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			Introduction


			All of the amazing questions in this book were asked by real kids (and a few adults). They mailed and emailed thousands of them to Newsday’s How Come? newspaper column from all over the world: from Brooklyn, New York, to Bangalore, India. Questions poured in from Australia and Brazil, Indonesia and Canada, from Oman and the U.K. All of these curious kids helped make the book you’re holding in your hand.


			In 1993, the first How Come? book was published in the U.S., and since then it has been translated and published in 11 countries. Kids everywhere want to know why the sky is blue, why we see shimmering patches of water on a summer road, and why we can’t feel the Earth turning. Science is a way for us to tease out the answers—to get the universe to reveal its secrets. 


			Since science is always making new—and often startling—discoveries, the answers evolve and change. This new How Come? has the latest scoop. Here you’ll find the most up-to-date (and often surprising) explanations for those enduring mysteries, which every discovery makes brand-new again. (You won’t believe the reason why our fingers wrinkle underwater! See page 324.) And as you skip around the book, you’ll see that completely different things—like raindrops and soap bubbles, or moving elevators and spinning planets—actually have everything in common.—Kathy Wollard


			

				Measure FOR Measure


			20 pounds of How Come? mail = 9 kg


			You’ll see this little box throughout the book. It’s a handy reference to the metric conversions for the measurements mentioned in the entry. The metric system—kilograms and kilometers instead of pounds and miles—is used by scientists (and almost everyone else) almost everywhere on Earth. 
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			Every question is a good question!


			Is there something you’re wondering about? Send all your questions to: howcome@how-come.net, and they may be answered in the How Come? newspaper column.


			


				

		

			Tricks of Light and Sound


			[image: ]


					Light is made of tiny bundles of energy, particles called photons. Photons zip along at an astonishing 186,000 miles a second in a vacuum (such as space). Although light is a particle, it also acts like a wave. Our eyes can only see light in a certain range of wavelengths—those of visible light, the kind we see coming from the Sun, or a lamp.


			Ultraviolet light, X-rays, and gamma rays are also kinds of light—but with photons too energetic (and with too short a wavelength) for human eyes to see. Likewise, infrared light, microwaves, and radio waves are too low-energy (and with too long a wavelength) for us to see. Many other animals, however, like birds and bumblebees, can see light in some frequencies we can’t.
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			Visible light comes in a rainbow of colors; white light is these colors combined. Put a prism in a beam of bright sunlight, and the light will split into its colors, or wavelengths: red, orange, yellow, green, blue, indigo, and finally violet, the shortest wavelength of the visible spectrum. 


			The rainbow is revealed because the prism bends the light of each wavelength a little more or less than the next, so each emerges on its own. A second prism to catch the rainbow light, placed upside down, will recombine the colors—making one white beam again.


			Unlike light, sound waves need material to travel through: gas (the air around us), liquid (say, seawater), or solids (like a wooden door). In fact, with sound, the medium is the message: Sound is no more or no less than a passing vibration in matter. Sound waves moving through the air, gas molecules bunching up and then spreading out, travel at about 1,100 feet per second (about 340 m/s). That’s why we see the bright flash of lightning in the distance, but hear its low rumble several seconds later.


			Why is the sky blue?
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			The sunlight that lights up the daytime sky is white. So why isn’t the sky a brilliant white? In order for the sky to look blue, something must be happening to the light as it passes through Earth’s atmosphere.


			When white light streams in from the Sun, it zips from the near vacuum of space into the gassy atmosphere blanketing our planet. While Earth’s air contains traces of many gases, from carbon dioxide to argon, nitrogen (at 78 percent) and oxygen (21 percent) make up most of the atmosphere. And when photons of sunlight encounter the gas molecules of Earth’s air, they are changed by the encounter.


			Where does the blue come from? Actually, the blue was in sunlight all along. White light is made of a concealed rainbow of colors, revealed when a beam of sunlight passes through a prism. Then we see the familiar rainbow spectrum: red, orange, yellow, green, blue, indigo, violet. Each color is a different energy and wavelength.


			The air’s gases tease these colors out of white light. Some sunlight simply zips through the empty spaces between gas molecules, reaching the ground intact. But light that has a run-in with gas molecules is absorbed, split into its true colors, and then scattered every which way.


			How does it work? A gas molecule’s member atoms get excited by the photons (particles) of light, and re-emit photons in distinct wavelengths—from red to yellow to violet. The light then heads on toward the ground or is sent out sideways into the sky. Depending on the angle, some light even zooms back into space.


			And here’s how the sky turns blue: The shorter-wavelength blue-to-violet end of the sunlight spectrum is scattered much more than the reds and yellows. So we see blue light from every direction in the sky, overpowering fainter red, yellow, and orange.


			Interestingly, violet light is scattered by gas molecules even more strongly than blue. So why don’t we see a sky awash in purples? According to physicist Jearl Walker of Cleveland State University, there are two explanations: The violet part of sunlight is dimmer than the blue, and human eyes are less sensitive to shorter-wavelength violet.


			It may be a different story for others living on Earth. Since the eyes of animals are sensitive to different wavelengths of light, it’s likely that many animals perceive Earth’s sky in different hues. Honeybees, for example, can see all the way into the spectrum’s invisible-to-us ultraviolet. To a bee, the sky may be tinted purple.


