INTRODUCTION
THE TECHNOLOGICAL REVOLUTION of the twentieth century is multidisciplinary and crosses all aspects of life, not just those of business and commerce. Under this umbrella you can find information, communications, and materials technology, as well as biotechnology and nanotechnology. The interaction of these technologies, together with the global nature of business and industry, changes in communication, as well as socialization and interaction brought about by the Internet (see Figure 17.1), has spawned its own global revolution.
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[[Insert Figure 17.1 here]]
This revolution in multiple technologies is being amplified by other significant changes taking place at the same time: the easing of trade restrictions between countries, making it easier to undertake international trade; the changing political climate in eastern Europe, India, and China, which has encouraged the development of business and industry; and finally, the impact of the Internet on the individual. Low-cost Internet access has allowed vast numbers of people around the world to add their intellectual abilities to the development of global activities. This has unleashed an enormous number of people who can participate in the development of new and existing ideas, in a climate that now actively encourages the trading in such ideas and products across the world.
The German philosopher Arthur Schopenhauer (1788–1860) observed: “Thus the task is not so much to see what no one yet has seen, but to think what nobody yet has thought, about that which everybody sees.”
Now anyone, located anywhere in the world, can develop, communicate, and market new ideas by combining the technologies that surround us every day in a unique way.

[[Insert Figure 17.2 here]]

SECTION 1: The Global World

[[Start Key Ideas Box here]]

KEY IDEAS >
· Globalization of trade and commerce has stimulated business and industry.

· The social revolution brought about by worldwide access to computing and communications technology has changed how people work, communicate, and interact.

· The interaction of technological, educational, and social tools has made it possible for anyone to start a commercial or social transaction anywhere in the world.

[[End Key Ideas Box here]]
Globalization of trade and commerce has stimulated business and industry. The exchange of goods and services for other goods, services, or money has been a mainstay of business and commerce. Over the latter part of the twentieth century, however, the speed, geographic spread, complexity, and volume of commerce has increased considerably as companies in the United States and Europe saw the benefits of moving production to lower-cost locations. In doing so, they were able to use rapidly improving information, communications, transportation, and business systems to achieve such efficiencies.
The corporate benefits of technological improvements in computing, communications technologies, and global interconnectivity offered by the Internet have been considerable. But they pale in significance compared to the incredible growth of interest and skill in using such tools for personal, social, educational, and business purposes by individuals.
There is little doubt that this global revolution is fueled by technological change, but its impact is most significant in the social revolution it has caused. Low-cost technology tools allow individuals, small groups, and communities to interact and communicate across the globe (see Figure 17.3).

The social revolution brought about by worldwide access to computing and communications technology has changed how people work, communicate, and interact. The impact of this social revolution cannot be underestimated, as shown in Figure 17.4: In 1995, 16 million people used the Internet; in 2007, that number had risen to over 1.2 billion (almost 20 percent of the world’s population).
[[Insert Figure 17.3 here]]

The World Is Flat

Thomas Friedman, in his book, The World Is Flat: A Brief History of the Twenty-First Century (which is a reference to the fact that the world market place is increasingly becoming a level or flat playing field for all players, no matter where they are located, see Figure 17.5), says that the next step in globalization is not just an expansion of worldwide corporate commerce, but something much more powerful.
[[Insert Figure 17.4 here]]

[[Insert Figure 17.5 here]]

TECHNOLOGY AND PEOPLE:
Thomas Friedman—Journalist and Futurist

Thomas Friedman is a columnist for The New York Times. He is also a celebrated journalist and author who started his career as a reporter for the United Press International.

In the early 1980s, he covered the Israeli invasion of Lebanon for The New York Times. His coverage of that event, as well as other significant issues such as the Sabra and Shatila refugee camp massacre, won him his first Pulitzer prize for international reporting.

In his career with The New York Times, Friedman has served as the chief diplomatic, chief White House, and international economics correspondent. His interest in foreign and economic issues has figured highly in his writing. In 1994, he moved to his current role as the newspaper’s op-ed columnist.

Friedman’s first book, From Beirut to Jerusalem, 1989, won a number of awards, as well as becoming a basic college textbook on the subject of the Middle East. In 1999, he published his first book to address issues of globalization, The Lexus and the Olive Tree. After visiting the Far East and meeting with entrepreneurs in India and China, and drawing on his extensive experience in global and economic issues, he published his powerful follow up book, The World Is Flat.
In The World Is Flat, Friedman has traced the path of globalization through three milestone events: the discovery of the new world and new trade routes shrank the world from large to medium; the Industrial Revolution rendered global trade commonplace and the world became much more accessible; and finally, the advent of the “flat” world where global fiber optic networks connect all parts of the globe instantly.
Friedman is a strong believer in the need for a robust support for free trade, where the barriers to importing and exporting are reduced or removed. While acknowledging that this places low-income jobs at risk in the United States, he believes an increase in the global workforce will reduce costs and provide alternate employment opportunities from the resulting strong economic impact of growing sales. To illustrate his thinking, he looks to retail giant Wal-Mart as an example of a truly global company that maximizes its earning in all parts of the world. As it grows, it supports the employment of hundreds of thousands of workers, as well as reducing costs for customers. In becoming more successful, the company serves to increase revenue and profits that support U.S. investors and employees.
While Friedman is an advocate of globalization, he also points out the need for a country to preserve its local traditions, through a process he called glocalization, where individuals, groups, or communities think globally but act locally (see Figure 17.6).

In 1975, Friedman received a bachelor of arts in Mediterranean Studies from Brandeis University, where he first arrived as a transfer student in 1973. He then attended St. Antony’s College at the University of Oxford on a Marshall scholarship, earning a master of arts in Middle Eastern studies.
[[Insert Figure 17.6 here]]

The interaction of technological, educational, and social tools has made it possible for anyone to start a commercial or social transaction anywhere in the world. In a global population with increased technological and communication skills that makes use of lower-cost information technology resources, it is now possible for a person in India to undertake tax filing for a company in Indiana without any loss of speed or accuracy.
This social and technological revolution has made it possible for anyone to participate in the global economy in ways never seen before. The unprecedented growth of business and communication systems across countries made it possible for major corporations to undertake global activities. These systems are now available to anyone with an Internet connection, a computer, and entrepreneurial skills, who can now participate in these same activities.
Freidman has identified a number of factors that are crucial to the leveling of the playing field. He lists ten significant developments that can be combined to have a leveling effect, so it is not surprising that he calls such items levelers:
1.
The fall of the Berlin Wall and the commercialization of communist countries, combined with the relaxing of government restrictions on international trade developments in India and Pakistan, which allowed a large number of powerful and populous nations to join the world’s economic mainstream;

2.
The Internet browser, which allowed the Internet to become accessible to ordinary people, and no longer the property of only computer “geeks”;

3.
Workflow software, software tools that communicate between machines and systems to allow activities to happen without human intervention;

4.
Open communities—including open-source software, social networking systems such as blogs, listservs, and forums—a most powerful force in expanding the intellectual power of individuals and groups;

5.
Outsourcing, the mechanism that has allowed subsystems to be made elsewhere at a lower cost;

6.
Offshoring, or the moving of production to a lower-cost location;

7.
Supply chaining, where information and communication technologies are used to streamline item procurement, distribution, and sale;

8.
Insourcing, in which one company uses another company to carry out duties it used to perform, but at a lower cost;

9.
Informing, referring to the fact that never before have so many people on the planet had their own access to information;

10.
The steroids, the devices that add to the above factors: digital, mobile, virtual, and personal.
Friedman suggests that the above factors have uniquely interacted to bring about a social and economic change that is so pervasive that it will alter the nature of the way that business is conducted globally.

Return to the Origins of Trade

Other commentators have noted that while Friedman might be right with regard to the importance of globalization, the basic concepts underlying this social revolution reflect the very beginning of trade, when individuals who could offer goods or services in exchange for other goods or services, or some monetary or exchangeable reward, did so locally. This all predates what we would now call commercialization. The difference is that the exchange now is not between people in the same village or in neighboring towns, but across the entire globe.

