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    Thinking with Archimedes


    Math, machines, and problems with crowns—it’s all in a day’s work for Archimedes.
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    by Liz Huyck

    art by Thor Wickstrom
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    The ancient Greeks did not have cars, or electricity, or zeros, but they did have some pretty great thinkers. One of the greatest was Archimedes.
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      Archimedes was born about 2,300 years ago (287 BCE), in the Greek town of Syracuse on the island of Sicily. His dad was an astronomer.
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      Greek kids asked lots of questions. They also went to school, but mostly learned stuff by pestering grown-ups. And by arguing.
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      When he was older, Archimedes went off to study at the great library in Alexandria, where he and his pals soon became complete mathematical geniuses.
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      Back in Syracuse, Archimedes got to work finding the value of pi (3.14….), an interesting and useful number. The distance around any circle is always pi times its width.
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      King Heiron suspected that his goldsmith was cheating him.
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      So he called in Archimedes.
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      Silver is lighter than gold, so if the smith snuck in some silver, he’d have to make the crown bigger to keep the same weight. But how could Archimedes prove that the crown was bigger than the original lump of gold without melting it?
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      Until one day in the bath…
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      All he had to do was dunk the crown and the gold in a bowl of water.


      [image: 11-Archimedes.indd]

    


    
      Or that’s the famous story, anyway. Archimedes never bothered to write it down, or it’s been lost, so we can’t be sure if that’s how he solved the problem.
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      After that, the king was always pestering Archimedes to invent things.
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      After Archimedes suceeded in moving an entire ship with a rope and lots of pulleys, the king was so impressed that he decreed that whatever Archimedes said must be true.
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      Eventually old king Heiron died, and the Romans sent an army to invade. The Romans ruled the world—but Syracuse had Archimedes. Poor Romans!
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      After three years of siege, the Romans finally snuck in one night and captured the city. The Roman general gave orders to capture Archimedes unhurt. But alas, some soldiers killed him.
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      Archimedes was about 75 when he died, after a good long life full of amazing inventions and mathematical discoveries.
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    Puzzle of the Pyramids


    How did the ancient Egyptians build their great pyramids? And why?
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    by Elsa Marston

    art by Dave Clark


    2,000 years before Archimedes, the pyramid-makers of ancient Egypt had mastered some amazing building tricks.
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    For more than 4,000 years, the Great Pyramid built as a tomb for King Khufu of Egypt was the tallest structure in the world. The Eiffel Tower finally surpassed it in 1889, but the tower builders had iron and cranes, steam-powered machinery and great wheeled carts. The ancient Egyptians had none of those. How did they cut and move millions of massive stone blocks? How did they place them so perfectly? Strangely enough, although the Egyptians loved to record things, they left nothing to answer such questions—except the pyramids themselves.


    [image: 03-ask10.psd]


    Building a Better Tomb


    King Djoser, who reigned sometime around 2640 BCE, gets credit for the first pyramid. Before him, Egyptian kings and nobles were buried under low, rectangular, mud-brick structures, today called mastabas. Djoser, however, wanted something better. His remarkable architect, Imhotep, began by building a mastaba of stone for Djoser. Stone, so much stronger than mud bricks, would better protect the king’s mummified body and belongings, which were needed for his afterlife. It’s not clear why, but during construction, Imhotep added a layer to the mastaba. More layers were added, each smaller than the last, until the tomb had six giant steps and stood about 200 feet (60 meters) high.
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      Djoser’s Step Pyramid

    


    Kings who followed Djoser continued to use stone to build their temples and tombs. And they tried to build true pyramids, with smooth sides reaching a point on top. Some attempts were more successful than others. About 2565 BCE workers began constructing a pyramid for King Sneferu. The pyramid’s steep sides, however, and soft, sandy base made it unstable. About halfway up, the builders had to switch to a more gentle slope for the sides, resulting in a structure aptly known as the Bent Pyramid.
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      Sneferu’s Bent Pyramid

    


    Sneferu’s son Khufu, who began his reign around 2550 BCE, decided to build the biggest and best pyramid yet. Originally it stood about 481 feet (146 meters) high and 756 feet (230 meters) long on each side. Today those dimensions are slightly less, because the casing stones—the beautiful, smoothly polished limestone blocks used to cover the outside of the pyramid—were stripped off long ago and used for other building projects.
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      The Great Pyramid of Khufu, with the slightly less great pyramid of Khafre behind it.

    


    Close by, Khufu’s son Khafre built a slightly shorter pyramid. Menkaure, Khafre’s son, settled for a still smaller one. After Menkaure, the Egyptians continued to build pyramids, but never one to rival these three famous wonders. Although the secrets of the pyramids’ construction were lost, researchers have developed several likely theories.
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    Laying the Groundwork


    The first step was choosing a suitable location—one that met certain specific requirements. Khufu chose to build his pyramid a few miles north of earlier ones, at Giza, a limestone plateau overlooking the flat Nile River valley. Next, the king’s engineers leveled the rock surface, leaving a mound of bedrock in the center to help stabilize the pyramid’s core. They then marked the dimensions of the pyramid, a true square with the entrance facing directly north. We’re not entirely sure how the Egyptians accomplished these preliminary tasks, but the designers must have had a good understanding of physics, mathematics, and astronomy.
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      Among the tools Khufu’s pyramid builders used were a forked stick for surveying and a level. They also had hammers, saws, rope, levers, and measuring sticks, but no pulleys or wheels and axles.

    


    Quarrying and cutting stones could not have been easy. At the time, the Egyptians had no other metal than soft copper, so all the giant stone blocks must have been cut and shaped by skilled masons equipped with only simple tools of copper, stone, and wood. Where did all that stone come from? Most of the stone used for building was relatively soft limestone from quarries a short distance south of the plateau. The casing stones used on the outer layer of the pyramid were of a much finer, white limestone from a site almost directly across the Nile. Loaded onto barges, those blocks were probably floated across the river and through canals to a harbor built at the foot of the plateau. A third kind of stone, a hard, reddish granite, was also used. It came by boat from Aswan, some 500 miles (800 kilometers) to the south.


    The builders also needed enormous amounts of strong rope, handmade of palm and other plant fibers. Wood, too, was essential for building devices to transport the stones. Because Egypt lacked trees with strong wood, much of the wood was probably brought from what is now Lebanon, a heavily forested land hundreds of miles to the north.


    [image: 03-ask6.psd]


    Heavy Lifting


    Probably the most baffling question about the Giza pyramids is how the builders moved those large blocks of stone. Although not all the same size, the blocks typically weighed between two and three tons each. It’s believed that each one was transported from the quarries and then lifted up the sides of the pyramid without the use of animals or wheeled vehicles. Teams of workers dragged the stones, possibly on wooden sledges pulled along surfaces made slick with water or mud. Furthermore, the pyramid builders couldn’t be slow about it: the job had to be done by the time the king died. As it turned out, Khufu reigned for 23 years, and his pyramid was finished in time. Researchers have estimated that his pyramid contains around 2,300,000 blocks, which means the workers had to set the stones in place at the rate of one every two minutes! How did they do it?
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      A Single Ramp?


      Workers might have pulled the blocks up a single, straight ramp built on one side of the pyramid. As the pyramid grew, the ramp was made higher and longer.


      Maybe: It’s a simple, logical idea, and some evidence of ramps has been found at various pyramid sites.


      Maybe Not: The ramp would have had to extend farther and farther away from the pyramid—more than a mile!—or else it would be too steep to work on. And what would it have been made of? Mud bricks, rubble, or perhaps sand? That one huge ramp would have required more time and material to build than the pyramid itself.
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      A Spiral Ramp?


