Weather and Water Vocabulary Packet and Final Test Study Guide

Investigation 1 What is Weather?
Severe weather is weather that is dangerous or causes damage.

Meteorology literally means the study of meteors.  It was based on the ancient Greece word.  In ancient Greece a meteor was anything that fell from the sky, including rain, snow or hail.  Today meteorology includes only the study of weather and planetary scientists study meteors.  A meteorologist is a person who studies the causes and effects of Earth's weather. 

Forecasts - predictions of what kind of weather to expect for the next day or week.
	Part of a Forecast
	Definition
	Instrument
	Unit

	Temperature
	How hot or cold it is
	Thermometer
	Degrees Celsius

	Humidity
	The amount of water vapor in the air
	Hygrometer
	Percent

	Wind Direction
	The compass direction from which the wind is coming
	Wind vane
	Compass points



	Wind Speed 
	How fast the air is moving past a measurement point
	Anemometer
	Mph or kmh

	Pressure
	The force of the air pushing in all directions
	Barometer
	Millibars

	Visibility
	The distance one can see though the air
	
	Miles




Investigation 2 Where’s the Air?
Compressed air occurs when it is forced into a smaller space that it was previously occupying.  

Pressure when the compressed air pushes back it's called pressure. 
Mass - the amount of matter (the stuff that everything is made of) in an object

Weight - is the pull or force between Earth and the matter in an object or substance

Does air have mass?  We used the example of two balloons in class.  After popping one, we can use the following information to explain that in fact air has mass.

a. Air is a force on the elastic sides of a rubber balloon.  The sides of a balloon put pressure on the air in the balloon making the air slightly compressed.

b. Compression pushes molecules closer together.  There is more air (more air molecules) in the volume defined by the balloon membrane than there is in an equal volume of uncompressed air outside the balloon.  Compression = more air molecules.

c. Two balloons full of compression are balanced.

d. When air is let out of one of the balloons, the air is no longer compressed.

e. The balance tips down and the balloon full of compressed air sinks because it has more mass than the deflated balloon with very little air.

f. Air has mass; thus air is matter.  
Atmosphere - Earth is surrounded by a layer of air called the atmosphere.  It stretches from Earth's surface to space.  
Air - Surrounds us and is invisible and is composed of a mixture of gases.  
Layers in the Atmosphere

Lowest-
Troposphere - (most of the earth's air is found here)


Stratosphere - (ozone layer is located here)


Mesosphere - (meteors burn up here)



Thermosphere - (not much air here)

Highest-
Exosphere - (thick transition layer between earth and space)
Investigation 3 Seasons & Sun
Revolve - the movement of one object around another
Rotation - the movement of the earth spinning on its axis (like a top)

Axis - an imaginary axle that goes from the north to the South Pole

Equinox - two nights in the year when the day and night are equal.  There is a spring or vernal equinox on March 21 and a fall or autumnal equinox September 21.

Solstice - Summer solstice means the longest day of the year.  Winters solstice is the shortest day of the year.
Beam Spreading - The way a light beam covers a larger area when it hits a surface at an angle.
Solar Angle - The angle at which light strikes the surface.
Investigation 3 Part 2
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Almost all of the energy coming to the planet Earth is solar energy.  Light absorbed by the land, water and air is converted to heat.  Heat is the form of energy that makes things happen in the atmosphere.  Atmospheric activities are what we call weather.

Investigation 4 Heat Transfer Part 1
            

Energy comes from the sun as radiant energy.  Radiant energy travels as waves through space and through air.  Radiation from the sun can be visible, like light, or invisible, like infrared radiation, ultraviolet radiation, microwave, x-ray, radio and other wavelengths.

When radiant energy strikes an atom or molecule, like a water molecule in sand, soil and air, the molecule gains energy and begins to move faster or vibrate more.  We say the molecule absorbed radiant energy.  Absorbing radiant energy is one way energy transfers to matter. 

Molecular motion is heat.  The more motion there is in the molecules of matter, the hotter it is.  Radiation is one way energy can travel over great distances.  When you stand in sunshine you are receiving energy from 150 million km away.