[[Start SECTION ONE FEEDBACK here]]

SECTION ONE FEEDBACK >
1.
Research the gross domestic product value (GDP) for three major nations in 1970, 1980, 1990, and 2000.

2.
Find statistics on the growth of a social networking site, such as Facebook or MySpace. Compare the growth of the site’s usage in the United States and in one other country.

3.
Research the development of the Internet browser from its invention through to the most popular current browsers. What were the names and manufacturers of the most popular early browsers? How has that changed up to the present time?
[[End SECTION ONE FEEDBACK here]]

SECTION 2: Nanotechnology

[[Start Key Ideas Box here]]

KEY IDEAS >
· Nanotechnology allows the manipulation of atoms or molecules to create or modify nanoscale materials.

· Nanotubes offer the greatest advance in materials technology.

· Molecular manufacturing offers the possibility of creating inanimate objects by assembling atoms in the correct order and location.

[[End Key Ideas Box here]]
In 1959, the physicist Richard Feynman speculated that science could theoretically maneuver atoms to build new materials, almost as if it were using building blocks and incredibly small robot arms. At that time, the technology that allowed scientists and technologists to work knowledgeably at the atomic level did not exist. Even though Feynman did not coin the term, what he was describing would eventually become known as nanotechnology.
Nanotechnology allows the manipulation of atoms or molecules to create or modify nanoscale materials. At this scale, the materials are too small to be seen using the most powerful optical microscopes in use today. An atom ranges in size from 0.1 to 0.5 nanometers, or 80,000 times smaller than the diameter of a human hair, so we are looking at manipulation at the very smallest scale. (A nano, which comes from the Greek word nanos, meaning very small, is one billionth of a unit of measurement, so a nanometer is one billionth of a meter; see Figure 17.7.)
All materials contain atoms. Therefore, they contain nanosized particles. For centuries, scientists have worked to change the characteristics of materials, and so they have effected change at the nanoparticle level. But until recently, they have not been able to see and understand the changes at the atomic level. Nanotechnology gives scientists an unprecedented degree of control over materials at the molecular level, and, perhaps more importantly, the ability to understand atomic scale interactions.

[[Insert Figure 17.7 here]]

Consumers are already encountering aspects of nanotechnology in everyday products. The Wilson® double-core tennis ball has clay nanoparticles embedded in the polymer lining to slow the escape of air from the ball and make it last longer (Figure 17.8). Nano-care fabrics incorporate nanowhiskers (extremely small particles that are not combined to make other objects) into the fabric to make it stain resistant to water-based liquids.
[[Insert Figure 17.8 here]]

Nanotubes

Carbon nanotubes (shown in Figure 17.9) are long cylinders made from rolled up sheets of carbon that are one atom thick. Although very thin (1 nanometer), their length-to-diameter ratio is very large (in excess of 1,000,000 to 1). Like all nanomaterials, they also have a large surface area compared to other materials, and they have very low density as well.
Theoretically, carbon nanotubes are the strongest and stiffest known materials, with a tensile strength of more than 10,000,000 tons per foot, which makes them eleven times stronger than carbon fiber and thirty-seven times stronger than high carbon steel (see Figure 17.10). Not only is this material very strong, it is also very light.
[[Insert Figure 17.9 here]]

[[Insert Figure 17.10 here]]
Carbon nanotubes, as well as nanotubes made from other materials, offer the greatest advance in materials technology since the production of low-cost steel. This very strong but light material offers manufacturers a way to greatly reduce weight without reducing strength.
Currently, the most common method of manufacturing carbon nanotubes is chemical vapor deposition, where a gas containing carbon enters a specially prepared high-temperature reactor vessel. As the gas comes in contact with materials in the vessel, they form solids. The carbon nanotubes are “grown” from carbon particles and can be formed up to 3/4 inch in length.

Molecular Manufacturing

In the Star Trek television series, actors used a device called a “molecular replicator” that could create any inanimate object by assembling the atoms in the correct order to make food or whatever the user desired. This is the imaginative concept behind molecular manufacturing. Scientists today are researching processes in which the chemical properties of single molecules can be used to allow carefully controlled molecular self-assembly. They are looking at the development of nanosized fabricators that could produce their own mass in a few minutes. By using precise positioning of strongly bonded molecules, it would be possible to produce strong and durable products.
Nanofabricators alone would only produce basic products. Once a large number of nanofabricators are combined with computer control systems to form vast nanofactories, the prospect of creating an entire product, such as a computer, becomes theoretically possible.
In the future, nanoscale motors, which convert energy into rotational motion using nanoscale technology, will be thousands of times more powerful than they are now, and computers will be millions of times more compact. In almost any human-scale product, the volume occupied by the nanofabricated components will be negligible.
Alternate Energy

Nanotechnology is making it possible to develop low-cost solar power. In a normal solar cell, when a photon (a particle or a wave) of sunlight strikes the cell, a single electron in the solar cell is released as electrical energy. Solar photons have enough energy to release multiple electrons from the conventional solar cell, but current generations of solar cells do not do so. Nanocrystal solar cells can release multiple electrons when struck by a single solar photon, greatly increasing the efficiency of the solar cell (see Figure 17.11).
The Hydrogen Solar Company is using nanotechnology to enable the production of hydrogen from sunlight. The conversion cell has nanocrystalline coatings of metal oxides on the large surface area of nanotechnology materials, enabling the cell to capture the full spectrum of ultraviolet light. The cell converts the energy of sunlight directly into hydrogen gas by splitting water into its constituent elements, hydrogen and oxygen.
An engineering team at the Massachusetts Institute of Technology uses nanotubes to improve ultracapacitors, energy storage devices similar to batteries. Ultracapacitors (see Figure 7.12) are relatively large and hold energy in an electric field, whereas batteries are generally smaller and rely on a chemical reaction to produce power. The researchers are increasing ultracapacitor storage capacity by using nanotubes to increase the amount they can store and to reduce their size.
[[Insert Figure 17.11 here]]

[[Insert Figure 17.12 here]]

Electric Vehicles

Nanoscale fabrication, both for hydrogen production and storage and for fuel cell manufacture, could make the dream of hydrogen-based electric vehicles a reality in the future. The nanotech research firm Cientifica, for example, reports that carbon nanotubes could enable a tenfold improvement in fuel cells performance, together with a 50 percent cost reduction for the catalyst material. As prices come down over the next several years, the firm estimates carbon nanotubes will be used in 70 percent of all fuel cells.

[[Start SECTION TWO FEEDBACK here]]

SECTION TWO FEEDBACK >
1.
Create a graph showing the scale of objects from a baseball down to nanotubes in five steps. Use objects that differ from those shown in Figure 17.7. Make sure that each step is illustrated with a diagram or picture, and that the relative size is shown for each step of the scale.

2.
Using research, identify three currently available commercial products, other than those mentioned in the chapter, that use nanotechnology. Briefly explain how each product uses this technology.

3.
Research the terms “bottom up” and “top down” nanotechnology and describe how such techniques are used to develop nanoscale products.

[[End SECTION TWO FEEDBACK here]]

SECTION 3: Biotechnology

[[Start Key Ideas Box here]]

KEY IDEAS >
· Biotechnology uses biological systems or living organisms to develop, make, or modify products or processes for a particular purpose.

· Genetically modified plants are being developed to increase the output of agricultural systems and to create plants resistant to damaging insects or bacteria.

[[End Key Ideas Box here]]
Biotechnology uses biological systems or living organisms to develop, make, or modify products or processes for a particular purpose. Biotechnology has existed from the time that humans began selecting and refining plants and seeds. Over the centuries, biotechnology evolved through the processes of selection and hybridization (where different species that would not have usually existed in the same location were cross fertilized using natural techniques).
Recent developments in genetics, molecular biology, cell biology, and biochemistry have combined to form the biotechnology industry. Today’s information and communication technologies have combined with biotechnology to further spread its reach.
In the medical world, biotechnology has led to manipulation of genes (the building blocks that define all characteristics of animate objects) to create medicines targeted to specific genetic conditions. Gene therapy is now considered a major area of medical research, and it offers significant opportunities for highly targeted treatments for conditions that have eluded other medical solutions.
Genetically modified plants are being developed to increase the output of agricultural systems and to create plants resistant to damaging insects or bacteria. Genetic modification is being used to develop plants that combine flavors and characteristics of two or more fruits or vegetables.
Biotechnology is playing an increasingly important role in the development of alternate energy sources. The need to move from fossil fuels has led to a great interest in development of alternate fuels developed from sources such as corn, or more promisingly, fiber-regeneration techniques.
The human genome project, and related projects looking at the genetic maps of other organisms, is mapping the genetic makeup of all living organisms (see Figures 17.13 and 17.14). From this multidimensional map of the biological world, it is hoped that a better understanding of the interaction of all the various genetic components will result. Such insights are being used to develop more appropriate and targeted medications for the future.