      Workers could have used a spiral ramp, winding up the pyramid on all four sides, or perhaps several small ramps zigzagging back and forth across one or more sides of the pyramid.


      Maybe: A spiral or zigzag ramp would have required less building material than a single straight one.


      Maybe Not: It would still have had to be wide—and well supported—so teams taking stones up wouldn’t bump into teams taking empty sledges down. And pulling sledges around corners would have been extremely difficult.
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      Stairs?


      Instead of building ramps, the Egyptians could have built sturdy, temporary stairways up the sides of the pyramid. Workers could climb the stairs, pulling and pushing the blocks on smooth wooden slideways or lifting them with levers.


      Maybe: Several stairways could have been built, allowing many teams to work simultaneously. Mayan pyramid builders in Central America used a similar system.


      Maybe Not: The stairs would have been very steep and each step very shallow. The Mayan pyramids were much shorter and used much smaller stones.
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      Sleds?


      If the smooth casing stones were installed as the pyramid was built, the very sides of the pyramid could have served as ramps themselves. Then if two sledges were tied together with a long rope, workers seated on one sledge could sled down one side of the pyramid, acting as a counterweight to help pull up the second sledge loaded with a block of stone on the opposite side of the pyramid.


      Maybe: Using a counterweight system would make raising the stones easier and require fewer workers. And sledding down the pyramid would be FUN!


      Maybe Not: It would be hard for workers to climb back up the pyramid if the sides were smooth. Most theories assume the casing stones were installed from top to bottom after the core of the pyramid was completely finished, with workers removing any ramps or stairways on the way down.
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    Perhaps the stones were not dragged at all—but rolled. In a temple built more than 1,000 years after Khufu’s pyramid, archaeologists have found models of a wooden cradle-like tool that resembles two arcs held together by spokes.
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    Four of these cradles, placed one on each side of a block of stone, could be used to enclose the stone in a circle. Then, long ropes could be coiled around the cradles’ spokes, like thread on a spool. When workers pulled on the ropes, the stone would roll. Experiments have shown that these “rolling stones” can be pulled by far fewer men than stones on sledges, and turning corners is easier too. But so far, only small models averaging less than 10 inches (25 centimeters) long have been found—no full-size cradles or records of how they were used.
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    Wanted: Hard Workers


    So who did all this hard work? Did ancient Egyptians build the pyramids willingly or because they had no choice? Experts say the builders clearly showed pride in their work. People traveled from every region to work at Giza, which helped unify the long, spread-out country. More important, because of their strong religious beliefs, the ancient Egyptians thought that preparing a superb tomb for their god-king would ensure his afterlife, and thus ensure all Egypt’s eternal life—and their own.


    Perhaps to make the backbreaking labor seem less like work, teams of workers evidently competed to see who was fastest. They even left graffiti hidden on some stones, proclaiming themselves the “Victorious Gang,” the “Enduring Gang,” “Friends of Khufu,” and other such names.
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      Why a Pyramid?


      Some scholars say the Egyptians, who believed in life after death, saw the pyramid as a symbolic stairway to the stars, the home of the gods. When the king, considered a god himself, died, he would climb the stairway to live among the gods forever. Or perhaps the slanting sides of the pyramid were meant to suggest the rays of the sun, so important in ancient Egyptian religion. In any case, the pyramid is a natural, stable form for a high structure. A skinny, 300-foot-tall stone building with vertical sides could easily topple, but one with sides that slope inward would be more likely to last for all eternity.
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    That’s a Problem!


    Why does the Leaning Tower of Pisa lean?
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    by Meg Moss

    art by Robert Byrd
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    Long ago in the little city of Pisa, Italy, there was a beautiful public square called the Plaza of Miracles. In the square stood a lovely cathedral. But this cathedral had no bell tower, and the people were sad.
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    The year 1172: In her will, widow Berta leaves 60 gold coins for building a bell tower in Pisa.
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    1173: Town officials decide where to build the tower.
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    During construction, one side of the tower sinks into the soft ground. Builders add more weight to the other side and use wedges and stones to try to straighten it.
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    1178: Building ceases after four years and three stories. No one knows why the tower wasn’t finished. Maybe they ran out of money or stone. Perhaps war broke out or the ground shifted. No one knows who the architect was either.
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    1272: Nearly a hundred years later, work resumes.
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    1278: New architect Giovanni de Simone decides to fix the tower by tilting the top the other way, creating a “banana” shape. But builders neglect to lighten the upper stories, so the tremendous weight makes the tower lean more. Work stops again after the seventh story is built, and Giovanni quits.
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    1370: Another hundred or so years later, architect Tommaso d’Andrea adds a belfry. A 3.5-ton bell is installed, making the top of the tower even heavier. A crowd gathers for the dedication.
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    The beautiful but flawed tower embarrasses Pisa for nearly 500 years. How could such a perfect city have such a faulty tower?
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    1817: English architects Edward Cresy and George Taylor come to Pisa to make measurements and engravings of the peculiar tower. Fascinated tourists, artists, and writers are soon flocking to Pisa to see it.
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    1838: Architect Alessandro della Gherardesca has the brilliant idea to dig all the dirt away from the base of the tower, which has sunk into the soil. He hits water and floods the excavation.
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    1934: Hoping to stop the tower from leaning further, workers drill 361 holes into the tower’s base and inject 90 tons of cement.
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    As a result, the tower begins to move gradually in several directions, miraculously coming to rest in its original position.
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    1989: The 185-foot tower now tilts 15 feet, the most yet, and is very unstable. Government officials close it in spite of public outrage and lost tourist revenue.


    Experts try everything to stabilize the tower: they bind up the base in steel bands; they add huge weights to one side; they even freeze the ground with chemicals and install anchoring cables.

    



    1995: One night the tower begins to shift dangerously. All work is stopped.
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    1999: John Burland, an engineer, comes up with a plan to carefully remove soil from under the tower on one side. He hopes the remaining soil will begin to settle and the tower will gradually settle with it. Giant steel cables hold the tower steady.
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    2001: The plan works! The tower returns to a stable angle. Engineers claim it will remain so for 300 years.
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    Capturing a Castle


    The door is only one way to get into a castle.
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    by Diana Lutz

    art by Dave Clark


    Medieval inventors spent a lot of time thinking up clever new ways of getting into other people’s castles. Here are some inventions that might come in handy when the castle doorbell is broken.
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    A ladder. Simple, but effective. Scaling the fortress walls, called an escalade, was a quick but risky attack. The defenders could use forked poles to push the ladder away from the walls, and the men climbing the ladder arrived at the enemy only one at a time. But ladders were easy to make, and attackers could overwhelm a castle if they had enough of them.
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    Mantelet. This screen protected archers and crossbowmen. The people in the castle tried hard to pick off the bowmen, who hid behind a variety of movable screens.
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    Wicker siege-basket. After all, only the rich could afford armor.
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    Assault tower. These could be used to climb, to hide people digging under the walls, or to stage missile-throwing machines. Covering them with fresh animal skins or dung prevented the castle defenders from setting them on fire.
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    Sapper’s mouse (or cat or sow). This protected diggers (called “sappers”) close to the castle wall so that they could begin to dig under it. The sappers dug a tunnel, supporting its roof with timbers, then set fire to the timbers so that the tunnel and the castle wall above it would collapse. But alert castle defenders might hear the sappers and dig their own tunnel out to attack them.
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    Battering ram. A large tree trunk with an iron head was repeatedly swung at the walls or doors to crack them. The men swinging the ram were protected by a castle-cat, another hide-covered wooden contraption.
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    Traction catapult. Like a huge seesaw, pull one side down and the other whips up, flinging a stone. With luck it hits the castle instead of your pals.
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    Onager. In this type of catapult, a thick band of twisted cords or sinews flipped a spoon-like throwing arm.
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    Trebuchet. Yet another catapult. Here a heavy weight, such as a box filled with dirt, did the work instead of men (as in the traction catapult) or twisted cords (as in the onager).
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    Greek fire. One of the nastier things to hurl at a castle was Greek fire. This mixture caught fire on impact and could not be extinguished. The recipe was so secret, even today nobody is sure what it was made of.
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    Bombard. The first cannons were poorly made and sometimes exploded in the gunners’ faces. By the 1450s, some were powerful enough to bring down castle walls. You still didn’t want to be the one lighting the fuse, however.
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      Making Ice


      Ice is nice, everyone agrees (in summer, anyway). But what is it, exactly?
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      by Liz Huyck

      art by Dave Clark
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      Long ago, before freezers, people cut ice from frozen ponds in the winter and stored it in big pits or ice-houses, so in the summer they could have cold drinks. This was how people kept things cool from ancient times until about a hundred years ago.