Radiant energy travels through the vacuum of space, and some wavelengths travel through air and other transparent materials, like glass, plastic, and water. Radiant energy is energy transfer at a distance WITHOUT DIRECT CONTACT between the energy source and the energy receiver.
Different materials heat up at different rates.  This is called differential heating.  Differential heating accounts for the difference in the temperature of water and soil after they have both been in the sunshine/heat lamp for the same length of time.  Water in oceans and lakes can store more heat than landmasses, even though the temperature of the water may be lower.
Investigation 4 Part 2

· There is no cold; only heat.  What we perceive as cold is actually low levels of heat.  When you hold an ice cube in your hand, cold doesn’t go into your hand; heat energy goes out of your hand into the ice cube.  

· Heat is motion of atoms and molecules.   The greater the motion, the more heat energy there is in a solid, liquid, or gas.

· When material 1, with lots of heat (molecular motion), comes in contact with material 2, which has less molecular motion, the energized molecule in material 1 bang into molecule in material 2 and get them moving faster.  As a result, molecules in material 2 have increased molecular motion (heat), so material 2 is now hotter.  Molecules in material 1 have less motion (heat), so material 1 is now cooler. 
· Energy transfer happens between molecules or atoms when they come in contact. 

Conduction – energy transfer that happens between molecules and atoms when they come in contact.  Heat can transfer by conduction from atom to atom in a material or between two different materials when their atoms or molecules come in contact.

Hot water



plastic of vial

 
cold water

glass of thermometer 



alcohol
Investigation 4 Part 3

Reradiation – another way, more important than conduction that heat energy enters the atmosphere.  All matter radiates energy.  It is one of the great truths of nature.  Hot matter radiates more energy than cold matter.

1.  When matter, like sand, soil or water, absorbs energy from the Sun, it warms up. 

2.  When that hot matter reradiates that energy, the matter cools down.  That's why containers of soil, sand, water & air cool down when you move them to shade - they reradiated the energy they had absorbed from the Sun.  

· Most reradiated energy is not in the visible spectrum, it is part of the infrared spectrum.  Infrared radiation is absorbed by water and carbon dioxide molecules in the atmosphere.

3. The energized water and carbon molecules transfer their energy by conduction (contact) to the oxygen & nitrogen molecules in the air to heat the whole atmosphere.
Investigation 5 Convection Part 1
Density is the amount of matter in a volume of material. It is also the ratio between the mass of a sample of matter and it’s volume.  Mass is the amount of stuff in a sample of matter.  Volume is how much space a sample of matter occupies (take up).

Investigation 5 Part 2

Density as a Ratio

The density of an object can be calculated if you know its volume and mass.  D=M/V
Volume can be measured in millimeters or cubic centimeters (cc).  The unit used most often is cubic centimeters.  

Mass can be determined by using a triple beam balance to weigh it.  Always include the units with your calculations and answers.

· Light is one type of radiation we get from the sun.

· Radiant energy travels through space as waves.

· Visible light, ultraviolet, and infrared radiation are responsible for most of the heating of Earth’s surface.

· When the Sun’s radiant energy hits Earth’s surface, some of it is absorbed.  Molecular motion of the material increases.  Molecular motion is heat.

· Heat can transfer from one material to another when they come into contact.

· The atmosphere is heated by conduction when air molecules contact Earth’s surface, and by reradiation from Earth’s surface.

· Heat transfers from a warmer to a cooler area or material.

· In solids, the atoms or molecules are pretty much locked into positions in relationship to one another.  When radiant energy is absorbed by one area in a solid, the molecules begin to vibrate more.  The vibration impacts neighboring molecules, and the motion spreads.  That’s how heat is conducted through a solid material – by vibrational energy, one molecule to the next.  

· In fluids, both liquids and gases, molecules are not locked into position with respect to one another.  They can move toward, away from, and past one another.  Heat can transfer from one place to another in a liquid or gas by conduction - molecules hitting one another - and by absorption of radiant energy.  There is another way, however, that energy moves in fluids.  That's what we will try to observe in Layering Hot & Cold Water.

· When a mass of fluid, either liquid or gas, is warmer or colder than the surrounding fluid, the mass will rise or sink in the surrounding fluid.  This motion of masses or streams of fluid, due to difference in density resulting from temperature, is convection.  Convection is the third way heat moves from one place to another. 