[[Insert Figure 17.13 here]]
Recently, the first genetic map of a single individual was published. J. Craig Venter published his entire diploid genetic sequence, which is all the DNA in both sets of chromosomes inherited from each of his parents.
Although the genomic mapping process is still ongoing, scientists have developed sufficient knowledge of the cell reproductive process to successfully undertake cloning of living organisms. A clone is a genetically identical copy of another living organism that has not been created as a result of a natural reproductive process. The cloning of Dolly (named after country western star Dolly Parton, a favorite singer of the lead scientist, Dr. Keith Campbell), a Scottish blackface sheep, by scientists at the Roslin Institute in Midlothian, a small city in Scotland, showed for the first time that it was possible to create an identical genetic copy of an animal in the laboratory.
[[Insert Figure 17.14 here]]

Medicine

In the world of medicine, scientists at Harvard and the Massachusetts Institute of Technology are able to attach special ribonucleic acid (RNA) strands, measuring about ten nanometers (nm) in diameter, to nanoparticles that are filled with a chemotherapy drug. The RNA strands are attracted to cancer cells. When the RNA strand encounters a cancer cell, it adheres to it, and the nanoparticles carried by the RNA then release the drug into the cancer cell. This directed drug delivery technique has great potential for treating cancer patients while producing fewer harmful side effects than those caused by conventional chemotherapy.

[[Start SECTION THREE FEEDBACK here]]

SECTION THREE FEEDBACK >
1.
Research the use of genetically modified corn in the United States and determine the percentage of the crops produced for the last two years that were genetically modified.

2.
What is DNA? Why is it important? Name the scientists who first described the structure.

3.
Find one more example of animal cloning, and briefly describe the process used.

[[End SECTION THREE FEEDBACK here]]

SECTION 4: Information and Communications Technology

[[Start Key Ideas Box here]]

KEY IDEAS >
· The programmable computer is a device that can store a range of instructions and carry such instructions repeatedly.

· Moore’s Law states that the number of transistors on an integrated circuit will double every two years.

· Parallel processing makes use of multiple processors to undertake different aspects of a program simultaneously.

[[End Key Ideas Box here]]
The programmable computer is a device that can store a range of instructions and carry such instructions repeatedly. The idea that a device could be programmed to undertake a wide range of calculations stems back to the 1850s, when Charles Babbage designed his difference engine, the first programmable calculator ever developed. Although the theory was good, the machine never worked because it relied on high-precision gears that could not be successfully manufactured at that time. It wasn’t until the development of the integrated circuit, which allowed thousands of transistors to be fabricated on a single chip, that the programmable computer became an affordable and practical proposition. The first personal desktop computer (comprising a processing unit, memory, keyboard, and display) was developed and put on sale by Hewlett Packard in 1972. From that time onwards, the computing power of the personal computer has grown exponentially, as has the number of personal computers and their users.
The rapid pace of development in the field of information and communication technologies continues today. Moore’s Law states that the number of transistors on an integrated circuit will double every two years. This prediction was made in 1995 by the cofounder of Intel, Gordon Moore. Moore admits that he made the statement to alert people to likely growth of computing power over time, and he did not know if his prediction would ever hold true. He also admits that it is the press that has termed it a law; because the facts cannot be independently tested and verified, it is clearly not a scientific law.
However, since the time Moore made that statement, for many years, it has held true: The growth in transistor density has doubled every two years. During that time, the industry has appeared to meet a number of significant technological barriers, only to develop a solution in time to allow the growth in chip density to continue. Current technologies appear to be close to the practical limit of transistor density. To ensure that computing power continues to double every two years, the microelectronics industry has developed a range of central processing units that contain two or more central processors, called multi-core processors, working together to increase the total computing power. In the future, multi-core processors with ten or more processors will become normal.
Parallel Processing

Getting the best performance from multi-core processors has required major developments in data processing. The current generation of software products has been written for a single-processor world (see Figure 17.15), where every step of the computer program is followed in sequence. Parallel processing makes use of multiple processors to undertake different aspects of a program simultaneously (see Figure 17.16).
The best known parallel processing computer is the human brain, which can process information from multiple sources (eyes, ears, touch) and carry our actions based on the multiple inputs. Just imagine how hard it would be to catch a ball without that capability!

[[Insert Figure 17.15 here]]

[[Insert Figure 17.16 here]]

Spintronics

Spin-based electronics is a technology that makes use of the fact that an electron can spin in one of two ways, up or down. The momentum of the electron creates a tiny magnetic field. By using the direction of the spin, the electron can be used to encode data as a 0 or 1, depending on the direction of the spin. Unlike charge-based data storage (where the charge of an electron determines whether is stores 0 or 1), spin-based data storage retains the information when the electrical current stops (see Figure 17.17).
Spintronics is being used in the development of magnetic random access memory chips (MRAMs). MRAMs can store greater volumes of data in smaller packages and access the data more quickly, while using less power than the current range of charge-based random access memory circuits.
[[Insert Figure 17.17 here]]

[[Insert Figure 17.18 here]]

Organic Light-emitting Diode Displays

The Organic Light-Emitting Diode (OLED) display, shown in Figure 17.18, uses several layers of organic materials that glow red, green, and blue, sandwiched between two layers of conductive material. The OLED display emits its own backlight, so, unlike tradition Liquid Crystal Displays (LCD), it does not need a dedicated backlight, and thus requires very little power.
Since the OLED layers can be printed on the conductive material using low-cost printers, the cost of production is low. Also, since they can be printed on any conductive substrate, flexible displays that could be rolled up when not in use are now possible, like the one shown in Figure 17.19.
Compared to LCDs, OLEDs have a much greater range of colors, brightness, and viewing angle, and they have a faster response rate. The OLED layers are very thin, making it possible to produce translucent displays that would admit daylight, and could be used as a solid-state white-light source at other times.
OLEDs can now be found in many cell phones, digital cameras, and small televisions. In the near future, given the range of uses of this very adaptable technology, it is likely to become the light bulb of the future as well.

[[Insert Figure 17.19 here]]

[[Start SECTION FOUR FEEDBACK here]]

SECTION FOUR FEEDBACK >
1.
What was the transistor density per inch of a modern microprocessor chip used in desktop computers?

2.
What is the number of processor cores used in a high-powered desktop gaming computer?
3.
Research how a flexible OLED might be used in a modern, multimedia home environment.

[[End SECTION FOUR FEEDBACK here]]

SECTION 5: New Technologies at Work

[[Start Key Ideas Box here]]

KEY IDEAS >
· The interaction of powerful technological systems enables existing technology-rich systems and processes such as manufacturing, transportation, and health services to be improved and for production and service costs to be reduced.

· Rapid prototyping allows solid objects to be created using rapid fabrication techniques.

· Robotics describes any machine or device that emulates human movement, capability, or appearance.

· Automated Personal Rapid Transit allows individuals to use driverless robot vehicles to travel to self-selected destinations.

· Planned communities are those designed to ensure that all parts of the infrastructure work together to reduce energy consumption, to reduce transportation costs, and to simplify provision of services.