      [image: ice3.tif]


      Of course, even ancient people noticed that ice came from water. Frozen ponds were water in the summer, and when an ice cube melted, there was water again. But ice was also clearly different from water. What made it different? Maybe ice was water plus … something else?


      [image: ]


      In 1665 Robert Boyle, chemist and all-around genius, decided to test some of these ideas. He weighed a sealed container of water, froze it, and weighed it again as ice.


      [image: ice5.psd]


      He found that although the ice expands (takes up more room), ice and water weigh exactly the same—so there couldn’t be any extra “cold particles” in there. In other words, Boyle proved that ice is nothing more or less than water. But still, it’s different!


      [image: ice4.tif]


      Eventually scientists figured out that the difference is just—heat. When water molecules have a lot of heat energy, they whizz all over, making a gas, as in steam or clouds. With less energy, they form a jiggly, loose liquid, like a crowd at the zoo, and that’s water. Even less energy makes the water set in a solid pattern, like blocks. That’s ice. In fact, “heat” is just a measure of how much the molecules in something are moving.

      



      Aha! Ice wasn’t water plus “cold,” but water minus heat! Take enough heat out, and the water will settle down and become ice.


      [image: ice6.tif]


      Inventors soon got to work. Today, all modern refrigerators, freezers, icemakers, and air conditioners work using this idea. They push a special liquid around a long loop to soak up heat from the inside and dump it out again on the outside. Take heat out and you get cold—and ice!
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    Way Back to School


    What was it like to go to school in ancient times?
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    by Tania Therien

    art by Robert Byrd
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    School is for more than just learning your ABCs and 123s. It also teaches you the skills and values that your parents and your community think are important. Kids (well, boys mostly) have been going to school for thousands of years, but what they learned depended on when and where they lived.
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    SPARTA, GREECE 320 BCE


    The city of Sparta was feared and renowned throughout the ancient world for its especially fierce warriors. All young men went to the same school and had to serve as soldiers in the Spartan army until the age of 30. Only after they finished their education and served their military time were they allowed to marry or become full citizens of the city.
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    Sparta had only one kind of school, the ag–0gé. Spartan boys started school at about age seven. They learned many of the same things you learn today: reading, writing, arithmetic, poetry, dance, music, and public speaking. They also got some tough training designed to make them strong, disciplined soldiers.
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    According to the ancient writer Xenophon (431–354 BCE), students of the ag–0gé were given just enough food to ensure that they wouldn’t be hungry, but never enough to be full. This taught them not to be picky, and to be able to go without, which soldiers sometimes have to do. If they were hungry, they were encouraged to steal. Yes, that’s right, steal! If a student was caught stealing, he would be severely beaten. But Spartans believed that teaching a boy to steal well, without getting caught, would make him craftier and more inventive, and give him warlike instincts.
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    Running barefoot was thought to make the boys quicker and more surefooted, so they were not allowed to wear shoes. And to toughen them up to face any kind of weather, they could wear only one cloak, summer or winter.


    What about the Girls?


    Spartan girls attended a school to develop their physical skills. They ran races, wrestled, and built strength and endurance. They also joined a chorus, taught by a professional poet, where they learned music, song, and dance. At home they were taught basic reading and writing.
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    FLORENCE, ITALY 1450


    At the height of the Renaissance, the city of Florence was the place to be. It was a thriving commercial center where many people worked as bankers, merchants, traders, builders, and artisans. What do you need to know to be really good at these jobs? Math! For a long time, schools in Florence didn’t teach math. Adults just learned the math they needed on the job. Then Florentines realized that if they taught good math skills to kids, the kids would grow up to be better at their jobs. If they were better at their jobs, the city would make more money and become more powerful.


    In the 1400s, Florence had about six schools dedicated to math alone, called abbaco schools. (Abbaco means business arithmetic.) Students usually began attending the school at 10 or 11—they had to be able to read and write before starting.


    In abbaco schools, boys learned finger reckoning, a kind of math sign language.
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    They studied multiplication and division of whole numbers (memorizing multiplication tables from 1 through 20), fractions, money, weights, and measures. School went on all year for two years, starting at dawn and ending an hour or two before sunset. That meant that in the summer, students would start school at 5:00 am and study for 12 hours.


    After finishing abbaco school at 12 or 13 years old, many students started working at banks or as merchants right away. Others studied more Latin, went to a university, or entered an apprenticeship.


    What about the Girls?


    Florentine girls didn’t attend abbaco schools. But they did learn to read and write, either at home or at an elementary school with the boys.
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    PARIS, FRANCE 1600


    For many centuries, young people have been workers in training, or apprentices. If you wanted to be a butcher, a baker, or a candlestick maker; a housekeeper, a blacksmith, or a painter; a jeweler, a tailor, or a bookbinder, or—well, you get the idea—you had to be an apprentice first. In medieval and early modern times this meant that a young person went to live with someone—a master—who was very skilled at a certain job. The parents paid the master, and the student ate, slept, and worked at the master’s house and workshop.
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    Most apprentices started at about 11 or 12 years of age. How long they lived and worked with a master depended on the trade they were learning. In Paris, budding cooks lived with a master for two years. Training for silversmiths took 10 years. Most apprenticeships lasted seven to eight years.


    Being an apprentice wasn’t like going to school, even though apprentices spent all day learning. They started work at the same time as the adults in the shop, probably around dawn, and stopped working close to sunset. Doing simple tasks, they got to know the tools in the shop and worked their way up to more complicated projects. They learned about the rules of the trade, what prices to charge, and how to compete fairly with others in the same job. When apprentices weren’t working in the shop, they had other chores to do for their master, like fetching bread and drink. Apprentices were not paid. At best they received a bit of pocket money to spend as they wished.


    Eventually, apprentices grew expert at their trade. Once their training was complete, they became journeymen, traveling and working at different shops with different masters to learn even more. And, after many years, a journeyman could apply to become a master and take on apprentices of his own.


    What about the Girls?


    Sometimes girls became apprentices. Often they learned from their parents, but they might also go to live with a master and learn a trade. They, too, could grow up to be crafts “men.”
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    ENGLAND 1850


    In 19th-century England, parents wanted stability, safety, and tradition for their children. Those who could afford it sent their sons to private boarding schools. Except for holidays at home, boys lived at school for up to eight years. Students slept in a large dormitory room with many other boys. Classrooms were usually big assembly halls, where a number of classes went on at once.


    Boarding school students learned little that would help them at work. Instead they learned Latin, Greek, ancient history, and geography. Parents believed that these studies would make their sons better people. Boys might study French, fencing, music, or dance, but little math and no science. Students interested in science paid extra for a lecturer who visited the school once every year or two.


