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Unit 1 Classifying Life

1 More than five million different kinds of organisms live on the Earth. For thousands of years, humans have searched for ways to organize this diversity. In the eighteenth century, a Swedish professor, physician, and naturalist named Carolus Linnaeus developed the system of classifying and naming organisms that we use today. 
2 Linnaeus contributed to the modern classification of organisms in two ways. He first developed a convention for naming life forms known today as binomial nomenclature, in which the scientific name of a species is formed by a combination of two terms, as the word “binomial” suggests. The first term provides the genus (plural: genera) of the organism, a group that includes similar species, while the second gives the specific name of the species. When written alone, the specific name is meaningless since many different species in different genera have the same specific name. The specific name familiaris, for example, is commonly used to describe a species. Therefore, when used by itself, it would not describe any one organism. When the genus is also given, however, as in Canis familiaris, we know that the name refers to a specific organism: the domestic dog. 
3 Linnaeus was also the originator of modern taxonomy, a system of classifying nature based on hierarchical groupings. The Linnaean system first groups life forms into kingdoms. Of the five kingdoms commonly accepted today, Linnaeus recognized only the plant and animal kingdoms, but he included a third kingdom, the mineral kingdom, in his natural taxonomy. Minerals were later excluded from biological taxonomy on the grounds that they are not living natural forms. Linnaeus divided his three kingdoms into classes, classes into orders, orders into genera, and genera into species, grouping organisms according to shared physical characteristics. Although modern taxonomists still use the hierarchical structure of Linnaeus’s classification system as well as his method of grouping organisms according to observable similarities, they have added hierarchical levels and significantly changed Linnaeus’s original groupings. A phylum is now used to describe a level of classification broader than class but still more specific than kingdom. The taxonomical group family was also added, inserted between order and genus. 
4 In addition to the Linnaean kingdoms of plants and animals, biologists recognize prokaryotes, protists, and fungi as separate kingdoms. The prokaryotes are the oldest and most abundant group of organisms. They are also the smallest cellular organisms; a single gram of soil can contain more than two billion prokaryotic organisms. Prokaryotes are distinguished from other kingdoms by the absence of a cell nucleus. Their free-flowing DNA allows them to reproduce at an accelerated rate. Common bacteria, which have been known to survive in many environments that support no other form of life, fall into this category. 
5 The protist kingdom is made up of a variety of single-celled or simple multicellular organisms, all of which have membrane-bound nuclei. Protists do not have much else in common. They are, essentially, those organisms, including many types of algae, which do not fit into any other kingdom. 
6 Fungi compose a third kingdom. Like plants, the cells of fungi have cell walls, giving them a tube-like structure. However, fungi do not produce their own carbon through photosynthesis as plants do. Rather, they acquire nutrients by absorbing and digesting carbon produced by other organisms. Yeasts, molds, and mushrooms are all examples of fungi. 
7 The plant kingdom includes such familiar organisms as trees, flowers, herbs, bushes, grasses, vines, ferns, and mosses. They obtain their energy by converting sunlight and carbon dioxide into food for energy in the process known as photosynthesis. The cells of plants are surrounded by a supporting cell wall containing cellulose. Cellulose allows plants to stand upright, giving them their characteristic rigid appearance. 
8 Animals make up the final kingdom in the modern biological taxonomy. Animals acquire nutrients by consuming other organisms. They digest food in an internal cavity and store energy in fat cells. Reproduction in animals is typically sexual. Sexual reproduction requires the meeting of genetic material from two kinds of individuals: a male and a female. It is different from asexual reproduction, which allows a single individual to produce its own offspring.
Unit 2 Northern Lights
1 The aurora borealis, also known as the Northern Lights, is a natural display of light in the nighttime sky in the far regions of the northern hemisphere. The phenomenon appears primarily as green or red arcs, clouds, and streaks of light that move, brighten, or flicker across the sky. The appearance of the northern auroral display depends on the position of the observer in relation to the magnetic field lines of the Earth. The aurora borealis may look like rays of light emanating from a central point in the sky, or it may look like bright bands flickering across the horizon. The observation that the Northern Lights follow the magnetism of the Earth provided astronomers with the first hint of what causes this spectacular phenomenon.
 2 The Northern Lights originate from the sun, which emits a continuous flow of electrically charged particles known as solar wind. These particles travel through space at speeds varying from 200 to 1000 kilometers per hour, and despite such high speeds, these solar gusts take days to travel to the Earth. Upon reaching the Earth, the magnetic field, or magnetosphere, captures the solar wind and guides it through the Earth’s atmosphere toward the northern and southern poles. The frequency of solar winds is inconsistent; auroras appear only at varied intervals throughout the year. Frequently, violent eruptions on the sun’s surface, known as solar flares, increase the number of solar particles interacting with the Earth’s atmosphere, often producing extremely bright auroras. Large solar flares can sometimes cause sharp variations in the Earth’s magnetic field, events called magnetic storms. During these storms, the aurora borealis potentially can be seen in regions much closer to the equator. 
3 As particles from solar winds travel toward the Earth’s magnetic poles, the Earth’s atmosphere stops the particles from penetrating its surface. When the particles reach the Earth’s atmosphere, they collide with the atmospheric gases present. In this way, the atmosphere acts as an effective shield against these deadly solar particles. When the particles strike atoms and molecules in the atmosphere, the impact releases energy. The energy produced from the collision of the solar particles and the gas molecules is emitted as photons, or light particles, many of which produce an aurora, or display of light. About 100 million photons are required for the aurora borealis to be seen with the naked eye. 
4 The sun radiates the entire visible spectrum of light, yet sunlight itself appears as white light---the combination of all colors of light. The auroral spectrum, however, is not continuous but composed rather of a series of colored lines and bands, most of which appear green and sometimes red or purple. The colors observed during an auroral display result from the interaction of solar particles with atmospheric molecules. When electrically charged incoming particles from the solar winds come in contact with the Earth’s atmosphere, they excite the gaseous atoms or molecules, causing the atoms’ or molecules’ electrons to circle the nuclei in higher orbits. This makes the excited particle unstable, and when the electron falls back to its normal orbit, the excess energy is released as a photon, or light. The color of light emitted depends on the type of atoms and molecules that make up atmospheric gases. 
5 Nitrogen and oxygen comprise the Earth’s atmosphere. These particular gases emit photons of a specific wavelength, and it is the magnitude of this light wave that corresponds to a specific value on the color spectrum. Blue light, for example, has a much longer wavelength than red light. When atmospheric gases are excited, they emit characteristic colors. Oxygen atoms, for example, give off green or red light while nitrogen atoms emit red or blue light. Whether the Northern Lights appear green, red, blue, or violet depends on the altitude at which the phenomenon occurs. The strong, green light of the aurora borealis originates at altitudes of 120 to 180 kilometers above the Earth’s surface. The Northern Lights appear red at even higher altitudes. At altitudes below 120 kilometers, the Lights are blue or violet. During solar storms, red auroras often appear at very low altitudes. Such entirely red Northern Lights are sometimes mistaken for a fire on the horizon.
Unit 3 The Eye
1 The exceptional human eye enables people to see objects by absorbing and processing light reflected off or emitted from surfaces. Light rays enter the eye through transparent tissues. The eye converts these rays into electrical signals, which are then transmitted to the brain. The brain reads and interprets these signals to produce a visual image. This process provides two ways by which eyes allow individuals to perceive the world around them: focusing images and judging depth. 
2 To form a clear visual image, the light rays entering the eye must merge at a single point on the retina, the innermost layer of the eyeball’s wall. The light rays emanated or reflected do not converge naturally, but rather spread out or travel parallel to one another. The eye tackles this widening by bending the light rays toward one another. The cornea, the tough tissue that comprises the outer layer of the eyeball and gives it strength, and the lens, the delicate flexible tissue that lies directly behind the colored disc called the iris, take responsibility for focusing on images in the line of vision. The cornea provides most of the refracting or bending power and sends light rays toward the lens, which, in turn, further refines the angles of the rays entering the eye, so rays strike the retina at a single point. The position of objects in relation to the eye determines where the light rays will strike the retina. Light rays from objects at which the eye is aimed, for example, should meet at the retina’s center. 
3 The phenomenal refracting power of the lens constantly changes as the eye focuses between objects nearby and those far away. Because light rays from nearby objects spread out while those from distant objects run nearly parallel, the lens must provide more power to bend together light rays from objects that are closer to the eye. A process involving the ciliary body, a structure encircling the iris connected to the lens by strong fibers, provides additional power. A muscle contraction of the ciliary body relaxes the fibers between the ciliary body and the lens, which changes the shape of the eye to rounder and thicker and thus more powerful. When the eye focuses on more distant objects, the muscles of the ciliary body relax, causing the connecting fibers to tighten and the lens to flatten. Because of this shift, the eye is incapable of forming a sharp image of both an object close at hand and one that is far away simultaneously. 
4 The amazing eye also allows people to perceive the thickness and depth of objects and scenes in the line of vision. When processing visual images, the eye acts like a traditional camera. The lens system of the eye, similar to the lens of a camera, produces an image on the retina that is both upside down and reversed left to right, much like those produced on camera film. The brain, however, interprets the images as they are in reality: right side up, in order, and in proper depth. The brain perceives depth since it receives slightly different versions of the same image from both eyes. Because the eyes average about 2.5 inches apart from center to center, each eye sees objects from a slightly different angle. The brain, therefore, receives slightly different messages from each eye but combines both messages to form an image that has correct depth. 
5 To accurately create depth perception, both eyes must work together in an extraordinary process called binocular vision in which the eye muscles move so light rays from a single image come together at the same point on each retina. When focusing on objects extremely close to the face, the eyes turn slightly inward. To view objects much further away, the line of sight from both eyes is straighter and becomes almost parallel. If images strike non-corresponding points on each retina, they will blur or create doubles of the image. The brain may even try to compensate by ignoring one of the doubles brought about by double vision, sacrificing depth perception for a clear image.
Unit 4 Plastics

1 A plastic is a synthetic material comprised of polymers, which are complex organic compounds capable of being molded into various shapes and films or processed as textile fibers. Oil and natural gas are the major raw materials used in the production of plastics. Plastics are manufactured by first heating components of oil or natural gas in a process called cracking, which converts raw components into hydrocarbon monomers, small molecules which are chemically bonded by further processing into chains called polymers. Different combinations of monomers yield plastics with a wide range of properties and characteristics.
 2 There are two distinct groups of plastics: thermoplastics and thermosets. Most plastics are thermoplastics, which means they can be melted and reformed indefinitely. This property allows certain plastics to be easily processed and recycled. Thermosets, once they are formed, decompose rather than melt when reheated. Plastics may also be categorized as durable and non-durable. This classification is used by the plastic industry to refer to a product’s expected life. Products which last for three or more years are considered durables. Included in this category are appliances, furniture, electronics, automobiles, and building and construction materials. Non-durables have a useful life of less than three years and include such plastic products as packaging, trash bags, cups, disposable utensils, sports equipment, toys, and diapers. 
3 Most plastics exhibit certain common characteristics. They are generally resistant to chemicals, which is why many hazardous household products are packaged in plastics. Plastics also act as both thermal and electrical insulators. Walking through any modern home, you will notice that most electrical appliances, cords, outlets, and wiring are covered with plastics. In the kitchen, pots, pans, and coffee makers have plastic handles, and the refrigerator has plastic foam insulators. The thermal underwear worn by skiers and mountaineers is made of polypropylene, a plastic-based fiber. In addition, plastics are very lightweight yet are still incredibly durable. Kevlar, for example, is a type of plastic used in bulletproof vests. 
4 The inherent properties of plastics are enhanced by a wide range of additives that broaden their uses and marketability. Additives are incorporated in plastics to alter or improve their basic chemical, physical, and mechanical properties. They are used to prevent plastics from being damaged by light, heat, liquids, and bacteria, to provide color, to alter surface texture or appearance, and to improve durability. Plasticizers are additives that allow for flexibility in plastics such as food wrapping and bendable tubing. Although plastics are basically composed of carbon and hydrogen, many plastics contain additional elements. Nylon, for example, which is used in fabrics to allow them to stretch, contains nitrogen. Many cooking pans are coated with a non-stick plastic called Teflon, which contains fluoride. 
5 Plastics can be processed in various ways to accommodate a wide range of applications. They can be molded into hard containers, toys, covers for appliances, or components of machines, such as car dashboards and fenders. Plastics can also be made to bend, flex, and stretch, like bags, bungee cords, balloons, and pantyhose. Other plastics, such as polystyrene polyurethane, can be formed for packaging and varnishing. 
6 Because making plastics for diverse applications requires several different methods of production, the preferred process used in manufacturing specific plastic products depends on the type of plastic being formed. Plastic films and bags are made by a process called extrusion, in which plastic pellets or granules are pressed through a continuously revolving chamber, the extruder. The molten plastic is forced out the end of the extruder through a small opening which shapes the finished product. Plastic food containers are processed by injection molding, in which plastic is melted and forced into cooled, closed molds. The mold opens and ejects the finished product once the plastic has returned to a solid state. Plastic bottles, such as milk jugs, are made using a third process called blow molding. Blow molding uses a molten tube of thermoplastic material that is blown by compressed air to conform to the interior of a chilled mold clamped around the tube. The final type of plastic processing is rotational molding, in which hollow plastics, such as large toys and kayaks, are manufactured by placing plastic granules in a heated mold mounted on a machine that rotates on two axes simultaneously. This dual rotation distributes the molten plastic evenly throughout the inside of the mold.
Unit 5 Flight: Conquering the Air
1 The history of aviation began long before the famous Wright brothers successfully flew the first engine-driven flying machine. People had dreamed of flying for thousands of years before. Stories of godlike individuals who could fly were common in many cultures. As early as 400 BCE, ancient civilizations experimented with flying apparatuses. A Greek scholar named Archytas, for example, built a wooden pigeon that flew through the air. Around the same time, the Chinese discovered how to fly kites, the precursors of eighteenth-century gliders. 
2 The first manned flights were made in large linen balloons attached to baskets. The first of these was built in 1783 by two French papermakers---brothers Jacques and Joseph Mongolfier. Early balloons were filled with hot air, produced from burning wool and straw, to make them rise. They were free-floating, however, which made them difficult to control. The turn of the nineteenth century also saw the invention of gliders, which were heavier than air. Between 1891 and 1896, Otto Lilienthal of Germany made the first successful manned glider flight. Gliders, however, were not designed to carry passengers or cargo, making them an impractical means of transportation. 
3 The Wright brothers built their first airplane in 1903. The Flyer was a two-winged wooden-framed plane covered with cotton cloth and propelled by a gasoline engine. Flights later in 1905 lasted as long as half an hour. During the early 1900s, other pioneer pilots designed, built, and improved planes for personal pleasure flying. Pilots attempted national and international flights, successfully traveling across the United States and between European countries. Early fliers participated in many air races and circuses. These tests of flying skill not only improved airplane design and flying techniques, but also made flying more popular. Meanwhile, the United States Army contracted the Wright brothers to build the world’s first military plane. 
4 World War I greatly contributed to the development of modern airplanes. Warring countries recognized the value in using planes to locate enemy forces and army bases. Military engineers worked diligently to design better internal structures and more powerful engines. These were needed to support swifter fighter planes and heavier bombers. The decades following World War I marked the golden age of flying. During this period, the world’s first scheduled airline carried passengers and freight across Tampa Bay, between St. Petersburg and Tampa, Florida. The U.S. Postal Service began using modified military planes to fly mail between a few major cities. 
5 Engineers, meanwhile, continued to improve airplane design with the goal of creating safer and more powerful transport planes. German engineers developed the first all-metal, three-motor plane. The design was eventually bought by Henry Ford, a United States automobile maker, who manufactured tri-motor planes that could carry ten passengers and fly up to 160 kilometers per hour. Engineering improvements in the 1930s made it possible for planes to be bigger, fly faster and further, and carry heavier loads. In addition to technological devices that improved airplane safety and control, which enabled planes to fly more smoothly and pilots to navigate more accurately, engineers developed pressurized cabins, which made breathing easier when traveling thousands of meters above the Earth. 
6 Commercial and military airplane advancements continued throughout World War II, eventually making heavy-load, transnational flights possible. During the late 1940s, airlines worked to improve the crude jet engines introduced in World War II as a more powerful alternative to the traditional gasoline engines. In 1952, engineers in Great Britain built the world’s first commercial jet airliner, the de Havilland Comet. Six years later, the United States introduced the Boeing 707, a four-engine jetliner that was the predecessor for today’s most popular commercial airliner, the Boeing 747, which can carry more than 400 passengers. 
7 Today, supersonic airplanes are among the newest developments in air transportation. These planes can fly faster than sound, the speed of which declines with increased altitude. The first supersonic jets were military bombers. By the 1970s, however, England and France offered cargo and transport services using a supersonic transport jet plane called the Concorde, whose international flights were limited out of concern for passenger safety and environmental impact and are now no longer in service.
Unit 6 Gemstones
1 Gems are minerals or organic materials cut, polished, and faceted to be used in jewelry and other ornaments. Some gems, such as pearls, amber, and coral, originate from organic compounds. Pearls form inside the shells of living oysters, amber is a fossil resin collected from ancient pine trees, and coral is composed of the skeletons of tiny sea animals. Most gems, however, are categorized as mineral gems and include diamonds, emeralds, sapphires, and rubies. Such gems are highly sought after because they can be very beautiful, amazingly durable, extremely rare, and monetarily valuable. When identifying mineral gems, experts analyze six main properties: crystal shape, color, index of refraction, cleavage, hardness, and specific gravity. 
2 Each type of mineral gem possesses a unique crystal shape, meaning that all the crystals of any one kind of gem share the same symmetry, or balanced arrangement of faces. Diamonds crystallize into octahedrons, a symmetrical eight-sided figure. 
3 The color of a gem aids in determining its beauty, splendor, and value. Factors such as the behavior of light passing through the mineral, defects in the arrangement of atoms in the crystal, and chemical impurities inevitably alter gem color. Color, however, is not always the most accurate indicator for gem identification purposes because different types of gems often have strikingly similar colors. The blues of aquamarine and topaz, for example, appear almost identical. A single kind of gem may also display a wide range of colors, as is the case of the mineral beryl; it is found in many varieties, including colorless goshenite, pink morganite, and green emerald.   
4 A gem’s index of refraction, determined by exactly how much light bends upon entering the mineral, affects the beauty. When light passes from the air into a denser substance, such as a transparent gem, it decelerates. This phenomenon forces the light rays to refract at the point at which they enter the gem providing that the angle of entry is not ninety degrees. Thus, the gem’s index of refraction is defined as the ratio of the speed of light traveling through air to the speed of light traveling through the mineral. The more light rays are retarded inside a gem, the higher the gem’s index of refraction and the more light rays will bend upon entry, hence adding brilliance to the mineral. Dispersion is another property of some gems that involves the behavior of light as it enters a mineral. Dispersion occurs when a ray of light passes through a mineral and separates into rays of different colors. The type of gem determines the degree to which light disperses upon entering. Light passing through a properly cut diamond, for example, clearly disperses as bright flashes of all colors of the visible spectrum. 
5 Cleavage is a property of some mineral gems allowing them to split along definite planes, leaving level, smooth surfaces. In contrast, fracture creates jagged, uneven breaks. Minerals may have one or many cleavage directions; hence, they have a tendency to break on lines parallel to one or more geometric planes upon impact. Topaz, for example, has one prominent cleavage direction, while a diamond has four, giving it the characteristic shape for which it was named. 
6 Hardness is another intensely important quality of gem minerals. Since soft minerals will chip, scratch, or simply erode over time, a gem must possess a certain hardness to be of any practical use in jewelry or decorative ornaments. Mineralogists measure the relative hardness of minerals by the Mohs scale, which rates degrees of hardness from 1 to 10. Diamond is the hardest natural substance known to man and is rated 10 and considered highly endurable. Generally, wearable gems should not be any softer than a 7 on the Mohs scale. Should they fall below 7, the chance of scratches by even commonly used materials, such as steel and glass, increases several times over.  
7 Mineralogists define specific gravity as the ratio of the weight of a given volume of a substance to the weight of an equal volume of water. Gem types all possess a unique specific gravity. Amber’s specific gravity totals 1.08, which makes it just slightly heavier than water. In contrast, a diamond’s specific gravity tops out at 3.52, about three and a half times the weight of water per volume.
Unit 7 The Microscope
1 Since its discovery in the sixteenth century, the microscope has allowed scientists to study life forms and material structures too small for the human eye to see. Medical technicians, for example, use microscopes to examine the cells in body tissues. The microscope has opened up a whole world of microscopic life for biologists to observe, including single-celled bacteria, algae, and protozoa. Some scientists use microscopes to study the crystal structures within metals and metal alloys. Engineers use them to examine computer chips and handle other tiny electrical devices. 
2 Two types of microscopes commonly used today are the traditional optical microscope and the electron microscope. An optical microscope works by refracting, or bending, light rays reflected off or emitting from the observed specimen. This process makes the object appear much larger than it actually is. The refracting device inside a microscope is called a lens. There may be one or several lenses depending on the desired magnifying power of the microscope. A magnifying glass, which has only one lens, is the simplest optical microscope. A good magnifying glass can magnify an object up to ten times (10X) its actual size. Most scientists use compound microscopes, which use two or more sets of lenses, called lens systems, to achieve higher magnifications. A compound microscope has two types of lens systems: an eye piece, or ocular lens system, referred to simply as the ocular, and one or more objective lens systems, commonly called objectives. 
3 In compound microscopes with only one objective, the ocular and the objective are mounted at opposite ends of a tube. Scientists place the specimen over a small hole located underneath the objective. A light at the base of the microscope passes through the opening to illuminate the specimen. By refracting light rays, the objective provides a magnified image of the specimen being observed. The ocular again magnifies this larger image for the viewer. In microscopes with two or more objectives, the objectives are mounted on a rotating nosepiece. The nosepiece connects to the end of the tube opposite the ocular. The observer rotates the nosepiece to focus one of the objectives on the specimen. This objective, now aligned with the ocular at the other end of the tube, provides the desired magnification. Many compound microscopes, for instance, have three objectives with differing powers of magnification, commonly 4X, 10X, and 40X. A typical ocular has a magnification power of 10X, providing total image magnification options of 40X, 100X, and 400X. 
4 Many advanced optical microscopes used in research have extra-powerful lens systems which can enlarge an image up to 2,000 times its original size. Other microscopes have additional features which allow researchers to better view microscopic details. A microscope with a binocular tube, for example, splits light passing through the objective into two beams. A separate ocular is provided for each beam, enabling the observer to use both eyes when observing a specimen. A stereoscope microscope has an objective and an ocular for each eye. This produces a three-dimensional image of the viewed object. A phase contrast microscope is another special type of optical microscope that allows scientists to study details not normally visible under a traditional compound microscope. By changing the phase relationship between light waves passing through the specimen and those not passing through it to make parts of the specimen appear brighter or darker than normal, this type of microscope makes visible variations in thickness that would otherwise remain unseen in a transparent object. 
5 An electron microscope differs from an optical microscope in that it uses a beam of electrons, rather than a beam of light, to magnify the image of an object. Electron microscopes have tremendous magnification power. They provide much higher resolution than optical microscopes, meaning they can produce a clear picture of features much smaller than those visible under an optical lens. One kind of electron microscope is the transmission electron microscope. This microscope works by shooting a beam of electrons through a specimen that absorbs or scatters some of the electrons. A magnetic lens focuses electrons passing through the specimen onto a photographic plate. The other kind of electron microscope is the scanning electron microscope. It creates a magnified image by scanning an electron beam across a specimen in a regular pattern.
Unit 8 Penicillin and other Antibiotics
1 An antibiotic is a drug used by physicians to fight bacteria, fungi, and other microbes that cause disease. They are ineffective against viruses, however, and cannot be used to cure such diseases as chicken pox, measles, AIDS, and other viral diseases. Antibiotics are selectively toxic. Thus, they attack disease-causing microbes but do not typically damage human cells. They are used to treat a variety of diseases, including tuberculosis, scarlet fever, and strep throat. Because of their ability to cure such diseases that were once considered fatal, they have acquired the nickname “wonder drugs.” Antibiotics are also used to prevent bacterial and fungal infections in animals and to keep certain bacteria and fungi from damaging plants. 
2 Penicillin was the first antibiotic used successfully to treat serious human diseases. British scientist Sir Alexander Fleming discovered the drug in 1928. He observed that mold growing in a laboratory dish containing bacteria had killed the bacteria surrounding the mold. He then experimented with the mold. He grew it in a liquid broth to determine if bacteria would grow in test tubes containing the broth. They did not. Fleming, however, failed to find a way of extracting the bacteria-killing substance from the broth. It was not until the late 1930s that a group of British researchers led by Howard Florey and Ernst Chain developed a method for purifying small amounts of antibacterial drug from Fleming’s mold, which came from the genus Penicillium. The first human patient treated with penicillin was a British policeman suffering from blood poisoning. The dosage of penicillin, however, was inadequate for killing the infectious bacteria, and the man died. Eventually, researchers found ways of producing large quantities of penicillin. 
3 The forms of penicillin extracted from mold-infested broth, however, were sometimes problematic. Doctors found that the blood did not effectively absorb the drug when taken orally. Also, natural penicillin did not kill certain kinds of bacteria. Other bacteria, such as Staphylococcus, which causes blood poisoning and pneumonia, became resistant to penicillin after only a few years. Chemists in the 1950s solved this problem with penicillin by making synthetic forms of the drug and extracting antibiotics from other species of fungi and bacteria. Today, there are over 60 kinds of antibiotics used for clinical purposes. 
4 Antibiotics kill pathogenic microbes in the human body by interfering with their cell processes. This interference occurs in one of three ways: by preventing cell wall formation, by disturbing the cell membrane, or by disrupting chemical processes inside the cell. The cellular substances of bacteria are encased within a cell membrane. The cell membrane, in turn, is surrounded by a cell wall. The cell wall is rigid and prevents bacterial cells from splitting open. Some antibiotics, including penicillin, attack invasive microbes by hindering the formation of these cell walls. Fortunately, these antibiotics do not affect cells in the human body since animal cells do not have cell walls. 
5 Other antibiotics disturb the cell membrane of various microbes. The membrane of a bacterial cell controls the flow of nutrients in and out of the cell. By disturbing the membrane, these antibiotics allow necessary nutrients to leave the cell or poisonous substances to enter and kill the cell. These antibiotics attack only membranes containing elements unique to microbial cells. Consequently, the membranes of human cells remain undisturbed. 
6 A third type of antibiotic kills infectious bacteria and other microbes by disrupting the chemical processes that produce proteins and nucleic acids inside cells. These substances are vital for survival. Although human cells manufacture proteins and nucleic acids in similar ways to microbial cells, these processes vary just enough so that antibiotics will prevent or interfere with chemical activities in the cells of bacteria without harming the cells of the body. 
7 Antibiotics are considered some of the safest drugs if they are taken properly. Unpleasant and dangerous side effects, however, are not uncommon. Patients may suffer from allergic reactions or damage to organs and tissues in the body. In addition, antibiotics will often kill off helpful bacteria living in humans. These harmless bacteria aid in bodily functions such as digestion. They also work to control the growth of pathogenic organisms inside the body. Secondary infections or other complications may result from the destruction of these bacteria.
Unit 9 Breakthroughs in Medical Science
1 Prehistoric peoples believed that angry gods or evil spirits caused sickness and illness. The medicine men of these early civilizations attempted to pacify their gods and drive out evil spirits from the body through rituals. Years later, the Greek physician, Hippocrates, showed that disease has only natural causes. His medical practices of 400 BCE started many ideological and technological contributions to the development of modern medicine.
 2 In 100 CE, a Greek physician named Galen made the most important contribution to medicine in Roman times. Because Galen conducted scientific experiments on animals and developed medical theories and ideas based on his experimental research, he is considered the founder of experimental medicine. His ideas were accepted by doctors for hundreds of years. Many of his theories, however, were wrong. Galen rarely performed experiments on humans and this resulted in many false conclusions about how the human body works. 
3 Before the Renaissance, which happened in Europe from about 1300 to the 1600s, most people did not believe in the dissection of human corpses. When these restrictions ended, the first scientific studies of the human body started. Physicians, such as Andreas Vesalius of Italy, and artists, such as painter Leonardo da Vinci, recorded detailed descriptions and drawings of the body. Doctors began to learn more about the human body. With a better understanding of human anatomy, doctors greatly improved surgical techniques. The sixteenth century French army doctor Ambroise Paré, for example, is considered the father of modern surgery for his new surgical practices. 
4 In the mid-1600s, a Dutch amateur scientist named Anton van Leeuwenhoek first used a microscope to study tiny particles that were so small the eye could not see them. His research eventually led to the discovery that certain kinds of organisms, later named bacteria, cause disease. About one hundred years after Leeuwenhoek’s discoveries, smallpox broke out in the western world in large epidemics. Smallpox was the most feared disease of the eighteenth century. It killed thousands and left thousands more disabled. Then, in 1796, an English physician named Edward Jenner discovered a way to produce immunity to the disease. He found that infecting people with cowpox, a relatively mild relation of smallpox, prevented them from contracting smallpox. Jenner’s dosage of cowpox was the world’s first vaccine and the beginning of the science of immunology. 
5 By the early nineteenth century, anesthetics had been discovered. Now that patients could be put to sleep during surgery, doctors could perform operations never before possible. By the end of the century, researchers had discovered specific bacteria and other kinds of germs that caused many infectious diseases. These included plague, cholera, malaria, pneumonia, and tuberculosis. Doctors in the 1800s also began using antiseptics in surgical hospitals. Techniques for disinfecting surgical wounds and instruments drastically reduced the risk of bacterial infections. People stayed healthy after surgery. 
6 Technological advances of the 1900s further developed the field of medicine. The discovery of X-rays by German physicist Wilhelm Roentgen, for example, allowed doctors to view an image of the inside of a human body. This allowed for more accurate diagnoses of injuries and illnesses and fewer mistakes. The discovery of radium by French physicists Pierre and Marie Curie led to modern treatments for cancer. Around 1910, the German physician and chemist Paul Ehrlich introduced a new way to fight disease. His method, called chemotherapy, used chemicals to destroy disease-causing microbes. His work became the start of modern drug research. 
7 The first antibiotic developed by scientists was penicillin. In 1928, the English scientist Sir Alexander Fleming observed the power of the mold Penicillium to kill bacteria. Nearly ten years after his discovery, a group of English scientists, led by Howard Florey, first isolated the drug penicillin from this mold. Since then, researchers have made many drugs to fight diseases and other disorders. These include, for instance, high blood pressure, arthritis, heart attacks, and cancer. Much of the recent progress in medical science was made possible by advances in the engineering field. Engineers have invented a variety of instruments and machines. Heart pacemakers and fine surgical tools help doctors to better diagnose, treat, and prevent human diseases and disorders. 
Unit 10 Imaging Technology
1 The medical industry has developed several types of technological devices used to create images of the inside of a human body. These medical imaging systems aid physicians and researchers in detecting, diagnosing, and studying biological conditions and work by applying energy to the body in order to display detailed pictures of internal structures on film or on a computer screen. The energy emitted by these systems defines the type of device being used. There are three types: imaging devices which use energy in the form of electromagnetic radiation, devices which use magnetic fields, and those which use sound waves. 
2 X-rays are the most common type of electromagnetic radiation. They are used to produce images of skeletal structure. X-rays penetrate the body and are absorbed by radiopaque tissues of the body. Bone is an example of a radiopaque tissue, meaning that it does not allow radiation to pass through. Thus, using X-ray sensitive film, doctors can create a two-dimensional image of shadows formed by radiopaque images within the body. Since bones absorb X-rays, they appear as white objects against a darker background, in much the same way that light-opaque objects produce white forms on the negative film inside a camera. Because X-rays display a detailed image of bones inside the body, they are particularly useful for examining fractures, breaks, and dislocations. They are also used to spot cancerous tumors, respiratory diseases such as tuberculosis or black lung, and other abnormalities in bodily tissues. Because X-rays create a two-dimensional image, however, they capture only a slice of the body’s three-dimensional structure. As a result, tissues of similar densities are sometimes indistinguishable on an X-ray image. X-rays are also potentially harmful to patients. High doses of radiation can damage human tissues and cause reproductive defects. 
3 Computerized tomography, or CT, was later developed to solve the X-ray machine’s lack of three-dimensional capabilities. CT takes a series of X-ray pictures from several different angles. Then using a computer, CT combines these two-dimensional images to build a three-dimensional image of any part of the body. CT scans provide more accurate diagnoses of medical conditions. Using CT images, for example, doctors can view the shape and extent of cancerous tumors. Unlike simple X-rays, CT scans will also reveal the organization of the brain’s structure inside the skull. 
4 CT is still widely used today. It is gradually being replaced, however, by magnetic resonance imaging, or MRI. MRI uses a strong magnetic field and radio signal instead of dangerous X-rays to produce images of body parts. When placed in a magnetic field, atoms in the body respond to radio signals by emitting electromagnetic signals of their own. These signals are then collected through sensors and analyzed on a computer to create a three-dimensional image of internal structures of the body. MRI differs from CT in that it distinguishes tissues based on the type of atoms they contain rather than their relative densities. 
5 While CT and MRI are extremely valuable in detecting structural conditions and abnormalities, they are poor indicators of chemical and electrical processes in the brain and body. Positron emission tomography, or PET, offers this capability. In PET, patients ingest or are injected with a mildly radioactive substance that can be monitored as it moves through the body. Functional magnetic resonance imaging, or fMRI, uses a magnetic field like that used in an MRI to create similar images of metabolic processes. 
6 Another imaging technique is ultrasound, which produces an image by bouncing sound waves off an object inside the body. A picture is then made using the reflected sound waves. The frequency of sound waves used in ultrasound imaging ranges above human hearing. The choice of frequency depends on how deep into the body the sound waves are needed to penetrate. Lower frequencies allow doctors to see structures deeper inside the body. The lower the frequency, however, the less clear the image will appear. Doctors use ultrasound to visualize the size and structure of internal organs, such as muscles and tendons. An ultrasonic image will also reveal unwanted lesions or internal growths. In addition, ultrasound is often used to view the development of a fetus inside a mother’s womb.
Unit 11 Herbal Medicine
1 Herbal medicine is sometimes called herbalism or botanical medicine. It is the practice of using plants or parts of plants to treat illnesses, relieve ailments, and maintain overall good health. Leaves, flowers, stems, berries, and roots of plants are all used in herbal remedies. Their medicinal power results from the presence of secondary metabolites in plants. Primary metabolites are responsible for a plant’s growth, development, and reproduction. Secondary metabolites, on the other hand, defend the plant against harmful bacteria and predators. Interestingly, these substances, when ingested into the body, will often fight human diseases and ailments. Although doctors of western medicine often consider herbalism to be a largely experimental practice, herbs remain the oldest and most widely valued source of human healing. 
2 Societies living before the beginning of written history used plants as medicine. The Lascaux cave paintings discovered in France depict plants as healing agents. These paintings date back to 15000 BCE. Within the bones of Stone Age skeletons, archaeologists have found traces of marshmallow root, hyacinth, and yarrow. Herbalists today use marshmallow root to sooth sore throats, hyacinth to encourage weight loss, and yarrow to reduce symptoms of fever. The ancient civilizations of China and Babylon instructed their citizens on the use of such herbal remedies as mint for digestive disorders and ephedra for respiratory distress. Early societies of the Middle East also believed in the healing powers of herbs. Texts written by the ancient peoples of Mesopotamia and India describe the use of several medicinal products derived from plants. These products include castor oil, linseed oil, and white poppies. Egyptian hieroglyphs depict physicians using senna pods, caraway, and peppermint to treat patients suffering from constipation and other digestion-related problems. 
3 During the Middle Ages, most families grew medicinal herbs at home. Families orally passed down remedies and practices from generation to generation. By the seventeenth century, herbalism had spread throughout much of western Europe. In 1649, English physician Nicholas Culpeper wrote A Physical Directory . This manual was one of the first to offer medical advice for the common man. The first directory of herbal medicine available in the United States was Pharmacopeia , published in 1820. The book included a long list of herbal drugs and their properties, uses, and dosages. But with the evolution of western medicine in the nineteenth century, its popularity subsided. Western medical philosophy viewed medicine as a science. Medical researchers developed scientific methods for carefully removing the active ingredients in herbal plants. Drugs containing concentrated amounts of these ingredients replaced raw herbal drugs. Herbalism, once in common practice, thus became an alternative form of medicine. It is often thought of as unconventional and unscientific. 
4 The popularity of herbal medicine has declined in western societies. But the use of herbs remains a key part of traditional medical practices around the world. The World Health Organization or WHO estimates that roughly eighty percent of the world’s population use herbal remedies as a source of treatment. Ayurvedic, homeopathic, naturopathic, Asian, and Native American medicines all include herbalism in their practices. Even western pharmaceuticals made from herbs are often given as cures for the same illnesses for which these plants were traditionally used. Morphine and codeine, for example, are strong pain relieving drugs derived from the opium poppy, which was commonly used as a tranquilizer in Victorian times. 
5 Herbs today are available in many forms. They are taken fresh or dried and packaged as tablets. Depending on the type of herb and the intended use, they can also be used in capsules, teas, tinctures, compresses, lozenges, ointments, and oils. Herbalists recommend these formulas over many plant-based pharmaceutical drugs for their holistic properties. They believe that the healing power of herbs results from the interaction of all its ingredients. Because western drugs contain only isolated components of whole herbs, they lack minerals, vitamins, oils, and other ingredients that not only enhance the medicinal effects of the herb, but also mask its potential toxicity. Alone, active herbal compounds can easily become toxic, even in small amounts. When taken in their natural form, however, these compounds become harmful only at very high dosages.
Unit 12 Polio
1 Polio epidemics swept across western Europe and North America from the late 1800s to the mid-1900s. The disease killed thousands, primarily children, and left thousands more severely disabled or paralyzed. Doctors of the nineteenth and twentieth centuries could not explain why the disease had suddenly struck in such magnified proportions. Until researchers in the late twentieth century discovered the cause of polio and developed a cure, no one could stop the debilitating and deadly disease. 
2 We now know polio is caused by a virus. A virus is a submicroscopic parasite that reproduces inside human cells. The polio virus enters the body orally, through the mouth, and leaves the body excrementally, through fecal matter. It first attacks cells in the throat and intestines. Early symptoms are similar to those caused by a common cold or stomach virus. Paralysis occurs if the virus moves into the central nervous system and destroys motor neurons. Neurons receive and transmit messages from the brain to the body’s muscles telling them when and how to move. In rare cases, victims paralyzed by polio also suffer paralysis of the muscles that control breathing. Without the aid of a machine to induce breathing artificially, these victims die. 
3 People usually contract polio by drinking water contaminated with the virus. When the Industrial Revolution of the early 1800s encouraged mass migration into cities offering work in factories, diseases such as tuberculosis, typhoid, smallpox, and cholera raged throughout filthy, overcrowded slums. Ironically, however, polio became a major threat to public health only after sewer systems were updated, water supplies were cleaned, and general sanitation was improved. Before public sanitization efforts, when exposure to polluted water was unavoidable, most people caught polio as infants. Polio contracted at a very young age causes only mild symptoms and produces a lifelong immunity to the disease. With clean water supplies, however, fewer people were exposed to polio as infants. Most were eventually exposed through contact with an infected person. In theses cases, symptoms were catastrophic. 
4 For several decades, polio epidemics struck cities across the industrialized world. While a handful of researchers searched for causes and cures for the disease, most doctors simply treated the effects of polio and found ways to help patients cope with an “incurable” illness. Early treatments consisted of splinting and casting paralyzed or disabled limbs to offer support and protection against further injury. This treatment, however, immobilized and weakened healthy muscles bound alongside those disabled from polio. Sister Elizabeth Kenny, a retired nurse for the Australian army, recognized the debilitating nature of these treatments. She developed alternative treatments that included exercising, stretching, and massaging the affected muscles. Although her practices were scoffed at and condemned by early twentieth-century doctors, they nonetheless helped countless polio victims regain full range of motion in their arms and legs. By the late 1940s, doctors had determined the cause of polio and learned the best methods of rehabilitating patients. Infection, however, remained unstoppable. 
5 Beginning in the 1930s, physicians developed and tested numerous vaccines that would immunize children. Early results were disastrous. Children administered with the first experimental vaccines fell ill and many died. These vaccines failed for two reasons. Researchers were unaware that there were three types of polio. In order to be effective, a vaccine had to include all three types. In addition, procedures used to kill or weaken the polio virus were inexact. Consequently, the vaccines may have been too strong for the human body to combat or too weak to have any effect. Finally, in 1952, Dr. Jonas Salk tested an injected vaccine he had created using deactivated polio viruses on human subjects. His vaccine was a success even though production of the vaccine was not entirely foolproof. Since it was difficult to determine whether all the viruses in a batch of Salk vaccine had been killed, rare but devastating incidences occurred in which accidental live viruses in the vaccine caused mass breakouts of polio. 
6 The search for a more reliable vaccine continued until Dr. Albert Sabin created an oral vaccine which used live, weakened polio viruses. Both the Salk and Sabin vaccines contributed to the dramatic decrease of polio infections worldwide. They helped eradicate the disease in the United States and most of western Europe.
Unit 13 Eradicating Smallpox
1 On May 8, 1980, the World Health Organization (WHO) announced the eradication of a disease that for centuries had killed millions worldwide. “Smallpox is dead!” the headlines of WHO’s magazine read, freeing every person from Canada to Ethiopia from the threat of this deadly and disfiguring disease. WHO began its campaign to eradicate smallpox in 1967. The campaign consisted of two methods by which the disease would be eliminated worldwide. The first was mass vaccination, and the second was surveillance-containment. 
2 Long before WHO initiated its official campaign to eradicate smallpox, doctors researched methods that would prevent the virus from spreading within populations. For example, early in the eighteenth century, the smallpox virus was attacked by inoculation, the practice of infecting a person with a mild form of the disease to create immunity. The outcome was only sometimes positive. Of those inoculated, many fell ill from the disease and a few died. In 1796, an Englishman named Edward Jenner discovered a way to immunize without actually giving people smallpox. He had heard rumors that milkmaids who had contracted cowpox could not get smallpox and decided to put this theory to the test. He extracted pus from the cowpox blisters on the hands of a milkmaid and rubbed it into a small cut he had made in a boy’s arm. Predictably, the boy fell ill with cowpox. Several years later, Jenner inoculated the boy with smallpox, and miraculously, the boy never contracted the disease. Jenner’s procedure is called vaccination since it comes from the Latin word vaccine, meaning “from a cow.” 
3 In 1800, Dr. Benjamin Waterhouse brought Jenner’s vaccination to the United States. With the introduction of the smallpox vaccine, the practice of vaccination spread quickly throughout New England. By the late nineteenth century, doctors from countries all over the world accessing a regular supply of the smallpox vaccine resulted in a drastic decrease in the number of people infected with the virus. Vaccination was the beginning of the end of smallpox outbreaks. 
4 Vaccines, however, were not accessible to everyone. Epidemics of smallpox continued to strike remote areas too isolated to receive adequate supplies of vaccines. Moreover, many people were too poor to afford the costly injections. Native Americans living in rural areas of the United States were particularly susceptible to the virus. It was not uncommon for an entire tribe to be annihilated by a single outbreak of smallpox. Despite government campaigns of the early nineteenth century which invested considerable sums of money to provide Native American tribes with vaccines and knowledge of the vaccination process, the disease spread rampantly across the nation. In 1837 alone, an estimated 25,000 Native Americans died from smallpox in the first half of the year. 
5 As the nineteenth century continued, more and more countries invested in campaigns to eradicate smallpox. Within the first few decades of the twentieth century, Sweden, the Philippines, the Soviet Union, Great Britain, and the United States all declared themselves free of the disease. Smallpox, however, still threatened much of the global population. Doctors discovered that vaccinations lasted only ten years at most, meaning that if people were not revaccinated, they were again at risk. When a single case of smallpox occurred in New York City in 1947, ten years after the disease was thought to have been eradicated in the United States, panic erupted. This scare prompted WHO to instigate its worldwide campaign against smallpox. 
6 Funded primarily by the United Nations, WHO set out to inject eighty percent of the world’s population with the smallpox vaccine. The smallpox virus could not survive or reproduce within vaccinated communities. An increase in vaccinated communities meant a decrease in the spread of the disease. To further control the spread of smallpox, WHO kept careful surveillance over at-risk communities. Such surveillance helped detect an outbreak of smallpox early on so that the disease could be contained. Anyone infected with the disease was kept isolated and anyone who had come in contact with an infected person was vaccinated. Containment kept the disease from spreading further. Today, the only live samples of the smallpox virus are stored securely in laboratories in Atlanta, Georgia and in Moscow, Russia. 