[[End Key Ideas Box here]]
Few technological systems exist in isolation. For example, biotechnology employs imaging power that is dependent on sophisticated information technology systems. The interaction of powerful technological systems enables existing technology-rich systems and processes such as manufacturing, transportation, and health services to be improved and production and service costs to be reduced.
In addition, when developing technological systems are used in unique ways and in new situations, we develop the capability to develop new products. Just as you learned in the introduction, the visionary entrepreneurs (and those likely to become very wealthy) can “think what nobody yet has thought about that which everybody sees.”
Rapid Prototyping

Rapid prototyping allows solid objects to be created using rapid fabrication techniques. From designs created using three-dimensional (3-D) software tools, the computer-aided modeling program is able to output information to a fabrication machine that creates the object by repeatedly laying down very thin, three-dimensionally precise layers.
Three-dimensional fabrication can be undertaken by a number of techniques, but all use the same basic principle, in which multiple layers of very thin, precisely dimensioned material are deposited to create a three-dimensional object, almost like layers of icing being spread on a cake. (See Figure 17.20.)

[[Insert Figure 17.20 here]]

Radio Frequency Identification

In 1946, a Soviet engineer developed a spying device that could transmit audio information that it picked up as a radio wave, using only the energy from the audio waves. This is said to be one of the earliest examples of a passive radio device. It is called passive because it does not have its own source of power. Needless to say, spying devices that did not have a source of power were very difficult to detect.

This concept of a passive device that responds to a radio wave has been used to develop the next generation of product identification. We are all familiar with the product bar code that is used to help identify products at the checkout in the supermarket. Imagine a situation where the entire supermarket cart could be scanned without any human intervention: that is where Radio Frequency Identification (RFID) comes in (see Figure 17.21). This “super” bar code system can store in a very small printable circuit all the product information that would be gathered from a bar code (in fact, the RFID tag can contain much more information as well). This small RFID tag will respond to the signal from the checkout system and return the information that the checkout needs to identify each item in your cart—and it can do this for the entire cart in one scan.
RFID credit cards are now beginning to appear, and so it is possible that your cart could be scanned, the total calculated, and the cost deducted automatically from your credit card, all as you walk through the check-out at your local supermarket.

[[Insert Figure 17.21 here]]

Robotics

The term robot was invented by the Czech playwright Karel Capek in his 1921 play Rossum’s Universal Robots. The term is derived from the Czech word robota, meaning “required work.” Robotics describes any machine or device that emulates human movement, capability, or appearance. Animated mechanical figures predate the term by many centuries. From the time of ancient Greece through the renaissance of the sixteenth century, android-like figures have been created using mechanical movements that mimicked the movements of humans. The term robot became used to describe mobile human service android figures by the science fiction author, Isaac Asimov.

The convergence of communication and information technologies with manufacturing technologies has created a new breed of robots that can replicate human endeavor faithfully without needing any breaks or rest, twenty-four hours a day, seven days a week.
Automated factories where robotic systems carry out all of the repetitive and noncritical work already exist (see Figure 17.22). For example, Nokia manufactures its cell phones in highly automated factories with humans monitoring and checking the quality of the work and undertaking the most precise tasks. This allows more than ten phones per second to be produced with a very small but highly skilled workforce.

[[Insert Figure 17.22 here]]

TECHNOLOGY IN THE REAL WORLD:
Musical Robots

Honda has used manufacturing robots for many years in its automobile production plants, and in 2000 launched a humanoid robot designed to someday assist people in their homes or offices. The human-like robot (shown in Figure 17.23) is able to walk, run, climb stairs, carry a tray, and has even conducted a symphony orchestra. Another automobile manufacturer, Toyota, has also developed musically inclined humanoid robots. One robot has artificial lips that move with precision, enabling the robot to play the trumpet. These research projects show how robots can carry out more mundane human chores without complaint or fatigue.
[[Insert Figure 17.23 here]]
The U.S. military is also interested in the use of robots to help soldiers become more effective. One of the most interesting developments in that field is the robotic exoskeleton, which adds a robotic framework or skeleton to the human body, and augments or adds to human capabilities. For example, if a human wanted to lift a weight, the Sarcos exoskeleton suit would make that easier by making it possible to lift 250-lb weights repeatedly while the human expends very little energy.
The Carnegie Mellon University driverless robot, Boss, based on a 2007 Chevy Tahoe SUV, successfully navigated over 200 miles of suburban and urban roads in Nevada when it won the DARPA 2007 Robotic Vehicle Challenge and a $2 million prize (Figure 17.24).
This robotic vehicle was equipped with multiple sensors that enabled it to follow the road, detect other vehicles, obey rules of the road at traffic lights and intersections, and react to other problems like broken-down vehicles or closed roads.
The technology being developed can be used in conjunction with human drivers to greatly improve accident avoidance. If the Mercedes Benz S class automobile detects an impending crash, it will warn the driver, tighten the seat belts, close the windows, and move the seats to the safest setting. Other manufacturers have undertaken research to add lane departure warnings if a vehicle departs from a lane without the use of a turn signal. Later systems even apply a robotic force to the steering system to gently steer the vehicle back into the lane.

[[Insert Figure 17.24 here]]

Humans can also benefit directly from the use of robots. Those who have lost a limb can regain some functions by the use of prosthetic devices. Researchers have developed a technique known as reinnervation, in which signals from the brain are used to control muscles on the amputee’s body, and from these muscle movements, microprocessors are used to tell the robot-limb motors what to do. Currently, such robot limbs provide up to four axes of control.
To move to the next level, researchers in the field of neuroprosthetics are developing techniques that will allow direct control of robotic devices by tapping into the signals from the motor control area of the brain (Figure 17.25).

Transportation

Transportation technologies are evolving rapidly to meet a variety of emerging needs: (1) to reduce the dependence on fossil fuels, the supplies of which are likely to be greatly reduced sometime in this century; (2) to reduce the environmental impact in terms of emissions and other harmful byproducts; and (3) to reduce the cost of manufacture and, at the same time, make the systems safe by using improved materials and design and automated safety and control systems.
Achieving these goals will require the use of a wide range of technologies working together (just imagine trying to produce bio-fuels without using advanced biotechnology), as well as a willingness to re-examine the other factors that increase our dependence on the current transportation infrastructure.

[[Insert Figure 17.25 here]]

Automated Personal Rapid Transit Automated Personal Rapid Transit allows individuals to use driverless robot vehicles to travel to self-selected destinations. Such systems are ideal for locations such as airports where large numbers of travelers need to be able to get to a wide variety of locations within a large geographic space. An automated Personal Rapid Transport (PRT) is being designed to be used at London’s Heathrow airport that will use driverless “pods” like the one shown in Figure 17.26.

A small-scale trial of the Urban Light Transport system (ULTRa) is scheduled to be operational by 2009. If the concept proves to be a technical success, it is very likely that such systems will be expanded to other airports worldwide. The ULTRa system uses electrically powered four-person pods, and are automatically routed on concrete tracks. The pods are routed according to passenger demand and traffic density. Each pod carries up to four passengers at speeds up to 25 mph. The pods use 70 percent less energy per mile than a car, and the system can ferry up to 4,800 passengers per hour.
[[Insert Figure 17.26 here]]

Space Elevator

( Although it sounds impossible, there is a very serious attempt being made to create a space elevator. Such a system would be located on the equator, and a cable would extend out from the Earth’s surface for some 22,000 miles. The elevator would be anchored to the ground, and electrically powered cars would rise up the elevator system until they were in orbit (see Figure 17.27).

[[Insert Figure 17.27 here]]

Satellites could easily and economically be released from such a system, and if humans decide to populate the moon or exploit space, the elevator would reduce the costs considerably.

The creation of such a long, tethered cable is beyond current manufacturing capability. If the strongest construction materials available were used to construct a cable-support system, once it reached some three or four miles high, its weight would be such that it would collapse under its own weight. The production of new materials, such as carbon nanotubes, does offer the possibility of materials that are both strong and light enough to be deployed into space.

The U.S. company Liftport Inc. is so confident that this technology can be developed that it has a countdown clock on its Web site indicating when the first space elevator will rise into space.

Planned Communities Planned communities are those designed to ensure that all parts of the infrastructure work together to reduce energy consumption, to reduce transportation costs, and to simplify provision of services. If cities and transportation systems were designed to make it possible for people to travel quickly and easily using the lowest costs systems, with a small carbon impact, it would be likely to reduce the demand for cars and trucks (and therefore reduce demand for fossil fuels).
Mountain Valley in Idaho is a planned community, where the city, business and industry, and residential housing are located in convenient locations radiating out from the city center. The cities of Mountain Valley are also designed to allow for multiple urban transit systems, including walking, cycling, bus, tram, and light rail. An important goal is to reduce the dependence on using a car for local travel. Planned communities now form over 20 percent of major developments in the United States.