· Convection happens only in fluids, where molecules are free to flow.
Investigation 5 Part 3
Earth's surface is heated when solar radiation is absorbed by land and sea.  Air close to warm land or water is heated by conduction and radiation. The warm air expands and rises because it is less dense. At high elevation, air radiates heat to the cold environment and contracts. The dense air falls back to Earth.  The cold air can be heated by the warm Earth to repeat the process.

This cycle of air is a convection cell.  Convection cells occur in predictable locations around the planet.  They play an important role in global weather. 

Investigation 6 Water in the Air Part 1

Water can exist in three phases or states solid ice, liquid water, and gaseous vapor.  When water changes from gas to liquid, it is called condensation.  Water vapor condenses to form liquid water.  The dew on cups of ice water is water that condensed from gas to liquid.
Investigation 6 Part 2

Evaporation is the process by which liquid water becomes a gas called water vapor.

Water can change from liquid to vapor only when energy is available.

Evaporation requires energy.  Energy in the form of heat in the environment is usually the source of energy to make evaporation happen.  

1. Water vapor in the air is called humidity.  

2. When there is a lot of water vapor in the air, the air is humid.  

3. When air contains as much water vapor as it can, it is saturated.

4. Meteorologists often describe the amount of water vapor in the air in terms of relative humidity.

Relative humidity:

*is measured in percentages

*it compares the amount of water vapor in the air to the amount of water vapor needed to saturate the volume of air.

· When temperature increases and the amount of water vapor stays the same, the relative humidity decreases. 

· When temperature stays the same but water vapor increases, relative humidity increases.

· Warm air can hold more water vapor than cooler air.

· Air under low pressure holds more water vapor than air under higher pressure.

· Water vapor is part of air.  Water vapor gets into the air several different ways.  As we found out, liquid water can evaporate when it absorbs energy.  Energy transferred to water, either by radiation or conduction, can increase the kinetic energy enough to change liquid water into gas.

· Sometimes the humidity can reach 100%.  That means that the air contains as much water vapor as possible at that time.

· Another major source of water vapor is plants.  Water moves through plants from their roots to their leaves all the time.  Water leaves plants as vapor.  The process is called transpiration.  Water vapor returns to the air during transpiration and can condense on the sides of the terrarium.   If you think about all the plants on Earth, you can imagine the amount of water vapor they contribute to the atmosphere.

· All terrestrial animals exhale water vapor when they breathe.  The amount of water that enters the atmosphere as a result of respiration is significant as well.  Also, fires, internal combustion engines, and volcanic eruptions add water vapor to the atmosphere. 

Investigation 6 Part 3

Remember when you moistened you hand and blew air across the wet spot?

· The wet spot on your hand felt cooler.  Heat energy from you hand transferred to the water molecules.  Increased energy made the water molecules move faster.  The fast-moving molecules evaporated.  Heat that was in your hand changed liquid water into water vapor.  The flow of heat away from you hand was sensed as cold.

· Blowing moved the vapor molecules away from the wet spot.  More water evaporated, transferring more heat from your hand.  When water vapor transfers energy to its surrounding, the vapor can condense to form liquid water.  When water vapor comes into contact with a cold surface, energy transfers to the cold surface, and drops of liquid water form there.

· The temperature at which water changes from gas to liquid-the temperature that you determined experimentally-is the dew point.  

· Dew point is the temperature at which air is saturated.  Dew point temperature is not the same everywhere so you always have to figure out the dew point for the area you are interested in at time.

· Dew point depends on the amount of water vapor in the air.  If a lot of water vapor is in the air, you don't have to lower its temperature much to reach saturation.  If very little water vapor is in the air, however, it must be cooled to a very low temperature for saturation to take place.         

· One way relative humidity can be determined is by comparing the temperature of the air and the temperature of a piece of wet cloth.  These are called taking dry-bulb and wet-bulb temperature readings.

Investigation 6 Part 4

When a gas is compressed into a smaller volume, or when more gas molecules are forced into a given volume, more collisions occur.  This results in increased temperature.

When pressure is reduced on a gas, it expands.  There are fewer collisions between gas molecules.  Few collisions result in decrease temperature.  
Steps to form a cloud:

1. Sun radiates energy (to a puddle of water).

2. Evaporation takes place.

3. Water vapor is the result of evaporation.

4. Air cools causing water vapor to condense.

5. Condensation gathers on condensation nucleus.

Precipitation is one of the most important weather factors that meteorologist monitor.  The predict, observe  and measure precipitation to prepare for storms, to understand distribution and behavior of storms, and to know how much water will be available for people to use in the future. The most common instrument for measuring precipitation is the rain gauge.  In its simplest form it is a graduated cylinder that is placed in an unprotected location.  After it rains, a meteorologist notes the level of rain in the cylinder and records it.  A light rain might produce a few millimeters of water; a powerful storm might produce 25 cm or more in a day.  When snow is measured, it is usually melted or weighed to determine its water content and reported as centimeters of rain.

