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    I NTRODUCTION

    Discover Nature in the Weather is about observing, about learning and understanding, and about enjoying the constant panorama of an ever-changing sky scrolling by. At once awesome and fearsome, the weather is always a source of inspiration and an invitation to discovery.

    On these pages, the inquiring mind may find a new truth here or there. Yet truths themselves are not really new; it is just that we are only now comprehending the true workings of weather and how it applies to our lives and to those of our co-inhabitants of the unique planet with the skin of air and water.

    HOW TO USE THIS BOOK

    I invite you to an adventure in discovery. Use this book to develop an understanding of the processes, the mechanisms, and the two-way interactions we share with the atmosphere.

    Discover Nature in the Weather presents these concepts in a well-organized, easy-to-understand manner, combining aspects of a readable meteorology text, a useful field reference, and an enjoyable introduction to making practical observation and performing hands-on experiments. Accompanying the text are drawings, diagrams, and maps to further interpret the forces of the observable sky. Tables and charts provide information for estimating wind force and wind chill, comparing the effects of heat and humidity, formulating forecasts, pre -paring for weather extremes and natural disasters, and much more.

    ACTIVITIES

    But the book isn’t all just facts and information. The thrill of weather is in our experience of the it. The end of each chapter offers a variety of observations to make, experiments to perform, and things to do, using common household items or readily available, inexpensive equipment. Identify clouds and gauge their movements. Keep a daily weather observation log. Photograph the changing skies. Measure the acidity of rainwater. Track a hurricane.

    As you read, you’ll see that a tremendous variety of units are in common use to quantify the natural world. An international system of units based on the metric system is the accepted standard of science and industry. Yet because most nonscientists in the United States find them unfamiliar (the United States and Burma are the only countries that do not use the metric system for their principal measure!), the book uses the U.S. conventional system in most cases. Conversion factors for all the units are listed in Appendix 1.

    ADDITIONAL RESOURCES

    The appendices also offer a selected bibliography and lists of sources for weather information and products. The Internet is a tremendous resource for weather and climatological data—and as much extra data and minutia as your input appetite craves. But remember that anybody can put stuff on the Internet. Not everything you find is truth. Stick with the governmental agencies, universities, and respected companies for the critical stuff; compare and check dubious info with other sources for confirmation.

    Throughout the book, the drawings of Patrice Kealy succeed in capturing the ceaseless motion of that ethereal mixture of air and a little water that is our atmosphere. And you may want to emulate her. A good observer takes notes, makes sketches, diagrams movements, and analyzes situations: document your weather experiences. Keep a camera handy, too.

    You will soon learn that the real stuff of weather is not found in a book. For that, you’ll want to get outside and discover nature on your own. Observe, marvel, and enjoy.
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    Without the special stuff that is air, there would be no atmosphere hospitable to life on this planet. Air smothers the surface of the earth so densely that we may breathe it with ease. Insects, the most plentiful of all creatures, do not even need special muscles to pull it into their bodies, but rather allow oxygen to be absorbed directly from the air into their tissues. Plants utilize air in both respiration for life and food production for growth.

    The atmosphere, with its unique proportion and mixture of gases, water, dust, and airborne particulates, is a thin, transparent skin adhering to the surface of the blue planet, bonded only by gravity. Warmed with just the right amount of heat, and stirred into motion by the sun, it transports moisture about the globe. The atmosphere insulates, protects, and sustains life on earth.

    ATMOSPHERIC COMPOSITION

    Custom-designed for earth and its inhabitants, our atmosphere is a unique combination of chemically distinct gases that make life possible and weather interesting. Nitrogen is the largest component, 78.1 percent, followed by oxygen, at 20.9 percent, argon at .93 percent, and carbon dioxide with just .04 percent. Other gases making up the remaining tiny percent of the atmosphere include traces (in decreasing amounts) of neon, helium, ozone, methane, krypton, hydrogen, nitrous oxide, carbon monoxide, nitrogen oxides, ammonia, sulfur oxides, and other trace gases.

    Most of these gases do not measurably vary in proportion according to time or place. Ozone, however, which plays a vital role in absorbing ultra-violet radiation, varies with height, latitude, and season. And gases affected by living organisms also vary—gases such as carbon dioxide and methane— as they are removed from or released into the atmosphere. The concentration of carbon dioxide, for example, decreases each year during the growing season as plants engage it in photosynthesis, and it increases in the hemisphere’s winter.