In Salt Lake City, planners are using refurbishment grants to encourage the redevelopment of the downtown to increase the city center population. At the same time, the city is using federal, state, and local dollars to build a state-of-the-art integrated transportation system using buses, trams, and light rail.
Renewable Energy Sources

The continued growth in demand for energy, combined with the fact that fossil fuel reserves will eventually become exhausted, has spurred the quest for alternate energy sources. These include alternative fuels to supplement, and perhaps eventually to replace, the dwindling reserves of fossil fuels. Secondly, much is being done to explore renewable energy sources. The Sun is the primary source of energy for the Earth. Its energy is harnessed naturally by plants and can also be harnessed by a wide range of technological devices.
[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Hydroelectric Dam

Hydroelectric power is clean and efficient: All that is needed is a large quantity of running water, which can be fed to an electrical generator. (See Figure 17.28.)

The factors that determine the power generated are the distance the water falls, the quantity of water flowing through the generator, and the efficiency of the generator system.

The hydroelectric engineer needs to be able to calculate the power that can be generated from a hydroelectric project.
In our scenario, use the following figures:

Height of Dam = 10 ft

Water Flow = 500 cubic feet per second

Efficiency = 80 percent (that would appear as .80 in the formula)

Conversion Factor = Divide by 11.8 to convert power to kilowatts per hour.

[[Insert Figure 17.28 here]]

All the above can be put into the following formula to calculate the power output from our dam in kilowatts of electrical power:

Power (kilowatts) = (Height of Dam – ft) × (Water Flow – cubic ft/second) × (Efficiency – %)/11.8

Since electric energy is normally measured in kilowatt-hours, we multiply the power from our dam by the number of hours in a year using the following formula:

Total Energy (kilowatt hours) = kilowatts × (24 hours) × (365 days per year)

The average annual residential energy use in the United States is about 3,000 kilowatt-hours for each person. So we can calculate how many people our dam could serve by dividing the annual energy production by 3,000.

People Served = Total Energy (kilowatt hours)/3,000 kilowatt-hours per person

In our example, list the following:

Power produced (kilowatts)

Total power (kilowatt hours)

Number of people served annually

[[End ENGINEERING QUICK TAKE here]]
[[Insert Figure 17.29 here]]

Water power is one of the best-known sources of renewable energy. The potential energy stored in water flowing from the melting of snow in the mountains can be used to power water turbines to produce electrical power. In the United States, we create some 10 percent of our power using hydroelectric systems (see Figure 17.29). Although this is currently the largest single renewable energy source in the United States, other countries have done much more than we have to develop hydroelectric systems to fulfill their needs: Canada generates 60 percent of its electrical power need using hydroelectric systems, and Brazil generates more than 90 percent of its electrical power in this way.
While hydroelectric systems are well established, wave energy is just beginning to be exploited. As waves cascade on the seashore, the potential energy they contain is translated into familiar sounds, movement, and heat. Wave powered generators are now being used to harness the potential energy of waves in seas and oceans where large wave movements occur year round.
Open Sea Wave Systems A successful three megawatt open sea wave generation test system has been developed and is in use off the coast of Scotland. The Pelamis system (shown in Figure 17.30) comprises a series of hinged tubes that flex as the waves roll by. The flexing drives hydraulic systems that convert the energy into electric power, which is then transmitted to shore by an underwater power cable laid on the sea floor.
Off the coast of Atlantic City, the Powerbuoy system also harnesses power from the rolling waves. This buoy-based system exploits the fact that a buoyant vessel will move up and down as the waves roll by. The Powerbuoy (see Figure 17.31) has a lower section that is much less buoyant, and so doesn’t move with the waves. This lower section is combined with a more buoyant top section that moves easily with the waves. The difference in the motion between the two parts is used to drive electric generators. The power is transmitted ashore using an underwater power cable.
[[Insert Figure 17.30 here]]

[[Insert Figure 17.31 here]]

[[Insert Figure 17.32 here]]

Near Shore Systems The effect of waves crashing on the shore during a hurricane clearly demonstrates their power. There are a number of developments that exploit the power of waves as they strike the shore. The Wavegen Near Shore Wave Generator, located in a remote part of Scotland, uses an innovative approach that harnesses the massive forces of the sea. Waves hit a carefully-designed breakwater that directs their kinetic energy into movement, which is then used to generate power (see Figure 17.32).
Solar Concentrators When the Sun’s energy falls on an object, that object will absorb some of the heat and light energy the Sun transmits. If you walk on a beach in the summer, your feet will feel the heating effect of the Sun’s energy as it is absorbed by the sand. Technology is now employed in a number of innovative ways to capture that energy and transmit it to homes and businesses across the United States.
It is possible to focus, or concentrate, solar power by using large reflective dishes. Concentrating Solar Power (CSP) does just that by using large parabolic mirrors that focus the power of an energy-collecting source (see Figure 17.33). Some large installations use water as the energy-collecting source, and the steam generated by concentrating the solar energy is used to drive a high-efficiency steam turbine generator. The system relies on a solar-tracking system that ensures that the mirrors are aimed at the Sun as it moves in relation to the Earth’s rotation. This system could also be used to remove salt from seawater if the solar facility is close enough to a body of saltwater such as areas of North Africa.
[[Insert Figure 17.33 here]]

Micro-Generators Any form of motion is capable of providing potential energy to produce power. Micro-generators are about the size of a small stack of dimes, but these diminutive electro-mechanical devices can generate enough electricity to power a pacemaker or small sensors buried deep inside the Golden Gate Bridge without requiring a change of batteries. (See Figure 17.34.) The movement of the body, or the vibrations from a machine, moves a series of magnets over a copper coil and can generate up to 50 microwatts of power. This is not enough to run a computer, but it is enough to run small medical implants. When constructed to fit inside a standard battery case, these micro-generators can be retrofitted to give indefinite power to devices that use standard cells for similar low-power applications.
[[Insert Figure 17.34 here]]

Sonofusion The Sun creates energy by fusion of hydrogen into helium. Nuclear fusion occurs when atomic particles are forced to combine to create a heavier nucleus. The process can release great quantities of energy. The biggest problem to date has been controlling the fusion process so that the energy can be gathered.
Scientists at Rensselaer, Troy, NY, have developed a process that bombards a liquid with neutrons inside a pressure vessel. The resulting reaction of the liquid is such that very high pressure and temperatures are reached and that fusion has been observed in a controlled environment.
The quantity of energy released by Sonofusion is small. If the process could be scaled up, then it would offer the energy potential of nuclear power without the radioactive waste byproducts.

[[Start SECTION FIVE FEEDBACK here]]

SECTION FIVE FEEDBACK >
1.
Research accident avoidance systems used in current or planned automated vehicles, and summarize how the systems function.

2.
Find a significant hydroelectric-power–generating plant in your state. Describe its location, its sources of water, and the power output in megawatts.

3.
Find out more about the process of solar fusion, and then detail the process using simple diagrams.

[[End SECTION FIVE FEEDBACK here]]

SECTION 6: Technological Impact

[[Start Key Idea Box here]]

KEY IDEA >
· All technological actions and developments have intended and unintended consequences.
[[End Key Idea Box here]]
All technological actions and developments have intended and unintended consequences. Developers hope that the consequences are beneficial, but it is possible for such developments to have unintended impacts. For example, the development of chlorinated fluorocarbons (CFCs), developed as a safe replacement for fluids used as refrigerants in air conditioning and refrigeration systems, was applauded as a major increase in safety. This seemingly nonreactive, stable gas appeared to be an ideal replacement for unstable and dangerous chemicals used previously.
However, it was discovered in the 1970s that CFCs contributed greatly to the depletion of the ozone layer (the layer of stratospheric ozone gas that absorbs 97 to 99 percent of ultraviolet radiation), as a result of the gas breaking down to release chlorine when it ascends into the upper atmosphere (see Figure 17.35).
Through nanotechnology, we can achieve wondrous things. Nanotechnology can change how we practice medicine, how we develop new materials, and how we develop alternate energy resources, to name a few. But there are also issues and concerns regarding its use.