Investigation 6 Part 5
One way meteorologists get information about air in the troposphere is to send up weather balloons.  A weather balloon is a large balloon filled with helium or hydrogen that carries a radiosonde up into the troposphere.  The radiosonde has instruments for measuring air pressure, air temperature, relative humidity and wind speed and direction.  Signals from the radiosonde are received and recorded at a ground station.

Weather balloons can travel up in the atmosphere 10,000m to 30,000m before they burst, depending on the type and size of the balloon.  A parachute carries the radiosonde back to Earth.  Radiosondes carry a label that tells anyone who finds one how to return to the National Weather Service.  Most radiosondes aren’t returned however, because they are rarely found.  

The National Weather Service sends up weather balloons from 108 sites across the United States twice every day.  The launches are coordinated by the World Meteorological Organization (WMO).  The WMO is part of the United Nations.  Balloons are released at the same time all over the world at midnight and noon Universal Time Coordinated (UTC), which is measured at Greenwich, England.  So some places may be sending up balloons at 4a.m. and 4p.m. local time (Portland, OR for instance) and others at different local times.

Investigation 7 Water Cycle
70 percent of the Earth’s surface is covered in water.  

Most of the fresh water on Earth is found in glaciers and icecaps.

The water cycle is really so much more than a puddle evaporating and raining again.  A water molecule can travel to several locations including ground water, glacier, soil, plants and animals.  It is not unusual for a water molecule to be “trapped” in one particular area for a long period of time.
Investigation 8 Air Pressure and Wind Part 1
The barometer we have been using measures atmospheric pressure.  The prefix baro- means pressure, and the suffix –meter means measure.  In meteorology air pressure is measured in bars.  A bar is equal to the pressure exerted by the air in the atmosphere at sea level.  The unit usually use to measure atmospheric pressure is the millibar, it is equal to 1/1000 of a bar.  Average sea-level air pressure is 1013 mb.

· Pressure exerted on a gas reduces its volume and increases its density.

· When you apply pressure to a system gases are compressed.
 Investigation 8 Part 2
Wind Concepts

· Differential heating and cooling affects energy transfer to and from the atmosphere.

· Warm air expands and is less dense.  Cold air contracts and is more dense. 

· Rising warm air and sinking cold air produce convection currents.  

· Dense air produces high-pressure areas; less-dense air produces low-pressure areas.

· Differences in atmospheric pressure cause air to move.

· Air moving across Earth’s surface is wind.

Breezes

· Sea breezes usually occur during the day.  Land heats up faster than water the air above the land expands, becoming less dense.  Cool air over the water moves in to replace the warm air.   This creates a sea breeze.

· Land breezes usually occur at night when air over cooler land flows toward warmer water, pushing the warmer water, pushing the warm air upward.

· Valley breezes occur during the day when air heats over the mountains and rises.  The air flows up along the mountains, creating a breeze that comes from the valley.  

· Mountain breezes occur at night when air cools high in the mountains and sinks into the valleys.
Investigation 8 Part 4

· The numbers represent atmospheric pressure measured in millibars.  The pressure varies from place to place across the U.S.

· The lines meandering across the U.S. are isobars (iso = same; bar = pressure).  The isobars connect all the recording stations where the atmospheric pressure is the same.   Meteorologists know the pressures at the recording stations and estimate where to drawn the lines between stations.

· To find out what the pressure is on any isobar, follow the line until you come to a number.

· The letters H and L on the map show where the pressure is highest and lowest in a region.  The numbers on the isobars moving away from an H get smaller, and the numbers on the isobars moving away from an L get larger.

When you see areas of high pressure and low pressure on a weather map, think about what happens to balance the differences.  Air flows from areas of high pressure toward areas of low pressure.  This air movement is called wind. 

Investigation 9 Weather & Climate Part 1

The troposphere review:

· It is the atmospheric layer closest to Earth's surface.  