Unit 14 Vaccination
1 Vaccination is the process of giving weakened or dead bacteria or viruses to a healthy person to create immunity to a disease. The substance administered is called a vaccine. The term was coined by Englishman Edward Jenner in the late eighteenth century. Jenner derived the first vaccine from a virus affecting cows called the cowpox virus. This disease caused mild reactions in humans and provided them with immunity to smallpox, a contagious and deadly disease throughout the world in the early twentieth century. A vaccine contains parts that stimulate the body’s immune system to make antibodies. Antibodies are disease-fighting agents in the blood that protect people from a particular infectious disease after exposure to the actual disease. Most vaccines are injected into the body. A few, such as the Sabin polio vaccine, are taken orally. 
2 The viruses or bacteria that vaccines are made of have been treated so that they do not cause disease. They are still powerful enough, however, to start the production of antibodies. Many vaccines have disease-causing strands of certain bacteria or viruses that have been deactivated or killed. Some use live organisms that resemble strands that do cause a sickness. Others use only parts of germs. Still others are made up of live pathogens that are weakened so they will not cause illnesses. Toxoids are another type of vaccine composed of poisons released by disease-causing organisms. These poisons are chemically treated for use in vaccines, and they provide immunity without causing the disease. 
3 Vaccines have proven highly effective in eradicating or controlling disease epidemics, and they are less expensive than treating the disease. In an attempt to avoid disease outbreaks, several governments have consequentially adopted policies requiring certain vaccinations for all citizens. For example, the government of Great Britain instituted a law in 1853 that required nationwide vaccination. Those who did not comply were fined. In the United States, the Supreme Court ruled that state governments could require individuals to be vaccinated for the common good. Today, common policies require that children get certain vaccinations, such as MMR (measles, mumps, and rubella) and DPT (diphtheria, pertussis, and tetanus), before entering school. 
4 Most medical doctors and public health groups agree that required vaccines have greatly reduced disease infection rates. There are some people, however, who are anti-vaccinationists. These anti-vaccinationists question the ethics and safety of administering vaccinations to large groups. Those who support vaccination programs say that vaccines have stopped more deaths and disfigurements than any other medical initiative. Vaccines, for example, were an essential part of the eradication of smallpox worldwide and the near destruction of the polio virus. Not only have vaccinations prevented disease in individuals, but the administration of vaccines worldwide has reduced disease epidemics in vulnerable areas where vaccines are inaccessible. A recent outbreak of measles in India, for example, was attributed to the lack of vaccination. Indian parents had not previously allowed their children to receive vaccines. 
5 The anti-vaccinationists argue that doctors and historians have exaggerated the benefits of vaccinating against illnesses. They claim that the mortality rates of some diseases had already fallen dramatically before vaccines were introduced to the world. Anti-vaccinationists are also very concerned that vaccines harm the body instead of helping it. Some people believe that secondary and long-term effects on the immune system are caused by vaccines. Moreover, some vaccinations are not entirely safe. Up to ten percent of all people who get a vaccine may not develop an immunity. In addition, some of those people will occasionally experience bad reactions to vaccines. The Sabin polio vaccine, for example, has caused paralysis in rare cases. The anti-vaccinationists also argue that vaccinating children against certain common illnesses can subject their immune systems to other viruses and bacteria that do not have vaccines. 
6 Arguments against using vaccines have greatly increased in recent years and strongly affected medical programs around the world. For example, many vaccination programs have been slowed or stopped completely. Serious concerns about medical safety and adverse reactions to vaccinations have, however, started more detailed and careful research into the parts and side-effects of vaccines. Even so, vaccines remain the leading way to combat the spread of terrible diseases worldwide.
Unit 15 Surgery
1 Surgery is a branch of medicine that treats many illnesses, injuries, organ malfunctions, or deformities by operating on the body. Traditionally, a surgeon cuts into the patient’s body to remove or repair damaged or unwanted tissues, organs, or bones. Although modern medical instruments and technologies now allow for less invasive procedures, most surgeries require many people and techniques, and a lot of medicine and equipment. 
2 During surgery, a surgeon is often assisted by another doctor, one or more nurses, and an anesthesiologist. Before surgery, the anesthesiologist administers a drug that reduces or eliminates pain for the patient. Historically, surgeons first tried to reduce surgical pain by having their patients drink alcohol or inhale opium. Then doctors used ether and chloroform in the nineteenth century to numb pain. Patients under these drugs, however, risked death by overdose. Today’s anesthetics are much safer. There are two types: general anesthetics and local anesthetics. General anesthetics are used to put a patient to sleep. They are inhaled as gases, or they are injected through needles. Local anesthetics, on the other hand, numb only the area near the place of application or injection. These drugs block nerve impulses to the surgical area. Patients, although awake, will not feel any pain. 
3 Antiseptics are also required during surgery. Before doctors introduced methods to prevent the spread of germs, patients undergoing surgery were at high risk of infection. Many patients died from infections after otherwise successful surgeries. Joseph Lister of Britain first used antiseptics to kill bacteria in 1835. He would spray carbolic acid around the operating room during surgery to prevent infection. Today, surgeons use a complete sterile surgery method. All equipment and linens used in the operating room are cleaned and sterilized before surgery. Doing this prevents bacteria from entering the operating room. 
4 Many instruments aid the surgeon in making an accurate diagnosis. Doctors use an X-ray machine, for example, to see bones and internal organs without physically entering the patient’s body. Other instruments are used to examine body cavities. The bronchoscope, for example, lets doctors look into a patient’s lungs and extract tissue samples. Surgeons use many instruments during an operation. These instruments include clamps to close off blood vessels, retractors to hold back skin folds, sponges to wipe excess blood, scissors and scalpels to make incisions, and needles to stitch incisions. Since the 1970s, surgeons have used lasers to make precise cuts. The high-energy light of a laser cuts tissues by burning fine lines in the skin or other organs. 
5 Such modern instruments have allowed surgeons to develop new surgical techniques. A popular modern alternative to traditional surgery is laparoscopic surgery, or keyhole surgery. It is used for operations in the abdomen. A surgeon performing keyhole surgery makes small incisions, usually 0.5 to 1.5 centimeters, rather than the large incisions used in traditional surgical procedures. Keyhole surgery requires the use of a laparoscope, a type of telescope connected to a video camera and a light source. The laparoscope is used to view the abdominal and pelvic cavities. Using a laparoscope, a surgeon can determine whether internal organs are diseased or damaged. During the surgery, the abdomen is inflated with carbon dioxide gas and this allows the surgeon to better view and work in cavities and with organs inside the body. The laparoscope acts as the surgeon’s eyes while he manually inserts thin cutting instruments through other small incisions. 
6 Keyhole surgery minimizes pain after surgery, speeds recovery times, and leaves minimal scarring. Despite its many benefits, not all doctors offer the procedure. Performing keyhole surgery requires highly advanced technical skills. Surgeons must have excellent hand-eye coordination and be able to work with restricted vision and fine instruments. Consequently, surgeons performing these operations are often specialists. Advances in technology have also allowed surgeons to help patients without being physically present. In remote surgery, a robot performs the operation while a surgeon oversees its movements from another office. Because remote surgery allows a single central hospital to operate machines at distant locations, further development of this type of surgery may help serve the medical needs of underdeveloped nations.
Unit 16 Disease and Epidemics
1 Health professionals today face a daunting array of diseases that continue to threaten people on a massive scale. Knowledge of the critical epidemics of the last century as well as the diseases that are ravaging the planet today is essential in understanding the future of these problems. Unchecked, they could develop into the types of massive epidemics that have killed or infected millions in the past. 
2 There were three major epidemics that preyed upon people in the twentieth century. In 1918, in the midst of World War I, much of the world found itself at the mercy of an extensive influenza epidemic. Influenza is a communicable disease, meaning that it is easily spread. The first outbreaks appeared in Spain and spread so rapidly that the virus killed between ten and twenty million people within one year. This flu, called the Spanish Flu, is estimated to have killed more people than all the wars of the twentieth century combined; yet the devastating strain mysteriously disappeared in April of 1919---vanishing as quickly as it appeared. 
3 Another of the major epidemics of the 1900s was malaria. Malaria is typically spread through contact with infected mosquitoes and is particularly prevalent in tropical and humid regions. Common symptoms include high fever, chills, cough, fatigue, and vomiting. Malaria is caused by four kinds of parasites that feed on the blood and has been a particularly dangerous disease throughout its existence. It is estimated that even in the late 1900s, it was still killing nearly two million people per year. 
4 Malaria’s deadliness is exceeded by Acquired Immune Deficiency Syndrome, more commonly known as AIDS. AIDS originally surfaced in the early 1970s, and by the end of the century, it was killing an estimated four million people worldwide per year. AIDS is a sexually transmitted disease. It is caused by the Human Immunodeficiency Virus (HIV), but the origin of HIV is still unknown. 
5 Aside from these epidemic illnesses, there are diseases that are certainly detrimental to public health but are not considered epidemics, in that they are not infectious. Cerebrovascular disease, also called a stroke, afflicts countless people each year, killing five million globally and disabling millions more. Strokes occur when the blood vessels in the brain are damaged or when a clot forms. Its primary risk factors are age and gender. Compounding its devastating effects, there is a high instance of reoccurrence. Nearly fifteen percent of those who have a stroke suffer a second one within a few years. 
6 Another common killer, cancer, is on the rise throughout the world, with the most significant increase appearing in developed countries. Responsible for around thirteen percent of all adult deaths by the end of the 1900s, cancer---the mutation, division, and growth of cells---results in the formation of malignant tumors that invade other types of tissues or organs. It can be treated with chemotherapy, radiation therapy, surgery, and medication. Sadly, the most common cause of cancer, smoking, is entirely preventable.  
7 Heart cardiovascular disease is considered to be the number one killer in developed countries, with a rough guess that it is responsible for around thirty percent of adult deaths. The most common kind of cardiovascular disease is coronary artery disease, which involves the blockage of the major arteries of the heart. Major risk factors for heart disease include high blood pressure, high cholesterol, diabetes, obesity, smoking, and genetics. 
8 Despite these continuing threats to public health, there were several important achievements in the fight against disease in the twentieth century. Polio, a childhood disease caused by a strong virus, was virtually eradicated by the end of the 1900s. Another triumph in the field of medicine was the creation of the smallpox vaccine, which has managed to make that disease extremely rare. Scientists also began researching genetics and have isolated many genes that may cause disease. Also, the treatments of diseases have become more widely available and are much more effective. Today, scientists have a more comprehensive understanding of a wide variety of diseases. Despite this progress, however, researchers still face a huge challenge in developing the cures, vaccines, and preventative measures that are needed to protect humans worldwide.   
Unit 17 The World Health Organization
1 The World Health Organization (WHO) was established in 1948 as a part of the United Nations(UN). It was founded to promote general health and well-being in the world by combating such widespread problems as poverty, poor sanitation, inequality, environmental damage, and a lack of health education. While this may seem like a difficult plan, WHO takes a gradual and realistic approach to achieve these goals. 
2 The UN chartered the World Health Organization because it believes health is one of the first steps toward peace. It is the largest group to promote health in history, with more than 193 nations in the supervising World Health Assembly. There are several basic ideas that WHO believes about public health. In its constitution, it outlines these ideas and includes those concepts that are most important in its mission statement. These include that health is a basic right of all people, the entire world benefits from a single nation’s good health, any new or widespread disease is a serious threat to the whole world, and governments have a responsibility to protect and promote the health of their people. 
3 In order to accomplish these objectives, the World Health Organization also does specific jobs itself. For example, it provides help to national governments in the form of funding, equipment, personnel, and conducts detailed research on major illnesses and diseases. It also provides food, vaccinations, and general medical services to particularly poor areas. In addition, it sponsors international health conferences and encourages cooperation amongst members of the global medical and academic communities. WHO also works to educate the public about health and overall physical, emotional, and mental well-being. Furthermore, WHO monitors and records medical and health information from around the world. It works with national governments to improve various countries’ health and medical infrastructure. 
4 The World Health Organization has accomplished many of its goals since its inception in 1948. It often works with other big UN agencies, such as UNICEF---the UN Children’s Fund---and the UN as a whole, to provide such important things as food, immunizations, and education to those in need. WHO is also credited with the eradication of smallpox, a fatal disease that has cost countless lives, because of its thirteen-year push for immunization. WHO has also worked to remove polio from the world. The organization was successful in removing the disease in the western hemisphere. As a direct result of WHO’s efforts, there are very few cases of polio left in the rest of the world. The World Health Organization’s other immunization campaigns have included tetanus, measles, diphtheria, tuberculosis, and whooping cough. In fact, WHO’s statistics on immunization before these campaigns in 1974 recorded only a five percent vaccination rate in developing countries. In 2005, however, WHO’s statistical records showed an eighty percent immunization rate in these countries. WHO estimates that it has saved more than three million children per year through these immunization campaigns. In addition, WHO, along with other UN agencies, has targeted more localized diseases as well, treating children infected with such afflictions as river blindness and other parasitic diseases. This is estimated to have saved seven million children from the suffering caused by these diseases. WHO and the UN have also worked for many years to make drinking water safe for over one billion people. These efforts together have led to a fifty percent decrease in child mortality rates in developing countries. 
5 As a big step to promoting its goals, the World Health Organization named April 7 World Health Day. WHO decides on a specific health concern that will serve as the theme each year. Activities including lectures, workshops, and discussions are scheduled to educate the world. People from all over the world join in the events. A lot of knowledge is shared every April 7th. 
6 The World Health Organization joins countries throughout the world in a common desire to promote the health of every man, woman, and child on the planet, regardless of geographic area, economic status, race, or education. The organization’s goals have prompted it to push past countless challenges and strive for health and well-being around the globe.  

Unit 18 Pharmaceuticals
1 A pharmaceutical is defined as a medicinal substance that alters the normal processes or functions of an organism, or more simply, a medical drug. Recently, powerful pharmaceuticals have been developed to combat sickness and disease. These medicines have the power to alleviate pain, promote general health, and even cure disease in many cases. But pharmaceuticals can be both beneficial and harmful because of this power. Pharmaceuticals are not just medicines that heal. They actually alter the way an organism functions. As a result, care must be taken with these medicines. Understanding the history of pharmaceuticals and the ways in which they work is crucial. 
2 Pharmacology---the chemical study of medicines and their uses---first appeared in the early 1800s. Prior to this, treatments for disease were often given without any comprehensive understanding of their effects on the body. Oswalde Schiemedeberg, the founder of modern pharmacology, looked at how chloroform, a chemical that causes unconsciousness when inhaled, interacted with cells in the bloodstream, which began the movement to recognize how substances affect the body. 
3 There are three main ways in which pharmaceuticals work to fight sickness. The first is by attacking and killing foreign organisms in the body, such as those that cause infection. In many cases, the pharmaceutical alters the way in which the invading organism functions, leaving the host organism unaffected. Antibiotics, for example, stop the disease from functioning at all. However, in some instances, the medicine may work by disrupting the activities of diseased cells, as is the case with antifungals. The second way medicines work is by either increasing a reaction or preventing a response to the disease, which eliminates many of the symptoms that can cause the sufferer problems or discomfort. Anticoagulants do this by preventing the normal clotting of blood in a person who has a clotting disorder. If a cell is not functioning properly due to a disease, the pharmaceutical may increase the activity or responses of the cell, as in the case of people with Parkinson’s disease. Another way that pharmaceuticals get rid of disease is by supplementing substances within the body. Often when a cell in the body is not functioning properly, it is because it lacks something essential to carry out the function, and a pharmaceutical simply replaces the missing substance. This is why, for example, diabetics get insulin injections. 
4 Healthcare professionals often look at the ways pharmaceuticals interact with the body when determining their usefulness and what their benefits are. The first thing that many doctors and other medical practitioners look at is the way in which medicine is taken into the body for use. Typically, a pharmaceutical reaches the bloodstream through absorption into the skin, through the mouth, or through the lining of the intestine. Another important aspect that should be looked at is its distribution, or the way in which it progresses and moves through the body. Medical professionals also have to consider how the body processes, or metabolizes, the substance; if it is broken down into something toxic, it usually isn’t suitable for medicinal use. The fourth important criterion for usefulness of pharmaceuticals is the way the drug is excreted. Typically, this occurs through the bile, the breath, or the skin. In the medical field, these considerations are abbreviated ADME: absorption, distribution, metabolism, excretion. Pharmacologists look very closely at a drug’s ADME when determining how to best utilize its medicinal benefits. 
5 Drawbacks to pharmaceuticals are that some have serious risks. Side effects of drugs can include nausea, vomiting, heart damage, liver damage, and a host of other problems. The use of some drugs carries the added risk of dependency. In fact, more recently, abuse of prescription drugs has become a widespread problem. For this reason, most countries strictly limit distribution of prescription medicine. Before a drug can be prescribed, it follows a set protocol and goes through rigorous preliminary screening processes, clinical trials, and other tests; it is then only legally distributed by licensed medical professionals. 
6 Pharmaceutical companies are working diligently to discover medicines that can cure or alleviate the diseases that are the most fatal or most greatly affect a person’s quality of life. Long-term, effective treatments for diseases such as AIDS, cancer, diabetes, stroke, heart disease, and Parkinson’s disease remain undiscovered, however. 

Unit 19 Subsidized Healthcare Programs
1 The rising costs of healthcare continue to burden governments and their citizens. There are three possible approaches to the problem. Each has individual advantages and disadvantages. The first option is subsidized healthcare; the second option is universal social healthcare; the third option is letting individuals cover all their own healthcare costs. 
2 Subsidized healthcare is health insurance paid for in part by the government. This type of program is funded by taxes that citizens of a given country pay. These programs can be subsidized on a national or local level. Subsidized healthcare is a balanced plan in terms of the burden it places on both the government and the individual. One advantage of the subsidization is that personal healthcare expenses are considerably less for the individual. However, the individual is still required to contribute a portion of these expenses as they are incurred, preventing exploitation of the system. Disadvantages include the continuing inability of the extremely impoverished to pay, preventing the administration of needed medical treatments for the poor. Thailand and Israel are examples of countries that have established subsidized healthcare. 
3 Universal social healthcare is a government-funded healthcare system that is available or compulsory for all citizens of a country. In this case, the burden of payment, regulation, and provision rests with the government. In such countries, private healthcare is still available, but there are also instances in which private healthcare companies are prohibited from competing with the public healthcare system. In these cases, the government holds a monopoly on healthcare services. Typically, the government finances this type of program via income or other taxes. One advantage of this system is that everyone has access to medical care. Many do not even require payment at the time the service is rendered. However, due to a common lack of competition in these systems, the wait to receive medical care can be quite long. Many of the world’s more developed countries have established universal social healthcare plans, including Austria, Belgium, Germany, France, Spain, Canada, Finland, and Great Britain. 
4 The third kind of healthcare system is private healthcare. Private healthcare is characterized by individually-owned companies providing medical services and insurance that is paid by the individual; the government typically doesn’t offer any assistance in paying for medical services. Supporters of this plan are convinced it both requires the individual to be more responsible in the use of services and promotes self-reliance. Another benefit is that it doesn’t burden the government with administration. There is no need to find and pay health professionals to run the medical system. This plan also encourages competition, lower prices, and efficiency. One possible disadvantage is that the low-income sector of the population is without the ability to pay for any insurance at all; it is, therefore, highly likely that the poor would not receive medical services. In the event of extraordinarily expensive medical services, even some middle-income people might be unable to pay. The United States is an example of a country that requires the private sector to carry nearly the entire responsibility of individual healthcare.   
5 It is important to note that many countries use a combination of various healthcare programs. While a particular country may claim to have a universal social healthcare program, often it actually Integrates aspects of the other types of healthcare into its system. For example, Portugal has a social healthcare system in the form of the National Health Service, which provides universal coverage, and it provides unique healthcare to professionals in such areas as education, but it also allows people the option of private healthcare. The social healthcare aspects of the program are paid for through taxation, and the individual covers personal insurance if he or she opts for private healthcare. A country with predominantly subsidized healthcare, for example, may still pay for all health expenses of citizens with incomes under a specified level. Other countries, such as the United States, have private healthcare but do have some minimal subsidized programs that finance a portion of the expenses for particularly at-risk groups, such as the elderly and the poor. 
6 Different countries have managed to assess their needs and formulate various healthcare system plans based upon those needs. However, healthcare system reform is still needed in many countries in order to provide for the medical needs of citizens within those countries.  