Intended and Unintended Consequences: Nanofactories

The nanofactory that produces nanorobots loaded with drugs to target cancerous growths in a body can be easily reprogrammed to produce much less benevolent nanorobots that could be used to harm others. A number of nanotechnologists have expressed concern about the risk of uncontrolled nanofactories producing materials or products that will harm humankind. This is not to imply that such nanofactories would deliberately develop harmful substances autonomously. But the technologists believe we should consider the risk of a nanofactory that inadvertently produces something so toxic that its operators would be unable to shut down the process, resulting in a runaway production of dangerous materials.

[[Insert Figure 17.35 here]]
Eric Drexler, a nanotechnology pioneer, in his book Engines of Creation, gives a worrisome analysis of nanoreplication runaway:
“Imagine such a replicator floating in a bottle of chemicals, making copies of itself.… the first replicator assembles a copy in one thousand seconds, the two replicators then build two more in the next thousand seconds, the four build another four, and the eight build another eight. At the end of ten hours, there are not thirty-six new replicators, but over 68 billion. In less than a day, they would weigh a ton; in less than two days, they would outweigh the Earth; in another four hours, they would exceed the mass of the sun and all the planets combined—if the bottle of chemicals hadn’t run dry long before.”
It is highly likely that governmental and industry regulation and oversight will be developed to control the implementation of nanofabrication.

Intended and Unintended Consequences: Robotics
In the 1960s, it was thought that robots would release humans from the drudgery of mundane work. Advanced manufacturing systems now use robotic systems that can carry out much of the repetitive manufacturing tasks that were previously performed by humans. Such robotic systems offer the opportunity to free production-line workers so they can become responsible for programming and overseeing robot workers. Unfortunately, such changes do not always happen, and the introduction of robot systems without recognizing the need to retrain and redeploy the workers replaced by them can lead to unemployment.
The introduction of robots has usually led to reduction of workforce and higher unemployment. This trend can lead to the uncomfortable situation of financial growth and success accompanied by higher unemployment and increased social tension and poverty.

Intended and Unintended Consequences: RFID

Radio frequency identification technology can be used to track animals through the implanting of an RFID chip (see Figure 17.36) just below the skin of the animal. Recently, some health concerns have emerged, and this practice is being reexamined.
The same technology can be used to track humans. A number of high-tech companies had RFID programs for workers operating in high-security areas. The information stored in the chip was used to gain access to the secure areas via readers that scan the chip to verify an individual’s identity. A number of state governments have now banned this practice because it is possible for others to use RFID Scanners to read identifying information from unsuspecting individuals without their knowledge. Proposals to use RFID technology in passports and other travel documents have been abandoned for the same reason.
We are moving toward such a system for shopping checkouts. But security concerns remain. Because unscrupulous individuals will try to scan your debit or credit cards without your knowledge, more secure RDID card systems will need to be developed before walk-through checkouts are an everyday experience.

[[Insert Figure 17.36 here]]

Intended and Unintended Consequences: Transgenic Crops

Genetically modified (GM) foods (or transgenic foods) contain genetic material that has been transferred from other organisms. The crops most commonly genetically modified are soybean, corn, cottonseed oil, and wheat. While it is acknowledged that transgenic crops can substantially improve agricultural food production, there are significant concerns about the control and effect of GM crops in many parts of the world. One such concern is the possibility of errors, such as transferring a gene from Brazil nuts into soybean crops, which led to allergic reactions from those with a nut allergy when encountering foodstuffs made from the genetically modified soybeans.
The fact that GM crops cannot be made available to those in third-world and high-poverty areas is also a concern. The biotechnology companies want to protect their investments, so they will not allow their seeds to be sold at very low prices in such regions. Also, the genetic modification of the seeds currently being manufactured was targeted towards high-yield farming in the developed world. The soil, climate, and husbandry techniques in the high-poverty regions will not be suited to the crops developed for the developed nations. There is little financial incentive for the biotechnology companies to address this issue, since the enormous cost of developing GM seeds for use in such regions could never be economically recovered.

Computer Equality

( At the same time that chip density is doubling, there are initiatives that are using a combination of the very oldest of technologies combined with the most economical of today’s computing systems to create portable, low-cost computers for disadvantaged children in third-world countries. The MIT-initiated One Laptop Per Child Program (OLPC) has developed a low-cost, robust, durable laptop computer that can be powered by a built-in, hand-cranked, high-efficiency generator. The laptop (shown in Figure 17.37) can also use local power, even if it has a variable-voltage power supply.
This specially designed laptop uses a powerful but low-power processor, combined with an innovative, free-operating system. Combined with research undertaken by the OLPC organization and the United Nations, it is likely that this device will offer Internet connectivity to students in locations that are still awaiting connection to an electric grid.
[[Insert Figure 17.37 here]]

[[Start SECTION SIX FEEDBACK here]]

SECTION SIX FEEDBACK >
1.
Using research tools, identify another technological invention (device, chemical, process) that was developed for a beneficial purpose but is resulting in unintended and unwanted consequences.

2.
What are the differences between RDIF and bar code tagging? When would you use one and not the other? What are the benefits of each technology?

3.
Research genetically modified foodstuffs and find a crop that has seen a significant yield increase compared to the use of regular seeds.

[[End SECTION SIX FEEDBACK here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Biological Scientists
Biological scientists study living organisms and their relationship to their environment. They research problems dealing with life processes and living organisms. Most specialize in some area of biology, such as zoology (the study of animals) or microbiology (the study of microscopic organisms).
Nature of the Industry

Many biological scientists work in research and development. Some conduct basic research to advance our knowledge of living organisms, including viruses, bacteria, and other infectious agents. Biological scientists who work in applied research or product development use knowledge provided by basic research to develop new drugs, treatments, and medical diagnostic tests; increase crop yields; and protect and clean up the environment by developing new biofuels.
Because biological scientists doing applied research and product development in private industry may be required to describe their research plans or results to nonscientists who are in a position to veto or approve their ideas, they must understand the potential cost of their work and its impact on business. Scientists often work in teams, interacting with engineers, scientists of other disciplines, business managers, and technicians. Some biological scientists also work with customers or suppliers and manage budgets.

Recent advances in biotechnology and information technology are transforming the industries in which biological scientists work. In the 1980s, swift advances in basic biological knowledge related to genetics and molecules spurred growth in the field of biotechnology. Biological scientists using this technology manipulate the genetic material of animals or plants, attempting to make organisms more productive or resistant to disease. Research using biotechnology techniques, such as recombining DNA, has led to the production of important substances, including human insulin and growth hormone. Many other substances not previously available in large quantities are starting to be produced by biotechnological means; some may prove useful in treating cancer and other diseases.
Today, many biological scientists are involved in biotechnology. Those who work on the Human Genome Project isolate genes and determine their function. This work continues to lead to the discovery of the genes associated with specific diseases and inherited traits, such as certain types of cancer or obesity. These advances in biotechnology have created research opportunities in almost all areas of biology, with commercial applications in the food industry, agriculture, and environmental remediation, as well as in other emerging areas such as DNA fingerprinting.