    
      FACT: The green plants of earth withdraw about forty billion tons of carbon dioxide per year from the atmosphere.

    

    In this mixture of gases are suspended small amounts of water and dust, which can vary in concentration. Water vapor can be as low as near zero percent to as high as 3 or 4 percent, depending on rates of evaporation, condensation and precipitation, and presence of clouds. Its presence has a profound influence on weather. Dust, or particulate matter, in the air influences short -term weather as well as long-term climates and surface conditions.

    ATMOSPHERIC PROFILE

    The atmosphere is pulled toward the center of the earth by gravity. The pressure of the gases, however, resists such a pull, pushing outward toward space. The result is a quite slender sphere of air surrounding the globe, densest at the surface, tapering off to where individual molecules of gas do not even meet each other, then to the nothingness in space.

    Because of this gradual tapering, we cannot say exactly how thick the atmosphere is. But we can talk about its density. Fifty percent of its mass lies less than 3.5 miles above sea level; 90 percent of it is within about 10 miles, and 99.9 percent is below 29 miles. Even at a height of 350 miles, however, air has been detected, although its density there is about one-trillionth of that at sea level.

    While there are no distinct boundaries on the atmosphere, it is helpful to think of it existing in layers based on the average vertical variation of tem -perature. The lowest, thinnest, but densest layer is the troposphere, containing about 80 percent of the total mass of the atmosphere and virtually all the action of the weather. It is where tremendous mixing occurs and much upward and downward motion of air.

    Temperature tends to decrease with height in the troposphere. This temperature decrease averages 18°F per vertical mile and is called the environmental lapse rate. A second type of lapse rate occurs as air moves upward, expands and cools, and is called the adiabatic lapse rate, which varies with the concentration of water vapor: 1°C/100 m (5.4°F/1000 feet) for dry air and .5°C/100 m (3°F/1000 ft.) for moist air. At times in small and shallow portions, the temperature in the troposphere can be constant with height. The temperature may even rise with height, and this is called an inversion.

    The top of the troposphere, where temperature no longer decreases with height, is called the tropopause, forming the boundary between the tropo -sphere and the stratosphere. This area averages 6.8 to 7.5 miles above sea level, but may be anywhere between 4.3 to 5.0 miles in the polar regions and 10 to 11 miles in the tropics. Perhaps surprisingly, the coldest temperatures in the tropopause ( –90°F or colder) occur over the tropics, where the tropo -pause is higher, rather than over the poles, where it is lower (and temperatures drop to only –40°F).

    The tropopause is not always one continuous boundary. Often the tro -popause above the tropics extends outward to about 30° latitude, where it breaks off and continues poleward at a lower level. Near the poles, the tropopause slopes downward toward the surface and may show another break. Often occupying the vertical space between such breaks, where the troposphere and stratosphere mix, are the powerful wind currents known as jet streams.

    Extending above the tropopause to a height of 31 miles or so is the stratosphere, where temperature increases with height, up to 32°F—and sometimes even as high as 68°F. This increase is due to the presence of ozone, which absorbs heat in the form of ultraviolet radiation from the sun. This temperature profile—warmer over colder—inhibits vertical mixing and leads to a stable, stratified distribution of air, hence the layer’s name.

    The air here is very dry, which makes clouds very rare. Occasionally the tops of tall thunderstorms may penetrate the lower part of the stratosphere. At the stratopause —the very top of the stratosphere—air pressure is a mere one -thousandth of that at sea level.

    Above the stratopause is the remaining one tenth of 1 percent of the atmosphere’s mass. Almost all of that fraction is at home in the mesosphere, or middle atmosphere. At this altitude, the ozone has thinned to the point where it no longer absorbs heat. Heat is now radiated out to space, and the temperature again decreases with height—to about –130°F at the mesopause, the very top of the mesosphere, some 53 to 56 miles up. Despite the extreme low density of its air, the mesosphere has the distinction of announcing meteors to the world, visibly igniting their surfaces by the heat of friction with the sparse air molecules.