Unit 20 The Periodic Table of Elements
1 The periodic table provides a method for arranging chemical elements. Elements are substances that contain only one type of atom and cannot, therefore, be broken down into simpler substances. Oxygen, for example, is an element, as are hydrogen, carbon, sodium, and nitrogen. The periodic table organizes the 103 known chemical elements by the increasing atomic number. The atomic number of an element is defined as the number of protons, or positively charged particles, in an atom’s nucleus, or core. Further understanding of the organizational structure of the periodic table requires a basic understanding of the structure of the chemical elements themselves. 
2 All atoms of a single element have the same number of protons. Therefore, they share the same atomic number. Furthermore, the atomic number of each element is unique, meaning that no two atoms of differing elements have an equal number of protons. The nuclei of an atom may also contain neutrons, or particles with no charge. Although two atoms of the same element must have the same number of protons, they may have differing numbers of neutrons. Such atoms are called the element’s isotopes. In addition to protons and neutrons, all atoms have electrons, or negatively charged particles, which revolve around the nucleus. To be electrically balanced, an atom must have the same number of electrons as it does protons. Electrons revolve at different interval distances from the nucleus depending on the amount of energy they contain. Each of the seven possible distances is called a shell. Each consecutive shell, starting with the one closest to the nucleus, can hold an increasing number of electrons. Shells 1, 2, 3, 4, 5, 6, and 7 can respectively hold a maximum of 2, 8, 18, 32, 50, 72, and 98 electrons. 
3 The periodic table is first arranged according to the atomic number of an element. The table reads horizontally from left to right. It starts with hydrogen, which has one proton, then lists helium, which has two protons, then lithium, which has three, then beryllium, which has four, and so on, ending with lawrencium, which has 103 protons. Each horizontal column, however, is stacked such that the vertical columns of the periodic table form related groups of elements. The elements of each group share some of the same chemical properties. These similarities in chemical behavior result from a similarity in electronic structure. In most groups, for example, the outer shells of elements in the same group contain the same number of electrons. Because the electrons in the outer shells control the chemical behavior of an atom, the elements of a group are particularly similar in how they combine with other elements to make compounds. 
4 There are 18 vertical columns in the periodic table. These numbered groups can be further divided into two lettered groups, categorized A and B. The chemical reactions of elements in group A are more accurately predictable than those of the elements found in group B. Each vertical column is thus designated with a number and letter. Chemists also classify elements into classes based on other similar properties. Such classifications include metals, non-metals, alkali metals, and others. These classes are distinguished by color on the periodic table. The tendency of elements with similar properties to occur at regular intervals and within visual groupings on the periodic table is known as the periodic law. 
5 The periodic table allows students and scientists to more easily compare the chemical behavior and properties of the elements. For example, the elements of group 8 and category A, labeled group 8A, are helium, neon, argon, krypton, xenon, and radon. This group also falls under the color-coded classification of noble gases. None of the elements in this class easily combines with other elements to form compounds. This behavior is particularly interesting when one observes that the elements of neighboring groups form compounds extremely easily. Furthermore, the atoms of elements one atomic number higher or one atomic number lower than a noble gas often change their electronic structure to match that of the nearest noble gas atom.
Unit 21 The Universal Solvent
1 Water is considered the universal solvent because of its ability to dissolve nearly any substance. It has many other properties as well that distinguish it from other common substances on Earth. It can appear in three forms within the temperature range of the Earth; it expands as it cools, it is a liquid at ordinary temperatures, and it evaporates at room temperature. It has a relatively high heat capacity, an extremely high surface tension, high capillarity, and of course the ability to dissolve most earthly substances. 
2 Water can be a solid, a liquid, or a gas, and is in fact the only known substance that can achieve these forms without escaping the Earth’s normal range of temperature. The form water appears in depends on how fast its molecules are moving. To form a solid, for instance, water molecules must be far apart and nearly motionless---the state of water commonly known as ice. In liquid water, the molecules are close together and move about freely. When water turns to gas, or vapor, its molecules bump into each other while moving violently. 
3 A common characteristic of an ice cube is that is floats when placed in water. This is because water expands as it cools below 39° Fahrenheit (F), unlike other substances that typically contract under similar environmental conditions. The freezing point of water is 32° F, meaning that frozen water, or ice, since it has expanded, occupies a larger volume than the same mass of liquid water. Conversely, this implies that ice has a lower mass per volume, or lower density, than water. Density is essentially a measure of the heaviness of a substance, and since ice is less dense than water, it is thus lighter and will float. 
4 Water is the only substance that appears as a liquid at ordinary temperatures. Water is a liquid between its freezing point of 32° F and its boiling point of 212° F. Because substances with chemical compositions similar to that of water are all gases at these temperatures, the liquid temperature range of water is in fact highly unusual when compared with the liquid temperatures of these substances. Such substances do not typically form liquids until reaching temperatures below -130° F, which is much cooler than any temperature naturally occurring on Earth. 
5 Water molecules are constantly moving, and molecules close to the surface of standing liquid water will escape as vapor---water at room temperature will gradually disappear by evaporation, while water at higher temperatures will evaporate much more quickly. Boiling also vaporizes water by producing steam. When water reaches its boiling point at 212° F, however, it will not immediately convert into steam. Before releasing steam, boiling water absorbs additional heat, called latent heat, without rising in temperature. When scientists discovered this, they used the high level of latent heat energy in steam to power machinery. 
6 The extraordinarily high latent heat of water gives it the ability to absorb energy without rising in temperature. This property is called heat capacity. Water has an exceptional heat capacity that is greater than all other substances, excepting only ammonia. When compared with the heat capacity of iron, for example, that of water is far superior. At absolute zero, or -459.67° F, both substances contain no heat at all, but heating them so that each substance absorbs the same amount of energy would raise the temperature of iron to its melting point at 2370° F while merely warming the ice to its freezing point at 32° F. 
7 The surface tension of water is also extremely high. Surface tension is the ability of molecules in a substance to cling together and thus allows water to support objects heavier than itself. Insects, for example, will float or walk on water due to surface tension. The high surface tension of water also allows water to wet substances, such as cloth or soil, by sticking to them. 
8 Finally, water is the universal solvent; it dissolves rocks and minerals as it runs over and through the ground, carrying these dissolved materials across vast lands and depositing them in the oceans. In addition, nutrients in soils are dissolved by water for plants or other organisms to consume; even the foods we eat are dissolved by water and subsequently carried to our hungry cells.
Unit 22 Chlorine

1 Chlorine is the chemical element with the symbol CI. It acquired its position on the periodic table by the fact that it has seventeen protons in its nucleus and is a member of the halogen group of non-metal elements. The halogens are characterized by their ability to form salts. They are highly chemically active, easily accepting electrons from other elements to form compounds. The halogens are considered powerful oxidizing agents because they have the tendency to force other substances to give up electrons. In its pure form, chlorine is a pale yellowish-green gas at normal temperatures. It has a strong, disagreeable odor and is poisonous if inhaled. Chlorine may also be condensed to liquid form, with a boiling point of -4.05° Celsius (C) and freezing point of -100.98°C. Naturally, however, it occurs only in compounds. 
2 Chlorine is abundant in nature. It is found primarily in the form of sodium chloride, or table salt, which occurs as a result of combining chlorine with the metal element sodium. Other compounds of chlorine, called chlorides, exist in seawater, salt lakes, and deposits of rock salts. Chemists separate elemental chlorine from chlorides dissolved in water to the point of saturation. The saturation point of a solution occurs when the liquid solvent can dissolve no more of the substance being dissolved. In this case, saturation is the point at which enough salt has been added to a given amount of water that additional salt will not dissolve in the solution. The process by which chemists separate pure chlorine from this solution is called electrolysis. Electrolysis separates bonded elements or compounds by passing an electric current through them. 
3 Pure chlorine will kill bacteria in water. For this reason, it is commonly used to purify drinking water and the water in swimming pools. Dissolving chlorine in sodium hydroxide produces a mixture that is often used as a bleach and disinfectant. Disinfection by chlorination, however, has been cause for concern over public health. When added to water, chlorine sometimes reacts with naturally occurring organic compounds in the water supply. This reaction produces dangerous compounds, called disinfection by-products, or DBPs. DBPs are carcinogenic; that is, they have the potential to cause cancer. Federal regulations in the United States, therefore, require that all sources of chlorinated public water be closely monitored. Because the effects of inadequately disinfecting public water supplies are large compared with the potential health risks of DBPs, cities continue to use chlorine for purifying water for drinking, cooking, bathing, and swimming. 
4 Chlorine is also used in the manufacturing of consumer goods, such as medicines, paints, antiseptics, and petroleum products. Manufacturers use compounds containing chlorine to produce paper, plastics, insecticides, cleaning fluids, antifreeze, as well as many solvents. When exposed to sunlight, elemental chlorine combines with hydrogen in an explosive reaction. The product is a compound called hydrogen chloride. This compound becomes hydrochloric acid when dissolved in water. Hydrochloric acid is commonly used for dyeing and cleaning metals. Much research in organic and inorganic chemistry also requires the use of chlorine for its oxidizing potential. Researchers often use chlorine as a substitution for other elements in chemical reactions. When chlorine replaces hydrogen in organic compounds, for example, it produces certain desired properties, such as the elasticity of synthetic rubber. 
5 The toxicity of chlorine gas prompted its use in chemical warfare during World War I. The German military acquired supplies of chlorine from a German chemical company. The company, called IG Farben, manufactured dyes. Chlorine was produced as a by-product of the dye-making process. Working with Fritz Haber, a German chemist of the Kaiser Institute for Chemistry in Berlin, the military developed methods for releasing chlorine gas in enemy trenches. The first chemical attack deployed 5,730 cylinders containing 160 tons of chlorine gas on French troops in 1915. The gas drifted across infantry camps as a feared gray-green cloud, destroying lung tissue, and sometimes causing death. Chlorine, however, produced a greater amount of terror than actual biological harm since it was easily detectible and easily blocked from entering the lungs by covering the mouth and nose with a damp cloth. 
6 Throughout history, chlorine has assumed a wide variety of applications. Despite its biologically destructive nature, chlorine has been mostly used for constructive purposes, including the reduction of disease and the production of modern materials.
Unit 23 The Precious Metals
1 Metals are elements that form strong bonds between their atoms, allowing for malleability, ductility, and conductivity. Malleability allows a substance to be shaped and reformed, while ductility lets it be formed into wires or flat sheets. Conductivity is required for electricity, heat, and sound to pass through a substance. The metals also tend to be brilliant reflectors of light and are therefore lustrous and shiny in appearance. Because low density, soft metals with low melting points readily fuse with other elements to form compounds, most of the metals found in nature are dense, hard, and melt only at high temperatures. 
2 The precious metals are characterized by their rarity. Not commonly found, they possess a high monetary value. Precious metals, including gold, silver, and platinum, were used historically as forms of currency. Although today, they are more commonly valued as industrial and investment commodities the precious metals are often employed in the production of art, jewelry, and other ornaments. Many of the precious metals are also collected and traded as investments. The price of these metals is considerably high and often rises over time. Gold, for example, was priced in December 2006 as high as $636 per ounce. Rhodium, which has a silvery white appearance and is the most expensive of the precious metals, was valued as high as $6,200 per ounce. 
3 Precious metals are traded on commodity markets as bullion, or bulk metals. To form bullion, metal workers heat precious metals to temperatures exceeding their melting point. Next, they configure the molten metal into transportable blocks, bars, or coins. Unlike monetary coins, however, bullions are valued according to their mass and purity rather than their face value as currency. The United States Mint, for example, makes a $50 gold coin, called the Gold Eagle, which contains one troy ounce, or about 31 grams of gold. In January 2006, this coin possessed a bullion value as high as $550. Minting precious metals as coins not only makes handling them more efficient, but also serves as a certification of purity. Every coin of a given nationality and face value contains a known percentage of elemental metal. Some bullion coins, such as the Canadian Gold Maple Leaf, are as much as 99.99% pure. One of the world’s largest bullion coins is Australia’s Gold Nugget, which contains an entire kilogram of 99.9% pure gold. A purity of 100%, however, can never be achieved, since extracted and refined metals can only approach absolute purity. 
4 The value of precious metals can diminish if the metal ceases to be as rare as it once was. Such factors as the discovery of new sources of metal ores or the improvement of mining processes and refining techniques can lead to a decrease in market demand for a precious metal. Low demand equates to lower prices, implying that the bullion value of a precious metal can therefore drop significantly if more of the metal is produced. Aluminum, for example, was once considered to be a precious metal, although today, it is commonly used in such products as kitchen foils, soda cans, and roofing materials and remains one of the most abundant elements on Earth. Until an easy method for extracting aluminum from its various ores was recently discovered, however, the metal held a higher value than gold. In 1855, the French World Fair displayed bars of aluminum with exhibits of crown jewels. Around the same time, Napoleon III of France was esteemed for his collection of aluminum dinner plates, which he only displayed for his most honored guests. At the time of construction of the Washington Monument in Washington D.C., aluminum still exceeded the cost of silver, platinum, or gold. The top pyramid of this structure was therefore cast in aluminum as a display of wealth and power. In 1886, American chemist Charles Martin Hall and Frenchman Paul Héroult independently and simultaneously discovered a way to facilitate the extraction and refinement of aluminum. Their discovery led to a drastic collapse in the market value of aluminum. 
5 Precious metals continue to be sold, bought, traded, and displayed as possessions of wealth and value. They are admired for their beauty as well as their functional properties, yet their desirability depends solely on their rare existence. 
Unit 24 Petroleum
1 Petroleum, sometimes referred to simply as oil, is one of the world’s most valuable resources. It was formed from the heating and compacting of tiny organisms that died millions of years ago and is found primarily in reservoirs beneath the surface of the Earth. Petroleum has many uses, but it is most highly valued for its ability to be converted into fuel for automobiles, airplanes, ships, trains, factories, and industrial equipment. Petroleum is also essential for making commonly used products such as engine grease, carpets, detergents, clothes, plastic toys, and some cosmetics. 
2 The complicated molecular structure of petroleum allows for its many uses. Oil is primarily composed of various hydrocarbons, which are molecules comprised from the elements hydrogen and carbon. Different mixtures of hydrocarbons produce special characteristics in certain parts of petroleum. These parts are called fractions. Some fractions, such as gasoline and kerosene, can be separated out of petroleum and used in their natural liquid states. Other fractions must be converted into gases or solids or combined with other substances to be made useful. The amount of certain fractions found in petroleum reserves varies greatly. Some sources of petroleum contain large amounts of dissolved gases, gasoline, and other light fractions. Others have high concentrations of heavy oils and asphalt. Nevertheless, all types of petroleum contain impurities, or substances other than hydrocarbons, such as sulfur and various metallic compounds. Petroleum refineries thus operate to purify oils and separate out useful fractions to be converted into fuels and marketable products. 
3 While petroleum fuel is used for transportation, it is also commonly used for the production of heat and energy. Because fuels made from petroleum burn easily, produce large amounts of heat and power, and are relatively lightweight and easier to store and transport than most other fuels, they remain one of the primary sources of energy worldwide. Among the petroleum-based fuels used for transportation are gasoline, diesel fuel, and jet fuel. Gasoline is used in most motor vehicles and all airplanes powered by piston engines. Most trains, ships, and large trucks run on diesel fuel, which is less refined and thus usually cheaper. Jet airplanes require jet fuel, which is either pure kerosene or a mixture of kerosene and other fuels. 
4 Distillate oils and residual oils are petroleum fuels used to generate heat and electricity. Distillate oils are lighter than residual oils. They are primarily used to heat small buildings such as houses. Residual oils are thick and heavy. They can be burned to produce electricity for factories and large utilities. Another petroleum-based generator of heat and power used in remote areas is liquefied petroleum gas, or LPG. LPG is primarily made up of butane and propane gases that have been converted into liquids through the application of high pressures. 
5 The fractions of petroleum also serve as raw materials in the manufacturing of products. Many are converted into petrochemicals employed in the making of cosmetics, detergents, drugs, fertilizers, plastics, synthetic fabrics, and many other common goods. The process of refining petroleum creates by-products, many of which are used as raw materials for industrial products. One example is asphalt, used in the building of roads and parking lots. Another example is wax, necessary for producing such household items as candles and furniture polish. Specialized oils made from petroleum are also used in many industries. Lubricants, for example, are oils which allow various types of equipment to run more smoothly by reducing friction between moving parts. Lubricants may be thin oils like those applied to scientific instruments or they may be heavy greases used in tractor maintenance. 
6 Most industrialized nations depend on petroleum as their main source of energy, processing enormous amounts of this natural resource every year. Unfortunately, however, petroleum supplies are irreplaceable. As the consumption of petroleum increases year by year, the amount of petroleum available on Earth steadily decreases. Scientists are thus experimenting with new sources of energy, from solar-heated houses to hydrogen-powered cars. Until alternatives to petroleum prove as efficient and abundant, however, people will continually rely on oil and gas while other fuels are being discovered and improved. Efforts to conserve the world’s present supply of petroleum are therefore essential for the preservation of industrial wealth.
Unit 25 Mercury

1 Mercury is a chemical element refined from a naturally occurring ore called cinnabar. To isolate mercury from cinnabar, refiners blow hot air over the ore, so that oxygen in the air stream combines with sulfur in the ore to create sulfur dioxide gas, leaving mercury behind. Pure mercury is a silver-colored metal and is the only metal that is liquid at room temperature. Because mercury flows so easily and rapidly, it was named after the Roman messenger god, known for his great speed and agility. Today, mercury can be found in many industrial and household products, long after its uses were first discovered as early as 1500 BCE. 
2 The ancient societies of China, Greece, India, Tibet, Egypt, and Rome all knew about mercury. It has been found in the tombs of Egyptian pharaohs and Chinese emperors. The ancient Chinese, as well as the ancient Hindus, believed mercury prolonged life, healed broken bones, and generally maintained good health. The ancient Greeks made ointments with mercury, and the ancient Romans used it in cosmetics. By 500 BCE, these societies had figured out how to combine mercury with other metals to make amalgams, mercury alloys that are often hard and durable. Early alchemists taught the existence of Materia Prima or First Matter, a basic form of matter from which all other substances could be formed. They believed mercury to be First Matter from which all other metals were made. They further believed that mercury was the key ingredient for converting “impure” metals into “pure” gold. 
3 Modern societies first used mercury in the production of felt hats. From the mid-1700s to the mid-1800s, merchants made these hats from animal skins through a process called carroting, which involved rinsing the skins in a solution of mercuric acid, a compound containing the elements mercury, nitrogen, hydrogen, and oxygen. This process resulted in the separation of the fur from the hide. It also succeeded in matting the fur together to form a usable material. The acidic solution used in carroting and the vapors produced by the process, however, were highly toxic. As a result, hatters often suffered from mercury poisoning, symptoms which included tremors, insomnia, dementia, hallucinations, and reproductive complications. In 1941, the United States Public Health Service banned the use of mercury in felt making. 
4 Dentists began using mercury amalgams in the nineteenth century to fill cavities. Not long after the introduction of amalgams into the field of dentistry, controversy broke out as to the safety of filling teeth with a substance containing a poisonous metal. Some dentists pledged to never use amalgams on their patients. Others believed that the small amount of mercury vapor released from amalgam fillings was too small to be of any concern. 
5 Mercury has been used in the medical field for centuries. Its usage in medical practices, however, has steadily declined due to the discovery of its toxic effects. Pharmacists have traditionally used mercury in diuretics, topical disinfectants, and laxatives. Mercury was once used to treat syphilis, although its toxicity often induced symptoms as detrimental as the disease itself. Throughout the nineteenth century, doctors prescribed products containing mercury for such conditions as constipation, depression, and toothaches. In the early twentieth century, mercury was used in teething powders for infants and de-worming solutions for children. Some early vaccines contained mercury as a preserving agent. Today, many countries prohibit the use of mercury in medicines, requiring that the ingredient be replaced with less toxic substances. 
6 The many properties of mercury make it useful in modern medical, industrial, and household products. For example, mercury remains a liquid over a wide range of temperatures and expands and contracts evenly when heated and cooled. It was therefore commonly used in thermometers until recent safety liabilities discouraged its use. Mercury also acts as an electric conductor. It has thus been used in some electric switches. When electricity passes through mercury vapor, it gives off light. This property prompted its use in fluorescent lamps and signs. Battery manufacturers still use mercury to coat the zinc plates in electric batteries. This coating lengthens battery life by preventing acids in the battery from quickly dissolving the zinc plates when the battery is not in use.  
Unit 26 Fluorine

1 Fluorine is the ninth chemical element listed on the periodic table. Its listing is related to its atomic number, or the number of protons in its nucleus, which is, predictably, nine. Its chemical symbol is “F.” Fluorine is the lightest element in the group of chemical elements known as halogens or salt producers. Halogens are non-metals that, when combined with metals, form many of the salts found in the Earth’s oceans. They are further characterized by their strong, unpleasant odor and their tendency to burn the flesh. They are also electronegative, meaning that the atoms which make up halogens often oxidize other chemicals. Oxidation requires the taking of electrons from atoms of other elements to acquire a negative electrical charge. Fluorine is the strongest oxidizing agent, making it extremely reactive. It combines with other elements to make compounds more easily than any other chemical element. 
2 Pure fluorine, at ordinary temperatures, appears as a pale yellow gas. The high reactivity of this element, however, makes it difficult to separate it from the naturally existing compounds that contain it. As a result, the isolation of this element took scientists nearly a century to achieve. In addition, the high toxicity of fluorine cost many of them their lives. The World War II atomic bomb project required the first large-scale use of pure fluorine. Fluorine was combined with uranium to create the compound uranium hexafluoride, which was then used to separate the uranium isotopes that could be used in deadly explosions. 
3 Fluorine is derived from the mineral fluorite, which is also sometimes called fluorspar or fluor and is composed most commonly of the elements calcium and fluoride. Steel manufacturers use fluorite during the process of steel purification. When exposed to ultraviolet radiation, fluorite crystals fluoresce or give off light. This phenomenon occurs because the atoms of fluorescent substances like fluorite absorb energy from ultraviolet radiation. This energy causes electrons inside the atoms to become excited, and when these electrons fall back into their normal state, the excess energy is released as light. The light emitted by fluorite minerals, called fluorescence, is essential in the making of fluorescent lighting. This type of lighting is used commonly in factories, hospitals, and schools. Fluorescent light is often used in making television screens and electron microscopes. It is also used to detect certain pollutants in air and water. 
4 Fluorides are chemical compounds that contain fluorine; when treated with sulfuric acid, for example, they become hydrogen fluoride, which is used in aluminum production. In addition, hydrogen fluoride is used to produce compounds known as chlorofluorocarbons, or CFCs. CFC compounds are widely used as refrigerants for air conditioners and refrigerators but are also used to make insulation foams for furniture and buildings. There is a downside, however, to producing CFCs. When released into the air, CFC molecules eventually reach the ozone layer in the Earth’s upper atmosphere. Ozone is a form of oxygen that protects life on earth from the sun’s harmful ultraviolet rays. As CFCs travel to higher and higher altitudes, the ultraviolet rays cause chlorine atoms to separate from CFC molecules. Because the free chlorine atoms released by CFCs then react with ozone to create ordinary oxygen, the overuse of products containing CFCs will eventually destroy large portions of the Earth’s ozone layer. 
5 One specific fluorine compound, referred to simply as fluoride, helps prevent the decay of the enamel coating on teeth. For this reason, they are often added in small amounts to toothpastes and mouthwashes. A study conducted in the 1930s showed that people living in areas where water naturally contained fluoride had far fewer cavities than those living in areas without the presence of fluoride in water sources. Many United States cities thus began to fluoridate, or add fluoride to, their water. As a result of fluoridation, incidences of tooth decay drastically decreased. Today, most people living in U.S. cities have access to fluoridated water. The problem with adding fluoride to drinking water, however, is that large doses of fluoride can be internally harmful. Fluoride has been suspected of causing such health problems as bone damage and kidney malfunction. Many communities worldwide have refused the addition of fluoride to their water sources in order to avoid risks to public health, however small these risks may be.
Unit 27 Solid, Liquid, and Gas
1 Matter, the substance of which all things are made, can exist in four independent and unique physical states. Ordinarily, matter exists as a solid, liquid, or gas. The fourth state of matter, called plasma, occurs only under special conditions and in extreme circumstances. The three common states of matter are best exemplified by one of the most common substances on Earth: water. Water occurs as a solid in the form of ice, as a liquid in the form of droplets, and as a gas in the form of vapor. People can easily observe that the states of matter depend on changes in temperature, yet each state exhibits specific properties that classify it as a solid, liquid, gas, or in unique cases, as plasma. Matter is anything that takes up space; its four states describe simply the ways in which it can occupy that space. 
2 Solids are characterized by their ability to maintain a fixed shape and volume, which results from the chemical bonds between the molecules of solid materials. When the temperature of matter decreases, its atoms lose the energy required to pull its molecules apart, resulting in the formation of strong molecular bonds. While specific chemical bonds produce malleability in some and ductility and brittleness in others, the molecules of all solids are cohesively bonded. These bonds hold together the molecules of matter such that the position of atoms remains fixed relative to one another in regular patterns, often referred to as crystals. 
3 Matter converts to a liquid state when the energy of its atoms rises high enough to break cohesive bonds between molecules. Matter as liquid, therefore, loses the ability to uphold a particular structure. Liquids do not maintain a form of their own, but rather assume the shape of the container in which they are placed. They are often referred to as fluids for their ability to flow into the form of that which contains them. Due to the fact that the forces and interactions between the atoms of a liquid are strong enough to keep its molecules in close contact, however, the volume of a liquid, like that of solids, remains constant. Liquids also exhibit surface tension, caused by a thin layer of molecules on the surface of a liquid that together act like an elastic membrane, which allows for some denser objects to rest on the surface of the liquid. A needle, for example, will float on the surface of a glass of water. In addition, the molecules in liquids often attract other substances more strongly than they attract one another, causing liquids to rise up the walls and above their own surface level. This attribute, called capillarity, allows plants to draw up water through their roots and stems. 
4 As liquids reach their boiling point, they turn to gases. At such high levels of energy, bonding between atoms proves impossible. Gases are, therefore, collections of unbonded, free-floating molecules whose only interaction occurs as spontaneous collisions. Gases hold neither shape nor volume, and thus when placed in a container will not only take the shape of the container but will expand to fill it entirely. Gases, therefore, will disperse around the globe if released into the Earth’s atmosphere. If more and more gas particles push against the sides of their container, pressure will build inside the container. As you pump air into a basketball or a bicycle tire, for example, the ball or tire inflates as more and more molecules of the gases present in the air attempt to fill the same space. 
5 When the atoms of gases are electrically charged, or ionized, the physical properties of these gases change. Matter in this state is referred to as plasma, which is found primarily in the sun and stars and occurs naturally on Earth as lightning. Artificially induced plasmas, such as the lighting source in neon signs, serve many practical purposes. Unlike gases, plasma efficiently conducts electricity and is affected by magnetic fields. Furthermore, the ionized atoms in plasma move about in groups, following wavelike patterns, unlike gaseous molecules, which move sporadically.
Unit 28 Water to Ice
1 Typically, as matter decreases in temperature, its density rises. This means that most substances obtain a greater mass per volume as they cool. If liquids cool beyond a certain temperature, referred to as their freezing point, they become solids. But the solid state of most matter is generally more dense than its liquid state, meaning that a solid will most often sink to the bottom of a liquid of the same substance. Rocks, for example, will sink in a flow of lava, as will a silver spoon in a vat of molten silver. Strangely, the most common substance on Earth defies this generality. Water, which covers 71% of Earth’s surface and is essential to the survival of life on the planet, loses density as it cools to a solid. 
2 Water freezes, or turns to a solid, at 0° Celsius or 32° Fahrenheit in the form of ice, and because the density of water in its solid form is less than water in its liquid form, an ice cube will float at the surface of water in a glass. To understand why the density properties of water differ from those of nearly all other substances requires an understanding of the electron structure of a water molecule. Water is made up of the elements oxygen and hydrogen, with a single molecule of water consisting of one oxygen atom joined to two hydrogen atoms. These atoms are joined by covalent bonds formed by the sharing of electron pairs. A stable oxygen atom has eight electrons revolving around its nucleus. It has two pairs of bonding electrons---one for each hydrogen atom---and two pairs of nonbonding electrons. These nonbonding electrons are capable of forming relatively weak intermolecular bonds, called hydrogen bonds, with the hydrogen atoms of other water molecules. 
3 Because the number of hydrogen bonds to each oxygen atom equals the number of nonbonding electron pairs, water molecules can join together to form a three-dimensional network in which each oxygen atom is bonded to four hydrogen atoms by two covalent bonds and two hydrogen bonds. The equality of hydrogen atoms and nonbonding electron pairs makes the molecular structure of water different from that of any other substance capable of forming hydrogen bonds. All other hydrogen-based molecules can bond into rings or chains, yet they lack the bonding capabilities to form three-dimensional structures. Although the molecules of water are able to configure themselves into a highly ordered three-dimensional structure, they do not always maintain this form. 
4 As a liquid, water possesses sufficient kinetic energy to break the intermolecular hydrogen bonds between its molecules. As water cools past its freezing point, however, its molecules lose the energy required to resist hydrogen bonding. Ice, therefore, assumes a three-dimensional molecular structure. The order of this structure prevents water molecules from getting too close to one another. As the frozen water approaches its melting point, however, these bonds begin to loosen. As molecules break free, they become trapped inside the structural cavities and occupy the void spaces between molecules. As ice turns to liquid, therefore, it acquires more molecules per unit volume. The density of liquid water is thus greater than that of solid ice, causing ice to rise to the surface in a glass of water. 
5 As water heats above its freezing point at 0°C, however, thermal expansion---that is, the tendency of water molecules to pull away from each other as they acquire energy from heat---and the trapping of free water molecules in structural cavities act as opposing forces. Until the temperature of water reaches 4°C, trapping forces overpower expansion forces. Thus, between 0°C and 4°C, water becomes progressively denser. Beyond 4°C thermal expansion takes over, and the density of water becomes increasingly less. Warm water at the bottom of a frozen lake, for example, will rise toward the surface where cold air cools it and sends it sinking back toward the bottom. Only near-freezing water and ice will remain at the top. This cycle continues until the entire lake underneath the ice layer reaches 4°C, a temperature at which many fish and other water organisms can easily survive through the winter. The fact that ice is less dense than water, therefore, proves not only unusual but necessary for the survival of many life forms on Earth.   

Unit 29 Acids

1 Acids are chemical compounds that share similar properties. All acids have a sour taste. Lemons and other citrus fruits, for example, contain citric acid, and vinegar owes its sourness to acetic acid. Acids also cause color changes in plant dyes. For example, they will turn blue litmus paper red. Litmus is a substance extracted from lichens and is commonly used to determine whether a solution is acidic, basic, or neutral. Many acids will react with metals and cause them to dissolve, while others react with organic compounds containing carbon. Hydrochloric acid, for example, is produced in the human stomach and aids in digestion by dissolving ingested foods. Yet another property of acids is that they will react with bases to form salts and water. 
2 Chemists define acids in several ways. In the nineteenth century, the Swedish chemist Svante Arrhenius stated that an acid was a substance which produces hydrogen ions when dissolved in water. Hydrogen ions are positively charged hydrogen atoms. Under normal circumstances, hydrogen atoms contain one proton, which has a positive charge, and one electron, which has a negative charge. But when a hydrogen atom loses its electron, it becomes a hydrogen ion. The problem with Arrhenius’s definition, however, is that it applies only to acids formed when water is the solvent. In 1923, chemists Bronsted and Lowry independently formulated a theory defining acids as substances capable of donating a proton. When hydrochloric gas is dissolved in water, for example, it acts like an acid by giving protons to the molecules of water to produce hydronium ions. It is true that the Bronsted-Lowry theory of acids is the most widely used. But some chemists today prefer an even broader definition, which states that all acids can be defined as electron pair acceptors. This means that an acid will readily accept electrons from other atoms or molecules. When this happens, the acid and the donor molecule form a new molecule by sharing the electron pair. This definition includes Bronsted-Lowry acids as well as acids that do not contain hydrogen atoms and thus cannot be proton donors. 
3 Chemists commonly categorize acids based on their strength, which is determined by the extent to which the acid ionizes in a solution. When hydrogen chloride gas, for example, is dissolved in water to form hydrochloric acid, its molecules break up into hydrogen and chloride ions. Because every molecule of hydrogen chloride gas readily separates into ions, hydrochloric acid is considered a strong acid. Acetic acid, on the other hand, forms only a few ions in solution and is therefore considered a weak acid. Acidic solutions containing a stronger acid will have a higher concentration of ions than solutions containing weaker acids. The scale used by chemists to measure the degree of acidity of a solution is called the pH scale, the values of which range from 0 to 14. A solution with a pH value of 0 is extremely acidic, while a solution with a pH value of 14 is extremely basic. A neutral solution, such as pure water, is neither acidic nor basic and has a pH of 7. Common solutions exhibit a wide range of acidity. Milk, for example, has a pH of 6.5, meaning that it is only slightly acidic, while digestive juices found in the stomach are highly acidic, with pH values between 1.0 and 2.0. 
4 Acids may be further classified as organic or inorganic. Organic acids are compounds that contain carbon atoms, such as ascorbic acid, or vitamin C, and acetylsalicylic acid, commonly known as aspirin. Amino acids, which contain nitrogen, are also considered organic acids. They are the building blocks of proteins and are an essential component of life on Earth. Other acids, such as sulfuric acid and nitric acid, are inorganic acids, which generally do not contain carbon atoms and are commonly used in the manufacturing of such industrial substances as metals, paints, plastics, and gasoline. Sulfuric acid is used as a fluid in car batteries, while nitric acid is mostly used in fertilizers and explosives. Despite the fact that the majority of known acids are synthetically produced for industrial purposes, many others occur in the natural world and have proven necessary in a wide variety of life processes.
Unit 30 Bases

1 The French chemist Guillaume François Rouelle first introduced the concept of a base to the field of chemistry in 1754. Rouelle is famous for his experiments with highly corrosive acids, particularly acetic acid, which is responsible for the sour taste and pungent smell of vinegar. He noticed that acids will turn into salts when combined with certain substances. He called these substances bases, since they provided a concrete base for the formation of salts. Although Rouelle understood certain characteristics of bases, he could not explain why they behave the way they do. Science would have to wait another hundred years for the first scientific definition of a base. 
2 Long before Rouelle coined the term, people have recognized several distinguishing properties of bases. Many soaps, for example, contain a base called potassium hydroxide, or caustic potash, which allows them to easily dissolve in water and gives them their slippery texture. In the seventeenth century, the English writer and amateur chemist Robert Boyle first characterized substances as either acids or alkalis. Alkali is now used interchangeably with the term base. Acids, he said, taste sour, corrode metals, and turn litmus---a dye extracted from lichens---red. Alkalis, on the other hand, taste bitter, feel slippery, and change the color of litmus to blue. Boyle also observed that reactions between acids and alkalis result in the weakening or neutralization of both substances. Chemists still often refer to a base as any substance that can react with an acid to decrease its acidic properties. 
3 In the 1800s, the Swedish scientist Svante Arrhenius proposed the first chemical definition of a base. He realized that water will dissolve many compounds by breaking them up into individual ions. Ions are atoms or molecules that have acquired an electric charge by gaining or losing electrons. The loss of electrons results in a positively charged ion, or cation, while the gain of electrons results in a negatively charged ion, or anion. Arrhenius noticed that some compounds release hydrogen ions when dissolved in water. These compounds, he noted, were acids. Bases, he concluded, were substances that release hydroxide ions when dissolved in water. Hydroxide atoms contain one atom of hydrogen and one atom of oxygen. For example, sodium hydroxide, commonly known as caustic soda or lye, forms a basic solution according to Arrhenius’ definition. In water, sodium hydroxide breaks into ions of sodium and hydroxide. Arrhenius’ definition succeeded in explaining why bases have properties different from acids. It also explained why a base will react with an acid to form salts. 
4 Although Arrhenius uncovered the fundamentals for understanding the chemistry of bases, his definition presented limitations since some substances behave like bases even though they do not release hydroxide ions. Baking soda, for example, demonstrates basic properties, yet has no hydroxide ions in its chemical composition. It, therefore, cannot release such ions when dissolved in water. Furthermore, not all basic solutions require the use of water as a solvent. Thus, in an attempt to create a more generalized definition of a base, the Danish scientist Johanned Bronsted and the Englishman Thomas Lowry independently published a new theory on the chemistry of bases. Bases, they proclaimed, are substances capable of accepting a proton. A proton, for all practical purposes, can be equated with an atom containing one proton and no electrons, called a hydrogen cation. The Bronsted-Lowry definition includes Arrhenius bases as well as explains why substances like baking soda demonstrate properties of bases. 
5 Using the Bronsted-Lowry definition for bases, chemists can measure the strength of a basic solution by its ion concentration. Since bases accept hydrogen ions, they decrease the concentration of free hydrogen ions in a solution. Thus, the fewer hydrogen ions present in a solution, the more basic the solution. In 1909, the Danish biochemist Sören Sörensen invented a scale, called the pH, for measuring the degree to which a substance is acidic or basic. Values on the pH scale range from 0 to 14 and are determined as a function of hydrogen ion concentration. Values close to 0 represent highly acidic substances, such as hydrochloric acid, while values close to 14 represent extremely basic substances, like ammonia and lye. Such applications of the Bronsted-Lowry theory make this definition of bases the most widely used for the majority of research in the field of chemistry. 

