the uranium atom’s nucleus by splitting it into two smaller fragments, accompanied by an enormous release of force.

Other than that important event, the century’s progress in energy-related matters consisted of improvements to existing systems. The internal-combustion engine was continuously improved, addressing the needs of road- and water-vehicles and airplanes. Gas turbines were developed that compressed and burned air and fuel in a combustion chamber. The exhaust jet released by this process was used to propel engines forward. The fuel for turbines—kerosene or paraffin—was refined from petroleum, which was in turn manufactured from crude oil. As a result, industrialized nations came to depend on the producers of crude oil. Petroleum became and continues to be a raw material of immense economic value, as well as the focus of international, political, and military conflict.

New technologies have traditionally been considered a solution to the problems created by old technologies. The twentieth century’s vast increase in fossil fuel consumption depleted natural resources and produced extreme local and global climate changes, such as air pollution and higher average temperatures worldwide. Decreases in natural resources were offset for awhile by advances in drilling technologies. But, toward the end of the twentieth century, humans came to realize that devising newer technologies to reduce the impact of older ones was not enough to solve recurring energy crises. Instead, they began to focus on the differences between types of energy sources.
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Energy sources can be renewable or nonrenewable. A renewable energy source is one that can be replenished naturally in a short period of time, such as wind, solar radiation, flowing water, geothermal sources, and biomass. A nonrenewable energy source is considered nonrenewable because it can not be replenished (made again) in a short period of time. Most are fossil fuels that come out of the ground as liquids (crude oil), gasses (propane and other natural gasses), and solids (coal), but there are some nonrenewable energy sources that are not fossil fuels, such as uranium ores. Nations began to use increasing amounts of renewable energies, such as solar and wind power, in an attempt to decrease dependence on fossil fuels. This quest for solutions continues today.
Inventions and innovations are now the results of specific, goal-directed research. The economic costs of growth are not usually included when “progress” is calculated. As emerging nations struggle to improve standards of living, they cut and clear forests to provide land for agriculture. In places, such as the Amazon Basin of South America, deforestation has led to major losses in biodiversity. Biodiversity refers to the number of species present in an area. There are countless more species in forests than there are on farms. From research on rainforest species of plants, animals, and microorganisms, people have discovered valuable disease-fighting substances, such as antibiotics. As habitats are destroyed and species die off, it becomes clear that the unanticipated costs of decreasing biodiversity may far exceed the economic value of new farmlands. It is a cost which present and future generations will pay.
[[Insert Figure 1.41 here]]

Twenty-First Century Technology: A Glimpse into Our Future What new technologies will arise in this century, the twenty-first century? Which existing technologies will evolve through a series of refinements to become a new invention? Will some new technologies become profitable, yet provide minimal damage to the environment?
Some futurists, people who study and predict the future on the basis of current trends, believe that change is the one sure constant. They argue that:

· All technologies end, so every technology that is in use today will someday be replaced.
· Employment in industries will be surpassed by employment in occupations that provide services.

· Information technologies, which emphasize the processing and exchange of information, are rapidly becoming more important than industrial and manufacturing technologies.
Some futurists predict that in the future we will make use of technologies such as:

· Biosensors: Handheld devices that someday will be used to monitor postoperative and trauma patients for signs of infection in their bloodstreams.

· Cars that drive themselves: Such cars might reach speeds of up to 60 mph guided by lasers, a video camera, and a computer that recognizes signs and detects obstacles.

· Extreme ultraviolet microprocessors: X-ray microscopes that will be used to scan cells much as we currently use X-rays to create computerized tomography (CT) scans of bones and internal organs; this new technology will help researchers learn how organisms function at the cellular level.

· quantum cryptography: A system designed to harness subatomic particles to create a hacker-proof way to communicate over computer networks.

· nanotubes: Extremely small, tube-like carbon structures that will some day serve as:

· extremely strong reinforcement fibers for composite materials;

· conductors in flat panel displays;
· tools for scanning tunneling (a powerful technique for viewing surfaces at the atomic level), magnetic resonance (medical imaging that provides detailed images of the body in any plane);
· extremely small manipulators and tweezers.

As these new technologies emerge, others will probably fall into disuse or die off. Those that may die off include handwritten checks, the space shuttle, sign language, the fax machine, traditional AM-FM radio, broadcast television, and communication structures based on wiring.

What can you predict as additional examples of emerging and/or dying technologies?
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ENGINEERING QUICK TAKE
Design a Video Game

In 1958, William Higinbotham, the head of the instrumentation division of Brookhaven National Laboratory (BNL) was preparing for the annual BNL Visitors Day. (Brookhaven is a government facility operated for the United States Department of Energy, and it specializes in nuclear physics research.) Thousands of people would be arriving to tour the labs and view exhibits set up in the gymnasium. He wanted the visitors to be impressed by what his specialized research and development (R&D) division could design and build. But he knew from past visitor days what people really liked; it was not fixed, unmovable displays. He came up with a creative idea for a hands-on display—a video tennis game.

The game his BNL engineering team developed may have been the very first video game ever played. From the crowd reaction, Higinbotham knew the display had been successful. He soon needed to use the display’s equipment elsewhere, and the display was taken apart. Later he said that, had he realized how significant this innovation would turn out to be, he would have taken out a patent, one that would have been owned by the U.S. government.

His game had some features similar to those of video games developed later. His video, showed the edge of a tennis court, with the edge of the net perpendicular to it. This all was simulated on a screen through a vertical, side view. Each player had a knob to control angles, as well as a button to send the “ball” toward the opposite side of the court.

If you would like to see the game in action, go to BNL’s Web site, http://www.osti.gov/accomplishments/videogame.html. You will find a video of the BNL’s 1958 “Tennis for Two” video game.

To get a sense of what it must have been like to create the first video game, examine the following set of steps that describe the sequence of tasks the engineers probably followed. These steps are not listed here in the correct order. They are purposely jumbled. Use your engineering intuition to reassemble the steps for the project in the order they most likely occurred.
Jumbled Steps:

1.
We met as a group, engineers and technicians together, and after much debate decided to develop one of the solutions.
2.
We collected and analyzed performance data concerning how the model performed. We compared the model’s performance to their expectations for the display. We verified that some performance problems remained and judged which could be resolved in a timely way.

3.
We each gathered as much information as we could on the topic by reading journal articles and talking to colleagues. We presented what we learned to each other.
4.
There was a big crowd on visitor’s day. By word of mouth, adults and children were soon lined up to play our video game. It was a good example of how well our instrumentation laboratory designs and builds things.
5.
We thought about the particulars of the problem we had described, including the restrictions that defined what we might do. Each of us then generated one or more schemes to solve the problem. The plans included our ideas, sketches, and descriptions of the work to be carried out.
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6.
We revised the appearance and some functions of the display based upon the evidence we had gathered.