    The mesopause gives way to the thermosphere, in which the temperature rises once again due to the gases’ absorption of the extremely short ultraviolet waves of the sun’s radiation. Temperatures climb as high as 180°F. The upper thermosphere is where many man-made satellites orbit. Despite the sparse air, these satellites still experience atmospheric drag that can eventually bring them down to incinerate in the lower atmosphere.

    Above the poles, the thermosphere hosts the displays of auroras, when particles from the sun excite the gases into glowing. The top boundary of the thermosphere, the thermopause, exists more in name than in reality. It is estimated to be between 300 to 600 miles high and can change radically with the amount of sunlight reaching it.

    Embedded within the thermosphere is the ionosphere, a region where atoms have become ionized—charged by the loss or gain of an electron by ultraviolet radiation. The ionosphere itself is subdivided into layers based on varying effects on radio waves. Radio waves can be bounced around the earth through the ionosphere at predetermined angles, eliminating the problem of the earth’s curvature in long-range communications.
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    Atmosphere Profile

    
      THE HEAT’S ON

      The U.S. space shuttle has a way to beat the heat of high-speed reentry into earth’s atmosphere. The shuttle orbits the earth at 17,000 mph at heights between 100 and 600 miles. As the shuttle reenters the atmosphere on its way back to earth, the friction from bumping into the sparse gases of the upper atmosphere creates temperatures between 1300°F and 2400°F. NASA devised a heat shield to dissipate the high heat and prevent the shuttle from becoming an expensive and deadly man-made meteor. The shield consists of 24,100 black tiles and 6,800 white tiles made from a porous insulative material of high-purity silica fibers coated with borosilicate glass. The material’s heat conductivity is so poor that when one side of a tile is heated white-hot, the other side is cool enough to touch bare-handed.

    

    
      FACT: It’s lonely at the top. In the vacuum of space at 200 miles up, a single molecule of gas may travel a mile before it encounters any other gas molecule.

    

    Whatever’s left of the atmosphere above the thermopause is called the exosphere. Gas molecules are so rare they may not even collide with each other, and some may even slip the bonds of earth entirely and leave gravity behind. In the exosphere, atmospheric gases give way to the magnetic fields and radiation belts of outer space.

    WEATHER INGREDIENTS

    A number of factors contribute to bringing the morning’s weather to our continent and doorstep. The density of air not only varies with height in the atmosphere, but is also dependent on the amount of heat in the air. Warmer air is less dense than cooler air, and flows from areas of higher pressure to lower pressure, causing wind. Factor in the moisture component of the atmosphere, and you’ve got the ingredients for weather: atmospheric pressure, moisture, and heat.

    Atmospheric Pressure. In visualizing atmospheric pressure, it’s convenient to speak of an imaginary column of air extending from a certain level up through the entire height of the atmosphere. And though this imaginary column has no walls, the concept helps us understand atmospheric pressure as the weight of all the air above that level.

    The weight is the total mass of all the air in the column, where the number of molecules in the thin air of the upper atmosphere is far less per unit volume than the number in compressed air at the surface. The higher you go, the less air there is above you, the less the weight per unit area, hence the less air pressure.

    Pressure is not the result of the density of air alone, however. Enter heat and its influences. The pressure of a contained gas can be increased by adding heat. The opposite is also true; for example, if we put an inflated balloon in the refrigerator, its size shrinks because its internal pressure decreases. But remember that the atmosphere is not so contained, and the density of the air is free to vary with a change in temperature. As air warms, it also expands, taking up more room with the same amount of air molecules, which decreases its density. Factor in the differences in temperatures at different levels of the atmosphere, which may all be moving in different directions vertically and horizontally, and we begin to see why predicting the weather is at once so fascinating and so challenging.
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      PRESSURE POINTS

      Atmospheric pressure is the force exerted on the earth’s surface by the atmosphere. The unit of measurement to express that force is the bar, normally expressed in the United States in millibars, where 1000 millibars (mb) equals 1 bar. We also speak of inches of mercury, derived from reading the height of the column in a barometer. When we refer to 30 inches, what we’re really saying is the atmospheric pressure is enough to support a column of mercury 30 inches high. To convert: 1 inch of mercury (Hg) = 33.86 mb; 30 inches of mercury = 1016 mb.