Unit 31 The Salt of the Earth

1 Salts can be found in abundance all over the world. The most common salt, sodium chloride, is mined from large land deposits and extracted from evaporated seawater to be used in the flavoring and preservation of food. The salt, calcium carbonate, is found in limestone and in the shells of sea animals. Another salt, potassium chloride, is found in the bodies of many animals and is a supplier of electrolytes, or electrically charged substances, needed by nerve cells. Many other salts are used to make chemicals needed for the manufacturing of industrial and agricultural products; for example, ammonium nitrate is used in fertilizers to affix nitrogen to the soil. Despite their many forms and applications, all salts share certain chemical properties. 
2 All salts are made up of ions, atoms, or molecules with positive or negative charges resulting from loss or gain of an electron. Salts are generally defined as ionic compounds that do not contain hydrogen or hydroxide ions. A molecule of sodium chloride, for example, is formed by the joining of one positively charged sodium ion and one negatively charged chlorine ion. The ions of salts are held together by ionic bonds. Such bonds are formed by the electrostatic attraction between the oppositely charged atoms. Through ionic bonding, the positive and negative ions create an ordered, repeating pattern, called an ionic lattice. The lattice forms a structure called a crystal. When a salt crystal dissolves in water, its ions are released from the lattice and move about freely in the solution. 
3 Chemists define salts more specifically as compounds formed by the reaction of an acid and a base. The simplest acid-base reactions are those that follow the Arrhenius definition of acids and bases. The Swedish scientist Svante Arrhenius proposed that acids are compounds that contain hydrogen. They release a positively charged hydrogen ion when dissolved in water. When hydrochloric acid is dissolved in water, for example, its molecules separate into positively charged hydrogen ions and negatively charged chlorine ions. Bases, he suggested, contain molecules of hydrogen and oxygen, called hydroxides. They release hydroxides as negative ions when dissolved in water. For example, sodium hydroxide molecules break into positively charged sodium ions and negatively charged hydroxide ions in an aqueous solution. Reactions between Arrhenius acids and bases result in the formation of water and salts in a process called neutralization. 
4 Neutralization is aptly named because it has the effect of weakening or neutralizing the acidic properties of an acid and the basic properties of a base. When a hydrogen-releasing acid is mixed together with a hydroxide-releasing base, the ions of both substances react with one another. The result is the formation of new compounds. Because opposite charges attract one another, the attraction between the positively charged hydrogen ions and the negatively charged hydroxide ions results in the formation of a molecule composed of two hydrogen atoms and one oxygen atom, commonly known as water. The remaining ions in the solution react in a similar way to produce a salt. When hydrochloric acid is mixed with sodium hydroxide, for example, the negatively charged chlorine ions attract the positively charged sodium ions. The product is sodium chloride, or table salt. The neutralization reaction of an Arrhenius acid and an Arrhenius base will always produce water and a salt. 
5 In the process of neutralization, salts will sometimes assume acidic or basic properties. This depends on the degree to which acids and bases are neutralized. If the acidic and basic reactants are completely neutralized, the salt produced is called a normal salt. In the case that neutralization is incomplete, however, acid salts or basic salts will form. Acid salts, such as sodium bisulfate, which is used in many household cleaners, contain hydrogen ions. Acid salts act like acids as well as salts. Basic salts, such as potassium hydroxide, which is used for making soaps, contain hydroxide ions and, in general, behave like bases. Despite the many different appearances, tastes, smells, and behaviors, all salts are composed of positively and negatively charged ions and are the products of acid-base reactions. They are often essential to the many biological and geological processes of the Earth.
Unit 32 A History of Biochemistry

1 Before the nineteenth century, chemists believed the world to be made of either “living matter” or “non-living matter.” They thought that the processes of life were unlike the processes of nature. They assumed life could not be explained by the laws of physics and chemistry alone. They argued that the molecules of life could only be made by the living organisms themselves. It was not until 1828, when the German chemist Friedrich Wöhler created an organic compound from inorganic matter, that the field of biochemistry began to develop. It became a new branch of science dealing with the chemistry of living systems. Since Wöhler’s discovery, chemists have made significant advances in understanding the chemical structure and functioning of biological molecules. 
2 Friedrich Wöhler was a twenty-eight-year-old chemist and medical scholar. He accidentally produced the organic compound urea while experimenting with certain inorganic compounds. Urea is found in the urine of most animals. His findings demonstrated that a compound thought to be created only by animate beings could be artificially synthesized in a laboratory. They thus disproved the theory that an undefined “life force” was needed for the production of organic matter. Five years after the publication of Wöhler’s results, the French chemist Anselme Payen discovered the first known enzyme. Enzymes are proteins that speed up or slow down chemical reactions in the body. Payen’s enzyme was called diastaste . Diastaste is a type of enzyme responsible for the breakdown of starches into maltose. Starches are complex carbohydrates found commonly in potatoes and rice. Maltose is a sugar. Payen found diastaste in a malt solution. He created the solution using grain sugar. In 1897, Edward and Hans Buchner of Germany furthered the understanding of enzyme function. Their experiments used extracted enzyme-containing material from yeast cells. The brothers demonstrated that the inanimate material could ferment sugar. They showed that “dead” cellular compounds can perform the chemical reactions of living cells. 
3 By the turn of the century, chemists such as Emil Fischer had contributed effective methods of separating and identifying basic biological molecules. These molecules included various proteins, carbohydrates, and enzymes. The actual field of biochemistry was not recognized, however, until the early 1900s when Carl Neuber formally coined the term. Studies in biochemistry continued into the twentieth century. The goal was to provide chemical explanations for how cells carry out certain metabolic processes. It was discovered, for example, that the presence of specific sets of enzymes within a cell will facilitate specific chain reactions. It was also discovered that carbohydrates share similar molecular structures and that proteins are synthesized by the bonding of simpler molecules called amino acids. 
4 The next major breakthrough in biochemistry did not occur until 1943. That year, an American physician and medical researcher, Oswald Avery, found the culprit of hereditary traits. Deoxyribonucleic acid, more commonly known as DNA, was first isolated by Swiss biologist Friedrich Miescher during the latter decades of the nineteenth century. By the twentieth century, the structural form of DNA was already being studied. Avery’s famous 1940s experiment transferred traits of one type of bacteria onto another type. He did this by mixing dead cells of the first type with live cells of the second. His experiment provided the first confirmation of the link between DNA and inherited characteristics. A decade later, scientists James D. Watson and Francis Crick gave the first accurate account of DNA structure. Then, in 1957, they presented the process of genetic encoding in DNA. Their work demonstrated that the specific information carried in DNA was responsible for the synthesis of specific proteins. These proteins then carried out specific cellular functions to complete the encoding process. 
5 Biochemistry continued to advance with the development of new technologies and techniques. These included chromatography, which is used in the separation of mixtures, and x-ray crystallography, used in the analysis of molecular structure. Although these innovations have led to the discovery and detailed understanding of many molecular structures and metabolic processes of living cells, biochemistry remains a vast subject of study that seeks to explain how chemical elements are incorporated into highly complex organic molecules. The field is still expanding. Researchers continue to uncover the specific functions of these elements in living systems. Their research supports the theory that life arises from chemical and physical processes.
Unit 33 Enzymes and Hormones

1 Researchers in the field of biochemistry study the molecules in cells that are fundamental to the processes of life. One of the most important groups of intercellular molecules are the proteins, which are chains of molecular units called amino acids. They play a key role in nearly all organic processes and facilitate a wide range of functions within the body, including the transport and storage of nutrients, coordinated motion, and protection against disease. Two extremely different yet incredibly important types of proteins working in the human body are enzymes and hormones. Without them, the body would take nearly fifty years to digest a meal and would never undergo puberty. 
2 Enzymes are catalysts, meaning they are responsible for the speeding up or slowing down of biochemical reactions. Enzymes can potentially increase a reaction rate by factors as great as 1012. They will not, however, affect just any chemical reaction, but instead act on only certain molecules, called substrates, for which they are extremely selective. Each type of enzyme is structurally organized to link onto only specific substrates. The enzyme’s amino acid chain folds in such a way as to fit into a unique molecular pattern, much like how one puzzle piece fits into another. In this way, enzymes will attach themselves to only specific molecules. They then catalyze the conversion of these molecules into biologically useful products. A living cell may contain as many as 3,000 different types of enzymes, with each responsible for a different chemical reaction. The various chains of reactions, called metabolic pathways, occurring in a cell depend on the specific set of enzymes present in the cell. 
3 Enzymes do not operate independently. Their actions are controlled by mechanisms that “turn them on” when a cell requires certain products and “turn them off” when the product quota has been achieved. Each enzyme contains one or more active sites, where substrates attach to the enzyme and where reactions take place. In a cell, when concentrations of substrates are high and concentrations of products are low, many active sites are available to receive substrate molecules. As more and more molecules attach themselves to enzymes, the rate of reaction increases. When the concentration of substrates reaches a level at which all active sites are filled, the reaction rate remains constant. If enzymes create more products than needed by the cell, the concentration of products increases. The excess products can sometimes act as inhibitors by attaching themselves to either the binding sites of substrates or the active sites of enzymes, thus decreasing the rate by which substrates are converted into products. Without enzymes, cells would have no way of acquiring the chemical balances necessary for sustaining life. 
4 Hormones are another type of protein vital to biological functioning. They regulate such physiological processes as metabolism, growth, reproduction, and pigmentation. Organs and tissues secrete hormones directly into the bloodstream. They serve as chemical messengers from one cell, or group of cells, to another. Once in the blood, hormones traverse to all cells of the body, where they interact with special proteins, called receptors , embedded in the cell membrane of their target cells. Certain receptors are built to receive only specific hormones. When a hormone binds to a receptor, it triggers a series of chemical changes in the cell. Through these chemical reactions, the hormone’s message eventually reaches the nucleus of the cell, where the process of gene transcription is initiated. 
5 The nucleus of a cell houses all of its genetic information---information that informs a cell how and what type of metabolic proteins to make. This information is encoded in the structure of a molecule called deoxyribonucleic acid, or DNA. In the extraordinary process of gene transcription, strands of DNA are copied in order to efficiently manufacture the specific proteins called for in the hormonal message. These proteins then carry out necessary activities within the cell. Hormones can stimulate cell division, activate immune responses, induce the death of malfunctioning cells, regulate the production and release of other hormones, and affect many other cellular processes. Like enzymes, hormones are an essential component in the amazingly complex biological systems of life on Earth. 

Unit 34 Carbohydrates

1 Carbohydrates are most simply defined as organic molecules containing the elements carbon, hydrogen, and oxygen within a specific structure. Commonly referred to as sugars for their sweet taste, carbohydrate compounds serve numerous roles in biological metabolism including the storage and transport of energy and the maintenance of structural components. Carbohydrates are classified according to the complexity of their chemical structure as either monosaccharides, disaccharides, or polysaccharides. The chemical formula Cn(H2O)m expresses the composition of all carbohydrates. This elemental expression implies that any carbohydrate molecule contains a given number of carbon atoms ( n ) and twice as many hydrogen atoms as oxygen atoms ( m ). The three classifications differ by the relationship between the numbers n and m in the carbohydrate molecular chain. 
2 The simplest carbohydrate units are called monosaccharides and are known as the simple sugars. Carbohydrates in this classification contain the same number of carbon atoms as oxygen atoms; in the chemical formula for monosaccharides, therefore, n equals m. The most common monosaccharide is glucose. Its chemical formula is C6(H2O)6. Glucose is commonly referred to as “blood sugar” since it serves as a major energy source throughout the human body. It is essential to the process of cellular respiration. During cellular respiration, cells convert fuel molecules into usable and stored energy. Glucose is also called “grape sugar” since it is the product of photosynthesis. Photosynthesis is the process by which plants convert energy from the sun into stored sugars. Fructose, another example of a monosaccharide, is a simple sugar found in such food as honey, tree fruits, berries, sweet potatoes, and onions. Galactose, another common monosaccharide, is found in milk and other dairy products. Such monosaccharides cannot be broken down into simpler molecules---they are considered the building blocks of disaccharides and polysaccharides. 
3 Disaccharides are formed by the joining of two monosaccharides. Sucrose (table sugar), for example, is the combination of glucose and fructose. It is, therefore, found in most fruits and vegetables. Lactose (milk sugar) results similarly from a reaction between glucose and galactose. To form a disaccharide, two monosaccharides join through a condensation reaction, in which a strong bond forms between molecules and results in the loss of a water molecule (H2O). The number of oxygen atoms ( m ) in disaccharides is thus one fewer than the number of carbon atoms ( n ). Various bond combinations can produce disaccharides with different chemical and physical properties. Different combinations of two glucose molecules, for example, can form maltose or cellobiose. Maltose is a sugar found in germinating grains, while cellobiose is a component of the main structural material of plants. 
4 The polysaccharide group contains the most complex of the carbohydrates. Polysaccharides are formed by the linkage of several monosaccharide units, and therefore exist as large chains of molecules that branch out in many directions. Starch and glycogen, for example, are polysaccharides composed of thousands of repeating units of glucose. Starch provides a major source of stored energy and is obtained from the human diet. It is synthesized in plants and found in such plant foods as rice, potatoes, corn, and wheat. Enzymes in the human body break starches down into glucose. Glucose can be used immediately by cells for metabolic purposes. Glycogen is commonly referred to as animal starch. It is made inside the bodies of both humans and animals and stored in the muscles and liver, acting as a reserve supply of energy for the demanding needs of these tissues. 
5 Polysaccharides also provide the structure for plants and animals. The polysaccharide cellulose comprises the primary structural material of plants. Wood, for example, is mostly cellulose, as are cotton and paper. Cellulose allows flowers and grasses to stand vertically; it gives trees and bushes their rigid appearance. Because humans lack the enzymes necessary to break down cellulose into molecules of glucose, most grasses, bushes, and trees offer little nutritional value to the human body. The polysaccharide chitin, although structurally similar to cellulose, is used in the shells of crustaceans, such as crabs, lobsters, and shrimp, and in the exoskeletons of insects, such as ants and beetles. 6 Both simple and complex carbohydrates play a central role in the chemistry of living systems. These organic compounds are essential to the storage and production of energy in nearly all organisms, thus helping to sustain life on Earth.
Unit 35 Cracking the Genetic Code

1 Deoxyribonucleic acid, or DNA, is an extremely complex molecule found in all living cells, from human cells to one-celled bacteria. It is the substance of genes---the hereditary material that allows a cat to give birth to kittens instead of mice, and that determines the color of eyes, the shape of feet, the type of teeth, and millions of other traits that make individuals unique. Because the genetic code is “written” in its chemical structure of DNA, an understanding of how genes produce certain characteristic traits first requires an understanding of the composition of DNA itself. 
2 The appearance of a single molecule of DNA can be compared to that of a twisted rope ladder. This structure, called a double helix, is comprised of two strands of bonded molecular units called nucleotides, and each nucleotide contains one of four different kinds of compounds, called bases, which bind together to form the “rungs” of the genetic ladder. The four bases are adenine, cytosine, guanine, and thymine; commonly referred to as A, C, G, and T, respectively. The precise order and amount of these bases in a molecule of DNA are unique to each individual being, although common pattern trends are passed down from one generation to the next, assuring the continuation of certain traits within a species. 
3 The form and function of a cell---whether it be a skin cell or a liver cell, for example---are determined by the type of proteins the cell produces. Proteins consist of small molecular units called amino acids, of which there are exactly twenty different kinds. A cell’s DNA holds information for the synthesis of proteins from free-floating amino acids. The order in which the four bases are arranged in a DNA molecule determines the order and type of amino acids linked together in the formation of a protein chain. Specific segments of the DNA ladder carry the instructions for making specific proteins. Each of these segments is a gene which contains a certain number of bases arranged in a particular order. The specific language of gene instruction is a three-base code, meaning that any sequence of three bases corresponds to a specific amino acid. Scientists have named these sequences according to the abbreviated names of the bases. CAT, for example, refers to the group of bases cytosine, adenine, and thymine arranged in the order listed. 
4 The first base sequence code to be deciphered was AAA. Researchers discovered the amino acid associated with the genetic code AAA by first isolating a strand of ribonucleic acid or RNA. RNA is a reverse copy of DNA sequences that can travel outside the nucleus to synthesize proteins throughout a cell. As a reverse copy, RNA carries a sequence of bases which bond opposite of the bases on the DNA ladder. Bond oppositions are fixed such that U always bonds opposite of A, and T always bonds opposite of C. Thus, a strand of RNA carries the original genetic code AAA as the three-base sequence UUU. To decipher the DNA code AAA, therefore, scientists utilized an RNA chain consisting of only U bases. They submerged the RNA strand in a mixture containing all twenty types of amino acids along with the materials of protein synthesis. The result was a protein chain comprised of only the amino acid phenylalanine. This implied that the RNA code for phenylalanine must be UUU, which meant that the DNA code for this particular amino acid was AAA. 
5 Mathematically, the four letters of the DNA bases yield a total of sixty-four different three-letter combinations. Consequentially, most amino acids have more than one code. Only three of these three-letter sequences, UAA, UAG, and UGA do not correspond with any of the twenty amino acids. What is most striking about the language of DNA is its universality. The same three-letter code signifies the same amino acid in all organisms, from humans to jellyfish to single-celled algae. All life is therefore defined according to a shared genetic code. Even more amazing is the simplicity of the genetic language. Despite the great variety of living creatures, their existence is written in the simple sequencing of basic molecular units.
Unit 36 New Techniques in Biochemistry

1 The field of biochemistry has greatly advanced since its beginning in the mid-1900s. New techniques have been developed that allow for a more detailed analysis and understanding of many biological molecules and processes in a living cell. These techniques offer a wide range of applications to all scientific fields. They are mainly used in biochemistry to study the structure and properties of biological molecules, to understand the molecular movement of these molecules within larger systems, and to determine how these molecules interact with one another. 
2 There are many tools by which biochemists can view the structure of molecules. One example is the electron microscope that allows biochemical researchers to directly view the details of a microscopic specimen. A specimen may be a cell or large biological molecule such as a protein. An electron microscope can magnify an object up to two million times its original size by passing a beam of electrons through the specimen, and then focusing those electrons through a lens. The electrons form an image on a photographic plate. The electron microscope not only has tremendous magnification power, but it also has an extremely high resolution. These properties allow scientists to view parts of cells that are otherwise invisible to the naked eye. 
3 X-ray crystallography is another method biochemists use to study the structure and makeup of complex biochemical substances like enzymes and nucleic acids. X-ray crystallography shines a beam of X-rays through a molecule. The atoms in the molecule act as tiny mirrors. They spread out the X-rays into regular patterns. These patterns are captured on a photographic plate. By studying the patterns, scientists can determine how the atoms of various intercellular molecules are arranged. 
4 Still another technique for obtaining information on molecular structure is nuclear magnetic resonance spectroscopy. This technique is more commonly known as NMR spectroscopy. NMR spectroscopy places biological molecules in a magnetic field. It then measures the rate at which the protons in these molecules vibrate. The protons of different chemical elements in a molecule will vibrate at different rates. Scientists can thus determine the types of atoms present in organic molecules. 
5 Biochemists also wish to know how molecules move in cells and throughout the bodies of living organisms. The predominant method for tracing organic substances in a biological system is referred to as radioisotopic labeling. This technique involves “labeling” a substance with radioactive elements called radionuclides. Hence, a substance is marked in order to track its passage through a system. It is “labeled” by adding radionuclides to its chemical composition. The radionuclides emit radiation that can be detected as they move through a system. The precise movement of a substance containing radionuclides can be easily traced by measuring radionuclide emissions. 
6 The biological processes in living systems do not result only from the types of molecules present and the movement of these molecules throughout the body. They also happen because of interactions between molecules. Some molecules will chemically react with one another to create products. The products are used by cells for activities like energy storage or cell division. Chromatography is a method that allows biochemists to separate and identify the products of chemical reactions. Chromatographic techniques involve a process called absorption. A chemical mixture is passed through a solid or liquid material. This material absorbs the substances in the mixture. Different substances, however, will be absorbed at different rates. By allowing the mixture to pass through the absorbent at a specific rate, only some substances are absorbed. This separates the mixture into its various parts. 
7 Because reactions between molecules follow the laws of chemistry and physics, biochemists can mathematically predict how atoms and molecules of substances will interact with each other in a given system. Most biological systems are made of a large number of particle interactions. This makes them extremely difficult to study using only analytical methods. Therefore, in addition to laboratory experiments, biochemists use a technique called molecular dynamics. Molecular dynamics uses a computer to act out the interactions between multiple atoms and molecules. The program is based on known chemical and physical laws. Combined with other new techniques in biochemistry, molecular dynamics offers a broader understanding of biological systems and life itself.
Unit 37 The Oral Tradition

1 Long before computers and copying machines and even before there were printing presses, people remembered important events and stories through something called the oral tradition . The oral tradition is the passing down of history and information through the ages via storytelling. Much of classic literature is actually a story that has been conveyed by means of the oral tradition and later recorded in a manuscript. There are several criteria that linguists examine to determine if a story was passed down through the oral tradition. The most obvious indication is the manner in which the stories are related, but the simplicity of the story and the presence of errors are also important indications. 
2 In stories passed down by word of mouth, there is often a looseness both in the author’s interpretation of the facts and in the order elements occur within various versions of the stories. For example, jokes are often circulated in this way---the main characteristics of the joke stay the same, as does the punch line, but the names of the characters, places, or other details may change. This fluidity of form doesn’t affect the overall humor of the joke; thus, the joke still serves its purpose. Another aspect that linguists look for as a clue to a story’s origin in oral tradition is the presence of clichés. Stories transmitted through spoken tradition are often instructive in nature, and as a result, details and characters may be idealized or typical; there are simple heroes or villains, instead of complex, conflicted individuals who represent a little of both. Something else that is an important indication of oral heritage is the vividness of detail. There is not usually much detail in a story that has been transmitted orally, but the detail that is present is extremely vivid. In the case of a joke, this would be apparent in the detail that makes the joke funny---the rest of the joke would not be vividly detailed, but the punch line is the key part of the joke, and therefore always descriptive. The other details are often either omitted or lost due to the difficulty in retaining all the details of more involved stories. Hence, the focus of the story is always the overall concept. For example, in the familiar story about the chicken that crossed the road, all that matters is why the chicken is crossing the road. Such details as the age or color of the chicken, for instance, are omitted, though they might well be included in a written version of the story. 
3 The second major characteristic that can identify whether a story has been passed down orally is its simplicity. Again, the storyteller is inclined to focus on the main points rather than on extraneous information that will not impact the listener’s overall concept of the story. The story would be far too difficult to remember, and instead, it is more efficient to pare it down to the essential information, which is why oral storytellers use very simple and concise expressions. The language is basic, and therefore doesn’t impede the listener’s ability to understand what the story means. 
4 A third characteristic of the oral tradition is that, inevitably, the stories show inconsistencies in different versions of the same tale. As the story progresses through the generations, certain material gets left out, added in, or changed. This can be true of some of the more vital parts of the story as well, which eventually changes the entire story, particularly when the story is finally recorded and the medium varies. Changes in meaning due to spelling or other concerns can completely alter the original intent of the word, phrase, or even the entire story. Consider the difference in the words “know” and “no.” They sound the same, but on paper they look completely different. 
5 The oral tradition is an important way of passing down information, but it is not infallible. Errors can (and do) occur along the way. However, many familiar stories the people of the world commonly know and continue to share today owe their existence to the oral tradition, making this an important means of communication and of recording history.
Unit 38 Learning to Speak

1 The nature of language acquisition is still mysterious. From birth, children seem to have a natural inclination toward learning to speak, and they are able to speak intelligently very quickly. Researchers have formed three theories as to why children are able to easily learn a language. These theories try to explain some of the unknown aspects of language acquisition. Specifically, they examine the behavior children display during the various stages of speech development. The imitation theory, the conditioning theory, and the innateness theory all focus on different characteristics of this development. 
2 The imitation theory focuses on the habit children have of repeating what their parents say, a well-known trait of young children as they learn to speak. The theory suggests that imitation is the basis by which children learn a language. Parents play a crucial role in speech development for this particular hypothesis. The level and expertise with which a child speaks thereafter is dependent upon the parents’ ability to impart knowledge of the language. Interestingly, parents seem to naturally adapt their normal manner of speaking to accommodate the child---especially an infant. They change the pitch and emphasis in their voice and speak in much less complex sentences. This version of language is known as child-directed speech, or more informally, “motherese.” There have actually been studies conducted that indicate that a child enjoys this variety of speech more than typical adult speech. Another phenomenon noted by scientists is the habit parents have of simulating conversations with the child. The parent will say something to the infant and pause, signaling to him or her to respond. When the child makes a noise of some sort, the parent continues as if the child had actually given a proper answer. The supplementation of words and conversation by the parents continues until the child becomes more adept at employing the language, at which point the parents begin to have higher expectations of the child. 
3 Besides the imitation theory, there is another common explanation of how children might develop language: the conditioning theory. This theory is based on the belief that the positive or negative reinforcement received from a child’s parents conditions him or her to speak in a certain manner. Again, the parents and the environment in which the child is raised have a tremendous influence on the child’s ability to learn the language. For example, if a child hears the word “bottle,” and then the parent gives the child his or her bottle, a word association is formed in the child’s mind. When the child says the word, the parent offers praise. Thus, the parent reinforces to the child what the bottle is. Researchers cite the natural stages of progression a child experiences as support for this theory. They argue that as the word associations become more complex, children are able to form more complicated sentences. 
4 Despite the logic in both of these theories, there are aspects of language development that they do not include. The imitation theory, for example, fails to explain the child’s ability to learn correct grammar and syntax even though adults often speak in grammatically incorrect ways. The conditioning theory, on the other hand, does not consider that children use words in innovative ways. A child will say a word in a situation that he or she has not previously encountered. Neither theory explains how children are able to discern the rules of a language, sometimes applying them to words that break the rules in a habit known as over-regularization. 
5 In an attempt to explain some of these characteristics of language development, scientists often integrate the concept of innate ability. The natural desire children have to learn a language and their ability to learn it so quickly suggest to some researchers that language acquisition is an inherent trait in all humans. As a result, scientists generally blend the imitation or conditioning theory with aspects of the theory of innateness. 
6 No single theory can fully explain the various characteristics of language acquisition, despite the fact that research on the subject is growing. However, when taken together, the imitation, conditioning, and innateness theories can provide some help in comprehending the subtleties of language development in children.
Unit 39 Phonetics and Pronunciation

1 Phonetics is the study of the sounds of speech. It bears in mind the ways in which the sounds of speech are transmitted and formed, and also deals with the overall analysis of the sounds. There are three principle areas of phonetics that scientists concentrate on: acoustic phonetics, articulatory phonetics, and auditory phonetics; each with many practical applications. 
2 Acoustic phonetics focuses on the various sound waves generated by human vocal organs during communication. This directly relates to the method by which the sounds of different pronunciations are formed. Scientists are attempting to determine more accurately ways in which the overall formation of speech sounds is affected by frequency and sound waves. To do this, phoneticians look at the frequency spectrum---that is, the range of frequencies---using something called a spectrogram, perhaps better known as a sonogram. A spectrogram analyzes the vocal quality of a selected excerpt of an individual’s speech. It then records it on paper using something similar to a graph. Using the results of the spectrogram, scientists can see what range of frequencies is present within the vocal sample. Scientists can then differentiate between voices. Interestingly, acoustic phonetics may have a number of remarkably useful applications in the real world. Voice-recognition software---where a computer user speaks into a microphone and the computer itself does the “typing”---is a direct result of research in this field. Many predict that in the future, home and building security systems will utilize this technology extensively to allow or bar access, turn on and off appliances, and perform a host of other common functions. 
3 The second type of phonetics is known as articulatory phonetics. This branch of phonetics studies how the vocal organs, or articulators, in humans interact to form speech. There are many different ways that phoneticians do this. One method, known as electropalatography, involves the measurement of the placement of a person’s tongue when it meets with the roof of the mouth during speech. This is done by fastening a plate that has tiny electrodes on it to the palate. When the subject speaks, the tiny electrodes make contact and send data signals back to the researcher. This allows the researcher to establish a relationship between specific sounds and the use of the vocal organs. Speech pathologists are currently using this technology to develop treatments for those with serious speech impediments. 
4 Auditory phonetics is the third area scientists are most interested in. This category studies the perception of the sounds of human language. Auditory phoneticians, therefore, study hearing. Scientists also assess the means by which the different frequencies and amplitudes present in human speech impact the way in which it is perceived, both physically through the ear, and mentally through the brain. They look for a demonstrable relationship between these sounds and human reaction to them. This branch of phonetics is particularly useful in the study of foreign languages. Instructors can apply auditory phonetics research and findings to teach students how to more clearly express meaning through the tones in their speech. 
5 Phonetics has also been integrated into other areas of science and has made considerable contributions to society. Advances in speech technology, forensics, communication disorders, and teaching second languages have all been made possible because of the vast research done in phonetics. Phonetics is currently being used, for example, to work on developing therapies for stuttering by integrating physiological aspects of science and examining how speech organs interact with mental processes in people who stutter. Phonetics has also been used for the development of writing systems. The International Phonetic Alphabet (IPA) designates individual symbols to each way of saying a different sound in order to guide users toward the correct pronunciation of words in language. Today, it is an important tool for speech pathologists, linguists, translators, language teachers, and speech therapists. 
6 Phonetics is a vast and diverse field that directly relates to spoken language and its pronunciation. Its three traditional primary areas of study have demonstrated a number of practical applications. Working in conjunction with one another, these fields have brought many advances to human understanding of language and linguistics and promise to bring many more in the future. 
Unit 40 Helen Keller

1 Helen Keller is renowned for her perseverance, her indomitable spirit, and her great desire to overcome daunting physical challenges. During her lifetime, Helen set many important precedents and was extraordinarily accomplished. Aside from various academic achievements, her work with the American Foundation for the Blind is credited with bringing about landmark changes in the living conditions and education for the blind. 
2 Born in 1880 with both sight and hearing, Helen was stricken with an illness that left her deaf and blind by the age of two. Helen’s parents took her to see famed inventor Alexander Graham Bell, who had become a specialist in teaching deaf children; it was Bell who recommended that Helen should be taught by an instructor accustomed to working with the deaf. The teacher hired was the now-famous Anne Sullivan. 
3 Anne’s arrival was a turning point in Helen’s life. Anne herself had been partially blind from the age of five onward, but several operations had allowed her enough eyesight to be able to distinguish words on a page. She worked patiently with Helen to teach her to finger spell, or form sign language letters with one hand in the palm of the person she wanted to converse with. She also taught Helen how to read Braille as well as raised letters and instructed her on how to use both regular and Braille typewriters. Helen quickly learned these skills and was able to attend the Cambridge School for Young Ladies. 
4 By 1900, when Helen had finished at Cambridge School, Helen and Anne were ready for a new endeavor and decided to pursue the challenge of higher education. Helen enrolled in Radcliffe College, and while there she wrote her first book, The Story of My Life , which was published in 1903. One year later, she graduated, earning the distinction of becoming the first deaf and blind person in history to attain the degree of Bachelor of Arts. Within the next decade, Helen also wrote two more books, The World I Live In and Out of Darkness. The latter was especially important as it was a controversial collection of Helen’s essays about her political views espousing socialism. 
5 Helen Keller and Anne Sullivan spent a significant amount of time lecturing and touring with a vaudeville show that depicted the first time that Helen comprehended the finger spelling Anne had been diligently trying to teach her. Helen and Anne even made a biographical movie, Deliverance . In 1918, Helen began her lifelong association with and work for the American Foundation for the Blind, and she worked incessantly to raise funds for the foundation, as well as to change common societal perceptions about the deaf and blind; she traveled throughout the world, campaigning, and fundraising to help the physically challenged. 
6 In the early 1920s, Helen’s life altered dramatically when Anne fell seriously ill and was unable to accompany her anymore. Polly Thomson stepped in and embraced the responsibilities. In October of 1936, Helen’s beloved teacher, Anne, died. Thereafter, Helen concentrated primarily on raising funds and awareness to assist the deaf and blind. She and Polly worked in conjunction with the American Foundation for the Overseas Blind. Helen, however, suffered another staggering loss when the manuscript she had been working on, called Teacher, was destroyed in a fire that consumed Helen and Polly’s Connecticut home. The book was being written as a tribute to Anne Sullivan. 
7 Helen’s life was again featured in a film in 1953, this time in a documentary entitled, The Unconquered, which won an Academy Award for best feature-length documentary. In 1955, Helen’s book, Teacher, was published and later became the inspiration for The Miracle Worker . It debuted in 1957 on television and was released as a Broadway play in 1959. It was greeted with resounding success. In 1962, it was adapted for film, and two of the actors were awarded Oscars. These films were an important step toward the world’s eventual recognition of the challenges that the deaf and blind face. 
8 Helen, unfortunately, experienced a series of devastating strokes in 1961 and never fully recovered. She died on June 1, 1968, and her ashes were buried near both Anne Sullivan and Polly Thomson. Despite their deaths, Helen Keller and her teacher, Anne Sullivan, remain iconic examples for their tireless devotion to learning, overcoming apparently insurmountable challenges, and championing the cause of the deaf and blind.
Unit 41 A History of the English Language