			

			[image: ] Other animals, whose eyes have different color receptors, may see a differently colored sky. 


						For us humans, during the daytime, the blue stands out, intensified by the black backdrop of space behind the sunlit atmosphere. But where does the blue go at night? While the Sun is below the horizon, Earth’s sky is still just as full of gas, scattering the light that remains. According to Walker, the night sky is indeed still blue. But the blue is simply too dim for our eyes and brain to perceive. However, a camera set for a long exposure—collecting light for several minutes to several hours—can reveal the deep, true blue of a starry night. 


		
Fast Fact [image: ]


				

			Intense blue light floods at us from all directions in the sky, from zillions of gas molecules. We call it Rayleigh scattering, after Lord Rayleigh ( John William Strutt), the British scientist who explained the phenomenon in 1899.


			



			Why does the sky turn colors at sunset? 
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			On a sunny day, the sky is blue, the clouds white, and the Sun a normal, if a bit boring, yellowish-white. But at sunset, white clouds and blue sky turn pink and orange and purple, and the Sun glows orange red. This stunning change is brought to you mainly by whizzing gas molecules, along with other tiny particles drifting in the sky.


			Here’s how it works. The light that is produced inside the Sun is white light. But white light contains within it many colors—all the colors of the rainbow. A prism splits white light into its true colors like a comb separating hair into its strands. White light enters the prism; bands of red, orange, yellow, green, blue, indigo, and violet light stream out the other side.


			As sunlight encounters the atmosphere’s gas molecules (like nitrogen and oxygen), it is broken up into its colors, then scattered every which way. Longer-wavelength light, like red, is scattered less. Shorter-wavelength light—blue and violet—is scattered more, flooding the sky. 


			At sunset and sunrise, with the Sun near the horizon, its rays traveling nearly parallel to the ground, sunlight must travel a longer path through a thicker blanket of air before it reaches our eyes. Even more of the blue end of the spectrum is scattered out of the light beam and into the sky. And we see the Sun’s face redden.


			Clouds reflect the reddened light too, creating a tapestry of oranges, reds, and pinks. Just after the Sun sets, purple patches may develop in the sky. Some scientists think the purple is a color overlap: intense red light from near the horizon mixing with blue light from higher in the sky.


			As the Sun sets, light streaming through our west-facing windows turns a deep gold, and bright oranges and reds streak the sky. But when the Sun rises, the light that first floods through our east-facing windows may be a beautiful blue as the sky begins to light, often followed by a rosy pink as the Sun makes its appearance.


			How come? Dust and pollutants are near their peak at sunset, after a day’s activity by human beings—digging in the ground, constructing buildings, operating machinery, driving cars. The tiniest of these particles, comparable in size to gas molecules, also scatter blues out of sunbeams—making the Sun’s face appear extra-red. Larger particles reflect and scatter warmer colors, adding red shades to the sky. 


			The air at sunset is also usually much warmer than the air at sunrise, since the Earth cools overnight, radiating heat into space. And hotter air is more turbulent than cooler air. At dawn, scientists say, the lower atmosphere is calmer, cooler, and cleaner. Daytime’s dust has settled. Air molecules still scatter blues out of the streaming sunlight. But since there are fewer tiny particles to add to the scattering, the rising sun may appear less red than the setting sun. And clouds in the dawn sky may wear more delicate tints of pink, yellow, and peach.


		

				Fast Fact [image: ]


			

			When volcanoes erupt, dust and ash particles and droplets of sulfuric acid are lofted high into the sky. After the sun sets, these “clouds” 12 to 18 miles high can scatter yellow light, creating crimson twilight afterglows.


		



		

			Why is the color of a flame yellow-orange? 
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					Bright yellow flames on the birthday candles studding an iced cake. Dusky blue flames circling the burner of a gas stove. Dancing yellow-orange flames crackling over wood in the fireplace, with flashes of red, green, and blue. Fire comes in a rainbow of colors, some rarely seen outside a science lab.


			Flame color depends on two things: the temperature of the flame and the material being burned.


			Anyone who’s watched a burner on an old-style electric stove knows that color can change with temperature. Turn the burner on high to warm a pot of soup, and the cool black coils slowly begin to glow. A bit of dark red creeps in, gradually changing to a bright orange-red, meaning hot-hot-hot.


			While electric stove coils can get very hot, the burner is not really burning—it’s not on fire. It’s just getting very hot. If those coils were a chunk of steel heated to even higher temperatures in a blast furnace, the color would progress to a brilliant yellowish-white.


			But the colors of a burning candle flame also depend, at least in part, on temperature.


			Fires need oxygen. (If you put a jar over a candle, the flame will die out.) When a candle is burning, the middle of the flame isn’t getting much oxygen. So it looks darker. But the outside and top of the flame, which get lots of air, burn bright.


			As the wick burns and the wax melts, bits of carbon fly up. These teeny pieces of carbon, heated, glow like hot coals in a grill—or like the coils of your electric stove. But since a typical candle flame is hotter than the burner on an electric stove—more than 2,500°F (1,371°C)—it glows yellow instead of red. This is what makes candle flames mostly yellow. Near the burning wick, in the actual reaction or combustion zone, the flame is hottest of all—and therefore blue.


			A gas stove runs on natural gas or propane, which burn purely and cleanly, with little or no soot to glow yellow. So a gas stove has a blue flame. (Solid yellow flames mean something’s wrong; call the gas company.)