7.
It became clear that
· We only had three weeks to design and construct the display.

· The audience would be children and adults.

· The display must be hands-on.
· The display must be visible by participants and by small groups of nearby spectators.

8.
We worked together to make a model. It turned out to be a refinement of the original plan. The model helped us deepen and elaborate our ideas.

[[End Engineering Quick Take here]]
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SECTION THREE FEEDBACK >
1.
Why is there a question mark under “Major Technology” under “Twenty-first Century” in the table labeled Figure 1.11?

2.
Why are bronze tools preferable to copper tools?

3.
What did colonial expansion provide to Western Europeans that helped them develop new technologies?

4.
During which time period in human history did technological innovations occur at the greatest rate?

5.
Why are fossil fuels considered to be nonrenewable resources?

[[End Section three Feedback > here]]

SECTION 4: Technology and Society

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The main incentive for developing new technologies is the “profit motive,” or the potential for making a profit.

· The decision to develop a technology is influenced by societal opinions and demands, in addition to corporate cultures.
· Technological problems must be researched before they can be solved.

· Research and development is a specific problem-solving approach that is used intensively in business and industry to prepare devices and systems for the marketplace.
· Technological ideas are sometimes protected through the process of patenting.
[[End Key Ideas > Box here]]

Society’s relationships with its tools and techniques greatly influence the extent to which societies can control their surroundings. A society is a broad grouping of people having common traditions, institutions, and collective activities and interests.
This section explains the relationships between technology and society, with a focus on two major components of society—culture and economics.

Humans require technological assistance to survive in the natural world. When compared to predatory animals, humans lack:

· Strong muscles
· Keen eyesight
· Claws
· The ability to fly on their own
Humans are able to compensate for their lack of physical attributes through survival-promoting mental attributes, such as:

· Consciousness of self
· Inclination to work cooperatively with others

· Ability to reason and plan
· Motivation to create and use technologies
Without such survival-promoting attributes and the products and techniques of technology, humans very likely long ago would have become extinct.

Culture refers to the learned, socially transmitted behaviors that develop due to social interaction. Cultural behaviors are based on beliefs, values, ideas, norms, and technologies. Norms are those actions that are considered necessary and that are seen as binding upon members of a group. Norms serve to guide, control, or regulate what society considers proper and acceptable behavior. Culture influences patterns of social interaction—the ways people respond to each other.
Technology influences culture. For example, after the American Civil War, the invention of barbed wire led to the fencing in of large sections of grazing lands in the American West. From then on, cattlemen and farmers did not get along very well. The cattlemen resented the barriers erected by the farmers, and the farmers resented the damage done by herds of grazing cattle when the fencing failed to keep them out.

Culture also influences technology, as we can see in the history of typewriter and computer keyboards. In early typewriters, the keyboard was designed to allow typists to type as fast as possible. The problem with this design was that adjacent and commonly used pairs of letters jammed when pressed down in rapid succession. The raised type bars, shown in Figure 1.45, stuck together and typing stopped.
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[[Insert Figure 1.45 here]]
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A keyboard with the letters QWERTY arranged in one row in the upper left is known as a QWERTY keyboard.

To resolve the problem, engineers purposely designed an inefficient keyboard that purposely slowed rates of typing. Commonly used pairs of letters were spread across rows, and frequently used letters were concentrated more on the left side to force increased use of the left hand. The result was the keyboard design you probably have seen on numerous keyboards, with the letters QWERTY arranged in one row on the upper left side. This new design achieved its aim to slow down typing speeds and avoid jammed type bars. A “sticky” problem was resolved.
Over time, however, typewriters were improved, and the issue of jamming type bars was less of a concern. By 1932, engineers knew that keyboards laid out more efficiently would allow typists to work at twice the speed with much less effort. Still, the QWERTY keyboard remained the standard. Even with the introduction of computers, for which jamming typebars were not an issue, the QWERTY keyboard continued to be used. Why was the inefficient QWERTY keyboard never replaced by a more efficient arrangement of keys?
The reason is that QWERTY keyboard was thoroughly entrenched in society; people did not want to relearn a different arrangement of keys. The QWERTY keyboard is an example of a socially transmitted behavioral practice that people are reluctant to give up.

Economics and Technology

Just as culture and technology affect each other, so do economics and technology. Economics is a field of study that involves the description and analysis of the production, distribution, and consumption of goods and services. The decisions that individuals and companies make concerning whether to continue existing technologies or to develop, adopt, and use new technologies are largely determined by economic considerations.
Technological changes typically provide economic benefits for society as a whole, while imposing losses on some groups. This is particularly true when the demand for people’s skills and resources have declined. From 1811 to 1816, a group of people known as the Luddites led machine-wrecking riots in northern England as a revolt against the unemployment caused by the introduction of machines during the Industrial Revolution.

You have probably noticed that the one constant about technologies is that they undergo change. Some technologies are used extensively for a while and then become obsolete; for example, the cottage industry for cloth making was replaced by the spinning jenny. This happens when replacement technologies are more effective, or economical; has anyone seen floppy disks for sale lately? Some technologies survive longer and coexist with new technologies. For example, some people compose using a keyboard for long tasks and a pencil for short tasks.

Some technologies become popular (are profitable), drop out of use (become worthless), and then become popular again (become profitable again). For example, wood stoves heated homes in the nineteenth and the early part of the twentieth centuries. Their use plummeted when electricity began to control oil- and gas-fueled stoves. Following the early 1970s oil crisis, wood stoves came back into fashion for awhile because of the scarcity of affordable oil.
Technology and Opportunity Costs The concept of opportunity cost is fundamental in economics. Opportunity costs are a combination of a direct outlay of funds, plus costs that do not involve an outlay of funds. This second part is not easy to comprehend; think of it as lost opportunities for financial benefit. Do you see that when you lose an opportunity to make money, this costs you?