    Outside of class, prayers, and meals, students were free to do what they liked. They could play games, hunt, or hike. The older boys were put in charge and often made the younger ones do chores like polishing shoes, making fires, or cooking.


    When boarding school students graduated, some went on to a university and others went straight to work. Even if life at boarding school could be lonely and difficult, some boys didn’t want to leave. Former students set up “Old Boys” clubs where they could meet with friends from school. Many of the boarding schools still exist, attended by the sons and grandsons and great- and great-great-grandsons of the Old Boys.


    What about the Girls?


    In 1853, 58 young ladies attended Cheltenham Ladies’ College, a private boarding high school, to study music, sewing, and drawing. Today 850 girls attend Cheltenham, and nearly all of them go on ot university to study medicine, law, and everything else.


    
      Finger Reckoning


      Finger reckoning is an ancient way of using your hands as a calculator. It allowed people who had memorized only up to 5 times 5 to multiply larger numbers. For example, say you want to know what 7 times 9 is:
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      First you represent the numbers with your hands.


      Hold out two fingers with your left hand (because 7 is bigger than 5 by 2) and four fingers with your right hand (because 9 is bigger than 5 by 4).


      Add together the “up” fingers: 2 + 4 = 6.


      Then multiply by 10: 6 x 10 = 60.


      Next, multiply the “down” fingers on each hand: 3 x 1 = 3.


      Then add 60 + 3 to get 63, your answer.


      Pretty cool, eh?


      This method takes you up to 9 times 9, and a slightly modified version allows you to multiply even larger numbers.Try it yourself with 6 times 7.


      Answer:


      The “up” fingers give you 1 + 2 = 3, and when you multiply that by 10 you get 30. The“down” fingers give you 4 x 3 = 12. Your final answer is 30 + 12 = 42.
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    Louis Braille: Opening the Doors of Knowledge


    A boy without sight invents a new way to read.
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    text and art by James Rumford


    Two hundred years ago, if you were blind, you became a beggar. Or maybe, if you were lucky, a circus musician or a fortuneteller. Most seeing people pitied you because they thought you had only half their wits. Few understood that it was only your eyes that did not work. Your heart and your mind were like everyone else’s.
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    In 1784, a Frenchman named Haüy opened a school in Paris for blind children. He spent all the money he had to prove that the blind could learn. He even invented special books with huge, raised letters so that they could read with their fingertips.


    News of Haüy’s school spread across France, arriving one day in 1818 at the doorstep of a poor saddle maker named Simon Braille. Several years before, the saddle maker’s three-year-old son Louis had punctured his eye with a sharp, pointed awl while playing. Infection quickly sealed his eyes shut, and within days he was blind.
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    Everyone knew what was in store for the boy—a life of begging. But Louis’s father and mother would have none of that. The village priest and the village schoolteacher agreed, and they taught Louis, even though there were no books for blind children to read or ways for them to write. But Louis was bright and in two years had learned all he could at the village school.


    That was when the village priest came knocking at the Brailles’ door with an astounding proposal: send Louis to Paris, to Haüy’s school. But how? There was no money. So the priest went to the most powerful man in the county, who wrote a letter to the school.


    Within a few months, Louis had a scholarship and left his village of Coupvray for a new life in Paris. He was only ten.
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    When Louis was twelve, an extraordinary man named Captain Barbier came to the school. He wanted to show off his invention, called “night writing.” This was a code of twelve raised bumps that made it possible for soldiers to send messages in the dark.


    The sighted teachers called Captain Barbier a clever man, but, when Louis slid his fingers over the bumps, he whispered, “No, he’s a genius!”


    In that instant, Louis realized that “night writing” was a way for blind people to write down the thousands of ideas that filled their heads. No longer would they have to ask seeing people for help. And “night writing” was a way for blind people to read, really read, instead of slowly tracing their fingers over giant, raised letters.
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    But “night writing” needed work. Its clumps of dots took too much time to write and were almost as hard as Haüy’s letters to read. For three years Louis punched out new combinations of dots, but nothing worked. Then one summer, when he was fifteen, he had a breakthrough. Instead of basing his letters on twelve dots, Louis based them on six. This made his letters easy to write—and easy to read, for each letter was small enough to fit under a fingertip.


    Louis couldn’t wait to teach his friends back at school. Within days of his return, his friends were gliding their fingertips across words they had written. No longer did they need sighted people to write for them. Louis’s dots meant freedom!


    The head of the school, Director Pignier, welcomed Louis’s dot system, but some of the teachers scoffed at the boy’s foolishness. How could the blind learn without the help of the seeing? How could the blind lead the blind?


    But Louis paid no attention. Before long, dot-filled books appeared in classrooms.


    At age seventeen Louis was made a teacher at the school; at twenty-four, a full professor. His students filled his classes, and he in turn filled them with hope and the promise that they each had something valuable to contribute to the world.


    Louis even used his dots to write down music. His students no longer had to memorize every piece. Now they could compose as well. More freedom. More promise.


    In 1840, Director Pignier was dismissed and a teacher named Dufau took his place. Dufau didn’t like Louis’s dots. They made the students too independent. One summer, when Louis was back in Coupvray, Dufau introduced a simplified form of Haüy’s raised letters. Then, to make sure that everyone used the new system, he burned Haüy’s books and Louis’s as well. There was also a new rule: No more dot writing.


    But no one gives up newly won freedom without a fight. Louis, even in his grief, knew that. The students defied the director. They wrote in secret. They passed notes at night.
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    When Dufau saw the support the students had for the dot system and their love for Louis, he gave in. Dot books and dot writing were back. For the next eight years, Louis continued to teach and his system of reading and writing flourished.


    Then, in 1852, he became seriously ill and died. No newspaper mentioned his death. Only the school knew that a great man had passed away. They made a statue of their beloved teacher and wrote his life story.


    Slowly the world adopted his system. Slowly the world came to know of Louis Braille. In 1952, a hundred years after his death, his body was taken from Coupvray to Paris and buried alongside the heroes of France. That day, every newspaper in the world wrote about Louis, and thousands of blind people lined the streets to honor him. Louis Braille had given them the means to prove that their hearts and minds were like everyone else’s.


    
      Braille Writing


      Louis Braille (1809-1852) devised his dot system of writing in 1824, at the age of fifteen. Today, it is used for every language on the earth. The braille system is just as much for writing as for reading. With it, a person can write stories, compose music, and do complicated problems in physics, chemistry, and math.


      At the heart of the braille system is the cell or grid of six squares. Another important feature is its simplicity. The first ten letters look like this:
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      The next ten letters are the same except for the addition of a dot in the third square.
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      The last six letters also look like A through J with some small differences. Can you find them?


      [image: braille alphabet 1]


      In Louis Braille’s day, the students punched the dots with a stylus. They used a slate to make perfect cells and keep the words all on one line. They also “punch-wrote” backwards so that when they turned the paper over, they could “finger-read” the raised dots the right way.


      Today there are computers that punch out braille at great speed. There are even ways for computers to translate the Internet into instant braille and for braille users to access any Web site in the world.
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    A Farsighted Look at Glasses


    How spectacles got that way.
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    by Michael Gerber

    art by Arthur Robins
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    Ever wonder where glasses came from? We hope so, because we’re about to tell you.
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    The Greeks and Romans invented a lot of things, but glasses weren’t one of them. Seneca, a famous Roman writer, read books through a glass globe filled with water.