			Spill a little salt into a blue gas flame, and it will also flare yellow. Why? Heated in a flame, the sodium in table salt emits bright yellow light.


			Different metals and metallic salts emit different wavelengths (colors) of light when heated in a flame. Electrons in the chemical get excited and gain energy, rather like corn popping in a microwave. When the electrons return to their normal energy levels, they release the excess energy as photons of light. While sodium atoms give off yellow light, different forms of copper emit higher-energy green or blue-green light.


			A wood fire, which usually burns at a lower temperature than a candle, is often a warmer orange-yellow. Calcium salts, phosphorus, and other elements in wood or in materials thrown on the fire add their own signature colors—like red and blue-green—to the crackling flames.


			Scientists can even use a flame test to identify some chemicals. Potassium iodide sprinkled into a Bunsen burner will make the flame violet; barium will turn it green.


			

			Fast Facts [image: ]


			Minerals like calcium, sodium, and copper, heated to high temperatures, give exploding fireworks their brilliant colors.


			



			

			How are shadows formed? 
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			In Peter Pan by J. M. Barrie, Peter loses his shadow when Nana the dog grabs it as Peter escapes out a window. Finding the shadow, Nana’s owner, Mrs. Darling, rolls it up and puts it in a drawer for safekeeping.


			Real shadows are more ephemeral. Try to grab a shadow, and your hand will simply pass into its shade. Try to jump on your own shadow, and it jumps with you, ever connected to your feet.


			A shadow appears when an object stands in the way of light. The less light that can pass through an object, the more solid its shadow. So a translucent beach ball casts a faint shadow, while your body casts a solid, dark shadow.


			On a sunny day, a shadow is a patch of night. But any light source can make a shadow—the Sun, a lamp, a flashlight, the silvery Moon. Try making your own shadows using an unshaded lamp, your hand, and a plain white wall. You’ll discover that if you move your hand closer to the wall, the shadow becomes more sharply defined. Or if you move the lamp close to your hand, your shadow becomes fuzzier. Move the lamp away, and the shadow becomes sharper again.


			

			

			[image: ]Try making your own shadows using an unshaded lamp, your hand, and a plain white wall.


			Finally, the larger the light, the fuzzier the shadow. When a lightbulb wears a lampshade, the shade creates, in effect, a bigger, more diffuse light source. Which is why a lampshade makes for a blurrier shadow than a bare lightbulb.


			The Sun is enormous (a million Earths could fit inside it), but it is also enormously distant (nearly 93 million miles away, or 149,600,000 km). So the Sun appears as a rather small light source in the sky. Which is why the combination of the Sun, you, and the sidewalk makes such great shadows. The Sun is very bright but very far away, you are very solid, and the sidewalk is very near.


			Even the sharpest shadow is a bit blurry around the edges. Outdoors, this out-of-focus quality is a result of the Sun being larger than a point in the sky. Light streams from countless points on the Sun’s disk, each ray traveling on its own course and creating a shadow of its own. The rays of light diffract (bend slightly) around your body’s edges, creating an interference pattern of darkness and light, and a shadow with fuzzy edges. If light were to come from one shrunk-down perfect point, there would be one sharp, clean shadow.


			On an overcast day, with the Sun hidden behind clouds, the whole sky acts as a diffuse light source—like an enormous lampshade. Your body still casts a shadow. But your shadow is so hugely spread out and fuzzy that you can’t see it at all.


			

				Shadow Play


			To make your Sun-made shadow bigger or smaller, simply venture outdoors several times from early morning until noon. Your shadow will be longer when the Sun is low in the sky, shorter when the Sun is higher. With the Sun directly overhead, shadows dwindle to nothing. You’ll cast the longest, skinniest shadow near sunrise or sunset.


			


			Where do rainbows come from? 
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			William Wordsworth, an English poet who published his first sonnet in 1787, wrote:


			My heart leaps up when I behold


			A rainbow in the sky . . .


			Something about seeing a rainbow gives us a shivery feeling. The bands of color, dipping down from the sky, are so beautiful and rare.


			People once thought rainbows were signs from the gods. It’s not surprising. A rainbow appears in the sky, seemingly out of nowhere. Then, just as mysteriously, it vanishes.


			Today, we know something about how rainbows are made, but that should not make us appreciate them any less. Scientists who unravel rainbow mysteries use math. They say that even the math that explains a rainbow is special and lovely (although it’s also very complicated).


			

			[image: ] Raindrops can act like tiny prisms, splitting white light into a spectrum of colors.


			The colors of a regular rainbow always come in the same order: first red, then orange, yellow, green, blue, indigo, and violet. Red is the brightest band of color, running along the top of the bow. Then come the others, each paler than the last. Violet, the inner band, is dimmest and hardest to see of all.


			What are rainbows made from? The recipe is simple: droplets of water in the air, light, and someone to look up at just the right moment.


			It’s not enough, however, for the Sun to come out during a shower. A rainbow is a kind of trick of light, and the conditions must be just right for us to see one. Sunlight must be streaming from behind us, so the Sun must be low on the horizon. And in front of us, of course, there must be a curtain of falling raindrops.


			How does it work? A beam of sunlight, making its long journey from space, plunges into the heart of a raindrop. When a ray of sunlight pierces the drop, it begins to bend. That’s because the light is passing into water, which is much denser (its molecules more closely packed) than thin air.