1 The English language represents an interesting mix of European dialects that coalesced into a single language. Invasions, epidemics, and other events have left indelible marks on the language throughout its long history. Linguists typically break this history down into three major periods: Old English, Middle English, and Modern English. 
2 Old English, the earliest written form of the language, was brought to Britain by German immigrants and auxiliary troops employed by the Romans. The islands of Britain were a destination for the Roman legions due to several factors, but pressure from the church to convert the Celtic peoples played a significant role in the decision to occupy the region. After defeating the Germanic tribes, the empire attempted to curb the possibility of insurrection by drafting men of the defeated tribes into service. The Roman occupation of Britain was made possible by these Germanic troops, which had a lasting effect on the language of the region. In addition, two more invasions significantly affected the formation of Old English. Scandinavian forces invaded and occupied portions of Britain and, shortly thereafter, Normans from present-day France invaded the region. On one hand, the Scandinavian influence on the language encouraged grammatical simplicity. On the other, the Norman invaders spoke a French dialect, which supplemented English vocabulary significantly. 
3 Since portions of Britain were under the rule of the Roman Empire for quite some time, higher-ranking officers in the military charged with keeping order in Britain spoke Latin. As a matter of bureaucratic necessity, many Latin words were incorporated into Old English as well. But in spite of the bureaucratic use of Latin, French was the preferred dialect of rulers after the fall of the Roman Empire when Norman kings eventually took over. It then remained so for several hundred years. However, the common people never adopted it, opting instead for the traditional Old English that was established in the region. Nevertheless, several French words and grammatical habits were incorporated into Old English, and the subsequent shift resulted in what linguists call Middle English. Middle English was primarily spoken, but most literature was published in the French dialect of those that could read---the upper, ruling class.
4 Then, in the fifteenth century, spoken dialects of English underwent a dramatic shift that incorporated diphthongs and longer vowel sounds. This change in language, known as the Great Vowel Shift, was adopted at a surprising pace. Most attribute this in some way to the Black Death, a plague that killed millions across western Europe, including Britain. Some argue that the number of deaths in the upper class allowed for more social mobility, and that subsequently allowed the language change to spread across class lines quickly. Others think geographic changes caused by the Black Death had more to do with the quick adoption of this dialectic change. Whatever the case may be, with the adoption of the Great Vowel Shift, the stage was set for the English language as we know it. Early Modern English, the dialect that evolved after the Great Vowel Shift, provided the foundation for contemporary versions of English. In addition, the end of the thirteenth century saw the decline of French dialects among the ruling class and an increased use of English. This created an environment friendly to literature published in English, which served to secure and codify the linguistic structure of the language. 
5 English is a fascinating language as it contains a vast number of words incorporated from other languages. In 1973, a computer-aided analysis of English revealed some fascinating statistics about the language. Seventy-five percent of the language was composed of words originating from French, Latin, or Germanic dialects. Even more fascinating is that each of these languages contributed an almost equal number of words to English. 
6 Since the Great Vowel Shift, there has not been as significant or dramatic a change in the language. That is not to say, however, that it has remained static since then. Changes are occurring in spoken and written English, with new words being incorporated into the dialect on an almost daily basis. As the influence of English expands and more people use it, the influence of accents and new words inevitably increases. Far from being static, the English language is alive and dynamic to the present day.
Unit 42 American English

1 The two principle forms of English prevalent today, American English and British English, have become remarkably distinct in several ways, despite sharing common origins. These differences are seen in the degree of uniformity each displays, their range of vocabulary and usage, and the spelling differences of particular words. 
2 American English was a result of the colonization of North America by Britain; however, after the American War for Independence, the two forms began to change independently of each other, incorporating words, accents, and vernacular specific to the respective countries. Since that time, the language itself has continued to morph, and its speakers have continued to annex new words from other languages, resulting in two similar, yet distinct forms of the same mother tongue. 
3 American English is characterized by its overall uniformity in written form and by its limited variations in spoken form. While variations are certainly present in American English, they are much more commonplace in British English. British English features an overall lack of coherence in dialect, accents, and even in the vocabulary used from region to region. For example, English as it is spoken in Ireland, has marked contrasts from English spoken in London, both in terms of pronunciation and vernacular. Nevertheless, although the same language is being spoken, and people from various parts of the country can usually understand each other, the lack of uniformity easily distinguishes from what area the person comes. Though such regional variations do exist within American English, they are not nearly so pronounced. Another stark difference between American and British English is that the latter exhibits asymmetry in accordance with particular socio-economic groups. “Slang,” as colloquial expressions are termed in America, is much more universal in American English than it is in British English; it is used by large cross-sections of the population, regardless of socio-economic stature.  
4 American English and British English are also distinct in vocabulary. In terms of vocabulary, many words remain the same regardless of which type of English is used, but there are also a significant number that differ. For example, in the American lexicon, fuel for automobiles is described as gasoline, whereas in Britain, it is described as petrol. And where would this fuel be used? In America, it might power a “truck,” while in England, it might propel a “lorry”---different words, same meaning. 
5 A cursory examination also reveals differences in usage. Typically, Americans prefer simpler sentence structures. For example, Americans would say, “I already ate”; whereas the British would more likely say, “I’ve already eaten.” In this case, the American uses the simple past tense instead of the past perfect as a means of streamlining communication---a common feature of American English usage. Another way usage varies is in the expression of possession: an American might say, “I have a new car,” while the British would say, “I have got a new car.” The differences in usage also extend to the use of prepositions, which deviates between the two forms of the language in the way that they are employed. The British say “I’ll see you at the weekend”; Americans typically say, “I’ll see you on the weekend,” yet both mean exactly the same thing. These are just a sampling of usage differences; numerous other variations can be seen on closer study. 
6 Perhaps one of the most obvious differences between the two written forms of English is seen in spelling. The American “color,” “practice,” and “center” appear in British dictionaries as “colour,” “practise,” and “centre.” These patterns are seen in most American words ending in “-or,” “-ice,” and “-er,” respectively. Another spelling variation is seen in the spelling of past participles (a verb that can be used as an adjective to indicate tense). In American English, past participles end in “-ed.” However, in British English, past participles can end in “-t.” Three words that exemplify this difference are “burn,” “smell,” and “spoil.” The American forms of these past participles are “burned,” “smelled,” and “spoiled;” the English forms, on the other hand, are “burnt,” “smelt,” and “spoilt.” 
7 British novelist George Bernard Shaw succinctly communicated the national variations in American and British English when he lamented that America and Britain are “two countries divided by a common language”; that is, while the two forms may have originated from a common root language, they certainly are not the same!
Unit 43 Thoughts into Words: The Development of Language

1 How one comes to know a language and what it means when someone knows a language are at the core of linguistics. Issues of language have been occupying thinkers since Plato, but a body of linguistic theory is more recent. Linguistic theory has grown in the last 150 years and is now a core concern of many critical theorists. 
2 Modern considerations of language were framed by Ferdinand de Saussure, a Swiss linguist. Saussure’s most influential work, Course in General Linguistics, developed a theoretical approach to language. In it, he argued that language must be understood as a formal system with constituent parts. Systematic attempts at understanding language were not new, but Saussure’s approach was unique. His theory broke language down into three basic parts: the signifier, the signified, and the referent. The referent is the object that agents attempt to frame with language so that they may talk about it. The signified is the idea or image of the referent inside of an agent’s mind. The signifier is the spoken or written word that the agent uses to express the signified. This breakdown of language was borrowed by two schools that carried it in two different directions. 
3 The Prague School took one direction by attempting to understand the function of language structurally. Borrowing from Saussure’s original distinction, it tried to comprehend the relationship between signifieds and signifiers. The Prague School was concerned with the way in which the functional aspects of language affected the formation of words. In the United States, Saussure’s ideas influenced Harold Bloomfield, who strove to analyze the amazing way trends in language spread. Bloomfield’s approach, called distributionalism, emphasized a scientific understanding of language. The approach of distributionalism and the Prague School were both structural in nature, much like Saussure’s own theory. These structural attempts to understand language essentially posited that language could be dissected and examined if exposed to the proper analytic method. Yet for many thinkers familiar with the ideas of Saussure and other structural linguists, this approach was appalling. 
4 Friedrich Nietzsche took a radically different direction. His ideas cast serious doubt upon the phenomenon of language itself. Nietzsche argued that the relationship between the signifier and the signified was inherently flawed, as any utterance was an imperfect and incomplete expression of a given experience. As people utilized language, they would become accustomed to the linguistic imperfection contained in language and that would lead to distraction from actually experiencing the world. For Nietzsche, the use of language detached people from the actual experiences of the world, thereby making them less sensitive to living. 
5 This skepticism toward language was influential for thinkers that were exposed to the schools of linguistic structuralism. Many felt that the presumption at the core of Saussure’s and other structuralists’ approaches was incorrect. Although most of them did not express radical reservation towards language like Nietzsche, they were still compelled to object and their objections, in various forms, were known as the poststructuralist movement . For poststructuralists, the idea that people can somehow encompass language in a series of rules and guidelines is not just wrong; it is actually a negative intellectual movement. Besides the gross errors within the structuralist approaches, many felt the habit of reducing human phenomena was immensely negative. In fact, some argued, positing linguistic rules---even if they were only observations---would discourage the growth and development of language. This tendency to reject the boundaries created by structuralism was influential in other postmodern schools of thought. 
6 The debates within linguistic theory rage on today. Structuralist schools still exist in many branches of the humanities, including linguistics. Questions of how thought is interpreted into language are still being debated. It comes as no surprise that the larger question---whether or not the process of turning thought into language can be understood---is equally controversial. Language is a fundamental aspect of most every cultural phenomenon studied in the humanities. The way the world is observed and vocalized is, indeed, the most basic part of society. The question at the core of this debate is going to have far-reaching effects on the way people think about and approach many other aspects of thought.
Unit 44 Vocabulary and Grammar

1 In every language, there are two essential elements: vocabulary and grammar. Vocabulary is the collection of words that create a language, and grammar is what provides structure to the words in a language. Understanding both of these components is essential to understanding any language as they form a single medium through which two individuals can communicate ideas, feelings, and explanations to one another. Each has important aspects that, when understood, can be helpful in comprehending any language. 
2 Most vocabulary develops at an early age. Infants begin learning bits of a language early, only to employ them later. At first, these words are used to communicate basic needs and desires. Vocabulary will be used by very young children, but only later will it be used to communicate abstract ideas and concepts. The process of understanding a language thus begins with the bare essentials. In coming to understand and use vocabulary the way the words are structured will become more evident. As more words are added to one’s vocabulary, the way the words operate with one another becomes critical. Thus, from usage of vocabulary, a grammar develops. 
3 Knowledge of specific grammatical rules plays a much less significant role than does knowledge of specific vocabulary in knowing a language, as a general rule, but grammar is still a core part of most languages. The structure that grammar lends to the vocabulary can vary dramatically from one language to another. At the core of understanding grammar is the syntax of a given language. Syntax is the way a language orders words in phrases. Some languages, like English, have a very complicated syntax. These languages require that words in phrases be ordered in a very particular way to effectively communicate an idea. For example, English requires that an adjective directly associated with a noun precede the noun when describing it: one can say “the blue sky,” but cannot reverse the order---“the sky blue”---and retain the same meaning. Other languages, however, do not emphasize syntax at all. As long as the words are within a sentence, they can be ordered in any way to retain meaning. Latin, for example, does not require a certain word order to communicate an idea. Other grammatical considerations, though, must be taken into account in order to understand languages with a simple syntax, like Latin. Attaching prefixes or suffixes, as well as adding inflections, can change the meaning of words and lend context to a language. Typically, the more advanced suffix or inflection structure that a language has, the fewer syntactic rules there are. The grammatical makeup of any language is a variety of different considerations that may or may not be an important part of a single language. 
4 Yet grammar and vocabulary are not entirely separate from one another. Grammatical considerations can actually affect the vocabulary of a language. Inflections are a grammar rule that help make a language more efficient and functional. Words can be modified according to grammatical rules in order to communicate meaning within a phrase. For example, an “s” can be added to the word “dog” in order to signify a number of dogs. Adding a single “s” to dog is more efficient in some cases where specifics are not relevant: “the dogs chased a ball” is more efficient than “a dog and another dog chased a ball.” This example shows how grammatical rules of inflection can be used to introduce another word---“dogs”---into the vocabulary, thereby making the language more efficient. 
5 Since grammar and vocabulary are so intimately associated with one another, it is uncommon for the two to be divided when learning a language. However, the distinction is important as understanding languages more broadly requires this kind of divide. Linguists cannot possibly hope to have knowledge of all the vocabulary of the world’s languages, but they can attempt to understand general linguistic rules that govern different languages. These observations may lead to discoveries about how languages interact with one another, outside of simply borrowing words from one another. As such, the differences between a language’s vocabulary and its grammar are of the utmost importance. They help to understand a language in general and help glean how it has come to exist and evolve amongst other dialects and languages.
Unit 45 Language Variety

1 The field of sociolinguistics is a branch separate from most other parts of the field of linguistics. Rather than focusing on the inner workings of a language and its basic structure and components, sociolinguists draw attention to the external aspects of a language and the way the language affects the culture around it. Language can have a profound effect on the ideals, expectations, and identity of a people; these considerations are fundamental in understanding the role of language in the world. 
2 Differences in language are usually understood in terms of dialects, which are language differences distinguished by geographic location. If two different peoples live in separate regions of the world yet speak the same mother tongue, they will often display significant differences in that language. Thus, they are said to speak two different dialects, which means that their geographic location, relative to the other, is part of the linguistic difference. There are other “-lects,” though, which sociolinguists typically focus on. While dialectic understanding is no doubt important, there can be subtle differences in a single language that cannot be attributed to a geographic divide. For example, different ethnic groups in a community may speak different languages or variations thereof, even though they live near one another. These ethnolects can be studied to understand how language serves to separate a community and forms the identity of the speakers. Similarly, other “-lects” can be a function of economic status, profession, or even political alignment. 
3 Language, however, does not operate independently of those who use it. Any given group will choose to speak a certain way, based upon its motivations and convictions. Studying the conditions and motivations that prompt the choice to speak any given variation of a language is a fundamental part of understanding how linguistic variety arises. Likewise, some people may attempt to affect language themselves. One of the best examples is the development of Katharevousa, a language developed by Adamantios Korais in the nineteenth century. Korais was a Greek expatriate who objected to Greece being part of the Ottoman Empire. Other countries in the empire influenced much of the Modern Greek language spoken in the country. 
4 With Katharevousa, Korais attempted to bridge Modern Greek with Ancient Greek. In doing so, he stripped Modern Greek of any vocabulary that could be attributed to an external source. This retrofitted version of the language drew heavily from Ancient Greek. The new language was intended to create a sense of national identity among the people of Greece, apart from the Ottoman entity. In spite of its intentions, Katharevousa may have done more harm than good. It was adopted, but only in formal capacities, such as politics, academics, and news. As such, the lower classes, which spoke Dhimotiki, were cut off from the public sphere and education system for many years. In 1976, however, Dhimotiki was made the official language of Greece. Katharevousa is now obsolete, but it left a significant mark on Dhimotiki, especially in written aspects. 
5 The way these two varieties of the Greek language interacted with one another highlights many aspects of sociolinguistic studies. Korais clearly identified language with political identity, as did many other intellectuals of his time. For them, the adoption of a truly Greek language was one way to resist assimilation by the Ottoman Empire. However, their language project had social and economic effects that excluded much of the populace from the public sphere. 
6 It is these subjects that are the primary focus of sociolinguists. Language can be at the core of a number of cultural and social issues, greatly affecting them. In addition, sociolinguists are concerned with the way language can be an indicator of social phenomenon. For example, age differences may result in disparities in language, as speech patterns among the youth may be an effort to break from the older generations. Alternatively, the way men and women interact with speech may be indicative of underlying attitudes of gender. 
7 In this light, varieties within language can be indicators of cultural trends and attitudes. Issues in a number of areas---class, gender, politics, and age, among others---may be understood when language is taken into account. Sociolinguistics underscores the importance of understanding language and how dramatic an effect it can play in cultural affairs.
Unit 46 Language Analysis Tools

1 Attempting to understand the entirety of a language is a truly daunting task as most languages contain thousands upon thousands of words. In addition, the same word can have different meanings depending on the context in which it is used. Further complicating matters, many languages modify the same word to account for the tense or context of the phrase in which it is being used. Additionally, of course, most languages are associating several new words into their vocabulary quite regularly to handle shifting cultural, scientific, and technological trends. Due to their constantly changing state, attempts to catalog an entire language can be difficult; however, there are a number of tools and devices that have been developed to aid in the attempt to provide a comprehensive understanding of a language.
2 Dictionaries are the most popular tools used to analyze a language. They are large collections of words used in a language, which strive to catalog every word in popular use. Traditionally, dictionaries simply provide a definition of a word, but most dictionaries also include pronunciation guides for each word and grammatical guidelines. Some include information on the history of a word: its origins, roots in other languages, and first popular usages. Due to the large number of words in most contemporary languages, dictionaries can be extremely large books containing a wealth of information. They are most commonly published in print form, but more recent versions are being loaded on handheld electronic devices. 
3 Thesauruses are modified versions of dictionaries that give synonyms of words commonly used in a language. Rather than simply listing a definition like a dictionary, a thesaurus shows other words that may be used in place of a certain word. The difference between a dictionary and thesaurus entry is not always clear. Sometimes synonyms may be gleaned merely by reading the definition of a word. Alternatively, a word may be understood by simply seeing other words with the same meaning. As a result, thesauruses and dictionaries can have the same function and only differ in their form. 
4 There are a number of other devices that can be used to analyze a language. Concordances are large lists of words most commonly used within a text. They are not as extensive as dictionaries typically, but usually include information not contained in dictionaries. They can be used to analyze important words in a document, understand the way words are associated with one another, and highlight the usage rate of a word in a given text. Several texts---most popularly, the Bible---have concordances that are topical, which allow one to find where a given word is referred to or used in a part of the book. Many textbooks employ small concordances in their index, which will highlight the usage and explanation of key terms throughout the book. Concordances of various sizes have been aided by the use of computer technology, which analyzes documents and texts to find commonly used words and then catalog where the words are used. This allows the user to find common terms mentioned in a text and find the areas where they are mentioned, which can make referencing and finding relevant portions of a text easier. 
5 Recent advances in technology have allowed language analysis tools to become more efficient and comprehensive. For instance, studies have begun cataloging entire dictionaries and using the etymological information in calculating the number of words that originate from various influences. Texts are becoming more accessible and easier to use with the advent of computer-aided concordances. In addition, entire texts can be searched with computers to find all mentions of a word or specific phrase. Language analysis tools are not always helpful in getting to know a language, but they can be extremely helpful in understanding the history, formation, and breakdown of a language. Furthermore, they are indispensable when analyzing languages, making otherwise tedious processes much easier and more efficient. As the Internet continues to grow and become more accessible to people worldwide, new linguistic trends may be observed. Many tools are being developed exclusively to understand the language used online. Trends can be tracked online with software, allowing better understanding of them. In a world that is becoming more connected, it is essential to learn how languages interact with one another. Language analysis tools are key in this process.
Unit 47 The First Civilizations

1 The first people to inhabit the Earth lived nearly two million years ago. They survived by hunting, fishing, and gathering wild plants. They were forced to move from place to place in the pursuit of food. The development of agriculture around 9000 BCE ended this nomadic way of life and gave rise to the first civilizations. When people learned how to grow crops and domesticate animals, they were able to settle in one place. Settlements grew into villages and eventually into cities. People began to work specialized jobs, develop arts and crafts, and participate in other activities of civilized life. They formed governments and invented systems of writing. Thus, by 3500 BCE, the world’s first civilizations emerged in the fertile valleys of the Tigris-Euphrates, Nile, Indus, and Huang He rivers. 
2 The people who lived in the southern Mesopotamian Valley, between the Tigris and Euphrates Rivers, were known as Sumerians. They first settled on small farms and built dikes and irrigation canals to control flooding and water their fields. The Sumerian villages soon grew into small cities. Many of these became powerful city-states by about 3200 BCE. The greatest achievement of the Sumerian civilization was the development of a writing form known as cuneiform, which used wedge-shaped pictures for alphabetical characters. By carving these symbols into clay tablets, the Sumerians wrote letters as well as literary and religious texts, recorded legal and economic transactions, and studied mathematics, astronomy, and medicine. The Sumerians were fine craftsmen who produced board games, jewelry, metalware, glassware, musical instruments, and decorative pottery. The Sumerian city-states, however, lacked a centralized government and unified army to defend their civilization against invaders, and thus by about 2000 BCE, their civilization had fallen under Semitic rule. 
3 The ancient peoples of the Nile River Valley in Egypt began a civilization around 3100 BCE. The ancient Egyptians invented their own system of writing known as hieroglyphics. Many of the material accomplishments of ancient Egyptian society centered around religion. The Egyptians were the first to believe in life after death. They performed elaborate burial procedures to assure that the dead were comfortable in the next world. They embalmed and dried the corpses in a process called mummification in order to preserve the bodies. They also built gigantic burial tombs that they filled with clothing, food, furnishings, and jewelry. For deceased kings, they built elaborate pyramids, which required advanced engineering knowledge and thousands of workers. Eventually, the Egyptians developed an army and a fleet of trade ships, expanding their kingdom and acquiring precious materials from all over the ancient world. 
4 In the Indus River Valley, two cities developed, which the Indus people called Mohenjodaro and Harappa. By 2500 BCE, these cities together supported nearly 70,000 inhabitants, whose advanced system of agriculture was able to feed the large population. Indus cities were constructed primarily using bricks, and city streets were well planned in a rectangular grid pattern. The only traces of Indus writing were discovered on stone seals, which were engraved with animal and human forms as well as inscriptions that remain to be fully translated. The Indus people produced other crafts, including furniture, decorative jewelry, metal utensils, and toys which they traded with other civilizations as distant as Mesopotamia. Around 1700 BCE, however, the Indus Valley civilization mysteriously disappeared. 
5 The decline of civilization in the Indus Valley marked the beginning of the Shang Dynasty in the valley of the Huang He. The Shang people developed a writing system using more than 3,000 characters which they scratched on animal bones and turtle shells. These bones and shells are known as oracle bones. Although they were primarily used in religious ceremonies to predict the future and solve worldly puzzles, the oracle bones also provide a record of the peoples of the Shang dynasty and events occurring during the Shang period. Shang cities were large and surrounded by high walls. The people cast bronze vessels, carved marble and jade, and wove silk. Shang kings organized large armies and ruled the Huang He Valley for over 600 years. 6 As the world’s first civilizations advanced and spread, people began to exchange tools and ideas. Some customs and languages merged, while many others diverged and formed new cultures. The societies that would one day populate the world had begun to emerge.
Unit 48 Egypt: The People Who Built the Pyramids

1 Ancient Egyptian civilization developed on the fertile banks of the Nile River in northeastern Africa about 5,000 years ago. The civilization endured for 2,000 years, during which time the Egyptian people produced some of the greatest achievements in the history of the ancient world. Its citizens formed the world’s first national government, built a large, well-trained army, and sailed a trade fleet to all the major ports in Asia and the Middle East. They developed basic forms of arithmetic, made astounding observations in the fields of astronomy and geography, and created a 365-day calendar. They invented a form of picture writing called hieroglyphics and the paper-like papyrus on which they wrote. They were skilled in architecture, engineering, medicine, painting, and sculpting. Perhaps their most outstanding accomplishments, however, are the famous pyramids they erected as tombs for their rulers. 
2 The ancient Egyptians believed in life after death and took tremendous care of their dead to ensure their enjoyment of the afterlife. To preserve the bodies of the deceased for use in the next life, they embalmed and dried the corpses in a process called mummification , which prevented the bodies from decaying. After mummifying the body, the Egyptians then wrapped the corpse in layers of linen strips and sealed it in a coffin that they placed in a tomb filled with clothing, wigs, food, cosmetics, and jewelry for use in the next world. Statues of servants were placed in the tombs of the wealthy. For their rulers, they built gigantic pyramids and buried the bodies in a secret chamber of the pyramid filled with gold and precious possessions. Many scholars speculate that the shape of the pyramid had religious significance to the ancient Egyptians---some have suggested, for example, that the Egyptians may have designed the pyramids to mimic the sloping rays of the sun, guiding the soul of the king to the sky, where he would join the gods in a magnificent afterlife. 
3 The pyramids of ancient Egypt still stand as the oldest and largest stone structures in the world. The largest one, the Great Pyramid at Giza, reaches 450 feet and has a base that covers thirteen acres. Its construction required over 100,000 workers per year and more than two million limestone blocks, each weighing around 5,000 pounds. Amazingly, these massive structures were built without machinery or iron tools---instead, laborers cut the huge limestone blocks using copper chisels and saws. Although most of the stones were mined from nearby quarries, some were brought by boat down the Nile from far-off regions of Egypt. After the stones had been cut, large teams of men dragged the blocks to the site of the pyramid, where they pushed the first layer of stones into place. To make the second layer, they dragged more stones up long ramps they had built with mud and bricks. With each consecutive layer, they raised and lengthened the ramps. Then, when the last limestone block was in place, they coated the outside of the pyramid with a layer of white casing stones. This had the effect of making a distant pyramid appear as if it had been carved from a single white stone. 
4 Inside and beneath the pyramid, Egyptian workers carved elaborate corridors leading to the various rooms and chambers where lay the king and his possessions. Artists covered the walls of the tombs with elaborate paintings. Because they believed their scenes would come to life in the next world, their paintings depicted the pleasantries of daily life in order to assure the comfort and joy of the deceased king in his life after death. The Egyptians trusted that the pyramids would provide a secure resting place for an eternal afterlife; however, tomb robbers often broke into the pyramids, stealing gold and jewelry, destroying coffins, and burning mummies for fuel. Successive raids prompted many later Egyptian kings to commission secret tombs for themselves in the sides of cliffs. Nevertheless, several of the ancient pyramids still stand relatively intact along the Nile River as an awesome display of outstanding engineering and architectural skills and as a symbol of the glory of ancient Egyptian civilization.
Unit 49 Greek Civilization: The Basis of Western Civilization

1 Ancient Greece is often considered the birthplace of western civilization. Over 2,500 years ago, the ancient Greeks made tremendous contributions to the fields of government, philosophy, science, and art. Ancient Greek citizens established the world’s first democracies. Greek philosophers and scientists sought to explain the world around them through careful observations of nature and logical progressions of thought. Writers and artists emphasized human personalities and emotions. The ideas and achievements of the ancient Greeks laid the foundations for western society. 
2 Greek civilization developed in city-states. These consisted of a city or town and the surrounding villages and farmlands. Most city-states formed oligarchic governments, which were ruled by a small group of wealthy and powerful men. Around 500 BCE, however, some city-states began to assume democratic principles. They allowed citizens, with the exclusion of women and slaves, to vote on political policies and run for office. In the 400s BCE, the city of Athens became the exemplary democracy of ancient Greece. Elected male citizens made up a ruling assembly, which selected Athenian generals and voted on bills prepared by a 500-member council. Under this system, every voting citizen, whether rich or poor, shared equal opportunity to affect political policies. 
3 Around the time that democratic ideals were being put into practice, philosophy was emerging as a field of intellectual inquiry. Ancient Greek philosophers attempted to explain human existence and behavior through logical reasoning and critical analysis. They questioned the nature of knowledge and reality and debated notions of ethical behavior. Of all the Greek philosophers, Socrates, Aristotle, and Plato are considered the most influential. Socrates developed a method of inquiry known as the Socratic Method. Using this, two speakers defend their viewpoints with a series of questions. The purpose is to flush out the weaknesses and contradictions of either argument. Plato wrote about Socrates’ life and philosophical practices. He then developed his own ideas on human nature, sexuality, love, religion, justice, virtue, politics, and many other subjects. In addition, Plato founded and taught at the Academy of Athens. This famous school served as the first institution of higher learning in the western world. There, young scholars studied law, medicine, philosophy, and public speaking. Aristotle was Plato’s most brilliant student. He wrote on diverse subjects, including physics, poetry, biology, logic, government, and ethics. He established philosophical methodologies that would be practiced for the next two thousand years. 
4 The scientists of ancient Greece thought about knowledge in much the same way as the ancient Greek philosophers. Not only did scientists believe that the universe operated according to mathematical and physical laws, but they considered these laws to be discernible through the careful observation of nature and the application of logic. They thought that all knowledge was accessible with human reason. Their contributions to medicine, physics, biology, and mathematics formed the basis of modern science. In addition, many Greek scientists formulated theories that anticipated modern scientific discoveries. Around 400 BCE, for example, the ancient Greek scientist Democritus proposed that all matter was made up of indivisible elements. He called these elements “atomos,” from which the English word “atom” originated. 
5 The ancient Greeks were also extraordinary architects, sculptors, painters, and writers. Greek architecture upheld the ideals of beauty and harmony through the use of symmetry and the careful arrangement of columns and arches. Greek sculptors portrayed gods as well as humans with lifelike features and proportions. Although few Greek paintings have survived from ancient times, they depicted scenes from mythology and daily life and evoked strong emotions and realistic images. The ancient Greeks also contributed much to the development of western literature. Greek writers introduced, for example, several literary forms still studied today, including epic and lyric poetry, history, tragedy, and comedy. The most famous Greek epics are the Iliad and the Odyssey , which told about the events and heroes of the legendary Trojan War. 
6 Greek civilization reached its height around the mid-400s BCE. This period is known as the Golden Age of Athens, during which Greek society and culture flourished. Despite the Roman conquest of Greece about 140 BCE, the ideas and way of life of the ancient Greeks survived and spread throughout the Roman Empire. More than 1500 years later, the pioneers of the European Renaissance revived the cultures of ancient Greece and Rome, and the modern era of western civilization was born.
Unit 50 The Rise and Fall of the Roman Empire
1 Roman legend tells of twin brothers, Romulus and Remus, sons of a Trojan priestess and the Roman god of war, who established the first Roman settlement on a hill overlooking the Tiber River. The first-known inhabitants of Rome and its surrounding towns were called Latins . The farming villages of the Latins were conquered by neighboring peoples known as the Etruscans around 600 BCE. The Etruscans built roads, temples, and public buildings and encouraged trade. Although Rome grew into a powerful and prosperous city under their rule, the people of Rome eventually overthrew the Etruscan monarchy in 509 BCE and declared Rome a republic. 
2 Over the following centuries, the Roman Republic expanded its control over most of Italy. In fact, it soon became one of the most powerful empires of the western world. During the 200s and 100s BCE, Roman conquerors sought to gain territory overseas. Their first major rival was Carthage, a colony and trade center on the coast of northern Africa. The two powers fought for control of the Mediterranean Sea in a series of three struggles known as the Punic Wars. The first Punic War resulted in Rome’s conquest of Sicily, an island off the tip of Italy. The Roman conquerors went on to overtake the Mediterranean islands of Sardinia and Corsica. In the Second Punic War, Roman armies beat the great Carthaginian general Hannibal. Then, after Rome conquered Carthage in the Third Punic War, it established control over Greece and Macedonia. At its height in 117 CE Rome was an enormous empire, extending over half of Europe, much of the Middle East, and the entire north coast of Africa. 
3 By the time Rome reached the peak of its prosperity, it was no longer an empire. In 45 BCE, the Roman general Julius Caesar assumed full control of all Roman territories. Caesar’s heir, Octavian, became the first Roman emperor. He called himself Augustus, meaning exalted. Under Augustus’ rule, the economy and culture flourished. Huge trade fleets carried goods back and forth across the Mediterranean Sea and trade thrived in and beyond the empire. The Romans exported wines and olive oil from the Italian peninsula and imported precious spices and materials from China, India, and Africa. Although they acquired many of their cultural ideas and skills from the Greeks, who had excelled in art, science, literature, and architecture, the Romans also built massive aqueducts, bridges, and extensive road systems and mastered the fields of law and government. The legal code of ancient Rome serves as a model for civil law in several modern European and Latin America countries. The Roman government remained stable and respected through Augustus’ rule. 
4 The power of the Roman army continued to grow, eventually assuming authority in the choosing of emperors. In 306 CE, the army appointed Constantine the Great as ruler of Rome. Constantine granted freedom of worship to all Christians, many of whom were prosecuted after the crucifixion of Christ in 30 CE. As a result, the Christian church became the leading religion of the Roman Empire. After Constantine’s death in 337 CE, Rome begin its decline. Almost sixty years later, the empire split into two parts---the West and East Roman Empires. Although the West Roman Empire fell soon thereafter to Germanic tribes, who further divided the territory into several kingdoms, the East Roman Empire thrived for many more years as the Byzantine Empire. It survived until 1453 when the Turks captured the capital city of Constantinople. 
5 Despite Rome’s political downfall, its achievements and institutions survived in the form of western European and American culture. Latin, the official language of the Roman Empire, remained the language of European scholars and writers for over one thousand years after the fall of Rome and served as a basis from which French, Italian, Spanish, and other Romance languages developed. Throughout the Middle Ages, the Roman Catholic Church remained the dominant religious power throughout Europe, unifying the European nations while preserving Roman literature and the Latin language. Rome’s social and economic systems served as models for the developing societies of western Europe and the Americas. These societies also adopted Roman principles of justice and politics in the creation of democratic forms of governance. Although the ancient empire of Rome no longer exists, Roman achievements still inspire the contemporary way of life. 