    

    As we measure the atmospheric pressure—the weight of the air in the “column” above us—we find it changes almost continuously, corresponding with how much air is moving over us and how the air is affected by daily and seasonal heating and cooling cycles. Generally speaking, lower pressure areas are associated with cloudiness, precipitation, and storms, and higher pressure areas with fair weather and clearer skies.

    Moisture. Although water exists in the atmosphere in all three phases— solid, liquid, and vapor—it is the vapor form that has the most influence on weather. Its transport around the globe, its interaction and distribution among living and nonliving resources, and its constant phase changes are all part of the hydrologic cycle (see chapter 3).

    The concentration of vapor varies enormously with height, latitude and longitude, and time, and is the trickiest variable to measure and to predict the consequences of. In the tropics, near the ocean surface, water vapor makes up almost 4 percent of the atmosphere by volume; but up 10 miles or so, near the tropopause, water vapor drops to about 3 parts per million by volume. The concentration of water vapor in the air is often expressed as relative humidity, a comparative measure of how much vapor is present to how much is possible.

    Water in the air is a major factor in many atmospheric chemical reactions that lead to hydroxyl and other radicals that destroy ozone and assist in producing the acids of air pollution. But water’s greatest effect on the weather comes from its content of energy. Water is a high absorber of infrared radiation and involves large amounts of energy in its constant phase changes between vapor, liquid, and ice. These changes have the important result of affecting the heat balance in the atmosphere.

    Heat. Heat fuels the weather engine. Without it, the atmosphere would stratify and calm, and weather—and life itself—would cease. Its relative absence is defined as cold. Temperature is the measure of heat, which is determined by the speed of the molecules of a substance. Heat itself is a form of energy that can be transferred from one object to another: The greater the energy, the greater the temperature.

    In the atmosphere, heat is transferred by radiation, conduction, and convection.

    
      FACT: Maple sap flows best on the south side of the tree, where it is first warmed by the sun.

    

    Radiation. Radiation is energy transmitted via electromagnetic waves. Everything that has a temperature (and therefore heat) both emits and absorbs radiation. The higher the temperature, the more radiation it emits; the lower the temperature, the less radiation it gives off. The sun, being very hot, gives off a tremendous amount of radiation in the wavelengths of visible light; the earth, being much cooler than the sun, emits much less radiation, and at much longer wavelengths than visible light.

    
      TAKING A TEMPERATURE

      Temperature is simply the measure of heat. Everything down to the subatomic level that moves has heat, and therefore a temperature.

      The instrument used to measure heat is the thermometer, invented by Galileo in 1593. The most common thermometers use mercury or alcohol sealed in a glass tube marked with gradations. Both these liquids freely expand and contract with the amount of heat, and remain unfrozen in the biggest part of the air temperature range on earth.

    

    If an object or surface receives more radiation than it gives off, it warms; if it emits more than it receives, it cools. The balance is partly a function of surface characteristics. For example, an asphalt parking lot, dark in color, absorbs much more incoming solar radiation than does a fresh covering of snow. The white snow reflects most of the visible light radiation back into the atmosphere, while absorbing very little. (Chapter 2 deals more with incoming solar radiation and its influences.)

    
      INVENTING SCALES

      The Fahrenheit temperature scale was developed by physicist Gabriel Fahrenheit (1686–1736). Although thermometers had been invented earlier, no standard scale was used to compare works between scientists until Fahrenheit developed the one that bears his name. It is most widely used in the United States. It is designated by °F.

      The Celsius scale is named after its developer, Anders Celsius, a Swedish astronomer (1701–1744), and is the most widely used scale throughout the rest of the world. Its original designation, the centigrade scale, was replaced in nomenclature by degrees Celsius in 1948 at the Ninth General Conference on Weights and Measures. Its designation is °C.

      Both the Fahrenheit and Celsius scales use the freezing and boiling points of water as reference points. Fahrenheit uses a smaller degree size than Celsius, dividing the difference between freezing and boiling into 180 degrees (from 32 degrees for freezing to 212 for boiling). Celsius divides the difference into 100 degrees (from 0 degrees for freezing to 100 for boiling).

      The Kelvin scale is commonly used throughout the world by scientists, and was developed by the British scientist William Thomson, Lord Kelvin (1824–1907). It is designated by K alone (without the degree sign).