To clarify this concept, suppose you make the following list of possible activities for a Friday evening: go to a movie, play basketball, visit your grandparents, go to a dance. Then suppose you choose to play basketball. The activities you missed by choosing basketball are lost opportunities, the second part of opportunity cost. Now apply the concept to money. Say you have $50 in your pocket; what do you do with it? What opportunities do you lose once you carry through on a decision to do something with the money? The opportunity cost of buying a new pair of sneakers would be the money you spent on the sneakers, plus the lost opportunity to do something else that might help you financially—perhaps buy a shovel and get paid back for clearing snow from driveways; perhaps deposit the $50 in the bank where it would earn interest.
When two technologies provide the same service, such as providing heat or transportation, the wise consumer—that is, the individual who purchases the service—would select the service with the lowest opportunity cost. For example, suppose you are trying to decide whether to travel by car or airplane to a vacation destination. You would probably start by considering the amount of money you would have to pay for each form of travel. For a car trip, you would have to pay for gasoline, car maintenance, and food and lodging while you are on the road. For an airplane trip, you would have to pay for the plane ticket and possibly one or two meals. Then you would also consider how each option might block opportunities to earn income. Travelling by airplane rather than by automobile results in a shorter vacation, which means you might miss fewer days of work, or, in other words, lose fewer opportunities to earn money. Economic considerations also affect the adoption of innovative technologies, such as a new consumer product. Whether or not consumers adopt a new technology often depends on whether or not the product provides its users with economic benefits that exceed opportunity costs. For instance, a person might purchase a small truck rather than a sedan if they otherwise would have to give up a part-time job that involved transporting equipment or materials.
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Incentives for New Technologies Economists spend a great deal of time studying how incentives affect the choices made by businesses. Economic incentives are rewards that help drive innovations, by making it easier for companies to take risks and for other investors to back a project. Incentives also reward and motivate the inventors and innovators. In the modern marketplace, the main incentive for developing new technologies is the profit motive (the potential for making a profit).
When society faces a serious problem, this need for incentives has been known to delay solving that problem. After all, technological problems must be researched before they can be solved. But companies and investors compare potential profit against potential costs before making a commitment to expensive research that may or may not result in innovation. They may not be willing to invest in a solution if the economic incentives are not sufficient. Technological breakthrough is fostered when society chooses to spend money on research. As you will see, society provides incentives because of expected benefits that are associated with solving important problems. Monetary incentives, however, do not guarantee solutions to specific problems. Despite large yearly allocations of funds by government and foundations for cancer research, cancer continues to be a major cause of disability and death.

Unfortunately for investors, the benefits of innovation are likely to show up much later than the costs, and neither costs nor revenues can be predicted accurately. Accordingly, innovative projects tend to be seen as risky investments. Sometimes what we need the most is most difficult to achieve.

Technology and Corporate Culture The decision to develop a technology is influenced by societal opinions and demands, in addition to corporate culture. Corporate culture includes the values and norms that are shared by people and groups in an organization. Values and norms control the way business executives interact with each other and with outside investors.

Some companies are known for aggressive cultures; they tolerate risk well. The culture in many other companies is risk aversive. Managers in companies having risk aversive cultures tend to decline risks that are statistically even. They do not risk the loss of a dollar to gain a dollar. Before a risky new project is taken on, the potential gain needs to be sufficiently greater than the potential loss.

Research and Development Three stages in the development of a new technology are:

· Research and Development (R&D)—This is the specific problem-solving approach that is used intensively in business and industry to prepare devices and systems for the marketplace.

· Innovation—Innovation is the first application of the new invention. The person or company that first uses an innovation is known as the innovator.

· Diffusion—This term designates the adoption of the new invention by users other than the innovator.

Development of a new computer-based diagnostic tool in medicine might involve R&D carried out by physical scientists, physicians, computer programmers, and biomedical engineers. The innovator would be the first hospital to use the innovation. Diffusion would occur when other hospitals adopt the successful innovation.
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When a for-profit company considers R&D ventures, it always asks this question: “Will the proposed project increase or decrease the company’s profits?” Given the risks involved, economic incentives typically help drive progress by ensuring that R&D takes place. The main providers of economic incentives for technological innovations are the federal and state governments, universities, and charitable foundations. Government subsidies for R&D are monies that Congress earmarks for research, some of which goes directly to universities or private companies that then undertake important projects.
The federal government provides the lion’s share of incentives for technological research, and it monitors industries to protect the public. Government agencies that conduct this monitoring include:

· The Office of Safety and Health Administration (OSHA), which is responsible for the safety of employees at businesses and work sites

· The Environmental Protection Agency (EPA), which has responsibility for clean air and water and for appropriate disposal of solid waste

· The Federal Drug Administration (FDA), whose responsibilities for public welfare include safe food and the safety of new medications

Patenting New Technology

Technological ideas are sometimes protected through the process of patenting. Patents can also influence the development of new technologies. A U.S. patent provides the successful applicant with exclusive rights to the use of an innovation in the United States for a period of 17 years from the day on which the patent is filed. The process of patenting thereby protects technological ideas. The patent creates monopoly rights over a process or commodity that allows the holder to increase the price for use of the innovation. The potential outcome of obtaining a patent for an innovation increases the expected value of a company’s investment in a project, and therefore the possibility of obtaining a patent serves as an incentive to undertake R&D.
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The Downside of Patents

· Patents can sometimes result in the following negative outcomes:

· Large monetary rewards go to the first company to obtain a patent for a new invention. As a result, multiple companies might spend money in a race to be the first to succeed in developing an invention. Such races are redundant and can be wasteful.

· Companies might develop multiple products that perform practically identical functions, but by different mechanisms. Competitors’ products are also eligible to receive a patent, provided the mechanism by which the variation works differs from the original. Such practices are wasteful from a social perspective, but were a common ploy in the pharmaceutical industry during the mid-twentieth century until the formulas for chemically based drugs became patentable, protecting the R&D efforts of companies.

· Rates of technological diffusion become slower than is socially optimal. The diffusion of ballpoint pens is an example. The cost for ballpoint pens in the 1950s averaged about $5 each. When the original patent elapsed, competing companies could and did develop their versions of the ballpoint pen. Within five years, competition drove prices down to pennies. The public had waited over two decades for the price of a ballpoint pen to drop! The public did, however, decline to adopt the innovation until the price was right.
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TECHNOLOGY AND PEOPLE:
Ibn Ismail al-Razzaz al-Jazari

Let’s travel back in time to the Middle Ages (the heyday of the Fertile Crescent region—modern Iraq and northeastern Syria). There we discover a very interesting person now called by many now call “the father of modern-day engineering.” His name is Ibn Ismail al-Razzaz al-Jazari. He was an Arab Muslim scholar, inventor, and mechanical engineer who lived from 1,136 c.e. to 1,206 c.e. He was named after the area where he was born, al-Jazira, the traditional Arabic name for the Fertile Crescent.

Al-Jazari, while serving as chief engineer of an Artukid palace, the ruling Turkish dynasty of the time, developed several innovative mechanical and hydraulic devices and wrote a book, including construction drawings, called The Book of Knowledge of Ingenious Mechanical Devices. His invention of the crankshaft/crank mechanism is considered the most important mechanical invention after the wheel. Modified forms of this device are still used as components of steam engines and internal combustion engines.

Al-Jazari also developed what may have been the first entertainment industry. In 1206 c.e., he created an early precursor of a programmable humanoid robot. His automaton was a boat, featuring four automatic musicians that floated on a lake to entertain guests at royal parties. His programmable drum machine had pegs (cams) that bumped into tiny levers, creating percussion.
He was indeed a mechanical genius.