Unit 51 China: Beyond the Great Wall

1 The age of China’s empire began in 221 BCE when the province of Qin conquered the other semi-independent Chinese states. The Qin king abolished the local states, established a strong central government, and named himself emperor of all China. He united the Chinese people under a common currency and a common system of writing. To protect his empire from invaders, he ordered the construction of a wall that stretched more than 4,600 miles from the North Korean border to the province of Gansu in north-central China---a wall that is today known as the Great Wall of China. As Chinese dynasties came and went, life behind the Great Wall prospered. 
2 The Qin dynasty was later replaced by the Han dynasty, during which the construction of the Silk Road allowed trade to flourish between China and other great civilizations of the ancient world. Demand for Chinese silk brought wealth to the government and people of China, and consequently, art, literature, music, and science thrived. The eastern medical practice of acupuncture was invented; scroll painting and religious sculpture grew in popularity; dictionaries and histories were written and classical works of literature collected. Huge orchestras, with as many as 700 instruments, performed at the imperial court, and craftsmen produced elaborate works in iron, bronze, copper, gold, silver, and other valuable metals. In cities, residents and visitors enjoyed tea shops, cake shops, gem dealers, street acrobats, storytellers, and colorful markets. Education rose to great importance under Han rule. Because the Han emperors followed the teachings of the great philosopher Confucius, who believed that education was the key to good governance, a system of public schools was developed for the education of Chinese boys. Classes taught by Confucian teachers emphasized respect for authority, family, and tradition. Teachers became one of the five objects of worship---the other four being heaven, earth, the emperor, and one’s parents. The Confucian system of ethical values was fundamental to Chinese thought and behavior. 
3 By the time the Tang Dynasty assumed power in 618, Buddhism had spread across China. Buddhism taught that suffering could be eliminated by following the Eightfold Path, which outlined guidelines for the achievement of wisdom, ethical conduct, and mental discipline. Taoism also developed around the same time and was a way of looking at life and thinking about the world, which the Chinese believed would lead to a life of happiness. The philosophies of Confucianism, Buddhism, and Taoism became known as the Three Doctrines, or Three Teachings. Practices in the Three Doctrines, such as Buddhist prayer and Taoist breathing exercises, were an important part of daily life in ancient China. 
4 Despite shared ethical and moral beliefs, both the rich and poor citizens of ancient China assumed very different lifestyles. Most of the poor in ancient China were farmers and worked the land assigned to them by nobles to provide food for themselves as well as the nobility. They dressed in simple clothes, stuffed with paper in the winter to keep warm, and wore sandals made of straw. They survived mainly on a diet of fish and rice and lived in crude mud houses, which they shared with several other families. In cities, the poor lived in small overcrowded apartments and suffered from poor sanitation and growing teenage violence. By contrast, the rich imitated the imperial way of life, which consisted of elaborate costumes and lavish decorations. The nobility lived in large, comfortable homes with many rooms, fireplaces, draperies, cashmere carpets, wall paintings, and courtyards and wore silk robes and leather slippers. Noble children were privately tutored in science, math, literature, art, religion, and music. 
5 As the wealth of the government and nobility grew, the empire of ancient China expanded beyond the Great Wall. Chinese explorers made voyages to new lands in search of new territories and trade routes. By the 1400s, the Chinese had built a mighty armada of ships carrying more than 27,000 soldiers and sailors. They loaded the ships with Chinese silk and porcelain and set out for the unknown seven times. These great nautical expeditions resulted in the establishment of trading posts across the Indian Ocean and as far away as the Persian Gulf. Later emperors, however, halted investment in overseas trade. The ships that had visited the world returned and Chinese life resumed behind the Great Wall.
Unit 52 The Peoples of Britain
1 Prehistoric peoples first lived on what is now the island of Great Britain over 10,000 years ago. Independent tribes roamed the land and employed stone tools to hunt and fish. Eventually, they learned to grow crops and raise livestock, and thus settled in villages. Around 800 BCE, Celtic tribes invaded Britain from continental Europe and introduced the Celtic language and a knowledge of iron making to native villagers. The Celtic invasion marked the beginning of a history of invasions and conquests of the island. Consequently, the people and culture of Britain emerged as a blending of many powers and influences. 
2 In 55 BCE, the armies of the great Roman Empire defeated the Celts and called their province Britannia. The Romans erected military forts throughout the island and constructed roads between them. They constructed extensive walls protecting the northern reaches of their territory from the warring peoples of Scotland. The province of Britannia prospered under Roman rule. Towns developed around military camps, and trade flowed easily along the network of roads. Christianity, the official religion of the Roman Empire, spread throughout Britain. Latin, the language of the Romans, greatly influenced the development of the English language. Roman rule endured nearly 400 years but ended abruptly in the early 400s CE when Roman soldiers departed to defend Rome against invaders. 
3 A period of history known as the Dark Ages followed the mass exodus of Roman soldiers from Britain. Without the Romans, the Britons lacked defenses against invading peoples. Germanic tribes, particularly the Angles, Saxons, and Jutes raided coastal Britain and developed permanent settlements. They established kingdoms throughout southern and eastern Britain, forcing the Britons to emigrate north and west. The Germanic invasions halted the spread of Christianity, but French missionaries acquired many followers in Britain and revived the Christian religion. By the 500s CE, the Angles and Saxons existed as the most powerful tribes in Britain and had established seven separate nations that eventually developed into seven kingdoms: East Anglia, Essex, Kent, Mercia, Northumbria, Sussex, and Wessex. 
4 Near the turn of the ninth century, Vikings from Denmark, Norway, and Sweden attacked the Anglo-Saxon kingdoms of Britain. The Vikings, also known as the Danes, succeeded in conquering all the kingdoms except Wessex. The king of Wessex, Alfred the Great, regained much of the old Anglo-Saxon territory from the Vikings, and by 886 CE, the Danes had retreated to the northeastern third of Britain. Alfred ruled his territory as a united nation, encouraged Christianity and education, created a code of laws to be enforced on all citizens, fortified towns, and built an army to defend his nation against the Danes. During the early tenth century, Alfred’s successors recaptured the Danish territory. The last Anglo-Saxon king, Edward the Confessor, died in 1066 CE without a direct heir to the throne. 
5 At the death of King Edward, British nobles appointed Harold, Earl of Wessex, as king of Britain. Soon after, the French duke, William the Conqueror, invaded Harold’s kingdom with an army of soldiers from Normandy in northwest France. William’s soldiers killed Harold and crowned their general king of Britain. William created an advisory council of Norman nobles to aid his governance of the people of Britain. He divided his kingdom among himself and his Norman advisees. William’s reign was responsible for the construction of elaborate cathedrals and castles. It also marked the beginning of the feudal era in Britain. Feudalism developed during the Middle Ages as a system of governance in which a king divided his land among the noble class in exchange for loyalty and military services. Although most Anglo-Saxons were forced to work the land to support themselves and the nobility as members of a peasant class, they were nevertheless able to retain their language and many of their customs. Over time, the Anglo-Saxon and Norman cultures merged. The English language, for example, emerged as a blend of the French and Anglo-Saxon languages. Eventually, the citizens of Britain united. 
6 The successors of William the Conqueror continued the monarchical rule of Britain. Although the people of Britain fought amongst each other over the best way to govern their nation, the Norman Conquest ended the trend of external invasions. Instead, Britain established itself as a powerful empire, sending its own troops to invade the lands of Africa, Asia, and North America.
Unit 53 The Legend of King Arthur and the Knights of the Round Table

1 King Arthur is a mythical hero in the legendary history of Britain, inspired by a Roman-British tribal chief who fought the invading Anglo-Saxons near the turn of the sixth century. The certainty of Arthur’s historical existence, however, remains mysterious. As a legend, Arthur is best known as a noble king of the late Middle Ages who organized a fellowship of the best knights in the world. 
2 According to Arthurian legends that derived from Latin, French, and English literature and from Celtic tradition, Arthur was the son of King Uther Pendragon. Under a spell cast by the Celtic wizard Merlin, Uther assumed the appearance of the Duke of Cornwall and seduced his beautiful wife, Igrayne, who bore a child by the name of Arthur. In some accounts, Arthur’s father, who feared invasion of his kingdom, requested Arthur be raised by Merlin. Other versions have Arthur growing up thinking himself the son of common folk. The tale continues that when Uther died without a known heir to the British throne, a search for the rightful heir began. The nobles and dukes of England gathered together the strongest and mightiest of men to see who could extract the magic sword Excalibur from a block of stone, for only the rightful king would succeed. When the young peasant, Arthur, gracefully pulled the sword from the stone, he was proclaimed the king. 
3 As king, Arthur married the princess Guenevere and resided in a castle known as Camelot, the location of which varies among writers of the Arthurian legend and historians who attempt to identify Camelot as ruins of historical English castles. All are in agreement, however, that Camelot served as the symbolic center of the glorious Arthurian society, and from Camelot, Arthur initiated the search for the Holy Grail, the cup from which Jesus drank wine with his disciples at the Last Supper. Perhaps more importantly, Camelot served as the meeting place of the Knights of the Round Table. The Norman poet Wace first mentions the Round Table in an epic poem entitled Le Roman de Brut . According to Wace, Arthur decided to seat his knights around a circular table to demonstrate their equality since, in the king’s eyes, no knight was more noble or honorable than the next. English writers later presented differing accounts of the origin of the Round Table, the most popular of which suggests that Merlin had initially built the table for Arthur’s father. Uther had then given the table to King Leodegan, who gave it to Arthur the day he married his daughter Guenevere. 
4 According to legend, the Round Table originally sat the king and ten knights. The twelfth seat was left vacant; it was reserved for the knight who would one day locate the Holy Grail. An invitation to the Round Table was considered a great honor, and knights traveled to Camelot from distant countries in the hopes of being selected as a member of the Round Table fellowship. The knights of the Round Table demonstrated extreme bravery and honor and were carefully chosen for moral purity and dedication to the code of chivalry. Chivalry required that a knight show courage in battle, fight according to specific rules, stay true to his promises, defend the church, and demonstrate gentlemanly conduct toward women. Only three knights in the legendary history of the Round Table proved morally perfect. One of them, Sir Galahad, at one point occupied the desired twelfth seat of the Round Table. Sir Bors and Sir Perceval found the coveted Holy Grail. 
5 After the quest for the Holy Grail ended, the brotherhood of the Round Table declined, which many writers of the Arthurian legends attribute to a love affair that blossomed between Queen Guenevere and Sir Lancelot, one of the greatest of the Round Table knights. The scandal obliterated the respect and trust the king maintained for his knights. Soon following this, King Arthur engaged in a war against the Roman empire. Arthur succeeding in conquering a large amount of territory in western Europe, halted his conquest and returned to England upon hearing that his nephew Mordred had usurped his kingdom and his queen. In the battles against Mordred, Arthur recaptured the throne but lost his life. Following the death of King Arthur, the knights of the Round Table dispersed and the fellowship dissolved.
Unit 54 The Feudal Life

1 Europe during the Middle Ages was divided into many kingdoms. As most kings had little control over their kingdoms, feudalism developed as a system of governance in which a king divided his land among the noble class in exchange for loyalty and military services. The nobles---princes, dukes, barons, and counts--thus became independent rulers, or lords, of their own regional lands. Lords were also known as vassals because they promised to serve the king in return for feudal states. A lord frequently gave parts of his land as manors, or fiefs, to other members of the aristocracy, who in turn became vassals to their lord, guaranteeing military support for the state and entire kingdom. 
2 Life in feudal Europe was characterized by war, disease, famine, low birth rates, and short life expectancies. Thick forests or swamps prevented much of the land from being farmed, while the rest of Europe was poor, underdeveloped, and sparsely populated. Daily life for Europeans during the feudal era depended on the social group to which they were born and remained throughout their lives---the lords and vassals made up one group and they governed large fiefs and fought for the king. The clergy comprised another group, who served the church, which culturally bound Europe together through common baptisms, weddings, and funerals. Finally, on the lowest end of the socio-economic ladder were the peasants, who worked for the fiefs to support themselves and their lords. 
3 The life of a lord centered around fighting---lords were often deemed knights upon deciding to spend their lives as professional warriors and summoned with them to battle all knights living as vassals on their lands. The knights wore heavy armor, rode huge war horses, fought with heavy swords called lances, and followed the code of chivalry. In times of peace, jousting tournaments, or staged combats between two armed knights, provided entertainment for lords and vassals. The nobility also entertained themselves with gatherings at the lord’s manor house or castle, during which the lord and his knights feasted, drank, gambled, and played dice, checkers, and chess. The lord’s wife, called a lady, ruled the household servants, yet had few rights. As neither lords nor their ladies considered education important, few could read or write. 
4 The lives of the clergy varied according to wealth and status, with most high-ranking clergymen such as bishops being of noble birth. They devoted their lives to the church, yet they remained rulers of large fiefs and lived with the same wealth and power of military lords. Monks, who lived within the monasteries and devoted their time to religious scholarship, were also members of the clergy, whose days were filled with studying, praying, and participating in church services. Many peasants joined the clergy as village priests, who typically resided in small cottages near their churches, where they offered advice, helped settle disputes, and performed religious ceremonies. But becoming a member of the clergy was not necessarily a passport to wealth as most priests lived the poverty-stricken life of the peasants which they served. 
5 Peasant families lived in crude huts furnished with straw-filled bags. A typical peasant diet included black bread, eggs, poultry, and whatever vegetables their fields produced. Since any game on the manor belonged to the lord, peasants were prohibited from hunting or fishing. In addition to farming their own fields, peasants worked the farms of their lords and provided such services as cutting wood, grinding grain, repairing roads and bridges, pressing wine, and baking bread for the lord’s family. They also had to pay taxes for their lands, but since money was scarce, many payments came in the form of grains or poultry from the peasants’ lands. 
6 By the thirteenth century, feudalism had begun its decline. As the European economy grew, paid soldiers replaced feudal knights, and as cities grew wealthier and more densely populated, the importance of the aristocracy lessened. The rise of an educated class paved the way for trained political leaders who eliminated the necessity of the vassals. Finally, with the emergence of centralized governments, the system that had sustained the kingdoms of Europe for seven hundred years came to an end.
Unit 55 Literature in the Middle Ages

1 The works of literature produced in Europe during the Middle Ages range widely in style and intent. After the fall of the western Roman Empire in the 400s CE, the poems and plays of the ancient Greeks and Romans were lost to history. The peoples that invaded western Europe carried with them new literary traditions. These traditions formed the beginnings of many diverse European literatures. 
2 Early medieval literature consisted mainly of epic poems. Epic poetry served as a record of legends and histories that had been passed down orally for hundreds of years. Due to the fact that the artistic role of the medieval author was to retell stories rather than create original works, much of the poetry written during the Middle Ages lacks authorship. A story belonged not to a single individual but to the community. Therefore, many important works dating from this time period were never attributed to any specific person. Perhaps the most famous of the epic poems of the Middle Ages is Beowulf. This epic was composed in the 700s CE by Anglo-Saxons living in the kingdom of England. It describes the adventures of a war hero. This hero demonstrates qualities which the Anglo-Saxons considered to be ideal---strength, courage, loyalty, and generosity. In the literary history of France, The Song of Roland stands out as the famous eleventh-century epic tale of Roland, the greatest of the legendary knights who fought under King Charlemagne. About a century later, Nibelungenlied, or The Song of the Nibelungs , emerged among the Germanic people. It told the story of a cunning dragon slayer named Siegfried. The ultimately tragic tale serves as an allegory for the Hun invasions of Germany, dramatically recreating dialogues between knights and ladies of the German courts. 
3 Narrative stories of adventure, fantasy, and knightly love gained popularity throughout Europe in the twelfth and thirteenth centuries. Celtic tales of King Arthur and the Knights of the Round Table, for example, circulated widely through Britain. These romance tales reflected knightly codes of chivalry and the feudal lives of lords and ladies. They were greatly influenced by the content of older literary forms. In Iceland, for example, long epic poems called sagas originated from oral accounts of Scandinavian bishops and Norwegian kings. Many were written during a period of civil war and social decline, and thus reflect the social and cultural changes of the time. By the early 1300s, however, Icelandic writers were composing sagas primarily in the genres of fantasy and romance. Even the Germanic hero, Siegfried the Dragon Slayer, appeared in the sagas of Ireland. 
4 Around the time that epic poetry was reaching the height of its production, lyric poetry was just beginning to rise in popularity. The lyric poem, rather than attempting to tell a story through characters and actions as does the epic poem, portrays the writer’s feelings, perceptions, and states of mind directly to the reader. Wandering minstrels throughout western Europe composed early lyric poems as entertainment for the lords and ladies they visited. Called “troubadours” or “trouvères” in France and “minnesingers” in Germany, these nomadic poets wrote mostly love songs. Their songs praised women and romantic love as virtuous ideals. This directly contrasted the traditional morals of Christianity and greatly influenced the writings of such masterful medieval authors as Dante Alighieri. 
5 Dante Alighieri was one of many writers of the Middle Ages inspired by religious thought. His most famous work, The Divine Comedy, recounts the author’s fantastical journey through Hell, purgatory, and paradise, guided by the Roman poet Virgil and a beautiful and virtuous woman named Beatrice. Written in colloquial Italian of the 1300s rather than the traditional Latin used by European academics, The Divine Comedy stands as the first scholarly work of literature written in a modern European language. In the 1300s, Geoffrey Chaucer, known as the “Father of English Poetry,” wrote poetry in Middle English. His poems, which include the famous Canterbury Tales , helped shape the form of English as it is used today. From epics to romances, from recounted battles to confessions of love, from Latin prose to Middle English verse, the works of all the early western European writers transformed throughout the course of the Middle Ages into many modern literary traditions.  

Unit 56 Rebirth

1 Toward the end of the Middle Ages, many European scholars and artists began questioning the attitudes and ideas of medieval society. Most of the philosophy, art, and literature in circulation during the Middle Ages focused on man’s devotion to God. Europeans generally believed that an individual’s duty was to serve God and to redeem the sins of society. Academic scholarship focused on theology, or the study of God. Paintings served mainly religious purposes. The birth of the European Renaissance is marked by a shift in focus from God to man; in fact, the word “renaissance” itself means rebirth. The entire period was characterized by the focus upon Man and the society that Man enjoyed living in. Renaissance thinkers argued that an individual’s duty was to society. Furthermore, they believed that society was civilized rather than sinful. Scholars concentrated their studies on human accomplishments and cultures. They focused particularly on those of the ancient Greeks and Romans. Artists depicted the beauty and dignity of the human form. Gradually, the Renaissance spread throughout western Europe. It left much intellectual and artistic inspiration in its wake. 
2 The Renaissance movement began in Italy during the early fourteenth century. The ruling classes of Italian cities Florence and Venice idealized, in the words of American poet Edgar Allen Poe, “The glory that was Greece, the grandeur that was Rome!” The admired cultures of ancient Greece and Rome are referred to as classical antiquity. The rulers of Florence and Venice, thus, encouraged the study of art and literature from Rome and Greece in an attempt to recreate classical antiquity within Italian society. Around the same time, humanism emerged as an intellectual movement. It was committed to the search for truth and morality based on the history and actions of humans. The humanists studied subjects such as literature and philosophy to better understand human nature and the problems of human society. They believed the ancient Greeks and Romans had mastered these subjects. Therefore, they studied the customs, laws, history, as well as the classical languages of ancient Greece and Rome. 
3 Studies of classical antiquity influenced the works of Renaissance writers and artists. In an attempt to imitate the literary styles of classical writings, Italian authors expressed ideas with descriptive accuracy and elegance. Furthermore, their works depicted human emotions and situations, which they considered more important to understanding human problems than spiritual or scientific knowledge. Similarly, painters and sculptors wished to portray human realities rather than religious meaning. Architectural design was also influenced by the Italian Renaissance. During the Middle Ages, architects designed huge cathedrals representing the glory of God. The architects of the Renaissance envisioned simple yet beautiful chapels and buildings as expressions of human power and dignity. 
4 The Renaissance spread from Italy to other European countries during the latter half of the fifteenth century. European merchants, bankers, diplomats, and especially scholars visiting Italy brought back with them humanist ideas and practices. European kings welcomed renowned artists and tutors of the Italian Renaissance. Renaissance art and literature outside of Italy, however, incorporated much more of the Gothic style of the late Middle Ages. This was because many of the remnants of classical antiquity were destroyed during the fall of the western Roman Empire in the 400s CE. Furthermore, the Renaissance scholars of northern and western Europe were much more interested in applying humanist principles to Christian rather than classical literature. These scholars chiefly studied and rewrote the founding texts of the Christian religion. Such texts include the Bible and the letters of Saint Paul. These scholars became known as the Christian humanists. 
5 Although the ideas of the European Renaissance greatly altered the values and expressions of many writers, artists, scholarly thinkers, and the nobility who supported them, they only gradually came to be accepted by the majority of the European public. Even by the time the Renaissance reached its peak in the late 1400s and early 1500s, only a small scholarly elite followed the principles of the movement. Nevertheless, the changes brought about by the European Renaissance gradually came to be adopted by future generations. They endure to this day. Scholars, for instance, still value the humanities as profound academic disciplines. Subjects in the humanities include music, art, literature, language, sociology, history, and the classics. Modern artists and writers study the works of Renaissance painters, sculptors, and artists to gain inspiration and to learn technique. Many historians mark the Renaissance as the beginning of the modern era of human history.
Unit 57 Renaissance Art

1 The purpose of art during the Middle Ages was to teach religion. As many people living in medieval times could neither read nor write, paintings and sculptures served as vehicles through which religious leaders could promote spirituality and devotion to God. Medieval artists were less concerned with creating lifelike figures and forms than they were with conveying religious morals and meaning. The Renaissance artists, however, viewed art as a venue of personal and aesthetic expression and were most interested in secular themes. They wanted to portray the world as it was. Their intent was not only to achieve accurate appearances and proportions, but also to celebrate nature and humanity. Renaissance artists, therefore, often endowed their subjects with beauty and dignity that exceeded reality. 
2 The first known artist to realistically illustrate the natural world was the Italian painter Giotto. Giotto was commissioned by churches in Florence, Padua, and Assisi in the early 1300s to recreate biblical scenes. He painted elaborate frescos, or paintings, on wet plaster. His frescos depicted realistic settings and strong human emotions. His work preceded some of the most famous architects, painters, and sculptors working in Florence in the early 1400s. In 1429, the Florentine architect Filippo Brunelleschi designed the famous Pazzi Chapel. He used principles of symmetry and geometric beauty. Much of his inspiration came from the styles of architecture employed by the ancient Romans such as the use of arches and columns. Brunelleschi’s work began the revival of classical antiquity. Classical antiquity refers to the ancient culture of Greek and Rome as it was idealized by the scholars and artists of the Renaissance. 
3 The Renaissance artists of the fifteenth century worked primarily with religious themes, yet the subjects they painted or sculpted were strikingly human. Masaccio was the first of the Renaissance painters to enhance a sense of reality by using scientific perspective to create an illusion of space and depth on a flat surface. His masterpiece was a series displayed in the Brancacci Chapel of the Church of Santa Maria del Carmine in Florence. The frescos depict biblical characters whose intense gestures and emotions are grounded in realistic scenes. The sculptor Donatello, working in Florence around the same time as Masaccio, similarly humanized biblical characters. He focused on the form of the human body, using dramatic details to convey a dignified human presence. Around 1430, Donatello was commissioned by the Florentine patron of art, Cosimo de Medici, to cast a bronze statue of the biblical hero David. Donatello’s finished David stood five feet tall with the youthful grace and pride of a boy who had just slain the Giant Goliath. Donatello’s masterpiece was the first major work of Renaissance sculpture. 
4 Around the turn of the century, the painters Michelangelo, Raphael, and Leonardo da Vinci emerged as the dominant artists of the late Renaissance. Michelangelo distinguished himself not only in painting, but also in poetry, architecture, and sculpture. Like Donatello, he mastered the human form with anatomical and emotional perfection. His famous statue of Moses, for example, which he created in 1516, powerfully portrays the physical and spiritual strength of the Israelite leader. Like Donatello, Michelangelo also sculpted a statue of David, which also became one of the most famous works of Renaissance art. Michelangelo is most esteemed for the biblical frescos he painted on the ceiling of the Sistine Chapel. Unlike the dramatic scenes of Michelangelo’s paintings, Raphael’s work was gracefully poetic in its use of soft lines and delicate colors. Raphael painted mainly portraits, including that of the Virgin Mary. His greatest work, however, was the fresco School of Athens . The painting was influenced by classic Greek and Roman models. It portrays the great philosophers and scientists of classical antiquity. 
5 Perhaps the two most famous works of Renaissance art are Leonardo da Vinci’s fresco, The Last Supper , and his portrait of Mona Lisa . Da Vinci is widely considered to be one of the greatest painters in human history. He studied the workings of the human body with intense dedication. He made thousands of drawings of skeletons and muscles in the pursuit of exquisite accuracy. Da Vinci has become a symbol of the Renaissance movement for his insatiable curiosity and intellectual mind. Although the artists of the Renaissance contributed greatly to the changing styles and ideas, only da Vinci mastered them all.
Unit 58 The Genius of Leonardo da Vinci

1 Leonardo da Vinci is most widely known as one of the greatest painters of the European Renaissance. He painted the famous portrait, Mona Lisa , and the religious scene, The Last Supper . The universal genius of Leonardo, however, lies in the versatility of his interests. He was a scientist, astronomer, mathematician, engineer, inventor, anatomist, architect, musician, and writer, as well as the most renowned painter of his time. Although he rarely formulated theories or scientific laws, Leonardo recorded observations and conceived ideas that were vastly ahead of his own time. 
2 According to the diary of his paternal grandfather, Leonardo was born in 1452 in the village of Anchiano. He was the illegitimate son of a lawyer and a peasant girl. As a young boy, Leonardo studied under the renowned Florentine painter and sculptor, Andrea del Verrocchio. Together, the painter and apprentice created the famous Baptism of Christ. In the painting, Leonardo’s soft edges and graceful shadings stand out against Verrocchio’s hard lines and definitive shadows. Leonardo’s techniques preceded the style of the High Renaissance. This style did not emerge until twenty five years after Leonardo opened his own studio in Florence. As an independent painter, Leonardo was commissioned to paint a church altarpiece depicting the three kings worshipping the baby Jesus. The painting is known today as the Adoration of the Three Kings . Although he spent considerable time planning an untraditional arrangement of the scene, he never in fact finished the piece. Instead, he left Florence at the age of thirty to become a court artist for the duke of Milan. 
3 In Milan, Leonardo worked as a military and civil engineer. He designed artillery, river diversions, and revolving stages for pageants. He also planned a gigantic sculpture of Duke Lodovico Sforza’s father mounted on a charging horse. Leonardo completed several of his masterpiece paintings during his time in Milan, including Madonna of the Rocks and The Last Supper . In creating The Last Supper , Leonardo experimented with both content and material. The painting shows Jesus announcing to his disciples that one of them will betray him. The scene had been a familiar subject of religious art since the Middle Ages. Leonardo, however, rejected the traditional arrangement of figures within the scene, much as he had begun to do in the Adoration of the Three Kings . He succeeded in composing a more centralized and active depiction of the biblical event. He also rejected the traditional techniques of fresco painting. The fresco method commonly used in Leonardo’s time involved painting on wet plaster. This method required that the artist work quickly in apprehension of the plaster drying out, but Leonardo, who wanted to revise his work and apply careful detail, invented a new substance for coating the walls. This experiment, however, failed. Shortly after the painting’s completion, The Last Supper began to flake off of the walls of the Milan monastery. 
4 During the years he spent in Milan, Leonardo began studying human anatomy. He dissected human and animal corpses, and recorded his understanding of bones, muscles, tendons, and other body parts with detailed drawings and descriptions. He kept notebooks of his scientific observations and inventions, which included a rudimentary understanding of plate tectonics and illustrative designs for a flying machine and a calculator. In 1499, Milan fell to the French and Leonardo was forced to flee. His fame as a painter followed him back to Florence, where the Florentine government commissioned him to paint the walls of a new city council hall. During his time in Florence, Leonardo also painted the Mona Lisa , famous for the young woman’s mysterious smile and natural appearance. 
5 Leonardo painted very little during the last years of his life. He continued, however, to express his artistic and scientific genius through detailed sketches. He drew machines and invented experimental contraptions that predated many modern technological inventions. Leonardo spent the remaining two years of his life in France by request of the king, who wished to surround himself with the great minds of the European Renaissance. The legacy of Leonardo da Vinci endured beyond his death in 1519. He is remembered for his influence on future generations of painters as well as his ingenious contributions to numerous academic fields.
Unit 59 Alexander the Great

1 Alexander the Great, king and renowned general of Macedonia, lived between 356 and 323 BCE. During his relatively short life, he conquered much of the land from the Mediterranean Sea to India. He initiated the dispersion of Greek ideas and culture across western Asia and Egypt. His rule during the Hellenistic Age made possible the rise and expansion of Greek civilization. 
2 Alexander was born the son of King Philip II, who had conquered Greece, and Olympias, princess of Epirus in western Greece. He grew up believing himself to be descended from the famed mythological heroes Achilles and Hercules, role models that perhaps inspired big goals for conquest and discovery. During his childhood, the philosopher Aristotle served as Alexander’s teacher. This sparked Alexander’s curiosity about foreign territories and peoples. Education in ancient Greece instilled in its students the idea of “a sound mind in a sound body.” Therefore, Alexander studied literature, philosophy, and politics. Additionally, he was mentored in sports, physical fitness, and warfare. But at the age 16, Alexander’s schooling was suddenly terminated because his father needed him to help with the government. Four years later, Philip was assassinated, leaving Alexander heir to the Macedonian throne at the young age of twenty. 
3 As king, Alexander quickly took control of his father’s plan to invade the Persian Empire. In 334 BCE, he led a force of 35,000 infantry and cavalry into Asia Minor. He defeated the Persian army at the Granicus River in what is now the country of Turkey and then headed southwestward into Egypt. The Egyptians praised him for liberating them from Persian rule and crowned him pharaoh. Upon leaving Egypt in 331 BCE, Alexander traveled eastward into the Persian Empire. Here, the king of Persia, Darius III, had organized a large army on the vast plains just east of the Tigris River to defend his empire against Alexander’s forces. Although the Persian soldiers significantly outnumbered the soldiers from Greece, Alexander’s troops demonstrated superior training. In fact, their tactics proved remarkable compared with those of the Persians. Consequently, Darius fled from battle, initiating the downfall of Persia’s two-century rule in Asia. Alexander then pursued Darius eastward to Persepolis and north toward the Caspian Sea. He captured the city of Babylon and the Persian capital Susa along his traverse across Asia. Darius was unable to produce an able army willing to fight the infamous Macedonian general and was assassinated by his own nobles. It was then that Alexander assumed the kingship of Asia. 
4 From the Caspian Sea, Alexander led his army further east toward the upper Indus River Valley into present-day Pakistan. On this route in 327 BCE, Alexander married the Bactrian princess Roxane. Following the ceremony, he wanted to continue east toward the Ganges River. However, his troops grew homesick and asked Alexander to return to Greece. Finally, in 325 BCE, the soldiers of Alexander the Great began their trip home. Part of Alexander’s army left in ships sailing west from the mouth of the Indus River. The rest of Alexander’s troops followed him on foot and horseback across the Desert of Gedrosia, a treacherous landscape which claimed the lives of nearly half the men. 
5 When Alexander returned to Babylon, his empire extended from Greece as far as India. During his rule over this large empire, he tried to develop trade and commerce throughout Greece, Asia, and parts of Africa and Arabia. In an attempt to encourage camaraderie between the Macedonians and the Persians, Alexander himself married a Persian princess who was the daughter of Darius, and organized marriages between thousands of his soldiers and Persian women. Alexander died from a fever shortly after his return in 323 BCE at the age of 32. Upon his death, Alexander’s half-brother, Philip III Arrhidaeus, took over the Macedonian throne. He was killed shortly after in 317 BCE. A few years later, in 310 BCE, Alexander’s only son was assassinated, too. By 300 BCE, Alexander’s empire had been broken into various independent states governed by several of the dictator’s leading generals. The great prosperity of Alexander’s empire, therefore, endured only as long as his rule. 