Working Conditions

Biological scientists usually work regular hours in offices or laboratories and usually are not exposed to unsafe or unhealthy conditions. Those who work with dangerous organisms or toxic substances in the laboratory must follow strict safety procedures to avoid contamination. Many biological scientists such as botanists, ecologists, and zoologists take field trips that involve strenuous physical activity and primitive living conditions. Biological scientists in the field may work in warm or cold climates, in all kinds of weather.
Training and Advancement

A Ph.D. degree usually is necessary for independent research, industrial research, and college teaching, as well as for advancement to administrative positions. A master’s degree is sufficient for some jobs in basic research, applied research or product development, management, or inspection; it also may qualify one to work as a research technician or as a teacher in an aquarium. The bachelor’s degree is adequate for some non-research jobs. For example, some graduates with a bachelor’s degree start as biological scientists in testing and inspection or get jobs related to biological science, such as technical sales or service representatives. In some cases, graduates with a bachelor’s degree are able to work in a laboratory environment on their own projects, but this is unusual. Some may work as research assistants, while others become biological laboratory technicians or, with courses in education, high school biology teachers.
Outlook

Biological scientists held about 87,000 jobs in 2006. Federal, state, and local governments employed slightly less than half of all biological scientists. Federal biological scientists worked mainly for the U.S. Departments of Agriculture, Interior, and Defense and for the National Institutes of Health. Most of the rest worked in scientific research and testing laboratories, the pharmaceutical and medicine manufacturing industry, or hospitals. In addition, many biological scientists held biology faculty positions in colleges and universities.
Employment of biological scientists is projected to grow about 9 percent over the 2006–16 period, as biotechnological research and development continues to drive job growth.
Opportunities are expected to be better for those with a bachelor’s or master’s degree in biological science. The number of science-related jobs in sales, marketing, and research management for which non-Ph.D.s usually qualify is expected to exceed the number of independent research positions. Non-Ph.D.s also may fill positions as science or engineering technicians or as medical health technologists and technicians.
Biological scientists will be needed to take this knowledge to the next stage—understanding how certain genes function within an entire organism, so that gene therapies can be developed to treat diseases. Even pharmaceutical and other firms that are not solely engaged in biotechnology use biotechnology techniques extensively, spurring employment increases for biological scientists. For example, biological scientists are continuing to help farmers increase crop yields by pinpointing genes that can help crops such as wheat grow worldwide in areas that currently are hostile to the crop.
Expected expansion of research related to health issues such as AIDS, cancer, and Alzheimer’s disease also should create more jobs for these scientists. In addition, efforts to discover new and improved ways to clean up and preserve the environment will continue to add to job growth. More biological scientists will be needed to determine the environmental impact of industry and government actions and to prevent or correct environmental problems, such as the negative effects of pesticide use. New industrial applications of biotechnology, such as changing how companies make ethanol for transportation fuel, also will spur demand for biological scientists.

Earnings

· Median annual earnings of biochemists and biophysicists were $76,320 in 2006.
· The middle 50 percent earned between $53,390 and $100,060.
· The lowest 10 percent earned less than $40,820, and the highest 10 percent earned more than $129,510.
· Median annual earnings of microbiologists were $57,980 in 2006.
· The middle 50 percent earned between $43,850 and $80,550.
[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited May 12, 2008, http://www.bls.gov/oco/]

[[Start Summary Box here]]

Summary >

Technology is the use of tools, systems, processes, and human ingenuity to solve human problems. The solutions to such problems will employ a range of technologies, depending upon the situation and the resources available. The solutions will vary in their elegance and form, but overall, humankind employs technology to solve its practical problems.
When technologies interact, they increase the capabilities of the individual technologies. This increases the opportunity to find new solutions to existing problems, or to solve problems that had defeated engineers and scientists in the past.
The use of any technology has consequences, some intended and some unintended. Noting and dealing with these consequences relies on human control and evaluation of technological systems. If society develops sufficient requirements for the use and monitoring of these systems, unintended consequences can be revealed and corrected, so that technology will play an active and beneficial role in the development of the society of the future.

[[End Summary Box here]]

FEEDBACK
1.
The global economy is dependent on the functioning of the international banking system as the clearinghouse for international trade. Describe how banking supports international trade.

2.
Computer Technology is just beginning to impact the world of health care. Research the benefits of such integration, and speculate on how it might impact medical decision making, as well as how it might assist in lengthening our life span.

3.
The relationship between organic and inorganic/electronic nanotechnology is becoming very blurred. Research how the two fields of nanotechnology might mingle and integrate, and speculate on the benefits and drawbacks of such integration.

4.
The massive growth in production of bio-fuels is having a significant impact on the availability of low-cost foodstuffs for less developed nations. Research the issue of fuel produced from bio-sources, and the impact that the production has on the availability and cost of crops in the developing world.

5.
With the massive growth in technological devices in all aspects of life, explore how technology is being used to extend the life of oil wells in the United States.

6.
Developments in technology hint at the creation of a single, portable technological device that will meet all our needs: Examine the issue of a single device that would contain a still and video camera, a personal computer, and a cell phone. Explain why we do not have a single device that can replace discrete systems at this time.

7.
The use of completely automated and autonomous robotic devices is increasing in the manufacturing world. There are some who would like to use autonomous robots in other settings, such as border security. What social, safety, and legal issues does the use of completely autonomous robots present when they are used in a setting that brings them into operational contact with the general public?

DESIGN CHALLENGE 1:
Design and Model a Water-Turbine Powered Lifting System

· Problem Situation

Because there is a real need to reduce reliance on fossil fuels as an energy source, renewable energy sources are becoming more important. Solar, wind, and wave power can be used to generate electricity. However, each of these sources of power presents a number of challenges to the technologist who is designing systems to convert energy from one form to another.

· Your Challenge

Water power was used extensively during the industrial revolution. Where the terrain is suitable, water can still be used to generate power.
Using a catch tank to provide a regular flow of water, your team is to design and make a waterwheel or water turbine device that will be powered by the flow of water. The turbine must lift as many 1-gram paperclips as possible, to a height of 0.5 meters. Record the time you take to lift the load for each test you undertake.
The time you take to lift the weight will be used to determine the horsepower and the torque (turning force) of your lifting system.
Using your Student Activity Guide, state the design challenge in your own words.

· Safety Considerations

1.
Only use tools and machines after you have had proper instruction.

2.
Wear eye protection when using tools, materials, machines, paints, and finishes.

· Materials Needed

1.
Assorted wheels between 0.75”–1.5” diameter, and 0.25”–0.75” tread width, with axle hole to suit the axle rod being used, to be used as the core of the impellor

2.
2” or similar inside diameter PVC or plastic pipe
3.
1/8” diameter plastic tubing

4.
1/8” tubing connectors

5.
Metal rod (such as welding rods or coat hangers) for axles

6.
Assorted plastic pulleys (such as Kelvin economy pulley pack)

7.
Nylon kite line or similar material

8.
A 2-liter pop bottle to be used as the holding tank

9.
A one-gallon milk container to be used as the catch tank

10.
¼” or similar thickness Lexan or other clear plastic sheet

11.
Small, medium, and jumbo drinking straws
You can also use other construction materials as needed to construct the turbine, the impellor, and the pulley system.

· Clarify the Design Specifications and Constraints

To solve the problem, your design must meet the following specific constraints:

1.
In the Student Activity Guide, you will see a diagram of the design of the water delivery and recovery system and the holding device that will secure your water turbine when being tested.

2.
You will see that the outlet of the catch tank is located at a height of 1 meter.
3.
You must use the catch tank to catch the water flowing through your waterwheel system.

4.
You can combine pulleys in combination to change the mechanical advantage of the weight-lifting system.

· Research and Investigate

To better complete the design challenge, you need to gather information to help you design a solution.
In your guide, complete the Knowledge and Skill Builder I: Exploring the design of a turbine/waterwheel.
In your guide, complete the Knowledge and Skill Builder II: Using pulleys to increase mechanical efficiency.
In your guide, complete the Knowledge and Skill Builder III: Calculating the power of a turbine/waterwheel-based lifting system.

· Generate Alternative Designs

In your guide, describe two or more possible solutions to the challenge.

· Choose and Justify the Optimal Solution

Refer to the guide. Explain why you selected the solution you did, and why it is the best choice.

· Display Your Prototypes

To test your ideas and designs, try to make prototype waterwheels and test them to see how well they will lift weights. From your tests, you can modify your chosen design.
In any technological activity, you will use seven resources: people, capital, time, information, energy, materials, and tools and machines. In your guide, indicate which resources were most important in this activity and how you made trade-offs between them.

· Test and Evaluate

How will you test and evaluate your final design? In your guide, describe the testing procedures you will use. Indicate how the results will show that the design solves the problem and meets the specifications and constraints.

· Redesign the Solution

Respond to the questions in your guide about how you would redesign your solution, based upon the knowledge you gained from the testing and evaluation process.