Al-Jazari’s book and drawings showed others how the following devices worked:

· Crankshaft, crank mechanism, connecting rod

· Programmable automaton and humanoid robot

· Reciprocating piston engine, suction pipe, suction pump, double-acting pump

· Combination lock

· Cam, camshaft, and segmental gear

· Mechanical clocks driven by water and weights

[[Start Section four Feedback > here]]

SECTION FOUR FEEDBACK >
1.
Name an economic factor to consider while developing an innovation, other than cost.

2.
Name the socially transmitted behavioral practice that serves to control what society considers proper and acceptable behavior.

3.
What process is the last stage in the development of a technological innovation?

4.
How long does a U.S. patent last?

[[End Section four Feedback > here]]

SECTION 5: Technology and the Environment

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Humans can devise technologies to conserve water, soil, and energy through appropriate techniques.

· Ethical considerations are important in the development, selection, and use of technologies.
· Implementing technology involves decisions that weigh trade-offs between predicted positive and negative effects on the environment.

· With the aid of technology, various aspects of the environment can be monitored to provide information for decision making.

· The alignment of technological processes with natural processes maximizes performance and reduces negative impacts on the environment.

[[End Key Ideas > Box here]]
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In 1969, an early environmentalist, Garrett Hardin, wrote in an essay, “The Tragedy of the Commons,” that “Ruin is the destination toward which all … rush, each pursuing … [his or her] own best interest in a society that believes in the freedom of the commons.”
Hardin was referring to an earlier age when herders raised cattle on a common pasture—land that was considered available for the use of all. Herders raising cattle on a commons would continue to increase their own herd’s size without considering the effect this had on the shared pasture. Since the grass was owned by all and freely available to all, a herder could increase the size of his or her herd without worrying about the cost of feeding the cattle.
The problem, of course, is that having too many animals grazing in a pasture will eventually ruin the pasture. The overgrazing, caused by a few herders increasing their herds, would affect all the herders, even those who did not increase the size of their herds. Everyone suffered from the resulting economic crisis.

According to Hardin, in the modern world, humans have behaved like these early herders. Industrialists, manufacturers, and consumers have considered global ecosystems as limitless common pasture and treated them as such. As a result, the planet is showing signs of environmental crises—global warming, depletion of the ozone layer, loss of biodiversity, and pollution of air, water, and soil. Humans can devise technologies to conserve water, soil, and energy through appropriate techniques. Many people and companies are hard at work on this problem, but science and technology alone will never solve these problems. Difficult political decisions need to be made, and individuals and groups need to make lifestyle sacrifices. Decisions about implementing technologies involve the weighing of trade-offs between predicted positive and negative effects on the environment.
A Reorientation of Values

The resolution of environmental crises calls for a reorientation of human values. Ethical considerations are important in the development, selection, and use of technologies. Stewardship is the careful and responsible management of the environment. Vigilant and ethical stewardship should be practiced by individuals, organizations, and industries. Environmentally literate citizens are needed who comprehend the scientific, technological, economical, legal, and moral issues embodied in environmental problems, and who will vote wisely on proposed solutions to the burdens that the misuses of technology have spawned. With the aid of technology, various aspects of the environment can be monitored to provide information for decision making.

If environmental crises are to be remedied, decision-makers, such as politicians, must strive to promote the following:

· The gathering of pertinent and sufficient information, before remedial actions are applied.
· Development of technologies that monitor the environment, providing decision-makers with valid, reliable, and timely information to help them take appropriate actions.
· The alignment of technological processes with natural processes to maximize performance and reduce negative environmental impacts.

· Consideration of ethics in the development, selection, and use of technologies in order to remediate environments and take into consideration the earth’s limited resources.
· Technological compromises resulting in political solutions that enhance or maintain a sustainable world—a world in which resources are used in ways that they are not depleted or permanently damaged.

· Education about the relationship between technology and the environment; an education that helps individuals realize that personal lifestyles influence the environment and human health.

· Changes in ingrained practices concerning, for example, the consumption and disposal of products—a necessity if a sustainable world is to be achieved and maintained.
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TECHNOLOGY IN THE REAL WORLD:
Benefits and Burdens of Nanotechnology

Nanotechnology deals with extremely tiny structures at the atomic and molecular levels that are manipulated using powerful scanning tunneling microscopes to create a vast array of new materials and devices. These new objects are made in two main ways: by reducing “building blocks” or (patches of molecules), to sizes as small as a nanometer—about one-hundred-thousandth the width of a human hair—or by manipulating individual atoms and molecules to form shapes and structures, much as if they were tiny Lego pieces.
In 1959, the physicist Richard Feynman was the first to suggest the possibility of manipulating materials at the nanoscale level, which means measuring in nanometers (one billionth of a meter). He realized that through nanotechnology an image of the whole Encyclopedia Britannica could be placed on the head of a pin. In 1974, Norio Taniguchi of the University of Tokyo coined the term “nanotechnology” to signify machines having nanoscale mechanical tolerance. The microelectronic industry at that time was encouraging miniaturization, since it was in fierce competition to develop smaller, and thus faster, integrated circuits (entire circuits made with a single crystal). Since then, R&D has driven this fast-growing set of technologies, and over 300 new products have been diffused into the global marketplace.

Approaches to Nanoscale Manufacturing

· There are two general approaches in nanoscale manufacturing: Top-down manufacturing (TDM) and bottom-up manufacturing (BUM). In TDM, we start with a bulk material and then break it into smaller pieces using mechanical, chemical, or other forms of energy. In BUM, we synthesize building blocks, from materials at the atomic or molecular level through physical and/or chemical processes. This allows the building blocks to continue to self-assemble into macroscale (bulk) materials and devices. Both approaches can be carried out in settings that are either gaseous, liquid, supercritical fluids, solid states, or in a vacuum. Self-assembly is a reversible process in which random preexisting building blocks assemble themselves into ordered patterns.
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The materials used in nanotechnology have properties not found in conventional bulk forms of the same materials. Some nanoparticles, such as that of silver, have greatly increased chemical reactivity resulting from special properties due to their small size. These highly reactive, tiny particles can penetrate our skin, travel rapidly within our bodies, and react with cell structures. This increased chemical and biological reactivity has allowed engineered nanoparticles to achieve specific purposes—innovative healing medications, for example, or construction materials that contain carbon that is 100 times stronger than steel. Some other interesting properties are seen in aluminum (which turns highly explosive) and gold (which melts at room temperature and is ruby red in color).