Unit 60 Genghis Khan and his Descendants

1 Genghis Khan was ruler of the Mongol empire, the largest empire in history, which extended across central Asia from the Caspian Sea to the East Sea. Born into a small Mongol tribe in 1162, Genghis Khan emerged as a political and military genius, whose leadership and conquests united Mongol and other nomadic tribes into a vast and prosperous empire. 
2 Genghis Khan’s birth name was Temüjin, which means ironworker. Thirteen years after Temüjin’s birth, his father, chief of their Mongol village, was poisoned by members of an enemy tribe. The young Temüjin assumed the throne, only to be denied the chiefdom by his own people. According to a Mongol epic poem written during the mid-thirteenth century and entitled The Secret History of the Mongols , tribe members abandoned Temüjin and his family to a life of isolation and poverty. Temüjin did not wait long, however, to solicit followers and build alliances. With his following, Temüjin formed an army which he strictly disciplined and equipped with new tactics and weapons. He formed a military force with which he could conquer neighboring tribes and extend his power. 
3 By 1206, Temüjin wore the Mongolian crown. During his early rule over Mongolia, Mongol chieftains assembled to bestow upon him the title of Genghis Khan , meaning both universal ruler and invincible prince . Unsatisfied with his present empire, Genghis Khan set out to conquer China. He invaded kingdoms across northern China and in 1215, conquered the city of Beijing, the capital of the Chin Empire. In 1218, the armies of Genghis Khan changed course, attacking kingdoms across the present-day countries of Uzbekistan, Turkmenistan, and Iran. Smaller armies branched from the main, conquering land as far east as the Caspian Sea and as far north as the borders of the Russian territories. His armies were ruthless in their conquests, often burning villages and murdering prisoners. 
4 Genghis Khan died in 1227. After his death, his son Ogatoi led the Mongol army in an invasion of Europe. Ogatoi’s campaign demolished a large part of what is now Hungary and Poland. Upon his death in battle, however, the Mongol generals pulled their troops from western Europe. Kublai Khan, a grandson of Genghis Khan, next took the throne and completed the conquest of China in 1279, thus establishing the Yuan dynasty which lasted until 1368. As a leader, Kublai Khan was exceptionally tolerant. He showed interest in the ideals of Confucianism and Chinese politics. He accepted and employed people from all religions, including Islam, Christianity, Buddhism, and Taoism. The lack of cultural unity throughout the enormous Mongol Empire, however, eventually led to its downfall. 
5 The Mongols, although skillful warriors and powerful fighters, demonstrated little experience in administration. Civil officers, inept at caring for their own affairs, feared reliance on the Chinese. Instead, they welcomed foreign assistance and denied many service positions to the Chinese people. In response to the corrupt and incompetent Mongol government, groups throughout the empire revolted. Kublai Khan and his administration also failed to establish a firm rule over much of their conquered territory. Consequently, upon the death of Kublai Khan, his empire split into various smaller empires. These included the Golden Horde in the Balkans and parts of Russia, the Mongolian-Chinese empire, and the Ilkhan territories in western Asia. Kublai Khan’s Yuan dynasty fell back to Chinese rule as the Ming dynasty. 
6 In the late 1300s, the Great Timur, a descendant of Genghis Khan, rejoined some of the dispersed Mongol empires. Another descendant of Khan named Babar established a Mongol state in India in 1526. He named his powerful state “The Kingdom of the Great Moghuls.” The term Moghul, of Persian derivative, translates as Mongol. The Moghuls, responsible for the construction of the famous Taj Mahal, were overtaken by the British in the 1700s. Despite their ultimate destruction, the vast Mongolian empires of Genghis Khan and his descendants encouraged contacts and connections between peoples and cultures across the Asian and European continents. Under their rule, the Mongol peoples emerged from loosely organized nomadic tribes spread throughout Mongolia, Manchuria, and Siberia into large civilizations prospering among trade routes and growing from the sharing of cultural ideas. 

Unit 61 Shah Jahan’s Taj Mahal

1 Shah Jahan was born Prince Khurram, the fifth son of the sixteenth-century Mughal, or Moghul, emperor Jahangir, in what is now the country of India. The prince was not the eldest son, yet he won the favor of his father, who appointed him leader of several military campaigns. His numerous victories won him the honorary title “Shah Jahan,” meaning King of the World . Upon his father’s death in 1628, the young prince revolted against his brothers and claimed succession to the throne. Beside him at his crowning ceremony stood his queen and confidante, whom he called “Mumtaz Mahal,” meaning Chosen One of the Palace , and for whom he built the famous and radiant mausoleum, the Taj Mahal. 
2 According to legend, Khurram, as a youth of fifteen, charmed the beautiful daughter of his soon-to-be prime minister at the Moslem New Year Festival, where merchants displayed fine cloths and precious jewels to the nobles of the Mughal court. The two fell in love and became inseparable companions. They married five years later. The Shah commissioned for his bride a white marble palace. She, in return, birthed his fourteen children, insuring the continuance of his bloodline and of the Mughal dynasty. Mumtaz Mahal demonstrated extreme devotion to her husband. She traveled with him across the empire and offered trusted counsel during his long and prosperous reign. 
3 The reign of Shah Jahan was marked by peace, stability, and immense wealth. Some of the world’s largest and most valued gems were mined from Indian soil during his time in power and jewels became the basis of economic and cultural wealth throughout the empire. The Shah himself was a connoisseur of jewels. He not only accumulated trunks of emeralds, sapphires, rubies, and diamonds, but showed passion for the art of jewelry making. He encouraged all fine arts and was particularly fascinated by architectural styles. He commissioned the reconstruction of cities, erecting palaces of pure white marble and decorating interiors with exquisite materials and elaborate designs. 
4 In his fourth year as ruler, Shah Jahan’s beloved Mumtaz Mahal died upon giving birth to their last child. Legend has it that her dying wish was for her husband to build for her a mausoleum as splendid as their love. It is said that Shah Jahan grieved for two years, ignoring his administrative duties to construct a tomb that would become his obsession and his architectural masterpiece. The Shah ordered the mining of enormous quantities of white marble and over forty types of precious stones from across the empire. He summoned architects, artisans, gardeners, calligraphers, stonecutters, sculptors, and masons from as far as Baghdad, Kashmir, Constantinople, and the Ottoman courts of Turkey to his palace in Agra. In total, he commissioned nearly twenty thousand laborers to build the monument that magnificently blended Hindu and Islamic elements of architecture in a timeless symbol of devotion to his late wife and mourned love. 
5 At the center of the completed Taj Mahal, Shah Jahan laid Mumtaz’s remains. Not long after the Empress was put to rest, Shah Jahan’s son imprisoned his father in a tower of the Red Fort in Agra and declared himself emperor. The once “King of the World” spent his last days admiring through the small tower window the paradise over which he had once ruled and the glorifying presence of his Taj Mahal. Upon his father’s death eight years after his imprisonment, Emperor Aurangzeb buried the late Shah Jahan in the Taj Mahal beside his adored wife. Shah Jahan’s burial, however, was unplanned in the original architectural design of Mumtaz’s mausoleum, making the late king’s grave the only imbalance in the otherwise perfect symmetry of the Taj Mahal. 
6 The death of Shah Jahan ended the era of cultural prosperity and economic wealth in India. Support for the arts and tolerance for religion diminished under Aurangzeb’s administration. The painters, poets, musicians, and jewelry makers, who were once celebrated, were exiled from the court. Agriculture failed, roads built for trade and war crumbled with disuse, dazzling cities fell into disrepair, rebellions sprang up across the empire, and the Mughal empire began its descent. The Taj Mahal still stands, however, as an immortal monument of love and splendor.
Unit 62 The Tsars of Russia

1 The tsars ruled Russia beginning in 1547, when Ivan IV declared the tsar to have power over all of Russia. They reigned until 1721, when Peter the Great was proclaimed “Emperor of All Russia.” Ivan IV was the first grand prince of Moscow to officially assume the title of tsar. Ivan, commonly referred to as Ivan the Terrible, ruled by terror. He brutally killed and arrested hundreds of aristocrats who opposed the absolute reign of the tsar. He formed a special police force that burned towns and villages, killed church leaders who criticized his governance, and forced nobles, ministers, merchants, and farmers to join the tsar’s service gentry. Ivan awarded lands to the service gentry in exchange for military and government services. The prosperity of these lands, however, required peasant labor. Ivan thus passed a series of laws binding peasants to the land as serfs. Because Russia’s economic success depended heavily on serf labor, serfdom became the basis of Russian power. Despite Ivan’s barbaric reputation, he nevertheless succeeded in acquiring land and wealth for Russia. During his rule, he expanded Russia’s territory into Siberia and conquered the region along the Volga River. 
2 After the death of Ivan IV, the power of the tsar weakened as Ivan’s mentally deficient son Feodor I, also known as “Feodor the Bellringer” for his devotion to the Church and tendency to ring church bells as he traveled from town to town, took the throne. Feodor left the task of governing Russia in the hands of his brother-in-law, Boris Godunov. When Feodor died without an heir in 1598, the Zemskii Sobor, a national assembly with little power under tsarist rule, elected Boris tsar. Boris continued to gain popularity in his new appointment. He established educational and social reforms with the goal of matching the intellectual progress of western Europe. He imported foreign teachers and encouraged young Russians to seek education abroad. Boris died of illness and a stroke in 1605. He was succeeded by his son, Feodor II, who was murdered three months later by family enemies.
3 During the end of Boris’s reign, a man claimed by the Godunov family to be an exiled monk posed as Feodor’s supposedly assassinated younger brother Dmitri. In 1602, this False Dmitri invaded Russia with Polish troops that were supported by Russian nobles unwilling to pay taxes to Boris’s government. The invasion initiated a decade-long period of civil war and political confusion in Russia known as the “Time of Troubles.” Upon Boris’s and Feodor’s deaths, the false Dmitri assumed the Russian throne only to be murdered a year later by high ranking nobles who accused him of spreading Roman Catholicism. The assassination was lead by Prince Vasily Shuisky, who was elected tsar in 1606. Vasily gained little respect as tsar, failing even to gain authority in the Russian capital of Moscow. Only the success of his army kept him on the throne, until Polish invaders took control of Moscow in 1610. Two years later, the Russians succeeded in uniting their forces and recaptured the city. No one of royal birth, however, was left to take over the throne. 
4 Tsarist rule continued with the Zemskii Sobor’s election of Michael I of the Romanov noble family. The Romanovs reigned for the next 300 years, until the February Revolution of 1917 ended imperialist rule. Michael I and his successors, tsars Aleksey I and Feodor III, rebuilt the devastated Russian capital and extended Russia’s control of Siberia eastward to the Pacific Ocean. Following Feodor’s death, rivalries within the Romanov family led to the Moscow Uprising of 1682, which resulted in the appointment of two half brothers and sons of Aleksey---Ivan V and Peter I---to the throne. The two boys---Ivan was 16 and Peter 10---ruled as co-tsars under the counsel of Ivan’s sister, Sophia, until Peter assumed full power upon Ivan’s death in 1696. Peter was a powerful ruler. He improved Russia’s military and expanded Russian territory to the Baltic Sea in the Great Northern War with Sweden. Peter’s travels through Europe also inspired improvements to Russia’s systems of government, commerce, and education. In 1721, Russia’s State Chancellor proclaimed Peter “the Great, Father of His Country, Emperor of all the Russians.”  

Unit 63 The French Revolution

1 The leading figures of the French Revolution stand out in European history as the defenders of liberty, equality, and democratic ideals. The revolution was a movement of violent government reform. It ended the absolute rule by French kings and gave power and inspiration to the middle class. Its history begins in 1789 with the rule of King Louis XVI and follows the efforts and influences of philosophical and political leaders. The revolution came to an end in 1799 when French general Napoleon Bonaparte seized control of the government. 
2 The years preceding the French Revolution were times of social unrest and economic crisis. After financing and fighting in the Seven Years’ War and the American Revolutionary War, France was deeply in debt. With the intention of raising taxes, King Louis called a meeting of the Estates-General. The Estates-General was a representative body whose members came from all three social classes called estates. The first two estates consisted of the clergy and nobles. Peasants, laborers, and the merchant middle class comprised the third estate. This third estate was solely responsible for providing France’s entire tax revenue. Its representatives thus entered the meeting of the Estates-General harboring much discontent. Their proposals for voting reforms and equal representation were refused by the king and the first two estates, sparking the formation of the National Assembly by the representatives of the third estate. The National Assembly vowed not to disband until they had written a national constitution for France. They based the format of their constitution in part on the ideals of French philosopher Jean Jacques Rousseau, who had previously suggested that the right to govern comes from the people. 
3 Meanwhile, the Parisian masses stormed the Bastille prison. Their goal was to capture arms and ammunition to defend themselves against the king’s army. In the countryside, peasants initiated uprisings against the nobility. Many nobles fled the country. With the final drafting of a new constitution and the redistribution of government powers in 1791, the National Assembly stepped down. A newly elected Legislative Assembly assumed control of France in cooperation with the king. Louis, however, refused to accept this new branch of government, which was comprised primarily of representatives of the middle class. Consequently, the people of Paris imprisoned Louis and his family and later had them executed. France was declared a republic. The National Convention headed the nation under the principles of democracy and the slogan “Liberty, Equality, Fraternity.” 
4 Radical leaders, including Maximilien Robespierre, Georges Jacques Danton, and Jean Paul Marat, soon rose to prominence in the Convention. They formed a powerful political group called the Jacobin Club. Disputes between this group and other members of the Convention led to a struggle for power. The Jacobins won. The Jacobin government, led by Robespierre, instigated a policy of terror toward anyone who rebelled against or disagreed with its rulers. During this Reign of Terror, hundreds of thousands of suspects were jailed. The courts handed down over 18,000 death sentences. Despite its dictatorial practices, the Jacobin government, nevertheless, carried out democratic reforms. Such reforms included the provision of free primary education and the collection of taxes based on income. 
5 Robespierre’s enemies in the Convention captured and executed him in 1794, thus ending the Reign of Terror. Members of the Convention established a new democracy under a five-man executive directory that ruled along with a two-house legislature. The new government, called the Directory, adopted a new constitution. It re-established France as a republic. The supposedly democratic constitution, however, still held stipulations on voting rights. The Directory faced the challenges of war, economic instability, and rebellions. In 1799, several political leaders, organized by General Napoleon Bonaparte, seized control of the government. After years of bloody internal conflict, the revolution had come to an end. 
6 The French Revolution left the people of France discouraged over the long-lasting political conflict. They had failed to form a general consensus about the best method of governing their country. Nevertheless, the revolution influenced the spread of democratic ideals across much of western Europe. It also established the foundations for a strongly unified French state, an effective central government, and political freedom for the middle and landowning classes. 
Unit 64 The British Monarchy

1 The concept of a single leader ruling over a united English nation developed in the late ninth century. At this time, Alfred the Great unified Anglo-Saxon tribes under a central government. In 1066, a French nobleman and duke of Normandy, known as William the Conqueror, invaded England and claimed the kingship. Under William and his successors, the language and culture of England emerged as a blending of Anglo-Saxon and Norman words and customs. The Middle Ages saw the continuation of the English monarchy and the development of national government institutions such as Parliament. Fierce struggles for the throne between English nobles followed the Hundred Years’ War of the fourteenth and fifteenth centuries. This “War of the Roses” ended when the generally respected King Henry VII of the House of Tudor claimed the crown from Richard of the House of York. 
2 The Middle Ages drew to a close as Henry VIII inherited the English kingship in 1509. Although popular, Henry VIII was selfish and wasteful. He often left his administrative duties to his chief advisor while he entertained himself with sports, feasts, and music. During his reign, Henry wished to divorce his first wife, Catherine of Aragon. The Pope Clement VII, however, prohibited divorce. Henry thus had Parliament pass a law which declared the king, rather than the pope, the head of the Church of England. This self-indulgent act, however, coincided with the Protestant Reformation, a religious movement that altogether rejected the teachings of the Roman Catholic Church. Also during the rule of Henry VIII, England and Wales were joined under one crown. The united crown was passed down to Henry’s son Edward VI, to Edward’s half-sister Mary, and finally in 1558 to Mary’s half-sister Elizabeth. 
3 English history often refers to the reign of Queen Elizabeth I as the Golden Age in England. The economy and culture flourished during Elizabeth’s rule. Merchants founded the East India Company, the great trading monopoly of the 1600s. Explorers such as Sir Francis Drake and Sir Walter Raleigh staked out territories and trading opportunities on a global scale. Writers such as Francis Bacon, Christopher Marlowe, and William Shakespeare produced renowned works of literature. When Elizabeth I died in 1603, her cousin James VI of Scotland inherited the throne as James I of England, uniting England and Scotland. James ruled the two, however, as separate kingdoms. Not until 1707 did Parliament pass the Act of Union that joined England and Scotland in the formation of the Kingdom of Great Britain. 
4 James I was the first of the Stuart dynasty. The Stuart family had reigned in Scotland since 1371. They controlled the English-Scottish crown until 1714. James I was disliked by the English people for his lavish spending, high taxes, and resistance to the authority of Parliament. James’ successor, Charles I, continued the battle with Parliament, resulting in a civil war that ended with Charles’s execution and the formation of a short-lived republic followed by a dictatorship called the Protectorate. Dissatisfied with the new government, the people of England later overthrew the Protectorate. They restored the monarchy under Charles II, son of Charles I. 
5 At the death of the last Stuart monarch, the crown passed to George of Hanover in compliance with the Act of Settlement, which stipulated that only Protestants could hold the throne. Enduring until 1901, the Hanoverian period was long lived. It saw the development of a constitutional monarchy and the installation of the nation’s first Prime Minister. The reign of the Hanoverian kings extended through the Revolutionary War in the United States of America, the expansion of the British Empire in Africa and India, the Napoleonic Wars, and the Industrial Revolution. The British empire reached its height during the sixty-four-year reign of Queen Victoria. 
6 During this period, known as the Victorian Age, the British Royal Family assumed the name Saxe-Coburg-Gotha with the marriage of Queen Victoria to Prince Albert, the son of the Duke of Saxe-Coburg-Gotha. In 1917, however, King George V replaced the historic name with the official family name of Windsor, which remains the current name of Britain’s royal family. Although the kings and queens of Britain hold little executive power in today’s constitutional monarchy, they keep alive the legacy of one ruler over one kingdom that began over one thousand years ago.
Unit 65 The Industrial Revolution

1 The advances made during the period from the mid-1700s until the late 1900s permanently changed the world. Indeed, the sheer number of discoveries, improvements, and reforms of this era, known as the Industrial Revolution, is staggering. Advances were witnessed not only in agriculture and technology, but in society itself. 
2 Prior to the Industrial Revolution, a large percentage of the population worked in the agricultural sector rather than in the industrial sector. With the Industrial Revolution, however, this emphasis on agriculture decreased dramatically. Despite the decrease, the area of agriculture still experienced significant advances and new ways and means of production. One of the most important of these was the concept of crop rotation. Farmers discovered that the nutrients in the soil became depleted after many years of farming the same crop on a given plot of land. This caused the crops to do very poorly over time, and in some cases, to fail. Farmers of the era developed a remedy for this crippling problem---crop rotation. They found that if they grew different crops in the field from year to year, certain crops replenished the necessary nutrients to farm the other crops better. For example, a common crop rotation would be wheat the first year, followed by turnips, and then oats or barley, and lastly clover. In addition to replenishing the nutrients, the different crops used different nutrients. This allowed the soil more time to naturally regain some of the nutrients it lost. 
3 Aside from improved growing methods, the Industrial Revolution witnessed marked innovations and improvements in agricultural equipment as well. The cotton gin was an important invention which separated the seeds from the cotton at the time of harvest and radically changed the agricultural industry in that cotton could be produced and sold much more quickly. 
4 Another important advancement in agriculture was the cultivation of breeding techniques, designed specifically to create better crops or livestock. By breeding together the two best cows or the best plants, the offspring was bigger and healthier. Similarly, farmers selectively bred the best potatoes and the best turnips to produce better crops. As a result, both potatoes and turnips became very popular during this time. 
5 In addition to agriculture, a number of other industries experienced tremendous technological improvements. Advances were ubiquitous, and varied in area from textile production to transportation to communication. Perhaps one of the most far-reaching changes was the widespread usage of railroads. Consequently, the transportation of goods, products, and people over long distances became easier and faster. Another important change in transportation occurred due to the use of steam to power boats. No longer was shipping dependent upon the amount of wind-power available. Trade increased as a result. Communication also irrevocably changed during the Industrial Revolution; the telephone was invented in 1876, and postal services became more widespread and efficient. In textile production, machinery was built that made work much faster and increased productivity considerably. 
6 The net effect of all this agricultural and technological change was a transformation in the structure of society itself. The increase in industry led to increased urbanization. Before this time, most of the population lived in rural areas, and population growth was steady but certainly not booming. However, during the revolution the population grew by one percent annually in most of Europe and three percent annually in the United States. In addition, data show that there were only about twelve cities in 1800 that had populations of 100,000 or more, yet by 1900 there were 150 cities that met that criterion. The class structure changed as well. The introduction of the middle class meant that there were more people with expanded buying power; however, families’ financial states depended largely on the employer, and economics were much more related to networks of people than it had been in the past. Some historians argue that Marxism actually grew out of this particular aspect of the Industrial Revolution, forever changing political structures. 
7 The effects of the Industrial Revolution can still be felt today. Were it not for this important historical period, the world would be far less modern and convenient. Indeed, the Industrial Revolution reinvented agriculture, technology, and society.
Unit 66 Conquest and Colonization

1 The history of nearly every civilization is marked with several conflicts. While there are a number of other things that one can take into account when considering the history of a group, conflicts have traditionally been given the most attention when addressing important moments of a civilization. Perhaps the limited temporality of these wars and battles makes for easier historical documentation. Or perhaps the significant, tangible impact on human affairs makes these conflicts central to historical study. Regardless of the cause, history is typically marked and remembered by the battles that took place between the peoples of the world. 
2 Wars and battles take place when one nation or people invade the territory of another nation or people. This invasion can be marked with bloodshed, but a territory may cede to another nation if it feels outnumbered. Alternatively, a nation’s government may not want to cede to an invading nation, but the people may choose to do so if they are discontent with the current ruling body. Most invasions are met with discontent, which usually results in warfare and bloodshed. Conquests occur when an invading nation successfully invades and defeats another nation or people. 
3 Following a conquest, a number of things may occur. If the invasion was prompted by aggression of the defeated country, it may be forced to disarm. A defeated country may also be asked to pay for the expenses incurred during the war by countries involved. Finally, the victor may seize all or part of the defeated nation. In these circumstances, a new government is installed in order to keep order in the region. The process of imposing a new authority in a region to benefit the invading country is a process called colonization. One of the best examples of colonization is the expansion of the Roman nation. After defeating a people, the Romans would install a government for the new nation. They would also incorporate many of the defeated people’s customs into their own. This would create a relationship with the conquerors that would discourage rebellion or resistance. Nonetheless, the process of colonization can be difficult as assimilating a people into a new culture is challenging. If a conquest is a military process, then the colonization that may follow is a truly political venture. Winning the hearts and minds of a defeated people has proven difficult in the past. 
4 With the advent of the modern era, trade has increased between nations. Thanks to globalization, foreign markets are opening up to businesses. In this new global environment, a new era of colonization is taking place, called neocolonialism. In the colonial world before the twentieth century, a country was usually ruled with military might. Control via direct military might has come under fire recently since it is usually oppressive and unethical. As such, many European nations that once had colonies all over the world have been forced to give back control to the people of the defeated nation. However, many have observed that the economic ties traditional colonialism created have continued to exist even though power has technically been ceded to the people. While a nation may be technically free of colonial bonds, it will still rely upon previous rulers in order to maintain the country’s economic well-being. Furthermore, powerful countries may manipulate the government with bribes of money to ensure that economic conditions remain favorable to them. Neocolonialism has faced harsh criticism from opponents. Many have argued that the puppet governments installed with a foreign nation’s money are just as oppressive as the colonial regimes themselves once were. 
5 Conquests and colonization can be directly linked to the layout of the current global environment. The past military victories and subsequent occupations have shaped the world that we live in today. Understanding the process of conquests and colonization is a key part of understanding the history of the world at large. Further, considerations of past and future conditions that arise from these processes are important in informing economic and political policy. There has been progress, as well. Today, more people are aware of the problems and issues that accompany colonization and are taking a stand against it.
Unit 67 Marriage and Family

1 Every human civilization is composed of several smaller subunits, typically referred to as families. These basic units have been central to the development of cultural and social trends, although they vary significantly from culture to culture. Further, the family unit remains a source of heated debate today in several cultures. As new social trends emerge, the ways family units are composed and handled are changing. 
2 Throughout history, the definition of a family unit has changed radically. In the western world, the nuclear family is the common conception of what constitutes a family unit. It emerged in the late medieval period and was commonly associated with a man, his wife, and their offspring. In non-western countries, the family unit may be extended to include the parents or grandparents of spouses and even family friends, in some cases. In many western cultures, however, the definition of a family unit has changed with different societal needs. The Spartan society, for example, took children from their parents at an early age and raised them among their peers in a military setting; in this case, another unit, rather similar to the family, was created to serve the civilization. In some tribal settings, a family unit may incorporate outsiders into it. Broadly defined, the family comprises a number of relationships and associations used to tie together individuals with similar values, beliefs, and goals. 
3 Today, marriage is the most typical bond that creates a family unit, and in most countries, it is usually a union between a man and a woman. The bond may carry spiritual connotations, but it usually creates legal bonds as well. In marrying, the assets between the spouses are shared; additionally, the legally binding union creates a situation of medical consent, where one partner can make medical decisions for the other if that person is unable to do so. On a more cultural level, many people view marriage as a bond that sanctions sexual relations between two individuals. Due to the spiritual aspect that is attached to marriage in most cultures, there is much controversy over what constitutes a valid bond. Although marriage is usually between a man and woman, some cultures have allowed animal-human marriage. No country recognizes it as legally binding, but there have been cases where it has had symbolic value. Other cultures allow a man to have several wives---a system called polygamy. Marriages between people of the same gender are also gaining sanction in some parts of the world. As the institution is closely associated with religion, a culture’s approach to marriage can affect their relations with other peoples. 
4 Recent developments have forced many cultures to rethink their concept of the traditional marriage. As more and more groups of women are being given equal rights and legal recognition, their role in the family is changing. Whereas the woman was traditionally the submissive figure in a marriage, women are now equal with men in many places. Many cultures also require fathers to provide support for the children they produce, even if the parents have separated. Also, things are changing within marriage. It is now rather common for women to pursue professional careers and raise children at the same time, indicating that cultural attitudes toward gender roles in marriage are shifting as well. 
5 As the world grows and cultures proceed to interact more, the way marriage is viewed may change as well. Understanding the way a culture treats marriage can help people better understand other social mores that it may have, and since the family is the most basic part of any society, the way it is structured will inform outsiders of many other attitudes on other cultural issues. Further, the way a society deals with new attitudes toward marriage and the family is important. It may indicate how it will treat other shifts in traditional views. Indeed, since the family is the first structure to which one is exposed, the way a person is raised will have a profound impact on his or her mindset and views. The way a culture treats marriage and family is key to understanding other cultural trends and attitudes.
Unit 68 Equity and Social Justice

1 The legal system is an age-old system that exists in every civilization. These legal systems operate in dramatically different ways, however. During the Dark Ages, for instance, most legal disputes were settled by the church, which existed as the sole legal authority in most parts of the western world. But later, with the Enlightenment, new ideas developed which removed legal authority from the religious realm and placed it in the realm of the rational. Regardless of the institution heading the legal authority, however, a common concern has always been the pursuit of equity. More recently, equity law has turned into a specialized field of legal study. 
2 Equity is largely concerned with issues of fairness, and although some legal issues fall outside the realm of fairness per se, laws are usually drawn up on the basis of equity. Once drawn up, however, it is adherence to the law that is the concern, and fairness is no longer independently considered. For example, someone may drive over the speed limit. When that person is ticketed and goes to court for the violation of the law, there are no issues of fairness being evaluated. The person simply broke an established law and will have to face the consequences. By and large, most criminal proceedings are not focused on the pursuit of fairness but the execution of a law. For example, the familiar saying “an eye for an eye”---which is clearly equitable---is not typically practiced today. There are a number of issues within civil law, however, that are not related to any specific piece of legislation. Divorce hearings, for instance, are heard by a judge who essentially decides how to divide the assets of the two spouses. Each side presents its case, and the judge is largely concerned with fair distribution of the assets. Equity law only resides on a few basic guidelines that are often abstract and lack specificity, known as maxims of equity. Nonetheless, legal decisions within equity law are legally binding but are not specific to any given law or statute. 
3 Equity law is commonly linked to the concept of justice, but justice is a difficult concept to define and explain as it represents more of an idealistic vision at best. Justice is the ideal state for humanity, typically associated with equality and peace. In spite of---or perhaps because of---its idealism, there have been no actual definitions of justice. The concept can be broad and may focus on the outcome of a given action. For instance, a person advocating social justice may argue that it cannot be realized until all people are paid fairly for their work and live free of poverty. Proponents of economic justice believe that justice cannot be achieved until total financial equality has been established among all people. Justice lacks a solid definition and is borrowed by different groups with different goals. With regard to the legal system, justice may be a goal to ensure that every individual gets equal protection under the law. Since equity law is centrally concerned with issues of fairness and not other ideals like public safety, then it could be said to be in pursuit of justice. 
4 Since the concept of justice lacks any actual grounding or definition, it has come under a significant amount of fire. Critics point out that those who reference the word “justice” not only fail to provide a definition, but cannot even clarify if it is a series of actions or a virtue. Others have gone so far as to say that considerations of justice are irrelevant and unimportant. What does matter, they argue, are the actual conditions produced by a system; whether the process or outcome conforms to some ideal standard is irrelevant. Regardless of the challenges, justice at its best represents an ideal that a system should strive towards. 
5 In conclusion, equity law could be viewed as a pursuit of legal justice, an effort to realize equal treatment under the law while ensuring that the specifics of a situation are taken into account. It represents an interesting body of law as it does not put the court or the state in the position of authority or liaison between the written laws and an individual. Instead, equity law provides a legally binding resolution to a conflict that exists. Its relationship with justice is tenuous, however, as justice is an abstract, undefined concept in the legal body. Fortunately, the two do not necessarily have to be associated, as equity law is self-contained and capable of operating without a definite concept of justice.
Unit 69 Political Theory and Philosophy

1 The central subject of political philosophy is the government. A state is a loosely-associated group of people that share a national identity. The government is the ruling body that enforces the laws and maintains order in the state. The relationship of the government with the state and questions regarding this relationship comprise the body of political philosophy. Debates in political theory include issues of whether or not a government is necessary, what the goals of a government should be, and how the government should cooperate with the people it governs. By and large, the issues that political theory addresses are usually immediately relevant. The problems being addressed by political theorists are most often reflective of the issues faced by most governments of an era. 
2 Political philosophy began with the Greek civilization, which was comprised of a number of smaller, independent “city-states.” At the time, the structure of the government was fairly simple. The most prominent political philosopher of the time was Plato, author of the Republic , who argued that the ideal society would be headed by “philosopher-kings,” who were enlightened despots. Plato did not trust the public and believed that it lacked the virtue to properly govern itself; given the instability of Greek city-states and the number of uprisings, however, Plato’s sentiments are not surprising. Medieval political thought followed much later but was informed by classical thought. Since the most prominent authority of the time was the Catholic church, much of the political philosophy had a religious bent. St. Thomas Aquinas was the most prominent Christian political philosopher of the time and brought a number of Greek ideas into consideration. The most important political text of the era, however, was the same one that ended the Christian influence in political theory: Niccolo Machiavelli’s The Prince. 
3 The Prince created the conceptual framework in which modern political philosophy operates. Machiavelli wrote the text for the Medici family and included a number of shrewd political actions that one could use to acquire and hold power. The Prince was authored in the midst of an unstable Italian state, where a number of factions fought for control of Italy. As such, much of the work centers on balancing the interests of the state with the interests of the public. It also contains advice on dealing with internal and external enemies to the state. Most famously, The Prince is known for its endorsement of cruel or inhumane actions to maintain power. The questions addressed in the work provided a conceptual framework that directed the focus of the Enlightenment. Much of this time was spent creating a political body of thought that adhered to the liberal principles of justice and rationality. 
4 More contemporary political philosophy is concerned with a number of new issues that have arisen in the modern era. With colonialism, there were a greater number of foreign interactions not steeped in conflict. The most profound political philosopher of this time was Karl Marx. Marx linked economic policy with political control and argued for a violent overthrow of the capitalist system. Marx’s approach was important because it brought ethical concepts of right and wrong back into the realm of political philosophy. For Marx, the injustices that arose in capitalism were so egregious that they actually warranted violence. This attitude set the stage for many new debates that centered on whether political policy was right or wrong. With a global economy, even more issues emerge as rich countries are seen by some to exploit poorer ones. 
5 Political philosophy could be called one of the most relevant fields of theory today. It continually challenges the way a government operates within a state. Further, new conditions may arise that are directly linked with the focus of political theory. Indeed, the abstract nature of the study is not always immediately practical, but the considerations are still important. The questions and concerns of political theory and ethical considerations that it casts light on are relevant in a world where public opinion plays a large role. The field has shown that it is able to adapt to new political concerns. 

Unit 70 World Political Systems

1 The question of how a government should operate has been debated since the era of Ancient Greece. There are a number of issues that a government must address when running a state. In addition to pursuing the public good, a government must also justify why it should exist, what should and should not be in its legal scope, and what kind of goals it should strive toward. These issues are at the core of political philosophy and theory. 
2 The core debate in political philosophy is deciding how a government should operate; it thus comes as no surprise that there are a number of systems that have been used to run a country. A dictatorship is perhaps the simplest government structure, with a sole ruler with absolute power at the head of the government. Every law, policy, and government decision is under the purview of the dictator and no limitations exist to restrict this power. If a group, rather than a single individual, comes to power and holds absolute power, then it is referred to as an oligarchy . A monarchy ---a common type of government during the medieval era--was effectively a dictatorship. The monarch was the sole source of authority. However, the king would delegate authority to those below him to ensure an efficient structure; these delegations of authority were important later on, as they provided the framework for bureaucratic systems. Any type of government that places the power in a select individual or few individuals is called authoritarian. 
3 Democracy is another type of government, but it places the power with the people. Some governments, like the city-states of ancient Greece, were direct democracies in which people would vote directly on every issue that the state faced, and the choice of the majority would then be the final decision. The Romans were influenced by the ideas of the Greeks but found the constant demands of the state too much for the people because they were always voting. Republican government was derived from democracy but had the people elect officials into offices responsible for the decision-making process. This allowed the public to delegate power to a select few individuals who they felt were worthy of handling bureaucratic processes. If officials failed to meet the expectations of the public, they could be elected out of office and replaced. The key point to democratic forms of government is that the power rests with the people. 
4 In spite of the fact that democratic and authoritarian powers centralize the source of power in different places, the two have been incorporated in the past. For quite some time, Great Britain has maintained a democratic monarchy. In this system, democratically-elected members in Parliament work with the monarch to run the country. Regardless of its structure, a government must be prepared to deal with the demands of the people as they see fit. Without the support of at least a portion of the populace, a government will have a hard time maintaining control in a nation. What is expected of the government, however, can vary dramatically from culture to culture. After the Enlightenment in western Europe, for instance, most people felt that the duty of the government was to ensure that a marketplace could exist so that capitalism could thrive. However, as more nations experienced the Industrial Revolution and the economic problems that came with it, people began calling for more government oversight in the economy to remedy the discrepancies in the capitalist system. Many nations responded accordingly, limiting the way businesses worked by mandating certain work conditions. 
5 As conditions arise, governments must respond accordingly to maintain peace. However, there are significantly different approaches in the way governments may handle problems. The United States has a long history of free-market capitalism with very few restrictions. The government decided it best to let the problems work themselves out, for better or worse. In this case, the goal of the government was to maintain a principle of capitalism in the society. Alternatively, other countries have taken measures to limit the injustices created by capitalism. Their effort is marked with a desire to strive towards economic equality. Thus, the motives, goals, and principles of governments may vary dramatically, but political theory is interested in exploring all possible and actual approaches that a government may take in order to create a functioning state.  