· It is about 10 to 24 km (6-15 miles) thick.

· It contains most of the dust, water vapor, and clouds in the atmosphere.

· It is the densest layer of the atmosphere, containing about 80% of the atmosphere's mass. 

· It has the greatest variation in temperature, humidity and pressure.

Sometimes a large mass of air stays over a portion of Earth's surface for a long time and doesn’t move.  Meteorologists call this stagnant air.  

Stagnant air can form over any part of the earth, but usually forms over areas with uniform surfaces with few mountains.  These areas are called source regions.  As the air stagnates, it changes.  The kinds of changes depend on the type of surface below the air.  

· Meteorologists have a word for these large bodies of air that stagnate over Earth's surface.  They are air masses.  Air masses are large, thick bodies of air that are uniform in temperature and humidity.  Air masses can be hundreds or thousands of kilometers across.  And air masses can extend up to the top of the troposphere, 10-13 km (6-8 miles) above Earth's surface.  

· Meteorologists name air masses for their source regions.  

· An air mass forming over the Gulf of Mexico is called maritime tropical air mass, because it forms over tropical waters.  Maritime means anything to do with oceans or seas.

The cool, dry air mass is a continental polar air mass - continental because it is forming over land and polar because it is in the cold, polar latitudes.  

· The plastic bag acts like Earth's surface.  It absorbs radiant energy from the Sun and transfers it to the air in the bag.  The air in the bag expands, becoming less dense.  This is similar to how warm air masses form over heated surface of Earth.

· The plastic bag traps the warm air inside.  Real air masses don't have membranes around them, but they do tend to stay contained, almost as if there were a membrane holding them together.  

· The plastic bag tends to rise when cooler, denser air pushes on it.  This is similar to the meeting of a warm air mass and a cold air mass.

· The plastic bag is tiny compared to a real air mass.   The bag is easily blown around this way and that.  Real air masses move quite slowly in response to global winds and huge pressure changes.
Investigation 9 Part 2

Air Mass Review

· Air masses are large, thick bodies of air that have uniform temperature and humidity.

· Air masses have distinct boundaries and may cover hundreds or thousands of kilometers of Earth’s 
       surface.

· Air masses can reach the top of the troposphere about 10-13 km (6-8 miles) above Earth’s surface.

· The names of air masses reflect their source regions, e.g. maritime polar, continental tropical.
Air Masses

· Air masses don’t stay in one place forever.  After awhile, differences in air pressure between two      

       locations move air masses from high-pressure areas to areas of relatively low pressure.

· In North America, cold air masses originate in the north and move south and east across the United  States.  

· Warm air masses that originate in the tropics move north and east. 

· This movement presents the opportunity for air masses of different temperatures and humidity to 

       collide.

Meeting of Air Masses

What do you think would happen if two air masses were put into a bottle?

Why would the tropical air mass form a layer on top of the polar air mass?

 Gases and liquids are both fluids, so they behave the same in some ways.  We can put two liquids in the jar and observe how they interact.  These two liquids have different densities.  Suppose we use this bottle as a model to show what happens when a cold air mass and warm air mass meet.

When two air masses meet, a boundary forms between them like the one you see between the two liquids in a bottle.  There is little mixing between the two air masses each keeps its identity.  The boundary between the air masses is called a front.
The name front was used after World War I when Norwegian meteorologists compared their observations of the interactions between air masses to what they saw happen in battles during war.  The zone where two opposing armies clashed is called a battle front.  When the contact zone between two air masses passes over, it seems like a battle because violent weather changes often occur.

Both warm air masses and cold air masses move eastward across the U.S. most of the time.  Because some air masses move faster than others, they can collide when one overtakes another.  The collision creates a front where the two air masses make contact. 

The front takes the name of the air mass that is moving faster and overtakes a slower air mass.  When a cold air mass overtakes a warm air mass, the boundary between them is a cold front.  If a warm air mass overtakes a cold air mass, the boundary is a warm front.
Meteorologists have identified typical types of weather that happen when two air masses meet and create a front. 

When a cold air mass overtakes a warm air mass, the cold air plows under the warm air mass.  The warm air is pushed upward.  The area where the two air masses meet is the cold front.  The warm air flows over the top of the front edge of the moving cold mass.