R&D has led to other uses for nanoparticles, including:

· microscopic tubes, spheres, wires, and films for specific tasks, such as generating electricity or transporting drugs in the body

· “smart” anticancer treatments that, among other things, deliver drugs only to tumors

· storage techniques that place information equal to that in the Library of Congress into a device the size of a sugar cube
· nanoparticles of silver that inhibit the growth of bacteria

The special properties of the nanosized element carbon make it worth exploring in greater detail. Carbon nanomaterials that are spherical in shape are known as fullerenes. They consist of repeating hexagonal and pentagonal rings of carbon atoms.
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A special kind of fullerene, called a buckyball, is extremely stable. Buckyballs are fullerene molecules that can trap other molecules inside their carbon structures. Manufacturers now use fullerenes in products, such as cosmetics, fuel cells, and anti-aging facial creams. Another carbon nanomaterial is the tube-shaped structure known as a nanotube. These extremely strong conductive tubes are sealed in composite materials and used in automobile body parts, electronic equipment, and sports gear.
The U.S. government recognizes the tremendous potential for nanotechnology, and has provided nanotechnology R&D projects with billions of dollars as economic incentives. According to reports from the National Science Foundation, about $2.6 trillion worth of worldwide goods are expected to involve nanotechnology by the year 2014, up from $32 billion in 2005 and $50 billion in 2006.
Potential Negative Consequences of Nanotechnology

The tiny particles used in nanotechnology could potentially pose a looming problem. Conventionally sized materials are sometimes toxic when they are reduced to nanoscale. This may be due to the special physical forces that act upon particles at smaller scales. It may be due, as well, to the area to volume ratios that exist for nanoparticles. Generally, nanoparticles tend to react more readily with human tissues and other substances than do conventional forms of the same materials.
Health Concerns Unlike conventional carbon, buckyballs are partially water soluble, and have been shown to cause brain damage in fish. Some experts worry that buckyballs and other nanoparticles could have the same effect on humans, making people more prone to nervous-system diseases later in life.

Despite these concerns, one-third of the nanotechnology products currently on the market are intended to be eaten or applied directly to the skin. Because nanoparticles are about the same size as small components of human cells, some experts worry that they might damage our cells. Although cautions should be taken, these concerns can be placed in context by noting that humans have always been exposed to some nanoparticles. They occur through industrial pollution and natural sources, such as air photochemistry and forest fires.

Some typically harmless materials have been shown to be toxic when nanosized, and different risks are posed by nanoparticles compared to the same materials at conventional sizes. Determining the potential risk of manufactured nanoparticles has been difficult due to the lack of information about:
· the extent to which nanoparticles will be used in products
· the likelihood of such particles being released into the environment in a form or quantity that could harm humans or the environment

Engineers expect that exposure from composite materials containing nanoparticles and nanotubes will be low, since they typically make up a very small fraction of a given product. Such an assumption should be tested for each new product. The design process for products containing nanoparticles should consider risks from the release to the environment of these very tiny components. New products should be rigorously tested, assessed, regulated, and reported before any large-scale commercial applications are made available to the public.

Environmental Concerns and Nanotechnology Regulation The Environmental Protection Agency (EPA) has recently begun to consider regulating consumer items that contain nanoparticles of silver. The potential effect of the use of silver-embedded textiles—bandages and shoe liners embedded with nanoparticles of bacteria-killing silver—is large, but regulation would hold off widespread use until toxicity questions are addressed. For instance, what impact might the high reactivity of silver nanoparticles have on plants, animals, and other ecosystem inhabitants? Regulation of nanotechnology should be automatic until appropriate research has been undertaken to determine the potential benefits and risks of its products.

Many people think that insufficient funds are being devoted to environmental concerns raised by nanotechnology and to the safety of nanotechnology workers and the general public. Consider this: During a six-year period, of 80,000 journal articles on toxicology (a science that deals with poisons and their effects), only 0.6% even mentioned nanoparticles. Also, consider this: In 2006, the U.S. government spent 1.06 billion dollars on nanotechnology R&D, while spending $5 million (EPA) and $175 million (NIH and NIOSH), on environmental and health-related research.
We only have to look to the recent past to find examples of other materials, such as radium, DDT, asbestos, and chlorofluorcarbons, whose unintended consequences created health and environmental crises. Increased government regulation now could avoid similar problems as nanotechnology emerges.
Here are a few issues related to the regulation of the nanotechnology industry:

Some manufacturers have not been labeling their nanotechnology products. The government could make ingredient labeling mandatory for nanotechnology products and techniques.

· Funding and economic incentives for the study of nanotechnology risks have been meager. The government and research institutions could increase allocations to promote nanotechnology health and safety research. For instance, programs could be set up to monitor the health of nanotechnology employees and effects of nanotechnology on the environment to provide timely, reliable information to decision-makers.

· Manufacturers and industries that work with nanotechnology have been under-regulated. Regulatory agencies and organizations, such as the FDA, NIOSH, EPA and the Consumer Product Safety Commission need to provide greater oversight of nanotechnology development.

What Can You Do?

As a private citizen, consumer, and student, you can:

· Demand that labels indicate the presence of nanotechnology ingredients to help you make informed choices about which products to purchase.
· Visit Web resources to learn more about nanotechnology and to identify benefits and burdens as they unfold.

· Speak up, sharing the insights you gain with family, friends, and classmates.

[[Start Section Five Feedback > here]]

SECTION FIVE FEEDBACK >
1.
How does a “common pasture” field differ from “private farmland”?

2.
Describe an action that you think people would agree represents stewardship of the environmnt.

3.
Describe what a “sustainable world” would be like.

4.
Clip and bring to class (or, find and print out) an article from a newspaper that you think could be labeled “environmental crisis.” Tell why you believe this to be so.

[[End Section Five Feedback > here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Environmental Scientist

Environmental scientists conduct research or investigations to identify and eliminate pollutant sources or other hazards that affect the environment. They apply scientific and technological knowledge as they collect, synthesize, study, report, and take action based on data derived from air, food, soil, and water measurements or observations.

Nature of the Industry

There are more than 80,000 employed environmental scientists, not counting those identified as teachers who work in colleges and universities. Most environmental scientists are employed in state and local governments. You will also find environmental scientists working as managers; serving as scientific and technical consultants; offering architectural, engineering and related services; and working in the Federal government. Some are self-employed.