			White light is really a blend of hidden colors—red, orange, yellow, green, blue, indigo, violet (think Roy G. Biv). And as a light beam enters a drop, each color, or wavelength, bends (refracts) a little more or less, like sunlight passing through a glass prism. The result? The white sunbeam splits apart into beautiful rays of color, each going off on its own direction inside the drop.


			Inside the raindrop, the colored rays collide with the mirrorlike raindrop wall, bend again, and shoot back out of the drop. Making their escape, the colored rays bend again as they move from denser water into open air. The sunlight had originally come from behind you. Now the altered light, in its true colors, is shooting back at you.


		

			Fast Fact [image: ]


			You don’t always need raindrops to make rainbows. Light can be refracted by fog or by a spray of water from a garden hose.


		



		

			While all raindrops in the sky refract sunlight, we’re only able to see the light coming from drops at a certain viewing angle. From this “rainbow band” of drops, our eyes receive different colors from drops in different positions in the sky.


			Since red and orange wavelengths are bent the most, we see these colors courtesy of higher drops. Blue and violet are less sharply bent, so we get these colors from lower drops. Yellow and green are provided by the drops in the middle of the band. And you see an arc of colors, stretching across the sky.


			

			Because they are tricks of light, rainbows aren’t “things” in the sky, like birds or clouds. Each person present sees a different rainbow (or, if lucky, double rainbow) made from the light rays streaming in from behind and the raindrops in front. The rainbow you see is yours alone.


						[image: ]




		

				Double Rainbows


			Once in a while, you may have the rare pleasure of seeing two rainbows appear at once. The second rainbow is larger, but pale, and hard to see. And unlike the bright “primary” rainbow, the secondary rainbow has its colors reversed: The outer band is violet, the inner band red. 


			What causes a secondary rainbow to materialize? The second bow appears when light rays enter near the bottom of each raindrop, and then reflect from the inside wall of a raindrop twice (instead of once) before exiting. When these twice-reflected rays emerge from many different raindrops, we see a second rainbow, paler and wider, above the first.


			Why are the second bow’s colors reversed? Doubly bent red light from the very highest drops ends up traveling over our heads. So we see violet light, bent to our eyes from lower raindrops, as the first band of light, followed by indigo, blue, green, yellow, orange, and then red from lower drops.


			Between the two rainbows, the sky appears dim. Why? Since there is extra light below the primary bow—and more light above the mirror-image secondary bow—the sky between the two looks dark by comparison.


			The slice of sky sandwiched between rainbows is called Alexander’s Dark Band. It was named after Alexander of Aphrodisias, an ancient Greek philosopher who wrote about the puzzling dark patch some 1,800 years ago.


		


			Why do things look darker when they’re wet? 
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			Ever take a swim in the ocean, and notice that your hair and your swimsuit both look darker? As you walk back to your beach chair, you notice your wet feet leave dark footprints in the sand. As you dry off, your towel darkens, too.


			But it’s not just seawater that does the trick. Pelting raindrops can turn your plain white shirt into a polka-dotted mess. Rinse off the sidewalk with a hose, and you’ll see the white cement turn gray. You can even use the narrow stream of a hose to write your name on the driveway.


			Many porous objects—paper, fabric, tree bark, soil, hair—darken as they are doused in (clear) water. How come? 


			When light strikes a dry material, some is reflected straight back. Some is absorbed. And some is scattered every which way from the irregular surface. (Think of the rough surface of sand, the shingled surface of each hair, the woven surface of fabric.) When a material looks darker than normal, it means that less than the usual amount of light is rebounding back.


			Take fabric. Cotton fabric is a weave of natural fibers, the gaps between fibers filled with air. When light strikes the dry surface of a cotton shirt, it is refracted (it bends) at the interface between fibers and trapped air. Much of the light simply scatters back out from the surface of the material.


			

			

			[image: ] Many porous objects— from paper and cloth to soil and hair— darken when doused in water.


			But when the fabric is struck by raindrops, water seeps in and fills the air gaps. The irregular surface, which scatters light when dry, is smoothed by the film of water. Since water is denser than air, its “refractive index,” or the amount it bends light, is closer to that of the cotton fabric. So at the shirt’s wet spots, light has smoother sailing: More light penetrates into the fabric, instead of scattering from the surface. That means less light reaching our eyes. And so the wet parts of the fabric appear darker than the surrounding dry material.
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			Likewise, hair soaks up water in the shower or ocean, temporarily plumping and smoothing the surface of each strand. According to physicists, light is absorbed by the water layer and repeatedly reflects within it. So instead of scattering off the hair’s surface, more light is effectively trapped inside. And hair (even gray hair) appears darker.


			When water drenches a road, its effect on light can make driving doubly dicey. At night, in dry conditions, light from your car’s headlights hits the road, reflecting and scattering from the surface. The light that reaches your eyes allows you to see both the road surface itself and the lines marking lanes and shoulder.


			But when it rains, a thin layer of water coats the surface of the asphalt. Instead of striking the road itself, some of the light from your headlights reflects back from the water’s surface, creating a (confusing) mirror effect. 


			Meanwhile, light that does penetrate down to the road’s surface must travel back out through the water layer. And at the water’s surface, instead of exiting into the air, some of that light is simply reflected back down to the road. The result: The light that does reach your eyes from the road’s surface is significantly dimmed, and dividing lines become much harder to see.