The effects of a passing cold front happen relatively fast.  Unless the warm air very dry, clouds form.  Rain or snow can fall.  The clouds can grow into thunderstorms, producing lighting and even hail.  Observers on the ground usually feel a distinct drop in temperature.  Barometric pressure increases.

When a warm air mass overtakes a cold air mass, the warm air slides up over the cold air at a gentle slope.  The warm-front boundary at the ground can be hundreds of kilometers behind the boundary above the ground.

The effects of a passing warm front usually happen over longer periods of time than a cold front.  Wispy cirrus clouds high in the sky may be the first sign of an approaching warm front.  These clouds are followed by a typical pattern of clouds:  cumulostratus, altostratus, nimbostratus, stratus, and possibly fog.

 As a warm front moves toward an observer: 

· air pressure usually decreases, 

· the temperature rises at the surface

· dew point rises steadily 

· clouds thicken and lower  

· Rain, snow, sleet, or freezing rain can begin falling.  

Meteorologists receive weather observations from stations all over the United States and the world to help them make weather forecasts.  These observations are called surface observations.  These observations include reading for temperature, humidity, air pressure, wind speed and directions, cloud cover and types, and precipitation type and amounts.  Computers help plot the information on maps, which meteorologists analyze for their forecasts.
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Investigation 9 Part 3

Weather is the condition of the atmosphere over a short period of time and can change hour by hour and day by day.

Climate is the average weather condition over a long time.

Investigation 9 Part 4

One concern of scientists is the possibility that Earth is warming.  They have found that, over the past 100 years, Earth’s average air temperature has risen over 0.6oC.  That may not sound like much, but four of the warmest years in the 20th century occurred in the 1990s.  Scientists don’t think it takes much change in the average temperature of Earth to cause big changes in the environment
WHAT IS GLOBAL WARMING?
Carbon dioxide and other gases warm the surface of the planet naturally by trapping solar heat in the atmosphere. This is a good thing because it keeps our planet habitable. However, by burning fossil fuels such as coal, gas and oil and clearing forests we have dramatically increased the amount of carbon dioxide in the Earth’s atmosphere and temperatures are rising. 
The vast majority of scientists agree that global warming is real, it’s already happening and that it is the result of our activities and not a natural occurrence.1 The evidence is overwhelming and undeniable.
We’re already seeing changes. Glaciers are melting, plants and animals are being forced from their habitat, and the number of severe storms and droughts is increasing. 
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	The number of Category 4 and 5 hurricanes has almost doubled in the last 30 years.2
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	Malaria has spread to higher altitudes in places like the Colombian Andes, 7,000 feet above sea level.3
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	The flow of ice from glaciers in Greenland has more than doubled over the past decade.4

	[image: image7.jpg]



	At least 279 species of plants and animals are already responding to global warming, moving closer to the poles.5


Weather and Water Final Exam Study Guide

1. Weather:  The condition of the Earth’s atmosphere at a given time and place.

2. Meteorologist: A person who studies weather.

3. Atmosphere:  Layer of gases surrounding the Earth.

4. Molecule of Water:  A molecule is a group of atoms that have joined together to make a larger object.  Molecules are in constant motion.  A molecule of water is the smallest particle of matter that can still be considered water.

5. Properties:

· Air can be compressed.

· Air is a mixture of oxygen and nitrogen.  There are also a trace amount other gases, but these two gases make up 99% of the gases in air.

· Air has mass and takes up space.

6. Tilt of Earth and its effects on weather:

· Earth is tilted at an angle of 23.5o.

· The North Pole is always pointed towards the North Star.

· Tilt is towards the sun in the summer; away from the sun in the winter.

· Equator receives the most direct sunlight all year around.

· Solar angle is the angle at which sunlight strikes the Earth, and is a factor when considering the amount of solar energy that falls on different parts of Earth.

7. Heating by Radiation:  

· Radiant energy from the sun is the source of energy to heat the molecules in the atmosphere.

· Some radiant energy is absorbed by air molecules directly.  

· Some radiant energy is absorbed by the land and water directly.

· All objects that are heated by radiation receive heat energy from a radiant source.

8. Heating by Conduction:

· Heat is transferred from the direct contact of two different molecules (land/air, air/air, land/land) with different amounts of heat energy.

· Heat has to move from warmer molecules to cooler molecules.

9. Heating by Convection:

· Energy from heat source transfers to air by radiation and conduction.