In their work, environmental scientists:

· Conduct environmental audits and inspections and investigations of violations

· Evaluate problems to determine appropriate regulatory actions, or to provide advice on the prosecution of regulatory cases
· Communicate scientific and technical information through oral briefings, written documents, workshops, conferences, and public hearings
· Review and implement environmental technical standards, guidelines, policies, and formal regulations
· Provide guidance and oversight to environmentalists, industry, and the public
· Offer advice on proper standards and regulations
· Analyze data, determining validity, quality, and scientific significance, and interpreting relationships among human activities and environmental effects

Working Conditions
Entry-level environmental scientists spend a fair amount of time in the field. More experienced workers devote more time to office or laboratory work. Field trips that require stamina are sometimes necessary. These trips may involve work in both warm and cold climates, in all kinds of weather. Environmental scientists might have to dig or chip with a hammer, scoop with a net, get soaking wet, and carry equipment in a backpack.
Environmental scientists in laboratories conduct tests and experiments and write reports; those in Federal government research positions, in colleges and universities, or in consulting positions more typically design programs and write grant proposals to continue their research projects.
Training and Advancement

A bachelor’s degree is adequate for a few entry-level positions, but environmental scientists increasingly need a master’s degree. A doctoral degree is necessary for college teaching and most high-level research positions.

Many in the field earn degrees in life sciences, physical sciences, or engineering, and then, through further education or research interests and work experience, apply their education to environmental areas. Others earn a degree in environmental science.
Computer skills are essential for prospective environmental scientists, as are excellent interpersonal skills for teamwork with other scientists, engineers, and technicians. Strong oral and written communication skills also are essential. Careers tend to begin with field exploration, or, occasionally, in laboratories or offices in the roles of research assistants or technicians. More difficult assignments are taken on as experience is gained. Eventually, there may be promotion to project leader, program manager, or some other management or research position.

Outlook for Environmental Scientists

The growth in job opportunities is expected to keep pace with that for all occupations through the year 2014. Growth should be strongest at private-sector consulting firms. Demand for environmental scientists will be spurred largely by public policies that oblige companies to comply with complex environmental laws and regulations. Opportunities also will open up due to a general awareness of the need to monitor the quality of the environment, to interpret the impact of human actions on land and water ecosystems, and to develop strategies for restoring ecosystems.

Earnings

Median annual earnings of environmental scientists were $56,100 in May 2006. The middle 50% earned between $42,840 and $74,480. The lowest 10% earned less than $34,590, and the highest 10% earned more than $94,670.

According to the National Association of Colleges and Employers, beginning salary offers in July 2005 for graduates with bachelor’s degrees in environmental science averaged $31,366 a year.

[Adapted from Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited April, 2008, http://www.bls.gov/oco/]

Summary >
Technology is defined as the process by which humans modify the world to address their needs and wants. Informed engineering design is a critical set of technological techniques that involves identifying a problem and applying criteria and constraints to solve that problem. Engineering design does not result in a unique or correct solution, but instead leads to a best or optimum solution.

Present-day technology is a blend of engineering and science. Technology is closely associated with innovation. Innovations result when preexisting products or ideas are transformed into new and more useful or economical products or techniques.

Different materials and power sources have been used during various time periods throughout history. Early in the history of technology, innovation was driven more by technological know-how and trial and error than by scientific knowledge. Technological advances generate trade-offs, the giving up of one thing in return for another. Whenever a new product or process comes along, both positive and negative consequences arise.

As history progressed, technological innovations affected the environment and human health. The Middle Ages saw the development of many technological devices that produced long-lasting effects on technology and society, including the printing press, developed during the Renaissance that greatly expanded communications. During the Industrial Revolution, massive industrial centers were derived from such things as advanced construction practices and sophisticated transportation and communication systems.

As the use of energy for power purposes changed—energy from muscles, to energy from wood and charcoal, to energy from fossil fuels, such as peat and coal, to electrical energy, to atomic energy—each change resulted in greater degrees of damage to the environment. In the twenty-first century, change will continue to be a recurrent theme for technology.

Two components of society, culture and economics, have affected technology greatly. The relationship that society has with its tools and techniques greatly influences the extent to which societies can control their surroundings and thereby prosper.
Culture influences patterns of social interaction and norms serve to guide and regulate what society considers proper and acceptable behavior. Culture influences technology, and the opposite is also true, technology influences culture.
The decisions individuals and companies make about whether to continue to use existing technologies, or to develop, adopt, and use new technologies are usually decided through economic considerations. A characteristic of some technologies is that they are used extensively for a period of time, fall out of use, and then come into fashion again.

Opportunity cost is fundamental in economics; such costs are a combination of money costs and costs that interfere with opportunities to earn additional income, or otherwise prevent one from benefiting financially. When alternative technologies provide the same basic service, those who need the service tend to select the technique or product that has the lowest opportunity cost.

Society provides economic incentives for the development of innovations because of the expected benefits that are associated with solving important problems. Corporate culture in private for-profit companies strongly influences decisions on whether to develop technologies.

In the modern world, we identify three stages in the development of a new technology: research and development (R&D), innovation, and diffusion. The riskiest stage, R&D, is most in need of economic incentives. The federal government regulates industry and is also the greatest provider of incentives for technological R&D. A U.S. patent provides exclusive rights to the use of an innovation in the United States for a period of 17 years, and it creates monopoly rights that allow the holder to increase the price for its use. In effect, this protects the technological idea or innovation.

Decisions regarding implementation of new technologies should involve the weighing of trade-offs between predicted positive and negative outcomes for the environment. Although the medieval practice of having common fields for the use of all has been replaced by private ownership of farms, there is a growing social awareness that humans have continued to behave like herders on the commons. Accordingly, the planet is showing signs of environmental crisis—global warming, ozone depletion, loss of biodiversity, and pollution of air, water, and soil.

The development of technologies that appropriately remediate the environment requires informed engineering practices that take into consideration the earth’s limited resources. Education is an important vehicle for getting individuals to realize that personal lifestyles influence health and environmental conditions. Changes of certain ingrained practices (consumption and disposal of products) are necessary, if a sustainable world is to be achieved and maintained.
Ethical considerations are important in the development, selection, and use of technologies. There is no such thing as a technological fix for the environment. People need to realize that other actions are needed besides the devising of new technologies to reduce the negative consequences of previous technologies. (Yes, adding scrubbers to the chimneys of coal-burning facilities does lower pollution amounts, but convincing society to alter lifestyles may be a better long-term solution.)
FEEDBACK
1.
Why did hunter-gatherers live a nomadic life?

2.
Explain why some early civilizations never adopted Bronze Age technologies, skipping instead from the Stone Age to the Iron Age.

3.
Choose two different pre-Industrial Revolution technologies and for each, describe the burdens on society that resulted from them.

4.
Why did the human population in Europe decrease during the early Middle Ages?

5.
Describe what the term “revolution,” as used in the phrase “Industrial Revolution,” means.

6.
What effect does a lack of biodiversity have on humans?

7.
The twenty-first century section of this chapter lists technologies that some futurists believe might die out in this century. Research two such technologies, then explain why they might die out and what would probably replace them.