      The Kelvin is an absolute temperature scale, basing its reference point on absolute zero, or the complete absence of heat—absolutely no molecular motion. This point is designated 0 degrees. The Kelvin scale, originally called the absolute scale, uses the same degree size as Celsius. On the Kelvin scale, the freezing point of water is at 273 degrees and the boiling point is at 373.

    

    Conduction. Conduction is the transfer of heat within or between substances at the molecular level, from molecule to molecule, always flowing from an area with higher temperature to one with lower temperature. The rate of conduction depends on the temperature difference (the larger the difference, the faster the heat flow) and on the material (metals are good conductors of heat, the air is a very poor conductor).

    Molecules of hot chocolate, vibrating very fast, collide with the molecules of a cold metal cup, causing them to vibrate faster, which in turn causes the molecules in one’s fingers to vibrate faster, transferring—or conducting—heat from the chocolate to the metal cup to the fingers. This is done quite quickly,

    A MATTER OF DEGREES

    Here’s how to convert between the principal temperature scales: Celsius, Fahrenheit, and Kelvin. To convert from Fahrenheit to Celsius, subtract 32, then multiply by .556. To convert from Celsius to Fahrenheit, multiply by 1.8, then add 32. To convert from Celsius to Kelvin, add 273. and quite effectively, as those who have burned their fingers on a metal cup can testify. On the other hand, air’s poor conductive quality has been put to practical use in double-and triple-paned windows, where a layer of air between the glass insulates from the cold outdoors.
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    Conduction has little effect on weather. Even if the ground gets very hot, the air above it does not warm by conduction more than for just the bottom few inches. Conduction of heat occurs more easily in solids and liquids, where molecules are vibrating closer together than they are in gases.

    
      AWAY WITH MERCURY

      Common thermometers and barometers use alcohol or mercury to gauge changes in heat and pressure, but other types do not. Called aneroid, meaning without liquid, they simply use different materials to sense the changes.

      A bimetal thermometer works with a coiled strip of two different metals fixed together. As heat is applied, the different metals expand at different rates, moving a pointer on a calibrated dial. Large-dial outdoor thermometers and oven thermometers work on this principle.

      [image: ]

      Aneroid Barometer. An aneroid barometer senses atmospheric pressure by using a vacuum chamber, to which is attached a lever and gears to transmit changes to a pointer on a dial. A barograph is an aneroid barometer that uses a pen to record the changes on a rotating chart.

    

    
      FACT: The coldest annual mean temperature is found at the Pole of Inaccessibility, Antarctica: –72°F.

    

    Convection. Convection is the transfer of heat by movement through a fluid or gas. Convection of heat cannot occur in solids, but only in a fluid or gas in which currents occur, where heat flows along with the movement of the fluid or gas itself.

    Convection in the atmosphere happens in any and all directions currents occur. In practice, however, we use different terms to identify the various directions of heat flow via currents. Convection is reserved for upward motion. Subsidence is used to refer to downward transfer of heat. Horizontal convection is known as advection, and is brought by the wind flowing in a direction in which there is a change in the local temperature.

    EFFECTS OF EARTH’S MOTIONS

    Heat, pressure, and moisture, while major internal contributors to the behavior of the atmosphere, are not the only ones. The atmosphere swaddles a rotating, revolving planet with its own motions and cycles, directed by the sun and moon. These external forces exert themselves in both major and minor ways.

    The earth revolves about the sun in an elliptical orbit that is almost circular. The minimum distance between the earth and sun (perihelion) occurs about January 3 each year; the maximum distance (aphelion) occurs about July 4. Obviously (one may think) January should be warmer than July. But this is also obviously not the case, at least in the northern hemisphere. Seasonal changes are not the result of being closer to or farther away from the sun; the difference between perihelion and aphelion is only about 3 percent—not enough to account for the differences we see in our seasons.

    Another consequence of traveling in an elliptical orbit is that the earth must travel a longer distance from the beginning of spring to the beginning of autumn than it does from the beginning of autumn to the beginning of spring. (Skeptical? Count the days from March 21 to September 23 and compare to the number of days between September 23 to March 21.) Not only that, but the earth moves faster through its orbit when it is closer to the sun, from September to March, than when it is farther away, from March to September. For us in the northern hemisphere, it results in about a week-longer spring and summer than fall and winter. Still, these effects do not account for the change in seasons.
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    Earth Orbit in Perspective. March 21 (vernal equinox) and September 23 (autumnal equinox): Both hemispheres receive equal treatment from the sun: twelve hours from sunrise to sunset. Appearances are slightly deceiving, however: The atmosphere slightly bends the incoming light rays, so the sun can still be seen for a short while below the horizon, lengthening daylight a little past twelve hours.