  


  
    
      

    


    
      [image: 02-Glasses.indd]

    


    The Emperor Nero used to watch gladiatorial combats through an emerald. He was halfway to the world’s first pair of sunglasses!
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    The Dark Ages were not so dark that you couldn’t read. But very few people knew how, so glasses weren’t much of an issue.
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    Around 1000 CE, the reading stone came into use. It was a type of magnifying glass that you could put on a page.
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    Sometime in the late 1200s, spectacles were invented, probably by the English scientist Roger Bacon. Unfortunately, anything designed to correct a physical defect was considered black magic, so Bacon kept his invention quiet.
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    And there was another problem: how to keep them on!
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    By the 1700s, Spanish spectacle makers offered silk ribbons attached to the frames that could be looped around the ears. Meanwhile, the Chinese attached little weights to strings that hung over the ears.
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    The great breakthrough came in 1728, when Edward Scarlett invented temples. Now that glasses were securely fastened, Benjamin Franklin could invent bifocals 50 years later.
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    Europeans, especially the French, were self-conscious about wearing glasses, and used small glasses that could be hidden from view easily. The Spanish, however, thought large glasses a sign of wealth and status.
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    In the 1800s, it was almost impossible to get custom-made glasses. Shops carried ready-made pairs, and you just had to try on as many as you could and pick the closest one. Sometimes doctors gave you glasses according to your age.
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    Today, glasses are everywhere, in all shapes and sizes. Add contact lenses, and it’s easy to feel surrounded by defective eyeballs!


    [image: little oyster/100]

  


  
    

    Marvin and Friends: Marvin’s Disappearing Potion
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    text and art by Sylvia Spain
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    Keeping Secrets Secret


    Inventing spy codes for fun and profit.
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    by Meg Moss

    art by Amanda Shepherd
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    Psssst. Got a secret?


    Want to keep it from your little brother or sister? Need to pass along some information to a friend without the whole world finding out? Well, you’re in good company—with kings and generals and spies. Read on to learn some of their cleverest methods for keeping secrets secret.
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    How do you keep a secret if you’re a king or somebody important and you know everyone would love to read your messages? Well, first you might try to hide them in some supersecret way.


    A Greek ruler once wrote his secret message on the shaved head of his slave. The message was hidden as the slave’s hair grew back, and the slave only had to shave his head to deliver it. The ancient Chinese wrote secrets on pieces of silk, which were then coated with wax and swallowed. (We’ll leave it to you to figure out how those messages were delivered!)


    But people realized that no matter how well hidden a message might be, it could still be read if it were found. Something more, well, secret was called for.


    Disguising Messages


    We’re talking about codes, of course.


    A code is a system of writing or communicating that disguises the true message. Want to hide the meaning of your message? How about substituting one letter for another, or mixing up the order of letters or words? That way, even if the message falls into unfriendly hands, it can’t be read. To do this, the writer uses a cipher, a formula for scrambling or substituting letters or symbols.


    Great plan, you say, but how do the people who are supposed to read the secret message know how to decipher it? To unlock the meaning of the scrambled or substituted words, they need to know the cipher’s formula, and that calls for a key.


    Say you received this message:


    MEMATEAK-ETETHPR


    The key is to know that this is written using a zigzag cipher. Move the letters after the hyphen underneath the letters before the hyphen. Then, if you read in a zigzag pattern up and down
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    you’ll know what to do.


    Here’s another way to disguise that message.
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    Can you figure out the key to this one? If you know to read the third word from the end of every sentence, you’ll get the message.
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    Secret Shifts


    The Roman emperor Julius Caesar was one of the first to keep his secrets by substituting one letter of the alphabet for another. Such a scheme is called a substitution cipher. To send messages to his generals, Caesar used an alphabet that was shifted by several letters. For each letter, he substituted the letter three places beyond it. That would mean the key to this cipher is a=d, b=e, c=f, and so on like this:
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    In Caesar’s cipher, our message would read


    PHHW PH DW WKH SDUN.


    And for extra secrecy, who said you only have to shift 3 letters? Why not shift 5 or 10 or 19? Then, anyone intercepting the message will have 25 possible shifts to sift through.
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    Code Breakers


    Codes like Caesar’s remained secret for centuries. But eventually they were cracked. Code breakers realized that the simple substitution followed a pattern that, with a lot of patient work, could reveal the key.


    How do code breakers begin to find a pattern? Look at the first coded word, PHHW. It begins with the same letters as the second word, PH. This means that in the real alphabet, they must be the same letters. Do you know what letter is used most in the English language? E. What letter is used most frequently in our message? H. So a code breaker might figure that H = E—at least, that’s a pretty good guess. How many two-letter words in the English language end in E? Only four. That means our second word is probably me, be, he, or we. We have begun to break the code using a method called frequency analysis.


    Once codes could be broken using frequency analysis, new, more complicated codes had to be developed. In the 1500s in France, Blaise de Vigenère invented a cipher that seemed unbreakable. The key to his success was to use more than one code letter for each real letter.


    For instance, for the first letter of the message, Vigenère might use a Caesar cipher shift of 3 letters, and then for the next, a Caesar cipher shift of 10 letters. That way, when the code letters repeated in a pattern, it didn’t mean that they stood for the same real letter. In the code word PHHW, the first H might stand for E, but the second H might stand for L or some other letter. Because there was no simple pattern to his code letters, Vigenère’s cipher remained unbroken for 300 years.


    The Code Machine
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      The Enigma code machine

    


    During World War II, the Germans used a machine that looked something like a typewriter to quickly encode their messages. It was called by the mysterious name Enigma, which means a riddle or something hard to explain. And indeed it was. At its most complex, Engima could scramble a message in over 10,000,000,000,000,000 ways. The Germans changed the keys daily. To read a message required another Enigma machine and a codebook that revealed the day’s key. Code breakers worked feverishly to unlock the secrets of Enigma. Every time they did, the Germans added another feature to complicate the coding. And so it went, back and forth throughout the war, until finally British code breakers were able to read German messages and to send phony ones in return. That helped to win World War II.
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    An Unbreakable Code?


    Today, codes and ciphers are part of everyday life, no longer limited to the undercover world of spies with secret plans. Complicated ciphers keep electronic devices such as automated teller machines secure. On the Internet, information that must be kept secret, such as credit card numbers or personal data, is usually encrypted, or changed into code. With more and more data at stake, scientists continue the age-old search for an unbreakable code. Sometimes they think they have found one—at least, until somebody breaks it.
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    Some Super Spy Codes


    For your most important secrets.
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    art by Amanda Shepherd


    Word Wrap


    The ancient Spartans used a clever device called a scytale for transmitting secrets. These were wooden rods of equal diameter around which messages could be wrapped and read. You can send coded messages to a friend using identical paper towel rolls for your scytales.
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    Wrap a long strip of paper tightly around one paper towel roll. You can cut off the margin of a newspaper to create your strip.
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    Write your message along the roll, placing one letter at a time in each wrap of the paper.


    Unwrap the strip. You’ll see nothing but an unreadable sequence of letters. Pass it along to your friend. When your friend wraps the strip of paper around an identical roll, the message will become clear.
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    Pigpen Code


    Try this version of the sneaky Pigpen cipher, an old form of secret writing. Study the following key. The letters are contained within the lines like pigs in a pen.


    [image: 12-4.psd]


    To create your message, substitute the correct pigpen and place the dot for each letter, like this:
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    Practice by reading this message:
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    By the Numbers


    Why not hide your message by turning letters into numbers?


    On the grid, each letter corresponds to the intersection of a numbered row and a numbered column. For instance, m = 3,2; z = 5,5; c = 1,3.