· Warm air expands and becomes less dense.

· Light, warm air rises.

· Rising air cools and becomes denser.

· Cool dense air sinks.

· Rising and sinking air circulates in a convection cell.

10. Density is equal to the mass of an object divided by the volume that same object takes up (D=M/V).  Volume is the space occupied by an object.  Mass is the amount of matter an object is made of.

11. Saturation:  Air is said to be saturated when it is holding as much water vapor as it possibly can.

· Air at different temperatures can hold different amounts of water vapor.  

· The warmer the air temperature is, the more water vapor it can hold.

· When temperatures drop, saturated air will have to lose water vapor.  This is done by condensation.  Water vapor will condense back to water.  This can be seen when it snows, rains, it is foggy, water condenses on the outside of a glass of water, it can condense on the mirror during a shower, etc…

· When temperatures increase, water will go from liquid back to gas (evaporation).

12. Humidity:  Water vapor in the air

Dew point:  The temperature at which the amount of water vapor in a volume of air is enough to saturate the air.

13. Cloud Formation:

· Energy transfers to water.  

· Water turns to vapor and is transferred to the air.  

· Humid air is lifted into the atmosphere, cooling as it rises.

· Air cools to the dew point (it is saturated).

· Water vapor condenses on surfaces of condensation nuclei.

· Condensed water droplets form clouds.

14. Water sources on Earth:

· Saltwater- Seas and oceans (97.2% of water on Earth)

· Freshwater- rain, glaciers, clouds, snow, hail, frost, groundwater, lakes, rivers, streams, ponds.

15. Water Cycle:  Water evaporates from oceans, plants, animals, glaciers, swamps, and so forth (evaporation).  The vapor rises in the atmosphere until it reaches the dew point, at which temperature it condenses (condensation).  The water falls back to Earth as rain or snow (precipitation).  It might fall on the ocean, a lake or river, the land, an ice cap, a desert, a plant, or something else.  Eventually, the water will evaporate again, form a cloud, and be distributed somewhere else.

16.   Air Pressure:  As pressure increases, volumes of air decrease, and temperature and density increases.

17. Breezes (Local Winds):

· Breezes are named for where the wind starts blowing.

· Air moves from areas of high pressure to areas of low pressure.

18. Differential Heating:

· Different objects on Earth heat up at different rates.

· These differences in heat create different areas of pressure.

· Differences in pressure cause air to move from high pressure areas to low pressure areas.

19. Air Masses:  Large bodies of air with the same temperature, moisture, and pressure.

20. Fronts:  Boundaries that separate air masses with different temperature, moisture, and pressure.

Solar energy is most intense during the middle of the day in the region of the tropics.  Energy is least intense in the morning and evening and extreme north and south regions of the planet.





The greater the solar angle, the greater the density of radiant energy.  Light shining from directly above is most intense; light coming from an angle is less intense.





Meteorologists use a special code or symbol to represent weather data on a map. This is what a typical symbol looks like.  Each part of this symbol includes information about a particular weather observation that you can read if you know the code.





The number in the upper left corner represents temperature.  In this sample the temperature was 52oF.


Temperature in the U.S. is usually reported in degrees Fahrenheit.  The number in the lower left corner is dew point.  The dew point is 38oF in this sample.   The number in the upper right corner is air pressure.  The measurement is in millibars, but it is written as an abbreviation.  The millibars are written out to a tenth of a millibar.  Then the first two numerals are dropped and the decimal point is removes to shorten the number.  1003.5 = 035





The circle in the middle gives information about cloud cover.  The more filled-in the circle, the more cloud cover there is.  If the circle is white, there is not cloud cover, or the sky is clear.  In this sample the whole circle is black, indicting that the sky is overcast, or completely covered with clouds.  


If there is precipitation of any kind, a symbol is placed between the temperature and dew-point reading on the left.  In this sample, there is light rain, which is indicated by two small dots.





Wind speed and direction are shown by the line or staff, extending from the circle.  The direction the staff points shows the direction from which the wind is blowing.





The short lines, called barbs, at the end of the staff indicate wind speed.  Each short barb equals 5 knots; each long barb equals 10 knots.  In this sample, two long barbs and one short barb indicate 25 knots.  A knot is equal to 6076 feet per hour, about 1.2 miles per hour.