· Communicate Your Achievements

In your guide, describe the plan you will use to present your solution to the class. Show what handouts and/or PowerPoint slides you will use.

DESIGN CHALLENGE 2:
Design a Solar-Power Station

· Problem Situation

There is a need for low-cost, rugged solar-power stations that can be used anywhere in the world to provide local power. Twelve-volt car batteries are often used in the Third World to provide power for vital equipment. The batteries need to be charged using low-cost, reliable power sources. Solar power is one of the reliable sources of energy in such settings, so using a solar-power charging station will enable charging of 12-volt batteries, as well as providing power for other items, such as computers. For example, the One Laptop per Child project aims to provide low-cost, durable laptops to children in the Third World. There is no guarantee of reliable electrical power in such countries, so the laptop must have alternate sources of power.
· Your Challenge

Solar energy is readily available and so might be used to power the solar power station. Using a solar cell, design a charging unit that can be used to charge 12-volt batteries and can also be used to power other devices, such as the XO laptop. Your power station will have to be constructed to be used in harsh environments and to withstand rough handling.
Using your Student Activity Guide, state the design challenge in your own words.

· Safety Considerations

1.
Ensure that a low-voltage electrical power pack or supply is used to provide the power for this activity.

2.
Wear safety glasses at all times.

3.
Take care when working with construction tools and materials.

· Materials Needed

1.
One 12 V 5 W flexible solar panel

2.
Two 3” alligator clips

3.
One 4 mm coaxial power connector plug

4.
Two feet of flexible twin core 12-gauge electric cable
You can also use other construction materials as needed to construct the power station and its case.

· Clarify the Design Specifications and Constraints

To solve the problem, your design must meet the following constraints:

· The charging system must be self-contained and not require any assembly in the field.

· The unit must be capable of being packed into a robust case, which must serve as part of the support structure for the charging unit.

· The unit must be constructed from suitable materials for the environment it will be used in.

· The unit must have simple graphics showing how it is set up and connected. The graphics must be permanently affixed to the charging system in some way.

· Research and Investigate

To better complete the design challenge, you need to gather information to help you design a solution.

1.
In your guide, complete the Knowledge and Skill Builder I: Electrical output testing.

2.
In your guide, complete the Knowledge and Skill Builder II: Enclosure design.

3.
In your guide, complete the Knowledge and Skill Builder III: Positioning device design.

4.
In your guide, complete the Knowledge and Skill Builder IV: “How to Use” graphics.

· Generate Alternative Designs

In your guide, describe two or more possible solutions to the challenge.

· Choose and Justify the Optimal Solution

Refer to the guide. Explain why you selected the solution you did, and why it is the best choice.

· Display Your Prototypes

To test your ideas and designs, make a prototype using cardboard to simulate the solar panel. Based on your test results, modify your chosen design.
In any technological activity, you will use seven resources: people, capital, time, information, energy, materials, tools, and machines. In your guide, indicate which resources were most important in this activity and how you made trade-offs between them.

· Test and Evaluate

How will you test and evaluate your final design? In your guide, describe the testing procedures you will use. Indicate how the results will show that the design solves the problem and meets the specifications and constraints.

· Redesign the Solution

Respond to the questions in your guide about how you would redesign your solution, based upon the knowledge gained from the testing and evaluation process.

· Communicate Your Achievements

In your guide, describe the plan you will use to present your solution to the class. Show what handouts and/or PowerPoint slides you will use.

Numbered Figure

Figure 17.1|New communication technologies enabled people around the world to take part in a global conversation about ideas and products.
Figure 17.2|New technologies enable global participation in product development.

Figure 17.3|Trade is now a global phenomenon, as improved forms of communication allow companies to outsource work around the world.

Figure 17.4|According to Internet World Stats (www.internetworldstats.com), Internet usage has increased more than twelvefold since 1995.

Figure 17.5| The concept of a flat world has taken on new meaning in today’s world.
Figure 17.6|Thomas Friedman is an advocate of globalization but feels that countries must maintain their local traditions.

Figure 17.7|How big is a nanometer?

Figure 17.8|Nanotechnology increases the life of tennis balls like the Wilson DoubleCore™ tennis ball.

Figure 17.9|Carbon nanotubes are extremely long and thin, yet are exceedingly strong.

Figure 17.10|Nanotubes are stronger than steel yet much less dense.

	MATERIAL
	TENSILE STRENGTH (GPa)
	DENSITY(g/cm3)

	Single wall nanotube
	150
	1.4

	Multi wall nanotube
	150
	2.6

	Diamond
	130
	3.5

	Kevlar
	3.6
	7.8

	Steel
	1.0
	7.8

	Wood
	0.008
	0.6


Figure 17.11|Large-scale solar panel arrays can use nanotechnology for increased efficiency.

Figure 17.12|Ultracapacitor energy storage systems consist of cells with plates that collect voltage, reacting with an electrolyte to produce energy.

Figure 17.13|This is how Human DNA appears in the laboratory.

Figure 17.14|This diagram shows selected genes, traits, and disorders identified on Chromosome 1 as part of the Human Genome Project. To see similar diagrams for other chromosomes, go to http://genomics.energy.gov/gallery/chromosomes/gallery-01.html.
Figure 17.15|In a single or sequential central processing unit, processing steps are sequential.

Figure 17.16|In a parallel or multiple central processing unit, instructions can be performed simultaneously.

Figure 17.17|The spintronic effect used in memory chips allows them to retain their charge even when electrical power is not present. Joe Orenstein, a physicist who holds a joint appointment with Berkeley Lab’s Materials Sciences Division and UC Berkeley’s Physics Department, is a leading researcher in this field.

Figure 17.18|Organic light-emitting diodes contain thin layers of organic materials that, in the presence of electricity, generate light.

Figure 17.19|Organic light-emitting diodes are being used to create flexible LED screens. Screens like these will soon become commercially available.

Figure 17.20|A rapid prototyping process creates 3-dimensional objects like this one using computer-aided design. Objects like this lawnmower are used as models for products in development.

Figure 17.21|A radio frequency identification (RFID) system can make product handling faster and more efficient.

Figure 17.22|This production line is totally automated.

Figure 17.23|Honda is developing a human service robot that can perform human tasks and even conduct an orchestra.

Courtesy of American Honda Motor Co., Inc.

Figure 17.24|Carnegie-Mellon’s BOSS Driverless Robotic 2007 Tahoe successfully navigated a 55-mile course at an average speed of 14 miles per hour.

Figure 17.25|Neuroprosthetics use signals direct from the brain to operate robotic devices.

Figure 17.26|The ULTra Personal Rapid Transport system aims to provide driverless travel on demand.

Figure 17.27|An Earth-to-Space elevator system could be feasible using carbon nanotubes. The LiftPort Group, which is developing such an elevator, maintains a “Countdown to Lift” clock on its Web site, at www.liftport.com.

Figure 17.28|Dams are used around the world to generate hydroelectric power.

Figure 17.29|Hydroeletric power generation uses water power to generate electricity.

Figure 17.30|In a flexible-tube-based open sea wave generation system, wave action is converted to electricity.

Figure 17.31|Buoy-based offshore power generation extracts energy from ocean waves.

Figure 17.32|Near-shore power generation systems like this one use a column of water to drive a turbine.

Figure 17.33|Solar energy collector systems harness the sun’s energy to drive turbines and generate electricity.

Figure 17.34|This new micro-generator developed at Georgia Tech can produce enough power to a cell phone. It may eventually be able to power a laptop.

Figure 17.35|Chlorinated fluorocarbons (CFCs) deplete the ozone layer.

MAN-MADE POLLUTANTS BURN A HOLE IN THE OZONE LAYER

	Gas
	Used in

	· CFC and HCFC
	Aerosols, refrigerants, air conditioning

	· Halons
	Extinguishers

	· Methyl bromide
	Agricultural pesticide


Figure 17.36|Radio frequency identification chips contain integrated circuits.

Figure 17.37|The One Laptop Per Child (OLPC) program gives Internet access to children in remote areas. Here, a teacher helps students in Uruguay with laptops obtained through this program.
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