    Write your message by replacing letters with the correct number pairs. Place a slash between each word. Here’s a practice message. Remember, the first number is the row (going down) and the second is the column (going across).


    2,4 4,3/ 1,1 5,1 1,5 4,2 5,4/ 4,4 2,3 1,5/ 4,3 3,5 5,4?
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    Book Code


    Another type of code uses the words in a book, like the Bible, to make messages.


    Pick a book or magazine both you and a friend have.


    Think of the message you want to write and then find all the words in it on pages throughout your book or magazine.


    Identify where each word is by its page number, line number, and position in the line. For instance, 18.5.1 is the code for page 18, line 5, first word.
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    Garrett Morgan: Inventor Hero


    Emergency? Call an inventor!
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    by Paula Morrow

    art by Suling Wang
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    On July 24, 1916, a natural gas explosion trapped 32 men working in a tunnel 250 feet below Lake Erie. The first would-be rescuers who dashed into the tunnel were overcome by gas, and for hours no one else dared to enter the suffocating, poisonous deathtrap. Then, late that night, someone had an idea: Send for Garrett Morgan and his new invention.


    Garrett Morgan was a successful factory owner in Cleveland. The son of freed slaves and the seventh of 11 children, he had grown up on a farm in Kentucky but left home at 14. By age 30 the mechanically minded Morgan had opened his own sewing machine shop, which he soon expanded to a tailoring factory with 32 employees.


    In the early 1900s, factory buildings were crowded and cluttered. They were often made of wood, with no fire escapes. Fires were devastating. Concerned about his employees, Morgan experimented with a “safety hood” that would allow the wearer to breathe despite a fire’s toxic smoke. Morgan knew that smoke rises during a fire, so he created a heat-resistant hood with a long tube reaching to the floor. Wearing Morgan’s hood, a firefighter could breathe the cleaner air near the ground. Morgan lined the breathing tube with a sponge-like material that was moistened before use to cool and filter the air. A second tube released exhaled air.


    Roused from home on the night of the tunnel explosion, Garrett rushed to the disaster site with samples of his safety hood. Still in their pajamas, he and his brother Frank put on hoods and bravely entered the tunnel. It was a dangerous test of the invention, but they saved two lives and recovered four bodies before officials closed the site. Morgan knew that more lives might have been saved if he had been called sooner.


    The daring rescue made Morgan famous and brought requests for safety hoods from fire departments around the country. But his greatest reward was knowing that his invention would now save more people.


    Over the years, Morgan patented many ideas that saved lives or made life easier. In those days, city streets were crowded with horses, carriages, bicycles, and pedestrians. One day, Morgan—the first African American in Cleveland to buy an automobile—was driving his new car when he witnessed a terrible collision between another car and a horse-drawn carriage. Morgan decided that traffic-control signals could prevent such tragedies.
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    Other inventors had experimented with this idea, but their mechanical signals had to be operated by hand and were not visible at night. In addition, existing signals had no caution sign between stop and go, so a driver going one direction might start across an intersection before an oncoming driver had time to stop. To solve these problems, Morgan invented an electric traffic signal with three positions: stop, go, and an all-directional stop for vehicles to let pedestrians cross in safety. His signals could operate 24 hours a day, with a spotlight for nighttime use. After patenting his design, Morgan sold the rights to General Electric Corporation for $40,000. His signals were used across the country and set the standard for the red-yellow-green traffic lights we use today.


    Once in a while, someone comes along who actively looks for ways to keep others safe. Such a person was Garrett Morgan who, in addition to his inventive genius, was blessed with genuine concern for the well-being of other people.
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    Is There a Genius in Your Bathroom?


    Your house is full of clever inventions.
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    by Ellen Seiden

    art by Charles Stubbs
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    Where can you find outstanding works of inventive genius? How about in your bathroom, closet, or kitchen?
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    Be True to Your Teeth or They Will Be False to You


    Twigs, rags, stiff quill or metal toothpicks, and hog bristles were some of the awkward tools people used in the past to clean their teeth. This changed around 1770 with British prisoner William Addis, who had plenty of time to tinker around. Finding a piece of bone in his cell, Addis bored holes in it, attached brush bristles, and invented the toothbrush. Egyptians made toothpaste from powdered pumice stone mixed with vinegar, which ground down teeth and probably tasted terrible. Even ickier, the Romans used human urine for toothpaste. It actually contains ammonia, which does clean and whiten!
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    Flushed with Success. The first flushing toilet goes back 4,000 years to the Palace at Knossos in Crete. Stored rainwater was used to carry away waste through terra-cotta pipes. Folks in the Middle Ages (not a very neat or inventive time) relieved themselves in chamber pots and threw the slop out the windows into the streets. In 1589, the godson of Queen Elizabeth I, Sir John Harrington, built a toilet with a flushing mechanism, but unfortunately the toilet stank from being too near the cesspool it emptied into, which discouraged the queen from using it. (He did, however, leave history with the slang word for bathroom, “john”). Because of his design for a metal float that automatically shut off incoming fresh water flow, 19th century plumber Thomas Crapper (his real name!) is sometimes given credit for inventing the first flushable modern toilet.
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    On a Roll. You probably don’t think much about toilet paper (until it runs out!), but Americans had to make do with whatever was at hand—corncobs and old catalogs were popular—until the modern toilet roll came along. The first toilet paper sold poorly. People were reluctant to buy clean, unused paper simply to throw it away. One enterprising manufacturer promoted gentle treatment for the butt by advertising its toilet paper as “splinter-free.” In 1879, Walter Alcock in Britain tried to market the first rolled toilet paper with tear-off sheets, but modest people in the Victorian Age were too embarrassed to ask for such an “unmentionable” product. But a few years later, when the Scott brothers in America introduced their small rolls of toilet paper in the 1880s, indoor plumbing was just being installed in hotels, homes, and restaurants. Finally, toilet paper had become a necessity.
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    Flat Bottoms Are Better. Margaret “Mattie” Knight didn’t invent the paper bag, but she was the genius behind giving it a flat bottom. While working in a paper bag factory in 1867—at a third of the wage of a man—Knight studied the machinery and imagined improvements. In her room at a boarding house, she designed and built a wooden model of an automatic bag-making machine, which she tested thousands of times before hiring a machinist to build an iron model. At the time, paper bags had V-shaped bottoms and were pasted together by hand.
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    Knight’s machine cut, folded, and glued bags with flat bottoms. The machine caught the eye of at least one visitor to the factory, who tried to steal Knight’s design, confident that no court at the time would believe that a woman could have designed it. But Knight won her day in court when she produced a diary with 1,867 entries documenting the many hours she had worked on her invention.
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    Cooking from the Inside Out. In 1946, Dr. Percy Spenser was testing a magnetron—an electronic tube that was used to power British radar during World War II—when he found a melted chocolate bar in his pocket. He had felt no heat and wondered if radiation from the tube had caused the gooey mess. He placed some popcorn near the magnetron. The kernels popped within a few minutes. Raw eggs set near the tube cooked and exploded in a curious co-worker’s face! With Spencer’s discovery that magnetron energy (high-frequency electromagnetic waves, called microwaves) agitates water molecules in food to heat it from the inside out, he invented the first new method of cooking since the discovery of fire 1.5 million years ago.
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    The Pants That Won the West. Little did young immigrant tailor Levi Strauss know that the heavy-duty denim pants he invented in the 1850s for San Francisco gold miners would change fashion forever. Understanding the need for clothing that holds up under rugged working conditions, Strauss dyed his tough trousers indigo blue to hide stains and added copper rivets at the pocket seams and fly to prevent tearing. Blue jeans became the favorite of cowboys, who achieved a snug fit by soaking in watering troughs, then lying in the sun until the jeans shrunk.
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    No-Purpose Rubbery Stuff. General Electric engineer James Wright wasn’t kidding around when he invented Silly Putty. Trying to find a cheap rubber substitute for the U.S. military, he instead created a weird, stre-e-e-e-e-tchable goo that could bounce like a rubber ball. The “nutty putty” didn’t mold, melt, or decay. In fact, it didn’t really do anything except lift pictures off newspapers and baffle scientists, who tried but failed to put it to good use. When the owner of a Connecticut toy store packaged it in plastic eggs in 1945, useless but super-fun Silly Putty sold millions.
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    Stick-to-it-ive-ness That Worked. Isn’t it neat to have shoes that can make that r-r-r-r-r-rip noise hundreds of times each day, sure to drive your teachers crazy? Luckily, that’s not Velcro’s only use. In surgery, Velcro seals heart chambers, and it secures equipment in space. Its discovery was based on an idea Swiss mountaineer George de Mestal thought up during a hike. Pulling off annoying burrs that stuck to his clothing, he decided to create a two-sided fastener whose pieces would imitate the burrs’ prickly holding action. Velcro never replaced the zipper as Mestral had hoped (he was very attached to the idea), but as a new form of fastener, especially for use on clothing, its popularity stuck.
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    A Bumpy Ride