    June 22 (summer solstice): The northern hemisphere is tilted toward the sun; the North Pole receives 24-hour sunlight, the South Pole remains in daylong darkness. All points of the northern hemisphere receive more sunlight than do the corresponding parts of the southern hemisphere. At a latitude of 23.5° north of the equator, on the Tropic of Cancer, the sun appears directly overhead; the longest daylight of the year.

    December 22 (winter solstice): It’s the southern hemisphere’s turn in the sun. The sun appears directly overhead at the Tropic of Capricorn, at 23.5° south latitude. The winter solstice brings the shortest daylight of the year for the northern hemisphere’s start of winter.

    
      FACT: The fall colors of deciduous leaves are primarily triggered by the shorter day length, not cooler temperatures.

    

    Seasonal changes are the result of the earth’s tilt of its axis with respect to its plane of orbit. In other words, the equator is not parallel to the orbital path. The angle of this tilt has varied over the past 100,000 years or so, but is now about 23.5 degrees. Because of this tilt, the axis points in the same direction into space (very close to the star Polaris) no matter what part of the orbit it is in, resulting in unequal heating of the earth’s surface as it both rotates and revolves.

    
      CALL THE WIND MARIAH?

      Winds are named for the direction from which they come. The west-erlies arise from the west and flow east. A south wind blows from the south, heading northward. Circulating winds are labeled cyclonic when they flow counterclockwise around a low pressure center, and anticyclonic when they flow clockwise around a high.

    

    Because the atmosphere and the land and water surfaces of the earth take time to absorb heat, the warmest days lag behind the day of greatest sunshine. The warmest months over the continents are July and January, for the northern and southern hemispheres, respectively. Oceans are slower in absorbing and releasing heat, and in the northern hemisphere are coldest in March and warmest in September.

    Heat received in the atmosphere creates changes and differences in air pressure, which in turn drives the winds on earth. The direction and speed of the winds, however, are the net result of other forces acting upon the moving air, including the pressure gradient force and friction. In addition, because the earth is a sphere twirling on its own axis underneath a loose wrapping of air, and we are observers from this same rotating reference system, several other effects on the wind are merely perceived from our vantage point and are considered apparent forces, including centrifugal force and the Coriolis force.

    Centrifugal Force. The tendency of any moving object is to remain moving in a straight line unless another force acts upon it. The centrifugal force is that tendency of the air to keep moving in a straight, forward direction, which has the apparent effect of a force toward the outside of the axis of rotation. This is the force a rider in a car feels when a sudden left turn causes him to be jerked toward the right.

    Coriolis Force. Another apparent force bends air and water currents toward the right in the northern hemisphere and to the left in the southern hemisphere. Called the Coriolis force, or Coriolis effect, after French mathematician Gaspard de Coriolis who first described it in 1835, it is not a real force, but only one that is perceived from our frame of reference on the spinning globe. Viewed against a non-moving framework, there is no effect.

    Consider throwing a ball from the North Pole to the equator on a non-rotating earth. The ball’s trajectory passes straight from pole to equator over a certain set of landmarks. Put the earth into motion, and throw the ball once again. Once again, the ball travels in a straight line to the equator, but because the earth is turning underneath the ball, its trajectory passes over a different set of landmarks to the right of its previous path, appearing to have been deflected to the right—the Coriolis effect. The longer the ball travels on its path, the more the earth rotates under it, and the farther it apparently deviates toward the right (west) of its straight way. Similarly, a ball—or air or water current—traveling northward from lower northern latitudes to higher will apparently be forced to the right of its direction of travel (or eastward).
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    Coriolis Force