			
From Dark to Light


			When hair or concrete gets wet, we notice only the darkening. But a wet fabric can also become more transparent. As more light penetrates the material traveling in straighter lines, more exits through the other side. If you happen to be wearing this wet material, the light will bounce off your skin and right back out. Which is why getting soaking wet in the rain can be such an embarrassing situation.


			


			Why do our eyes turn red in flash photos? 
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						When an animal’s eyes glow green or yellow in the headlights, it’s a sign of good night vision. A special layer of cells in the back of the eye reflects light back like a mirror. Some of that light is reabsorbed by the eye, letting a deer, raccoon, or opossum see better in the dark.


			But human eye-glow doesn’t lead to anything but weird-looking birthday photos—Mom, Dad, and little Billy leaning over the candle-studded cake, all with gleaming red eyes. If a camera steals your soul, perhaps a flashbulb replaces it with something demonic.


			Actually, the creepy red-eye effect is due to something a lot more benign—those pesky blood vessels in the back of the eye.


		

			 [image: ]The ingredients for the red-eye effect: a dim room, a camera with a flash, and a person looking straight into the lens.


			The ingredients for the red-eye effect are simple: a dark night or dim room, a camera with a flash, and a person willing to look straight into the lens (or better yet, at the flash itself).


			When the flash goes off, light streams through the pupil, the eye’s adjustable porthole. The eye’s lens focuses the light on the light-collecting retina in the rear, which is fed by a crisscrossing network of blood vessels. When the burst of white light hits the vessels, they absorb light from the blue-green end of the spectrum, but reflect back red. Ruby-red light shoots back out through the eye and into the camera lens. Presto: the possessed effect.


			In a dim room, our pupils are already open wide. And because of the way our eyes’ iris muscles must bunch up to contract the pupils, they don’t shut quickly. So when the flashbulb goes off, the pupil doesn’t have time to shrink much—and the bright, focused light shoots straight through. Outdoors in the daytime, pupils are already at their most constricted, so a flash photo won’t show red eyes.


			Light blue or gray eyes often glow most crimson in photos, since pale irises have less pigment to block light. Many cameras reduce the red-eye effect by setting off several quick flashes before actually taking the picture. That way, the pupils have time to constrict before the final flash.


			To avoid red-eye, try taking pictures with more room light and no flash. In a camera with an adjustable flash, point the bulb at a white ceiling or wall rather than at the people you’re photographing. You can also use photo-processing software to reduce the red in the final photograph.


			How can X-rays take pictures of your bones? 
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			Remember Superman’s X-ray vision? His eyes shot X-rays at a door; the beams bored through, and he could see what his enemies were up to on the other side. Only doors made of lead could foil Superman.


			Lead is a good shield against X-rays. That’s why we wear heavy lead aprons at the dentist’s office. But Superman’s X-ray eyes came from the imagination of his creator. Eyes can’t shoot beams of light. Our eyes see when light from other sources, like the Sun, is reflected back from an object.


			However, X-rays are indeed a kind of light—a kind that is invisible to us. X-ray light has a lot more energy than visible light. That’s how it can penetrate wooden doors—or skin and muscle. 


			X-rays and ordinary visible light are just part of the electromagnetic spectrum—light of varying wavelengths, frequencies, and energies. There’s the “visible” light our eyes are equipped to see (the light of a glowing lightbulb or the Sun). Ultraviolet light, more energetic than the ordinary violet we can see, is perfectly visible to some other animals, like bees. On a summer afternoon, as UV light invisibly tans our skin, a nearby bumblebee may be attracted to an ultraviolet design on a flower.


			Meanwhile, all around us, other kinds of light fill the air, such as low-energy radio waves. Microwaves—less energtic than those in a microwave oven—stream from cell towers. Occasionally zooming by are higher-energy X-rays and gamma rays, penetrating Earth’s atmosphere from the Sun and distant stars.


			The energy of photons of visible blue light is about 3.1 electron volts (eV). But X-ray photons carry about 100 to 100,000 eV. Like weakly tossed balls, most photons of visible light bounce off skin. But X-ray photons are so energetic—the fastballs of the electromagnetic spectrum—that they tear right through watery skin cells.


			Mineral-rich bones and teeth are much denser than skin. Instead of sailing through, X-ray photons are stopped in their tracks and absorbed. The result: an image on film showing a broken bone or decayed tooth.


			Even in the restricted doses used in medical imaging, X-rays could injure DNA at the heart of cells. During an X-ray of teeth, a lead apron can keep these super-energetic photons from penetrating other parts of the body.


			Why lead? Lead is an inexpensive metal that’s soft enough to cut easily, but extremely dense. Density is the amount of matter packed into a space; lead is about 11 times as dense as the same volume of water. Each tiny atom of ordinary lead has 164 protons and electrons. (Compare that to oxygen’s measly 16, or hydrogen’s 2.)


			A beam of light, which can slip through the empty spaces in flimsier materials, encounters many more atomic particles in lead. A lead apron contains a sheet about 1/100th to 1/50th inch thick (0.03 to 0.05 cm). The higher-energy the X-rays, the thicker the lead required to stop them.


			Why do oily puddles on the driveway have rainbow colors? 
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				What do a clear (clean) soap bubble and a dark (dirty) oil spill have in common? Their floaty rainbow colors are the result of waves of light, getting in each other’s way.