    A curious history of the bicycle.
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    by Sharon Katz Cooper and Rachel Young

    art by Ariane Elsammak
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    You know how to ride a bike. Just hop on and start pedaling. But what if your bike didn’t have pedals or even brakes?
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    1818 A German forest ranger named Karl von Drais wanted a faster way to roam around the woods. His contraption, called a draisienne (he named it after himself, of course), didn’t have pedals. You pushed off with your feet instead. Special schools sprung up to teach people how to ride these “hobbyhorses,”but only the rich could afford them, and the roads, meant for real horses, were too rough for comfortable riding.
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    1821 The hobbyhorse needed more oomph, but people didn’t believe you could balance on two wheels without your feet touching the ground. One solution was a hobbyhorse with a handlebar you pulled to make the front wheel spin faster. These awkward machines weren’t a hit with anyone but mailmen, who used them for deliveries.
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    1839 Kirkpatrick Macmillan, a Scottish blacksmith, built the first real bicycle, with foot pedals that turned the back wheel. The pedal-powered bike reached top speeds of 14 miles (23 kilometers) per hour, but it was hard to steer. Macmillan caused the first bike wreck when he plowed into a crowd of people and knocked down a small child.
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    1861 A French carriage maker named Pierre Michaux souped up an old hobbyhorse with foot pedals on the front wheel. Finally, a bicycle that took off big time. It was even used in carousels at fairs. But with its metal tires, the ride wasn’t smooth, and the machines earned the nickname “boneshakers.”
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    1870 Since the pedals were attached to the bicycle’s front wheel, the bigger that wheel, the faster you could go. Front wheels got bigger and bigger until they were five feet across, while to save weight, the back wheel shrunk. Fast and fun, the big-wheeled bikes became so popular that they were called “ordinaries.” Getting on one was a little out of the ordinary, though. You had to have a boost from a friend or a running start and then hope that the road ahead was smooth. Bumps sent riders flying over their handlebars, which was known as “taking a header.”
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    1881 Ordinaries were popular with adventurous young men, but older men and women wanted a ride that was more dignified. They stuck to quadricycles and tricycles. Queen Victoria of England bought two trikes. They didn’t have brakes, but who needs brakes when you’re only going four miles per hour?
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    1885 In a quest to make two-wheelers safer, along came the Rover. This so-called safety bicycle worked a lot like the one you ride today. Pedals turned the rear wheel through a chain and cogs. Because the bike used several cogs of different sizes, wheels didn’t need to be big to take you far. The new bicycles were faster and less expensive, but with their solid rubber tires, they could still make your bones rattle over rough roads.
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    1889 To give his son a more comfortable ride, John Boyd Dunlop wrapped a garden hose around the wheels of his tricycle. Water-filled hoses didn’t work very well, but air-filled hoses were a success, and the modern tire was born.
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    1896 Safety bicycles sparked a two-wheeled revolution. Everyone wanted one. Cycling clubs lobbied for better roads, and women, who enjoyed new freedom of movement on their bikes, traded in long skirts for puffy pants known as bloomers.

  


  
    


    [image: 16-9.psd]


    Soon doctors were warning of the effects of too much riding. The strain of balancing, for instance, might cause “bicycle face.”
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    1908 Bicycles had ruled the road for barely 20 years when Henry Ford came out with the Model T, the first affordable automobile. By 1920, cars were using the roads that had been improved for cyclists, and bicycles were considered kids’ stuff.

    



    The future? Today in the U.S., we get around mostly by car, but bikes are still the most popular vehicles on earth, and lots of people are trying to build a better bike. Who knows? A hundred years from now, maybe one of these new designs will be all the rage, and bikes will own the road again.
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    Are We There Yet?


    Paving the way for highways.
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    by Ellen R. Braaf

    art by Mark Brewer
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    What’s 46,572 miles (75,000 kilometers) long and touches every state?


    [image: bar-red-dots-short.gif]


    America’s interstate highway system—a network of superhighways like no other in the world—connects our nation coast to coast. We may travel it across town or on a cross-country adventure. It’s smooth and fast and gets us where we want to go. But it hasn’t always been that way.
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    In the 1890s, thousands of Americans took to the roads—on their brand-new bicycles. The bike was practical, comfortable, inexpensive, and easy to ride. What freedom! Now people had a vehicle they didn’t have to feed or ride on a schedule.


    The lure of the open road was strong, but the mud was deep. American cyclists demanded better roads. “Lift Our People Out of the Mud” became the battle cry of the Good Roads Movement. Soon, sample sections of road were paved in various states, and teams of engineers rolled around the country on Good Roads Trains giving road-paving demonstrations. The rage to pave had begun.
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    Cars Create Chaos


    In 1893 Charles and Frank Duryea, bicycle mechanics in Massachusetts, turned a broken-down horse carriage and a one-cylinder gasoline engine into the first gas-powered American automobile. It had no brakes. To stop it, they ran it into the curb.
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    But there was no stopping its popularity. By 1905, Americans had 48,000 cars.


    Early driving was hazardous. The first cars broke down regularly. People got lost, got stuck, and got into accidents. Roads were so narrow that cars going in opposite directions couldn’t get around each other. Head-on collisions were common. Worst of all, most roads were unpaved, bumpy dirt tracks—dusty when dry, muddy and often impassable when wet.
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    To make things even worse, no one had yet invented driving schools or rules. Traffic in urban areas was chaotic. A hodgepodge of people, bicycles, horse-drawn wagons and carriages, and now the new motorcars and motorized trucks crowded the cobblestone streets. Drivers often settled traffic disputes with fistfights, snarling traffic even more. Pedestrians risked life and limb.


    In 1908 the police commissioner of New York created the city’s first “rules of the road.” Slower vehicles were required to keep right, so faster ones could pass on the left. And drivers had to signal with their hands (or buggy whips) to let others know they were about to slow, stop, or turn.
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    The city of Cleveland installed the first electric traffic signals. Red meant stop; green meant go. Other cities used a third colored light—yellow—to signal caution. Some cities installed only red traffic lights, the top one to stop north-south traffic and the bottom one to stop east-west traffic. In New York City, traffic towers flashed the same color at the same time in all directions. Drivers going north or south stopped when the light turned green. Drivers going east or west stopped when it turned red.
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    Outside the cities, driving was no easier. Along the bad roads, few signs guided the way. In an effort to improve car travel, people formed trail associations that adopted roads and named them, printed guidebooks, posted directions, hung cautionary signs, and maintained the roads. Problem was, the associations competed with one another. They sometimes claimed the same roads, gave them different names, and posted a variety of confusing signs anywhere they wanted—on trees, houses, or boulders.
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    The Right Direction


    Clearly, people across the country would have to work together to improve the roads, establish rules everyone could follow, and make a plan for naming and marking highways. To do this, the new Bureau of Public Roads in Washington, D.C., organized the existing jumble of roads into a system. Major roads got U.S. route numbers: odd-numbered routes ran north-south and even-numbered routes ran east-west. They painted lines to mark traffic lanes and posted standard speed limits.