Unit 71 The Ideas of Karl Marx

1 Karl Marx was a German philosopher and economist, most noted for his influence on the political climate of Europe during the nineteenth and twentieth centuries. His most famous work, The Communist Manifesto , outlined Marx’s vision of how capitalism would eventually destroy itself through injustices. The ideas in Marx’s philosophy fueled many radical efforts, most famously the Russian Revolution of 1917. 
2 Marx’s speculations were made in the midst of the Industrial Revolution. During this time, most nations in Europe were developing consumer markets that centered around manufactured goods like furniture, fabrics, and household appliances, which were produced in factories. Factory conditions of this era were brutal; workers suffered long hours and hazardous conditions. 
3 These observations, joined with Marx’s own belief about the true nature of man, formed the ideology typically called “Marxism.” Marx believed that man was inherently inclined to produce goods, calling him homo faber, a Latin phrase meaning “man the maker.” This implied that all men were naturally compelled to create a product through their own work. 
4 The factory system---the environment of early capitalism---only allowed the worker to participate in a single step of a product’s creation, though. As such, Marx argued that work in factories alienated man from his true nature on a spiritual level. This alienation would eventually give rise to dissatisfaction in the lower class. Marx’s economic theory played another important role in his world view. For him, the capitalist system was flawed. Marx argued that the wealth being created in factories was not going directly back to those that were responsible for the creation of that wealth. Instead, the factory owners were gaining profit while putting no actual effort into the creation of the wealth. In Marx’s eyes, this was blatantly unjust. 
5 The injustice produced by capitalism was the foundation for the Marxist vision of the future. Given the disparities that arose from the natural conditions of the capitalist system, Marx predicted that the lower class---otherwise known as the proletariat---would continue to get poorer. Meanwhile, the upper classes that benefited from the capitalist system---the bourgeoisie---would continue to get richer. Marx argued that this rift in the distribution of the wealth in the system would eventually cause the proletariat to rise up and take control of the means of the production. This spontaneous uprising would result in a “dictatorship of the proletariat.” During this period, the means of production would be taken and redistributed fairly amongst the populace. In most countries, Marx speculated that uprisings would be accompanied by violence. He did not foresee the ruling class giving up means of production peacefully. However, in countries with strong democratic structures, Marx left the possibility of a peaceful transformation open. 
6 This argument fueled many a revolutionary movement and is most commonly associated with the Russian revolution of 1917. Revolutionaries struggled with Marx’s ideas, however. A strict reading of Marx suggested that enough injustice would inevitably develop into an uprising. This left little room for the “professional” revolutionary who wanted to speed up the process. Others believed that Marx’s ideas, while valuable, were not applicable in countries like Russia, where economic progress was slow. 
7 Current economies suggest that not all of Marx’s predictions were true. Many developed countries are not seeing abject poverty arise as capitalism develops. In spite of the possible flaws in Marx’s predictions, his theory has been adopted and used by many scholars today. The core of Marx’s argument suggests that economic factors are the primary cause for all cultural phenomena: a philosophy known as economic determinism . 
8 It is with this in mind that many scholars have looked for economic causes in cultural artifacts that are normally not associated with economics. For example, many theorists have looked at art as an expression of economic conditions. Marxist theory can also be applied to the reading of literature or the understanding of history, among other things. In spite of its shortcomings, Marx’s philosophy remains important. His work is still viewed by many as essential in the construction of identity in oppressed people through history. Regardless of how one regards his theories, the influence of Marx’s thought on the western world is undeniable.
Unit 72 Socialism, Capitalism, and Democracy

1 Although separate in theory, a country’s economy is linked to its government. Modern economies developed as feudalism ended and two different approaches to economics emerged, yet both were primarily concerned with the way goods were produced and subsequently distributed. 
2 Capitalism developed as people began operating as independent entities in markets. During the feudal period, people worked the land and received room and board in exchange. As economies opened up and land became more readily available, there was room to realize a profit. New markets emerged and allowed those motivated to be able to make money. 
3 Thus, capitalism developed not necessarily as a result of a government’s policy but as the product of the status quo. Within capitalist economies, the production and distribution of goods is up to individuals acting within the market. People may invest in means of production such as factories or pieces of land. Investors then distribute the goods acquired from their investment for a price. These goods are distributed according to the laws of supply and demand in a market. In a free market, the buyer and seller decide upon a fair price for a good and conduct an exchange. No government control is exercised over the interaction. 
4 In spite of its seemingly natural state, capitalism does not always ensure a state without injustice. With the Industrial Revolution in Europe and the United States, a disparity in wealth occurred that exposed the problems with the natural progression of a free market. The outcomes of industrial markets revealed a very basic problem with capitalism: abject poverty could, and did, arise. Workers in factories could hardly earn enough money to support themselves and their families. Meanwhile, factory owners would earn a large profit, which they typically kept to themselves. 
5 It was this disparity in wealth distribution that led some to believe that capitalism was inherently flawed. Karl Marx, a German thinker and economist, was the most famous opponent of capitalism. He argued that it would inevitably fall due to its failure to fairly distribute wealth. Marx believed that a new type of state would arise once the lower classes fought and took control of the economy; this new economy, called socialism , would see the lower classes claim the means of production and put them in control of their state. The governing body would also control the wealth that was produced. Socialists thought that this new system would eliminate economic inequality and ensure the well being of all people in the system.
6 Democracy ---control of the government by and for the people---has historically been the defense used by proponents of both systems. Socialists see the takeover by the lower class as a truly democratic movement. Conversely, capitalists see the cooperation of the people in the system as tacit endorsement of it. Meanwhile, both sides criticize the other for not being democratic. Capitalists typically argue that revolution is the result of a few radicals agitating the lower class into a frenzy. Socialists argue that the capitalists’ endorsement through cooperation is merely the result of their controlling cultural outlets that oppress the consciousness of the working class. 
7 Regardless, democracy can exist within either economic system. Socialism and capitalism are both economic systems, while democracy is a form of government that can coexist with either approach. Historically, socialism has been linked with cruel dictatorships. The brutal Soviet regime that headed the U.S.S.R. after the Russian Revolution was the first large-scale attempt at socialism. In spite of its negative history, socialism does not need to be linked to a violent dictatorship to work. 
8 It is also worth noting that aspects of socialism and capitalism can exist within a single economy. Capitalist systems can exercise some control over the economy for various purposes, even though government involvement in the economy is technically socialist. Antitrust laws, which protect against monopolies, are just one kind of socialist measure that are taken in capitalist economies. Similarly, not all aspects of the economy need to be controlled in a socialist system. Aspects of capitalism can be employed in socialist systems. Just a few years after being founded, the former U.S.S.R. allowed a few capitalist policies. In spite of their differences, the two systems are not mutually exclusive.
Unit 73 An Overview of Economics

1 The study of economics is primarily a social science. Although typically viewed as more scientific than many of the other fields in the humanities, it is still centrally concerned with human behavior. More specifically, the field examines the behavior of humans in the presence of limited resources. If the world’s resources were infinite and people could have everything they needed or wanted with ease, then the study of economics would be pointless. 
2 Within this environment of finite resources, an economic problem arises: How does a society deal with the production and distribution of a finite number of goods to satisfy a nearly infinite demand for said goods? Economists attempt to understand how various societies have dealt with this age-old economic question. Adam Smith was the first economist to deal with this very issue, and his writing set the stage for traditional economists’ studies in the future. 
3 The principles of supply and demand are the most basic components of economic study. They are defined by value---what the average consumer is willing to pay for goods or service. Labor can also have a value, decided by what an employer is willing to pay a person to complete a given task. As a rule, the cheaper the goods or service, the greater the demand for it; as the price goes up, the demand will drop. Supply--that is, the amount of goods or a service that a market provides---is the other component of all markets. Generally speaking, supply will rise as the market price rises. As such, the more money consumers will pay for goods relative to its production cost, the greater the amount produced by suppliers. Price is determined by the supply and the demand within a market; they balance one another. Understanding supply, demand, and their effect on price is a key part of both macroeconomics and microeconomics. 
4 Microeconomics analyzes the behavior of individuals within an economy. Considerations include an agent’s choices in the presence of scarcity, government control, and other factors. Macroeconomics is larger in scope and examines entire nations’ markets and interactions between national economies. Macroeconomists are usually immensely interested in currency issues, interest rates, and a nation’s employment. Besides just being theories, economists’ studies also serve a practical purpose. Understanding the way a country’s market functions is necessary to keeping it healthy. Most economists judge the health of an economy by its liquidity ---that is, how quickly an asset can be converted into currency that can be exchanged for a good or service. The flow of currency is essential in gauging how robust and healthy an economy is. Thus, in gauging economic health, economists need to take into account a number of factors. Interest rates, investment patterns, consumer confidence, employment levels, and stock market behavior are all objects of economic study. 
5 Governments can interact with an economy in numerous ways but most dramatically by controlling interest rates and the supply of money. By printing more money or slowing the output of currency, a government can control inflation and deflation, thus maintaining a healthy economy. Alternatively, the government can adjust the interest rate they charge to institutions that have borrowed from them to help keep the economy healthy. These prescriptive elements of economics need to be balanced by an understanding of aspects outside of government control. Interest rates and currency output can only control so much of a market. Consumer confidence---the willingness of agents to spend their money instead of saving it---is an integral part of a healthy economy. The ways stocks and bonds are traded in a market are also essential aspects of a market’s health. 
6 Newer fields of economics have been developing at a rapid pace, especially since the Industrial Revolution swept the modern world. Karl Marx was the first prominent economist to bring ethical questions into the field of economic study. Since Marx, more and more economists have begun to address not only how markets work, but also how they should work. As such, the field of economics is now informing government policy across the world and serves a profoundly important role.
Unit 74 World Economic Systems

1 With the evolution of modern economic systems after the Industrial Revolution, nations began recognizing the value of foreign markets. Besides possible political allies via financial bonds, countries found consumer markets in the rest of the world. As the twentieth century continued, more and more countries were reaching a point where they could viably market their product worldwide. Technology helped start the current state of global economic affairs. Advances allowed the cost-efficient transportation of raw materials and manufactured goods. Communications technology fostered more interaction between businesses and foreign markets. Countries also opened their borders to outside investors. Businesses began to open new branches in foreign economies. 
2 Globalization occurs when borders open, which is conducive to the exchange of information and the formation of economic relationships. Improved political relations between the partner countries will accompany globalization. These are usually efforts to maintain and improve a strong lasting relationship. As a result of greater political and economic transactions, unions and alliances form. These unions generally result in long-term economic relationships but can also be used for political means. If, for instance, a country in a region is posing a threat to one or more of the countries involved in an economic alliance, trade embargoes can be placed on the offending country. 
3 The European Union, APEC, and NAFTA are all good examples of economic alliances formed between countries. These are unions with shared economic interests. They regularly meet to discuss trade agreements, talk about policies, and share ideas about business. Further, they can deal with diplomatic and political affairs while meeting. Typically, these economic alliances are formed with the intent of making financial interaction between members easier. The European Union, for instance, has a standardized currency. This allows visitors to some member countries to avoid the hassle of currency exchange. Additionally, it makes conducting business easier as fluctuating exchange rates will not affect transactions within the union. 
4 World economic systems sometimes spawn conflict, however. During much of the Cold War, the United States and the former U.S.S.R. waged an economic struggle against one another. This struggle was framed largely by differences in economic policies. During the conflict, the two nations established economic relationships with other countries in an effort to increase their influence. The entire world thus became the stage for a massive economic conflict. This was an example of global economic systems running counter to one another’s interests. As a result of this conflict, violence broke out in many countries. 
5 The effects of globalization even without violence are not always positive. Opponents of global markets cite richer countries taking advantage of poorer countries with their economic edge. Global corporations, usually originating in fully developed nations, have begun to invest in third-world countries’ economies. This allows them to produce goods at a very small cost and export them to another country. The profit the corporations realize is lucrative, but very little of that money is put back into the producing countries’ economies. As such, shifts in world economic systems have seen many global corporations profit while the third-world countries hardly benefit. 
6 Some believe that large global markets are inevitable; to artificially force limitations will slow progress. Advocates of world economies feel that economic exploitation is the first step a country must take to see its full economic potential. Indeed, corporations tapping into undeveloped or developing markets are making an investment in the country’s basic infrastructure. Further, most countries see at least some degree of progress with foreign businesses moving in. Opponents argue that global markets endorse worker exploitation. As more demands are made on businesses to improve working conditions in developed countries, their profit is limited. Some foreign markets lack labor laws, so it is easy for businesses to move in and take advantage of a people. 
7 Regardless of individual ideas about global markets, they are a key part of understanding changes in the world today. With world economic systems growing, countries are interacting with greater frequency. Bonds are being formed that previously did not exist. In less than 100 years, lasting economic ties have been created worldwide where there were very few before.
Unit 75 Civil Law and Jurisdiction

1 Civil law is a fairly recent development; nevertheless, its roots are in the judicial system, which is as old as civilization itself. For several thousand years, a body existed to settle disputes between individuals in the community---some ancient peoples looked to the head of the community for important decisions, while others looked to the rest of the community at large. 
2 The Roman Empire systematized the civil process by creating a system of courts, headed by judges who were put in power by elected officials. The Romans also codified a series of laws that were used to direct judges’ decisions. It was from this tradition that most of the western world created similar directives. Codification remained somewhat underdeveloped until the Enlightenment, when several thinkers pushed for a standard set of laws across a country. These efforts were most famously realized in the Napoleonic Codes and the German civil code. 
3 Civil law is typically compared with common law, an Anglo-Saxon series of laws based upon tradition. Rather than basing their policies on tradition, civil law codes claimed to originate in human rationality. In many cases, this focus on rationality presented a break from tradition, which was usually influenced heavily by religion and regarded by many as irrational. Civil law is also separate from criminal law; in criminal law, an individual is put on trial for breaking a law. In civil law, on the other hand, there is no actual violation of the law. Instead, civil law serves as a platform for individuals to settle disputes between themselves. For instance, if a tenant damages a property rented from a landlord, and the two parties are unable to settle the disagreement, the civil law system provides an arena where a legally binding agreement can be reached. The civil court is the actual environment where civil disputes are settled by a judge. Individuals may represent themselves if they choose, but many of them opt to hire a lawyer for the process. The legal process in civil court usually has a much more inquisitive, involved judge presiding. In criminal proceedings, the judge serves as a mediator between the prosecution and defense to ensure a fair trial is presented to the jury, but in the civil courts, the judge may ask either party questions and is typically far more involved in the verdict. In fact, some civil proceedings have no jury at all---the verdict is decided entirely by the judge. 
4 Most civil law codes are divided into five sections: contract law, tort law, property law, family law, and inheritance law. Contract law manages disputes between individuals that have signed and agreed to conditions laid out by a contract. Tort law revolves around criminal wrongs such as assault, but does not aim to incarcerate or punish the perpetrator; instead, it provides settlements to individuals looking for monetary compensation for the ills they have suffered at the hands of another. Property law settles disputes between individuals when there is a dispute over ownership. Family law centers on issues of medical consent, child custody, and financial support of a dependent, as well as other issues that may arise within a domestic environment. Finally, inheritance law handles matters of the distribution of inherited property or financial responsibility when a debtor dies. 
5 Civil law presents an interesting body of law as judges can rule on situations not addressed by a particular law. In criminal law, if a person has not broken a specific law, there can be no legal ramifications for the act. In civil law, a specific clause making a certain act illegal is not necessary. Instead civil judges can rule outside of a codified body of laws. As a result, civil jurisdiction can evolve and change over time with cultural norms and a judge’s attitudes. 
6 More business issues are being incorporated into the body of civil law, although they are not usually mentioned in most civil codes. In today’s global world, civil decisions can have an international impact. As such, understanding civil law and the way it works is fundamental to understanding the way the world functions.
Unit 76 The Legal Profession

1 For most of recorded history, the legal profession has existed in some capacity. Individuals familiar with the legal structure of a country have proven fundamental in the functioning of its judicial body. The legal profession continues to grow today as legal issues become more complex and more stages for legal disputes evolve. The earliest known lawyers were Athenian orators, who were advocates for people being tried under the law. Initially, Athenian law dictated that individuals had to plead their own cases; this law was later disposed of when it was recognized that many people were not capable of defending themselves. Since then, legal advocates have been an important part of every legal body. 
2 Ancient Rome formalized the legal profession with an official recognition of people learned in the law, known as juris consulti . Even though these Roman advocates did not make a living by practicing law, they were recognized by the state, and as such, it is arguable that the Romans were the first people to have a legal profession composed of individuals who specialized in the law. With the fall of the Roman Empire and the onset of the Dark Ages, professional lawyers were practically unheard of. The church, being the sole authority in most legal matters, was responsible for making legal decisions in criminal and civil issues. Although it was not a profession, many people specialized in canon law, the body of thought that directed the church’s legal decisions. 
3 With the Enlightenment, the legal role of the church was marginalized. Legal codes developed in European countries that rejected the traditions of the church. It was during this time that two separate bodies of law developed. Criminal law evolved as a system of recognized crimes and subsequent punishments that were under the purview of the state. Civil law, on the other hand, provided an arena where individuals could settle disputes with the benefit of a judge in a court of law. 
4 As the legal structure became more advanced and complicated, lawyers started to specialize. Criminal lawyers and civil lawyers emerged. Presently, law schools offer very specific specializations, including family law, personal injury law, criminal defense, criminal prosecution, international law, and immigration law, among others. All specializations require a basic understanding of a country’s legal structure, but bodies of law are getting larger and more complex. New legal issues are cropping up almost every day as technology advances. The role of lawyers varies in different nations. Lawyers are always responsible for legal research so that they may practice according to the latest developments in their field. They may also be responsible for giving oral arguments, drafting documents, and offering legal advice. In addition, they may carry out the orders of the deceased according to a will and be responsible for protecting intellectual property. 
5 Given the complex legal structures and the number of responsibilities, it comes as no surprise that the legal profession requires significant education. The amount of schooling required varies from country to country and, in some countries, isn’t even uniform. Most countries require that an exam be passed in order to practice law or give legal advice. 
6 The judicial structure of a country plays a large role in the way law is practiced in a country. Some countries use an inquisitorial system, where a judge is charged with prosecuting the individual before him. It is up to the lawyer to prove to the judge that the individual is innocent. Alternatively, some countries employ an adversarial system; a judge acts as a mediator between the prosecutor and the defendant, both of whom are lawyers. Depending on a country’s judicial structure, the way law is practiced can vary dramatically. 
7 Interestingly, the legal profession was abolished in Prussia in 1780 and in France in 1789. In both instances, the countries soon learned that lawyers were an important part of the country’s legal operation. Besides providing counsel to individuals, lawyers also speed up the legal process by doing research that would normally be up to a single judge. Although the public often criticizes lawyers, they are a central part of an efficient judicial body in any country.
Unit 77 Eastern Philosophy


1 For years after the Enlightenment, Eastern philosophy was regarded by many as inferior to western thought. In the last 200 years or so, however, it has received more attention from thinkers from around the world. Today, it has developed into a unique body of thought that has its own place within the larger body of world philosophy. More recently, some have argued that a dichotomy between Eastern and Western philosophy is incorrect. Seen as a whole, the two branches consider many of the same questions, even though their approaches differ significantly. 
2 Eastern philosophy is a loosely defined body of thought that includes writings from India, China, Korea, Japan, ancient Egypt, parts of the Muslim world, and several smaller subgroups. By and large, philosophy from these regions is as varied as the material from the western world, if not more so. As a general rule, however, the perception of God is treated differently in Eastern thought than it is in Western philosophy. This could be due to the fact that there was no dominant monotheistic influence in many Eastern parts of the world. As a result of this influence in the Western world, there was a general wariness to include religion in philosophical thought. This was most likely due to the Enlightenment’s focus on rationality. Most Eastern philosophy, though, does not avoid the blending of mysticism and philosophy. 
3 Much of Eastern philosophy is, in fact, religious in nature. Buddhism is a system of beliefs based on the teachings of an Indian prince. The philosophy is largely unconcerned with the presence of a god or gods, however. Instead, emphasis is placed on four “truths,” which espouse a detachment from worldly desire in pursuit of true happiness, or Nirvana. Buddhists believe in karma, a cause-and-effect relationship between all actions in the world. The Buddhist goal is to eliminate the karmic cycle of rebirth by transcending it and achieving Nirvana through detachment. 
4 Taoism is similar to Buddhism as it advocates a detachment from worldly occurrences. Taoists put faith in the natural progression of the universe. The doctrine shrugs off social limitations and asserts that individuals should be allowed to act as they wish, aspiring toward a state of nature that is achieved when people practice wu wei, or “non-action.” For Taoists, the inherently free state of nature is the goal of their doctrine and is achieved by embracing “the way”---the natural order of events.
 5 Confucianism could be regarded as the opposite of Taoism. Developed by Confucius, the doctrine is a social ethic focused on human beings and their relationships. Confucianism focuses on ritualistic living in virtually every aspect of life. The most sacred of these rituals is the practice of deference towards one’s parents and the emperor. If Taoism strives toward a state of nature, then Confucianism could be said to aspire to a perfect civil state. 
6 Hinduism is another important Eastern philosophy, and it is also a religion practiced by millions worldwide. The Hindu faith is similar to Buddhism in that it puts stock in karma and reincarnation. However, it is more action-based than Buddhism and provides much more specific ethical guidelines that promote nonviolence. 
7 Islamic philosophy can be viewed as a synthesis of the entirely spiritual aspects of Buddhism or Taoism and the more social, bureaucratic philosophy of Confucianism. Thanks to its close contact with the western world, most of Islamic philosophy developed around questions similar to those that the Greeks addressed. Several schools evolved, but most were concerned with the interpretation of God, justice, destiny, and the universe. The fact that Islamic philosophy is viewed as somehow separate from Western thought even though it addresses many of the same issues highlights the problem that some have with making a distinction between Eastern and Western philosophy. The methodologies may differ somewhat, but there is no way to accurately discern an abstract Western philosophy from an Eastern one. In fact, several Western philosophers ---most famously, Georg Hegel and Arthur Schopenhauer---incorporated Eastern approaches directly into their own philosophies. 
8 Most people no longer accept the earlier idea that Eastern thought is somehow inferior to Western. Eastern philosophy is equally important in helping us frame our place in the world. Understanding Eastern philosophies is fundamental to understanding the field at large. 
Unit 78 The History of Western Philosophy

1 Western philosophy has been central to the development of thought in the world. Breaking down its progress into a linear progression is nearly impossible, and understanding the interplay of various ideas over time is difficult. It arguably began in Greece with the Pre-Socratic philosophers since they were centrally concerned with the construction of the world, and their arguments were primarily metaphysical; their ideas focused largely on what is real and what is outside the physical world. 
2 Socrates and Plato would tackle similar questions but were also concerned with issues of epistemology and ethics. Aristotle would attempt to answer similar questions in the same fields and expound upon them. Thus, the Greeks can be attributed with setting the stage for Western philosophy. Metaphysics focused on the makeup of the world. Ethics were centrally concerned with how people should act, and what right and wrong really mean. Epistemological issues proved the most troublesome for philosophers and set the stage for most issues in contemporary philosophy. 
3 Following the fall of the Roman Empire and the onset of the Dark Ages, the Catholic Church became the central figure of the time, and most issues in philosophy were framed within a Christian perspective. Thinkers of this time were mostly members of the clergy and concerned themselves with reconciling Christian theology with classical philosophy. St. Thomas Aquinas is the most influential theologian; he focused on forming Christian-based metaphysics and ethics. 
4 As the Enlightenment began, the questions of classical philosophy were addressed again. Furthermore, since the Enlightenment was concerned mostly with rationality, the obvious question of the era’s philosophy centered on what we could know. From this debate, two schools of thought developed. Empiricists argue that our knowledge originates only from experience. Without our ability to perceive the world, we cannot acquire knowledge. The implication of this basic premise is that things only exist insofar as we can perceive them. If something cannot be seen, heard, tasted, smelled, or felt, then its existence is not certain. This idea was controversial, as it cast into doubt the existence of a soul or God. 
5 Idealists, on the other hand, argued that everything we experience is of a mental nature. When carried to its obvious conclusion, this idea cast doubt on any sort of certainty in the physical world. Idealists argued that the physical world cannot be known---people can only understand their own perception of it. This led some to argue that the physical world might not exist; instead, the world might be composed of packets of perception. The appeal of idealism was manifold. After all, it did not reduce the world into the merely observable and allowed for the existence of intangible things. 
6 However, the philosopher Immanuel Kant attempted to reconcile idealism and empiricism. He agreed that there were a few components of knowledge that we could comprehend without experience or perception, which included basic ideas of physical spaces and temporality. Kant’s approach was influential since it did not assert metaphysical truths. Basically, no individual can assert that there is an actual physical plane where things exist; also, it cannot be argued with any sort of certainty that a physical world does not exist. Kant did not encourage any sort of metaphysical argument but instead shifted the debate away from metaphysics entirely, opting instead to focus attention on the limits of what could be known. With this move, Kant centered epistemology, not metaphysics, as the core concern of Western philosophy. 
7 This shift toward epistemological questions continues to set the stage for most contemporary philosophical issues. Friedrich Nietzsche introduced an approach similar to Kant’s to cast doubt on language and the ability to express an idea effectively with words. This initiated the trend of postmodernism, which is a philosophical inquiry into our most basic presuppositions, including our fundamental ability to communicate effectively with language. In many ways, Western philosophy can be seen as a progression of thought that has reduced the number of questions relevant to the field while simultaneously making them infinitely more complicated and difficult to approach. It has now become an inquiry into our most fundamental human characteristics and abilities. The answers to these questions are fundamental to understanding self and how people function. Their answers may have a profoundly important effect upon mankind.
Unit 79 Ethic

1 The theory of ethics has been a central concern for Western philosophy since the time of the Greeks. Both Plato and Socrates were concerned with the question of how one should act. However, Aristotle was the first to compose an actual text focusing on ethical theory. Thanks to this Greek tradition, ethical theory became a significant subject in philosophy and continues to occupy many philosophers today. 
2 Aristotle’s ethical theory is formulated in Nicomachean Ethics , which was influenced by many of Plato’s earlier works. The theory, called virtue ethics , argues that one should pursue eudaimonia . This is not an emotion or feeling, per se. It is actually an objective state of being. Eudaimonia is achieved by exercising the most essential human trait, reason, in pursuit of several virtues. These virtues are moral and intellectual directives, realized by achieving a balance between two vices. For example, the virtue of courage is realized by balancing the vices of foolhardiness and cowardice. Aristotle’s virtue ethics continue to be influential with many modern thinkers, although the theory is often criticized. Many critics point out that the theory does not actually clarify how an agent should act. Additionally, different societies may value different virtues. Bravery, for instance, may be valued highly by a culture frequently at war but not given much regard by a relatively peaceful people. 
3 Another ethical theory developed shortly after the Enlightenment. Consequentialism argued that an action was right insofar that it promoted a “good” and was wrong if it detracted from a “good.” A “good” could be any value such as truth, nonviolence, or kindness. John Stuart Mill formulated the most popular consequentialist ethical system, utilitarianism. It took happiness as its “good” and argued that an action was right insofar as it promoted happiness and wrong if it detracted from happiness. Consequentialist theories ---and consequentialism in general---are criticized because it is difficult to understand just how an action is going to impact the world. There is no pleasure calculus whereby people can fully understand how their behavior is going to affect those around them. This makes choosing any given course of action difficult when trying to abide by a consequentialist ethic. 
4 Immanuel Kant formulated the third ethical theory that remains influential today. Deontology postulates that one should act according to method called the categorical imperative. Before people act, Kant argues, they should ask themselves if they are comfortable in taking their action and making it a general maxim. That is, people should evaluate whether they would want everyone to act the way they intend to act. The categorical imperative and, by extension, deontology, have a very basic flaw as they do not allow for exceptional cases. For example, deontology does not permit one to lie, no matter what. Lying is explicitly forbidden by deontology, but there may be an instance where lying might be beneficial. If a Nazi soldier were to knock on someone’s door in World War II-era Germany and ask if the homeowner were hiding any Jews, deontology would strictly forbid lying. However, if someone was providing shelter to Jews and did not lie, it could lead to pain and suffering as the Jews would then be taken to a concentration camp. These kinds of complications make deontology difficult to adhere to strictly. 
5 More recent developments in ethics have resulted in a more skeptical approach to the field. Following Friedrich Nietzsche’s belief, many thinkers are exploring the possibility that actual ethical truths simply may not be knowable. Other theorists have pointed out that concepts of right and wrong can shift dramatically across cultures and across time. Many argue that this proves that concepts like right and wrong are simply ideas used to validate current attitudes towards certain behaviors. 
6 In spite of its theoretical shortcomings, ethics has proven useful when considering many current situations. In the last 25 years, medical ethics has become a controversial issue. To help aid with difficult situations, many hospitals have brought in ethicists to explore the theoretical aspects of a situation and provide guidance. While the field of ethics may not be able to provide direct edicts on how to act in every situation, it is, nonetheless, valuable to consider the theoretical aspects of a situation when selecting the right course of action.
Unit 80 Considering Beauty: Aesthetics

1 The study of aesthetics has been a fascinating subject of Western thought since the time of the Greeks. Originally the consideration of philosophy alone, aesthetic theory is now being incorporated into art theory and history. Understanding how a culture interprets aesthetics can shed significant light on the culture itself; therefore, aesthetic theory is not only a study in philosophy, but also in cultural history. 
2 Aesthetics is generally associated with understanding the beautiful, but understanding how we judge anything is a better definition of aesthetic theory as it is not concerned solely with beauty. Theoretical aesthetics considers other judgments as well such as feelings of repulsion, disgust, fear, and excitement. The field is typically divided into two broad branches of study: how a judgment is provided for anything, and what is at the essence of anything that inspires judgment. 
3 Plato’s Symposium is regarded by many as the original text on aesthetic considerations. In it, several Greek male intellectuals gather to discuss what they believe to be true about beauty. It is agreed amongst most of them that interactions that are the product of intellectual curiosity, such as abstract discussions, are far more beautiful than interactions driven by purely biological desires. The symposium considers the essence of beauty and does not bestow attention on the actual process of judgment. This Greek approach, which considers only that which is beautiful, contrasts with the approach taken by many Enlightenment thinkers. The works of Immanuel Kant and David Hume are the most popular of these and focus on the process of judgment. Both Kant and Hume speculate about what lies at the core of human taste. 
4 For both thinkers, art that appealed to the human senses was the product of genius. Further, both believed that judgments of beauty were not, in essence, intellectual. Neither believed that a general knowledge of aesthetic principles would help one identify beauty. As such, both thinkers were attempting to merely understand, not supplement, aesthetic judgment. Hume, however, was a strong empiricist and believed that all knowledge was a product of perception. The idea that one’s sense of beauty could exist independent of experience was not a possibility for Hume. As such, he had to develop and defend a process whereby individuals could gain a sense of taste from their experience alone. However, Hume never provided a foolproof account that explained purely empirical origins of taste, rendering his philosophy purely subjective. If experience could not be uniform, then the sense of taste from an empirical origin could not be the same for different people. 
5 Kant was not a strict empiricist and was less hesitant to relegate one’s sense of taste to something at the essence of humanity. In fact, some have argued that Kant felt that a sense of unity could be acquired from a universal sense of human taste. In order for people to find something truly beautiful and not just agreeable, they need to be entirely detached and disinterested in the piece. For Kant, being indifferent about the existence of a piece was central to finding it beautiful. A person, for instance, could not consider a vase beautiful if he or she used the vase every day to transport water. The fact that the person derived some use from the vase made them partial to its existence, so it could only be agreeable---not beautiful---to them. Recognizing the divide between the agreeable and the beautiful was essential in keeping taste from being purely subjective. 
6 The dichotomy created by the differences in Kant’s and Hume’s philosophies is at the core of contemporary aesthetic theory. Critics of the field have emerged, though, arguing that any attempt to understand universal taste is futile since it cannot exist. These critics observe that tastes shift significantly with culture and time. Most people of the Victorian era considered African art to be ugly. However, exposure to that art eventually resulted in a taste for it being developed amongst the same populace. These shifting ideas of beauty undermine aesthetic theory. Regardless of its problems, though, aesthetics remains an important branch of thought. If a universal sense of judgment is to be discovered, then it must be developed and refined. For many, the appeal of unity through judgment is too appealing to pass up.
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