    Pressure Gradient Force. Much like a ball on the top of a hill is forced by gravity to the bottom of the hill, air flows from regions of higher pressure to those of lower pressure. This difference in pressure, called the pressure gra -dient, drives the winds, and works both horizontally and vertically. Vertically, the force is directed upward but is nearly balanced by gravity. Horizontally, the force acts from higher to lower pressure; the greater the pressure gradient, the faster the air moves, and hence the faster the wind speed.
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    Wind Flow from High to Low Pressure Areas
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    Sum of Forces Affecting Wind Direction around High and Low Pressure Areas

    Because of the Coriolis effect, air spreading out of the center of high pressure does not flow directly toward low pressure, but is deflected in a clockwise direction. As the air is drawn into a low pressure center, the wind spirals toward it in an opposite rotation, resulting in clockwise flow around a high and counterclockwise flow around a low. The opposite is true in the southern hemisphere.

    Friction. Air moving near the surface is always influenced by the texture at the surface, and the resultant friction is obviously greater over rugged mountains than open water. The drag created by friction operates in the opposite direction to the air movement and reduces its speed, which in turn reduces the effect of the Coriolis force on the direction of the wind. The effect of friction is important only in the lower 5,000 feet of the atmosphere.

    
      FACT: On sunny, windy days, young spiderlings climb to an elevated position and begin spinning silk. As the thread lengthens to several feet, it is picked up by the wind, with the spiderling still attached for the ride of its life, in a weather-generated dispersal of the newest generation.

    

    OBSERVATIONS AND ACTIVITIES

    The Old Tumbler Trick. Here’s a surprising way to observe air pressure without the use of measuring instruments.

    Materials: Drinking cup, index card, water.

    To Know: Atmospheric pressure is exerted by the density of the gases in the air, and is not dependent on the orientation of the surface upon which it acts. The surface can even be upside down, as this activity so forcefully demonstrates.

    To Do: Fill the drinking cup to the brim with water. Place the index card on top of the cup’s rim, making sure it covers the entire surface of the rim. Pick up the cup and carefully turn it upside down. The air pressure outside the cup— greater than the water pressure inside the cup—holds the water in its place.

    Make a Water Barometer. Measure changes in atmospheric pressure with a simple barometer.

    Materials: Plastic water bottle with screw-on lid and straw, small piece of plasticene clay, shallow bowl, water, food coloring, index card, masking tape, paper clip, pliers.

    To Know: The force exerted by the atmosphere on the surface of the earth varies with the amount of air above it. More air above means higher pressure at the surface; less air means less pressure. A barometer reacts to the weight of the air above it and detects changes in pressure, which are associated with changes in the weather.

    To Do: Tightly screw the lid onto the bottle, with the straw extended about 8 inches. Use a small bit of clay to seal the lid around the straw to make it completely airtight. Put some water in the shallow bowl and add a little food coloring. Turn the bottle upside down and insert the tip of the straw into the water. Slightly squeeze the bottle until a few bubbles rise through the water, and the water rises about halfway up the straw. Tape the water bottle to an inside corner to hold it in place.

    Fold the index card in half lengthwise and tape it to the back of the straw. Use the pliers to squeeze the longer loop of the paper clip into a sharper angle to use as a pointer, and clip it to the card to mark the height of the water column in the straw. Compare the change in height of the water in the tube every day. How does it correlate to the weather?

    Earth-o-meter. With this homemade gadget, you can measure the speed of earth’s rotation and compute the length of the day.

    Materials: Magnifying lens, piece of cardboard, pencil, stool or chair, masking tape, wristwatch, sunny day.

    To Know: The earth makes one complete rotation on its axis per day. This is what makes the sun appear to move across the sky.

    To Do: Pick a sunny location outside, and tape the handle of the magni -fying lens on the chair so that the lens extends horizontally over the edge of the seat. Place the cardboard where the sun shines through the lens toward the ground. Raise the chair or the paper until a focused image of the sun appears on the cardboard and prop them in place. Trace the focused image on the paper with the pencil. Measure the time in seconds it takes for the image to entirely leave the circle you’ve drawn.

    Because the sun’s diameter in the sky is approximately one half of 1 degree, in the amount of time it takes for its image to move out of the circle, the earth has rotated one half of 1 degree of its 360-degree rotation. Multiply your time by 720 to calculate the length of earth’s day, in seconds. How close did you come to the solar day of 86,400 seconds? You can convert the seconds to minutes, then the minutes to hours, to see how close you came to the normal day of 24 hours.
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