8.
Describe a societal norm and relate how it has influenced your actions.

9.
Describe one example of how culture influences technology, and one example of how technology influences culture. Use books, journals, or the Web to conduct library research concerning each of your examples.

10.
Imagine and then describe a purchase you might make for which you would consider “opportunity cost.” Explain why you would choose to consider opportunity cost in that situation.

11.
Why is it that for-profit companies rely on sources, such as the federal government for economic incentives and subsidies, rather than paying for their own R&D projects?

12.
Compare cows grazing on a common field to one of the following:

a.
coal-burning energy facilities releasing combustion products out of chimneys that lack scrubbers

b.
industries releasing untreated toxic byproducts into local streams

13.
We know that humans often devise technologies to reduce the negative consequences of other technologies. Do you believe this approach will ensure that our environment remains operational? Explain why or why not.

14.
Describe a change in lifestyle that you would be willing to make to help promote a healthier environment.

DESIGN CHALLENGE 1:
Using Energy Wisely

· The Problem Situation
As more companies, industries, and consumers purchase and use electrical appliances, the total amount of energy used has increased tremendously. Facilities that convert fossil fuels—coal, oil, and natural gas—and renewable sources of energy into electrical energy are sometimes unable to produce sufficient energy to address demands. Brownouts and blackouts result. Brownouts are a drop in voltage in an electrical power supply, so named because they typically cause lights to dim. Blackouts are large-scale disruptions in electric power supply. Both of these events tend to take place during peak electrical-use seasons—winter for heating; summer for cooling. What might consumers do to help avoid such annoying and costly events?

· Your Challenge
After inventorying your household for:

· types of electric appliances used

· how many watts each appliance uses

· how many hours each appliance is used in a week

design an energy-saving plan for a household that will reduce that household’s use of electrical energy. Please go to the Student Activity Guide and follow the instructions to restate the design challenge in your own words.

· Materials Needed

1.
pencil and paper

2.
electric appliance list

3.
1 copy of a recent electricity bill for your household

· Clarify the Design Specifications and Constraints

To solve this problem, your design must address appropriate specifications and constraints. In the Student Activity Guide, describe the problem clearly and fully, noting constraints and specifications. Constraints are limits imposed upon the solution. Specifications are the performance requirements the solution must address.

· Research and Investigate

To better complete the design challenge, you need to gather information that will help you build a knowledge base. Complete the following steps:

1.
Search for and discuss solutions that currently exist to solve this or similar problems. Identify problems, issues, and questions that relate to addressing this design challenge.

2.
In the Student Activity Guide, complete knowledge and Skill Builder 1 (KSB 1): How Has the Use of Electrical Appliances Changed over Time?

3.
In the Guide, complete KSB 2: Calculating the Amount of Electric Energy Used in Households.

· Generate Alternative Designs

In the Student Activity Guide, describe at least two possible solutions to the problem. Do not stop when you have a single solution that might work. Continue by approaching the challenge in new ways. Describe the alternative solutions you develop.

· Choose and Justify the Optimal Solution
In the Student Activity Guide, explain why you selected the solution you did, and why it is the best or the optimal choice.

· Communicate Your Achievements
Defend your selection of an alternative solution: Why is this solution the optimal choice? Use engineering, mathematical, and scientific data and employ analysis techniques to justify why the proposed solution is the best one for addressing the design specifications.

DESIGN CHALLENGE 2:
Separating Plastics

· The Problem Situation

To maintain a sustainable world, industries, organizations, and consumers must become committed stewards of the earth’s resources. A socially transmitted set of behavioral practices that may become a norm is the “reduction in use, recycling, and reuse” of solid wastes. The goal is to keep as high a percentage of discarded items out of the solid waste stream as possible. Discarded resources fill landfills prematurely, thereby wasting land; discarded resources litter streets and are time consuming and expensive to recover. One challenge in setting up a workable recycling program is distinguishing among items that can and cannot be recycled. You probably already have noticed one technique that simplifies the process of sorting recyclable items—stamping plastic products with a code that indicates the type of plastic from which they are made. But what about plastic items that have been damaged, so that this code is no longer readable? How might you distinguish between types of plastics without this code?

· Your Challenge

Given samples of plastics that lack the recycling symbol, design a technique based on the physical properties of plastic that will sort the various kinds of plastics. Use the Student Activity Guide to complete this activity.
· Safety Considerations

1.
Wear safety goggles to avoid splashing isopropyl alcohol in your eyes.

2.
Take care not to spill the isopropyl alcohol.
· Materials Needed

1.
Sealable plastic bags containing chips of plastic

2.
Water/sugar solution

3.
Water/isopropyl (rubbing) alcohol solution

4.
Dishwashing liquid (optional)

5.
Safety goggles

6.
Petri dishes or other transparent containers to hold one chip at a time

· Clarify the Design Specifications and Constraints
To solve the problem, your design must address the appropriate specifications and constraints. In the Student Activity Guide, describe the problem clearly and fully, noting constraints and specifications. Constraints are limits imposed upon the solution. Specifications are the performance requirements the solution must address.

· Research and Investigate

1.
To better complete the design challenge, you need to gather information that will help you build a knowledge base. Search for and discuss solutions that presently exist to solve this or similar problems. Identify problems, issues, and questions that relate to addressing this design challenge.

2.
In the Student Activity Guide, complete Knowledge and Skill Builder 1 (KSB 1): Which Material Does Each Plastic Recycling Code Stand For?

3.
In the Student Activity Guide, complete KSB 2: What Are the Unique Properties of Different Kinds of Plastics?

· Generate Alternative Designs

In the Student Activity Guide, describe at least two possible solutions to the problem. Do not stop when you have a single solution that might work. Continue by approaching the challenge in new ways. Describe the alternative solutions you develop.

· Choose and Justify the Optimal Solution
In the Student Activity Guide, explain why you selected the solution you did, and why it is the best or the optimal choice.
· Communicate Your Achievements

Defend your selection of an alternative solution: Why is this solution the optimal choice? Use engineering, mathematical, and scientific data and employ analysis techniques to justify why the proposed solution is the best one for addressing the design specifications.

Numbered Figure

Figure 1.1|You probably think of complicated devices, such as game controllers, as technology. But what about much simpler devices?

Figure 1.2|Even a simple pencil is a form of technology.

Figure 1.3|Modern grains are a form of technology. They are selectively bred to create the best possible crops.

Figure 1.4|Science is both a body of knowledge about the natural world and the process of inquiry that generates this knowledge.

Figure 1.5|Engineers devise practical applications for the knowledge generated by scientists.

Figure 1.6|The term technology refers to artifacts designed by humans, the systems in which these artifacts operate, and the people who make and maintain the systems and artifacts.

Figure 1.7|The media called the Apollo 11’s trip to the moon a victory of science, but it is more accurate to call it a victory of technology.