			White light from the Sun contains a hidden rainbow of colors, each color a different wavelength. You can see this rainbow when light passes through a prism, and its colors spill out onto the wall. Thin layers on a surface, such as a film of oil or soap on water, can also tease the rainbow out of white light, creating an iridescent sheen.


			How? When light strikes an oily puddle or soap bubble, some rays immediately bounce off the outside surface. But others penetrate into the thin film before reemerging. Since these rays travel a slightly longer path, they are slightly out of sync with the others when they emerge at the surface.


			Now, imagine waves on the ocean. If two waves meet and match up, peak to peak, the resulting wave will be strongly reinforced. But if the peak of one wave meets up with the trough (low point) of another, the two cancel each other out.


			Something similar happens with light waves. Scientists call this process interference. When the peaks of light waves exactly (or almost) coincide, the light brightens. But if one wave’s crest matches up with another’s trough, the two cancel each other out, making a dim or dark spot. So when light waves combine and interfere at the surface of a thin layer, colors are reinforced—or canceled. For example, a yellow wave peak matching up with a purplish-pink peak produces red.


			When a crest matches to a trough and colors get canceled, we see their “complementary colors,” their color opposites. So when red waves are canceled, blue-green hues emerge. Where blues are canceled, yellows bloom. The result, in an oil slick or soap bubble, is an assortment of brilliant, swirling colors.


			The exact colors you see depend on your own viewing angle, and on the depth of the thin film (say, oil). Scientists can actually determine a film’s thickness by the colors that pattern its surface, since they reveal what happened to the emerging light.


			As a soap bubble evaporates, the colors change more than those on a puddle. Gravity pulls water toward the bottom, thinning the top wall and making colors shift and swirl.


			
Everywhere a Rainbow


			Interference happens in more than oil slicks and soap bubbles. It’s why you see a gleaming rainbow in the surface of a DVD. Shimmery, iridescent colors appear in everything from pearls to peacock feathers, beetles to butterfly wings—on any object that has a thin film to redirect light.


			Ordinary color, such as the red of a robin’s chest, or the orange of a monarch butterfly’s wings, comes from pigments. The pigment melanin, for example, gives our skin, hair, and eyes their color. And in autumn, anthocyanin pigments color leaves red and purple.


			But it’s the structure of an object that produces a rainbow effect. 


			Take butterfly wings. Their standard colors come from pigments. Their iridescent colors appear because of wing structure. How? Butterfly wings contain very thin layers of chitin—the hard material that makes shells for insects and shellfish—separated by air. So each thin layer is like the thin film in an oil slick, and each layer makes light iridesce. Multiple layers produce spectacular effects making butterfly wings shine far more brilliantly than a roadside pool of oil.


			


			Why do we see an imaginary patch of water on the road ahead? 


			[image: ]


					Ah, summertime. Season of cookouts, fireworks, road trips, and mirages . . . like that cool, shimmering pool of water on the highway ahead on a scorching-hot, drought-dry day. 


			Mirages can be even more spectacular in Earth’s coldest regions. Take a trip to the Arctic, and if conditions are just right, you may see an upside-down iceberg, seemingly hanging in the air above the sea.


			A mirage is created by light’s bendy encounters with air molecules. Take the mundane mini-mirage of a patch of water on a (dry) blacktop road. Asphalt is very good at soaking up heat from the Sun, and heat rising from the hot road warms the air above it.


			As sunlight streams down through the sky, it passes from a layer of cooler, thicker air into the thinner, hotter air just above the road. Thinner air means fewer gas molecules for light to encounter. So as the leading edge of a light wave enters the hot air, its way is clearer, and it speeds up.


			However, the rest of the light wave, still traveling through thicker air, lags a bit. This makes a kind of kink in the wave. The bent (refracted) light wave is now traveling along the road, its bottom in hot air and its top in cooler. The resulting drag causes the wave to bend again—sending the beam of light up, toward your eyes. And you see water.


			How come? Part of the light that reaches your eyes is carrying an image of the sky. Since hot air is full of movement, the image shimmers. Presto: a patch of “water” on the road ahead. But as you drive nearer, the image seems to move down the road, vanishing and reappearing, always out of reach.


			Such a mirage is called an inferior image, because the mirage appears below the real pictured object (in this case, the sky). But there are also superior mirages, casting images up from the ground. This can often happen on a lake or ocean, where a cool, thick layer of air often hangs under a heated layer. In this case, light rays bouncing off water or expanses of ice may bend up into the sky and then back down to us.


			

			Fast Fact [image: ]


			Since mirages are as (optically) real as rainbows and rings around the Moon, we can even photograph these tricks of light.


			



			In 1643, a priest named Angelucci described an incredible vision he had seen while looking across the Straits of Messina between Sicily and Italy. At first, he said, the sea stretched out calmly to the horizon. But as he watched, a dark line of mountains suddenly rose up out of the water.


			In front of the mountains, thousands of dirty white columns sprang up from nowhere. Soon, the columns shrank, and finally curved over into Roman arches. Then, in a kind of grand finale, giant castles, studded with windows and towers, grew on top of the arches.


			What the priest saw was a kind of towering, complicated mirage called a fata morgana. Fata means “fairy” in Italian. In legend, Morgan le Fay was King Arthur’s sister. Her special talent: creating castles that hung suspended in the air.