    Finally, car travel was beginning to make sense. High time, too, since by 1927 Americans owned 20 million cars.
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    My Way Is the Highway


    In the 1950s the economy boomed, and Americans bought bigger, faster cars. About 16,000 were sold every day—more than double the number sold 50 years before. People wanted to get places fast, and the old two-lane state highways wouldn’t do.


    The idea for a streamlined system of highways connecting every state didn’t start with Dwight Eisenhower, America’s 34th president, but he made it happen. As a young army officer in 1919, he had crossed the United States in a truck. It took him 62 difficult days, traveling an average of six miles (10 kilometers) per hour. Later, in Europe during World War II, he admired the splendid roads he saw. As president, Eisenhower was convinced that America needed a modern, coast-to-coast network of wide, smooth, well-marked highways. It would ease traffic congestion, improve travel safety, and help small towns grow.


    In 1956 the interstate highway system began to take shape. First, engineers set quality standards for the roads, testing materials on a “road to nowhere.” This seven-mile track was built in 836 separate sections. Each section combined different materials such as asphalt and concrete. The builders ran heavy equipment, including army missile carriers packed with concrete blocks, over the sample strips until they crumbled. They studied bridge and road designs to decide which would work best.


    Planners designed the highways to be the same throughout the system. Each lane is 12 feet (3.7 meters) wide. Green signs mark exits and directions; blue signs note services and rest areas. Like the old roads, even-numbered interstates run east-west, and odd-numbered interstates, north-south.
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    Building the U.S. interstate system became one of the largest construction projects ever undertaken. Over nearly 40 years of construction, workers moved more than seven trillion gallons of earth, and built 54,000 bridges across rivers and roads.


    The Challenge Continues


    Cars created chaos, but they made people think about how to solve the problems of bad roads and traffic confusion. Cars still challenge us today. Can we find cleaner fuels to burn? Can we keep up with highway repairs? Can we prevent roads and parking lots from taking over the landscape? We aren’t there yet, but scientists and citizens alike are working hard to meet the continuing challenge of cars.
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    Marvin and Friends: Plush Races Ahead
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    text and art by Sylvia Spain
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    Build a Fizzy Rocket


    Cars and bikes not fast enough for you? How about a rocket?
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    art by Eamonn Donnelly
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    This experiment should be done outside. Find a friendly grown-up to help you!
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    Stuff You’ll Need
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    • A plastic film canister, with a lid that snaps on. Best are the kind with lids that fit inside the rim (Fuji film uses this kind), but other film canisters will work.


    • Fizzy antacid tablets for an upset stomach made of sodium bicarbonate; if they also contain potassium bicarbonate, even better.


    • Pan or jar to launch rocket from.


    • Eye protection (safety goggles, glasses, or space helmet).


    Can’t find a film canister?


    Try asking your grandparents or at a camera store; they might have spares. You can also make a rocket out of anything about the same size and shape, with a lid that forms a tight seal, but isn’t so tight it won’t pop off. We’ve successfully launched candy and slime containers, but they shouldn’t be too much larger than a film canister, or the gas won’t build up enough pressure.


    To Make Your Rocket


    Set up all your ingredients outside—somewhere it’s OK to make a mess and shoot off film canisters.
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    If nothing happens after a couple of minutes, try again. If the canister lid is hard to open, try loosening it a bit. Or if it leaks, it may be too loose; try another canister. Or try different amounts of tablet or water.


    What Makes It Pop?


    Antacid + Water = Lots of little gas bubbles. (Drop one in a glass of water and see!) Inside the closed film canister, all these bubbles fizz up, but the gas has nowhere to go. So pressure builds up (more and more gas) until it is enough to pop the lid off. Since the lid is facing down, the canister pops instead, and up it goes!


    This is just how a real rocket works, except NASA likes to use rocket fuel instead of fizzy tablets.


    Experiment!


    What happens if you use more antacid or water? Or less? What happens if you add a nosecone (a pointy cone top) and two or four fins? Try making a rocket out of some other containers. What works well? What doesn’t? If you get any up to the moon, let us know!
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    Decorate Your Rocket!


    Add some stickers, or make fins and a nosecone out of paper. Check out our handy plan online at www.askmagkids.com/crafts.


    Weight Matters


    Just like a real rocket, the lighter your rocket is, the higher it will go. A paper body will make your rocket look cool, but it will also make it heavier, so it won’t pop up as high.
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    Weird Tales from the Inventors’ Hall of Fame


    Five great inventors and their peculiar passions.
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    art by Robert Byrd
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    Archimedes The Greek mathematician Archimedes is best known as the inventor who exclaimed “Eureka!” (I’ve found it) when he solved a difficult problem while taking a bath. Archimedes also invented war machines to defend against Roman invasion—designing cranes to pull ships out of the water and twirl them around, and catapults to launch huge stones at the enemy.
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    He is said to have been killed by a Roman soldier while lost in thought on a geometry problem.
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    Obsession: Geometry, levers, pulleys, and shouting Eureka!
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    Charles Goodyear Imagine rubber money, musical instruments, flags, jewelry, ship sails—even rubber ships! Charles Goodyear wanted to make (nearly) everything of rubber. He wore rubber hats and ties. He ate from rubber dishes. When he fell into debt and was taken to jail, his wife brought him rubber and a rolling pin. There he chopped, kneaded, and rolled it out like dough, experimenting with ways to make rubber—which in its raw state is gooey and unusable—the flexible and bouncy stuff we know today. Eventually, he succeeded, but still died $200,000 in debt.
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    Obsession: Rubber
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    Martha Matilda Harper Born in poverty, Harper labored as a servant for 25 years while saving money and working on her idea—the invention of the modern beauty salon. It was a time when women did not leave their homes to have their hair done, but Harper used her luxurious, floor-length hair in her advertising, and eventually even presidents’ wives visited her salons. Harper also helped many poor women like herself open their own businesses.
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    Obsession: Hair!
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    Hedy Lamarr Brains and beauty sometimes go together! Once married to an Austrian arms designer, whom she left when he became too cozy with the Nazis, famed movie star Hedy Lamarr invented a device to prevent the German navy from jamming radio signals used to guide Allied torpedoes.
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    Obsession: Hollywood movies and torpedo guidance systems
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    Nikola Tesla A brilliant electrical engineer and scientist, Tesla gave peculiar public demonstrations of the safety of electricity. Wearing a white tuxedo (and giving off a blue glow), he would take a wire in one hand and allow low-power current to flow through his body to light a bulb in his other hand. (Don’t try this at home!) However, Tesla was deathly afraid of germs and is said to have used 18 napkins with each meal (he mysteriously preferred numbers divisible by 3). Late in life, he claimed to have invented a death ray, which he hoped would end war.
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    Obsession: Germs, the number 3, white pigeons, and AC electricity


    

    Who will be the next great inventor to astonish the world? Is it YOU?
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    Find more to read in the pages of  [image: ask-logo.indd] magazine.
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