Figure 1.8|This mass spectrometer, developed as part of the Human Genome Project, helped make the decoding of the human genome possible.

Figure 1.9|The inventing of the magnifying glass and the telescope allowed humans to see that the world was much more complicated than they had imagined.

Figure 1.10|The automobile has benefited humanity in many ways. Do you think the pollution it causes is an acceptable trade-off?

Figure 1.11|This time line shows technological developments throughout the ages.

Figure 1.12|Stone Age humans were hunter-gatherers who obtained food by hunting, fishing, and foraging.

Figure 1.13|A chimpanzee can sharpen a stick into a spear using its teeth. This is just one example of an animal making a tool to solve a problem.

Figure 1.14|Our Stone Age ancestors became experts at transforming stones into useful tools, such as these artifacts.

Figure 1.15|The last ice age occurred about 10,000 to 15,000 years ago.

Figure 1.16|Stonehenge, in southern England, is an example of prehistoric construction that suggests that its builders kept track of the relative positions of the Sun and the Moon through the strategic orientation of the structure itself.

Figure 1.17|Our domesticated farm animals had wild ancestors, but were bred to live with and help humans.

Figure 1.18|You can use this formula to calculate the amount of power expended when a human or a machine performs a specific job.

Figure 1.19|Stone tips for spears, harpoons, and arrows were already in wide use before 3000 b.c.e
Figure 1.20|This child is a member of the South American Yanomamo tribe, which, until recently, relied on Stone Age technologies. For example, their axes, machetes, clay cooking pots, fishhooks, and fishing line all were made from nonmetals.

Figure 1.21|In the Bronze Age, humans learned to make alloys that had properties different from any of their individual ingredients. These alloys were then used to make strong, effective tools, such as this axhead.

Figure 1.22|Fertile Crescent Map: The Bronze Age began in the Fertile Crescent, an area made up of parts of present-day Pakistan, Iraq, Israel, Egypt, and Syria, where crops thrived and complex societies developed.

Figure 1.23|In the Bronze Age, humans learned to smelt ores in forges in order to create stronger tools.

Figure 1.24|The technique of iron smelting is believed to have been developed by metallurgists in Asia Minor, which is the region that corresponds roughly to modern-day Turkey.

Figure 1.25|Iron farm tools produced during the Iron Age were stronger and less expensive to make than bronze tools.

Figure 1.26|This farmer, working land in Madagascar, Africa, is taking advantage of technology developed in the Iron Age.

Figure 1.27|Peat cut from bogs was once a major source of fuel.

Figure 1.28|In the Middle Ages, horses provided the muscle power required to grow crops.

Figure 1.29|In the first outbreak of the bubonic plague, in the 1300s, 25 million people died in five years. By the 1600s, people still had no idea how to defend themselves from the plague. Desperate doctors devised plague robes like this one. They were covered with a smooth, waxy substance that was supposed to prevent the contagion from sticking to them; the mask’s beak was stuffed with perfumed substances.

Figure 1.30|Coal’s introduction as a major power source increased industrial output, but it also resulted in severe air pollution.

Figure 1.31|In this advertisement for a glass factory, you can see several smokestacks, evidence of a large operation that produced far more output than the much smaller cottage industries of earlier times.

Figure 1.32|In eighteenth-century America, carding, spinning, and weaving to make cloth were family affairs, with all three tasks carried out in a single household.

Figure 1.33|The spinning jenny, an automated spinning device that could spin multiple threads at one time, threatened the viability of home textile industries.

Figure 1.35|The first internal combustion engines, precursors to modern automotive engines like this one, were introduced in the late 1880s.

Figure 1.34|Innovations, such as this early steam engine gave factory machinery the power to work more efficiently. Steam engines were also adapted for use on locomotives, allowing people to move raw materials and products over land at speeds that had never been seen before.

Figure 1.36|Typhoid fever is an extremely debilitating and sometimes fatal intestinal disease that is caused by ingesting contaminated food or water. Throughout the nineteenth century, it posed a constant menace to public health. In the twentieth century, the introduction of chlorinated water vastly reduced the threat. Source: U.S.; Centers for Disease Control and Prevention, Summary of Notifiable Diseases, 1997.

Figure 1.37|Henry Ford’s introduction of an affordable automobile transformed the American landscape. This early highway, near Englewood, New Jersey, was bordered by street lamps and a pedestrian walkway.

Figure 1.38|Before the twentieth century, clothing was made from natural fibers, such as wool and linen. Modern clothes can be made from a host of artificial fibers, such as nylon and rayon.

Figure 1.39|Turbine engines generate enough power to propel a jet forward.

Figure 1.40|Solar energy is an endlessly renewable source of power.

Figure 1.41|The loss of biodiversity in the Amazon Basin of South America could mean the loss of important disease-fighting substances, such as antibiotics. This diagram shows an antibiotic disrupting the cell membrane of a germ.

Figure 1.42|The world’s first video game, named “Tennis for Two,” was played on the 5-inch-wide screen of an oscilloscope. An oscilloscope is a device that is commonly used to measure the voltage and frequency of an electric signal.

Figure 1.43|Humans lack many of the physical attributes of this sharp-toothed predator. We have been able to compensate with mental attributes, such as self-consciousness and the ability to reason and make plans.

Figure 1.44|The keyboards on early typewriters were designed to allow the typist to type as fast as possible.

Figure 1.46|Jammed type bars are no longer an issue for modern keyboards. Nevertheless, current keyboards retain the deliberately inefficient design of older keyboards because people are accustomed to them.

Figure 1.45|On early keyboards, the type bars jammed easily if the typist pressed the keys too fast. So, keyboards were redesigned to intentionally slow the typist and prevent jams.

Figure 1.47|The oil crisis of the 1970s spurred a new interest in wood stoves.

Figure 1.48|This chart, based on data from the National Science Foundation, shows a trend toward a steady increase in R&D allocations from the federal government since 1953.

Figure 1.49|This is a patent for a music device.

Figure 1.50|The public preferred to use fountain pens until the patent for the ballpoint pen had expired, and the price of ballpoint pens dropped down to pennies.

Figure 1.51|Too many animals in a pasture will eventually ruin the pasture. In an earlier age, when animals grazed on land held in common by a village, a ruined pasture might precipitate an economic crisis.

Figure 1.52|Modern technologies have contributed to massive environmental pollution.

Figure 1.53|In one approach to nanoscale manufacturing, known as bottom-up manufacturing (BUM), tiny building blocks assemble themselves into larger, bulk materials. In top-down manufacturing (TDM), materials at the atomic or molecular level are synthesized into building blocks.
Figure 1.54|A buckyball is a special type of fullerene that is extremely stable.
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