			The mountains, columns, and castles that appeared before Father Angelucci were really shimmering slices of the sea, cast up in a hodgepodge of angles. Such fantastic images can be created even out of a flat, calm sea, as light bending this way and that throws pieces of the ocean into the sky.


			Besides ghostly mountain ranges, real mountains and city skyscrapers can appear out of place and upside down. And sunlight striking a boat hidden below the horizon can bend as it travels through the atmosphere, making the boat appear as if it’s in the water ahead—or even sailing through the clouds.


			[image: ]


			

			How come words appear backward in a mirror? 


			[image: ]


			

			In Lewis Carroll’s Through the Looking Glass, Alice (of Alice’s Adventures in Wonderland fame) discovered that a mirror was a doorway to a parallel universe, where everything is reversed—and anything might happen. While mirrors aren’t really an entry to another world, they are very curious objects.


			A mirror seems to reverse left and right—making newspaper headlines and T-shirt slogans read backward, and flipping the image of your face and body. But a mirror doesn’t flip top and bottom—we don’t appear in a full-length mirror with our head at the bottom, feet and floor at the top. 


				[image: ] A mirror reflects back what we present to it. When we turn a headline around to face the mirror, it is reflected back, letter for letter, left to right: backward.


			How come? 


			A flat mirror reflects the light bouncing from whatever we hold up to it—whether a newspaper or our own adorable faces—in straight lines. So the left side of your face appears on the left side of the mirror, the right side on the right. The top of your head is at the top of the mirror.


			A mirror reflects back what we present to it. When we turn a newspaper headline around to face the mirror, it reflects it back, letter for letter, left to right: backward. If the headline were on a transparent piece of glass, and you turned it around to face the mirror, you’d see that it reads backward through the glass, too. (Try this with the logo on a drinking glass.) 


			(Some say the key to the mirror mystery is that mirrors reverse “in” and “out,” which is why, when you point at a mirror, your reflection points back at you.)


			If you really want to, you can see your true image—your face in the world—by using two mirrors. Set the mirrors at a right angle, like two walls meeting in the corner. When you look at your face in the corner—your true face—you may be shocked at what you see.


			Despite photos and home videos, few of us have really seen—up close, in real time—what we look like to others. Everyone’s face is a little off-kilter in some way—one side of the nose a bit different from the other, eyebrows not exactly matched. Looking in a regular mirror for years, we don’t notice these small imbalances.


			But looking at your true image makes every quirk evident. Moles and freckles are reversed; your smile is slightly crooked. And perhaps the most unsettling thing: Your hair is parted on the other side.


			If you can stop looking at your new mirror self, hold up a newspaper . . . and read the headlines.


			Why do wheels appear to spin backward? 


			[image: ]


			We’ve all seen it in movies or old TV westerns—as the stagecoach (or train) picks up speed, its fast-moving wheels appear to switch direction, slowly turning backward. We also occasionally see the phenomenon in real life, with spinning car tires and whirling ceiling fans. Scientists call it the Wagon-Wheel Effect.


			What causes the “backward” effect? The answer, it turns out, depends on whether the effect you see is on film, in a fluorescent-lit room, on the freeway at night, or in daylight.


			There’s no argument about what’s happening when we’re watching, say, a train engine on film. A movie camera that uses film takes many snapshots per second of the scene unfolding in front of it, adding up to thousands of individual images on a long strip of film. Because the pictures are taken in quick succession, there’s little motion lost between each one. 


			When you view the finished movie, snapshots of the action flash by on the screen. As they do, your brain keeps the previous image in mind as you see the next one. The action appears continuous—just as it was in real life.


			But when a filmed wheel rotates at just the right speed, the backward effect occurs. How? If one snapshot is taken with a spoke in the 6:00 position, the same spoke may have sped around to 5:59 when the next snapshot is taken. And the next shot may be of the spoke frozen at the 5:58 position.


			When your eyes and brain put the motion together, the wheel seems to slowly turn backward. The illusion is a kind of camera strobing—as in a dance club, when flashing strobe lights freeze dancers in a series of positions. The same thing can happen when we use a digital camera, which records a series of images, at 25 to 50 frames a second. A similar illusion can even occur in real life, in a room lit by fluorescent lights at night. 


			According to neuroscientist David Eagleman, older fluorescent lights cycle on and off 60 times a second, and the strobe-light effect can make a ceiling fan appear to turn backward. The flickering sodium-vapor lights on a freeway at night can have the same effect, he says, on our perception of spinning car wheels.


			But what about the backward effect in broad daylight? Some scientists think that the brain/eye system may process visual information in individual units—like a movie camera’s individual snapshots of motion. 


			However, Eagleman believes that this “snap-shotting” view of the brain is wrong. He has done experiments showing that the daylight backward effect is real, but can be explained by the way the brain interprets motion from the right and left.


			When the brain sees a pattern moving from the right to the left, Eagleman says, more of its leftward than rightward motion detectors are activated. But in a kind of brain neuron rivalry, the rightward detectors win out now and then, and a moving pattern appears to reverse itself.


			To see the real-world effect for yourself, Eagleman suggests staring at your home ceiling fan. During the daytime, with all artificial lighting off, turn the fan on at a slow speed. Then make yourself comfy—say, on the couch—because seeing the illusion can take eight minutes or more. With patience, he says, you should eventually see the fan running backward for a few seconds.


			When a fire engine goes by, why does the siren’s sound change?


			[image: ]


			Have you ever stood on a city sidewalk and heard the distant wail of an approaching fire engine? As the fire truck comes into view, the sound of its siren becomes louder and more frantic, the wail higher and higher pitched. Then, as it passes, the opposite effect occurs: The sound of the siren drops in pitch, getting lower and lower as the vehicle vanishes into distant traffic.


			But the fire truck’s driver hears no such change; to him, the siren that he flipped on 20 blocks ago has sounded at a steady pitch. Just as with the shifting whistle of a passing train, or the roar of a jet plane taking off into the sky, what you hear depends on your vantage point.


			We can thank the Doppler shift for the built-in sound effects of noisy objects on the move. An Austrian physicist and mathematician named Christian Doppler was one of the first to do experiments on the strange effect. In 1845, Doppler coaxed a group of trumpet players to board an open train car, to demonstrate the effect in action. As the musicians began to play, the train engine moved the car back and forth along the track. Meanwhile, a second group of musicians stood still by the track, carefully noting the trumpets’ constantly changing pitch.


			[image: ] By measuring the Doppler shift of light from faraway stars, scientists discovered the universe is expanding.


			How does it work? As, say, a whistling train rushes toward a railroad crossing, the sound waves coming from its whistle are squashed together. This creates waves of higher frequency, so we hear a higher-pitched sound. But as the train passes us, the sound waves spread out behind it, rather like the smoke coming from a coal-fired engine’s smokestack. Result: We now hear a lower-frequency, deeper sound.


			But the whistle, the train, and the people aboard it are all moving together. Since the passengers and crew hear the sound from a constant distance, the pitch of the whistle remains the same for them.


			The Doppler effect works on other kinds of waves, too, including electromagnetic radiation—everything from radio waves to X-rays to visible light.


			Take visible light waves. If our fire engine were emitting a bright yellow light from its front and back, the frequency of the light waves would change as the engine approached and then sped into the distance. At ordinary, everyday speeds, we wouldn’t notice a color change. But if our imaginary fire truck could speed up to an enormous velocity—a large fraction of the speed of light (186,000 miles per second or 299,792,458 m/s exactly)—we would notice a startling difference. 


			The driver would see a steady yellow light beaming out on the road in front of him. But to sidewalk onlookers, the light waves would become compressed as the fire engine came nearer. And they would see the light change from yellow to higher-frequency blue.


			As the engine passed, observers would watch the light on the back shift from blue back to yellow, as the light waves spread out again. Finally, they would glimpse the light from the fire engine as a receding speck of low-frequency red, disappearing on the horizon.


			By the 1920s, astronomers like Edwin Hubble had realized that light from distant galaxies is similarly shifted toward the red end of the spectrum, indicating that they, too, are speeding away from us. By measuring the shift of the light from these faraway stars, scientists verified that the galaxies are rushing away from each other, the light of their stars spreading out like the sound waves of receding trains. Scientists had used the familiar Doppler effect to discover something amazing: The universe itself is expanding, the galaxies moving apart like polka dots on the surface of an inflating balloon.


			

							Fast Fact [image: ]


			Whether it’s sound waves or light waves, frequency is the number of wave crests (peaks) that pass any given point each second. The higher the frequency, the higher the pitch of the sound—or the bluer the light.


			



			

			How come we can hear the sound of the ocean in a big seashell? 


			[image: ]


					When you hold a large seashell to your ear, you can hear a distant roaring sound. It’s as if the great rumble and crash of the ocean waves is somehow trapped within the shell. So when you bring a seashell home from the beach, it keeps the memory of the sea alive.


			But even if you don’t have a seashell handy, and it’s too cold to go to the beach, you can always hear the ocean. Just pick up an empty coffee mug, and hold it to your ear, tilted slightly away. Ah, there it is—the gentle, echoing roar of the waves.


			That’s right, you don’t need a big conch shell to listen to the sea. In fact, many objects around the house can function as your ocean listening portal. Even a coffee-stained mug, one that’s never left Midtown Manhattan.


			As lovely as the idea is, it’s not really the ocean you’re hearing when you put your ear to a big seashell (or coffee cup). So what, exactly, are you hearing? Some will tell you it’s the sound of your own blood, rushing through the vessels in your ear. The seashell, pressed to your head, simply amplifies the sound. The hard walls of the shell then bounce it back to your eardrum. And you feel relaxed, as if you’ve actually dug your toes into sun-warmed sand.


			But scientists note that the “ocean” sound in a shell doesn’t get any louder when your blood is really rushing in your ear—say, just after hard exercise. In fact, they suggest listening to a shell in a soundproof booth. While your own blood continues to pulse through your ear, the sound of the sea abruptly vanishes.


			So where does the roar come from? Even a quiet room is filled with sounds, many so faint that we can’t hear them. A big seashell amplifies these sounds, bouncing them back to us in a rush of noise—that sounds a lot like ocean waves.


			The trick is resonance. If you’ve ever swung on a swing, you’ll have noticed that if you pump your legs in just the right rhythm, the swing will go higher and faster. Why? When your rhythm exactly matches the natural rhythm (frequency) of the swing, its own back-and-forth motion is amplified. Thanks to resonance, you get the fun of a wilder ride.
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