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Concepts addressed: 
Earth Science  
 

Earth Science includes the fields of geology, oceanography, meteorology, and astronomy.  

• Geology is the study of processes operating inside or on the surface of the Earth.  
• Oceanography, the study of the ocean, is not a distinct branch of science as the other three are 

because it involves chemistry, biology, and geology, to name a few.  
• Meteorology is the study of the atmosphere and the processes that produce climate and weather.  
• Astronomy is the study of the universe.  

Modem science views Earth as a huge multi-dimensional system with complex interrelated parts and 
processes. When looking at the four spheres that make up the Earth system; when we study the 
hydrosphere, atmosphere, biosphere, and geosphere, we need to keep in mind that although we may 
study one aspect in depth, all the spheres are related.  

This review will cover main concepts in meteorology, geology, and astronomy. Portions of 
oceanography will be included in both the meteorology and geology sections.  

The Earth System  

Structure And Properties Of Solid Earth  

Earth's interior is characterized by an increase in temperature, pressure, and density with increasing 
depth. The further the distance below the surface, the higher the temperature gets, the greater the 
amount of pressure, and the greater the general density of the materials. Much of what is understood 
about Earth's interior is the result of the study of earthquakes in recent years.  

Earth's Internal Structure  

Earth has a radius of about 6400 km and a concentric shell-like structure. At the center is a dense 
core with a diameter of about 3500 km composed mostly of nickel and iron. The inner part of the 
core is solid, with a density approaching 14 times that of water; the outer is liquid. Currents in the 
liquid outer core produce the Earth's magnetic field. Surrounding the core is a rocky mantle with a 
thickness of about 2900 km, and above that is a rocky crust that ranges in thickness from about 5 to 
100 km. The atmosphere surrounding the solid Earth is about 200 km thick, although it has no 
distinct outer limit.  



 

Crust 0-100 km thick  

Lithosphere (Crust and upper- most solid mantle)  

Not to scale  

From http://pubs.usgs.gov/publications/text/inside.html  

 

The Major Layers of Earth  

Earth can be divided into layers based on either composition or physical properties. The layers 
segregated by composition are the crust, mantle, and core as described above. The layers of Earth 
based on physical properties are related to temperature, pressure, and density. The uppermost layer 
based on physical properties consists of the crust and upper mantle. It is called the lithosphere, ranges 
in depth from a few kilometers to over 250 kilometers, and is relatively cool and rigid. The 
asthenosphere lies beneath the lithosphere and is a soft, relatively weak layer. The top portion has 
temperatures and pressures that result in a small degree of melting, which allows the plates of the 
lithosphere to move according to the theory of plate tectonics, described below. In the lower mantle, 
below the asthenosphere, pressure strengthens the rocks, but a small degree of melting occurs. The 
outer core is a semi-liquid layer; the movement here generates the Earth's magnetic field. The inner 
core is a sphere with a radius of about 1,200 kilometers, and behaves like a solid because of extreme 
pressure and temperatures.  

Plate Tectonics  
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The outer part of the Earth, the lithosphere, consists of a small number of large, thin, rigid plates that 
move with respect to each other at rates from nearly zero to ten centimeters per year. The sections are 
called plates because their vertical dimensions are small compared to their horizontal dimensions, 
like a dinner plate. The plates move on the asthenosphere, which is partially liquid. The major plates 
are the North American, South American, Eurasian, African, Indian, Australian, Pacific, and 
Antarctic. Volcanoes and earthquakes occur along the boundaries between the plates. There are three 
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basic types:  

• Divergent boundaries, like the Mid-Atlantic ridge, where two plates move away from each other 
and new plate is created at the ridges;  

• Convergent boundaries, like the Japan Trench, where two plates move toward each other and one 
may sink beneath the other at an oceanic trench or subduction zone, or a plate with continental 
crust as its upper part may collide with another plate with continental crust, like the Himalayan 
Mountains, thereby creating a fold mountain range where the two collide 

• Transform faults where two plates slide past one another and lithosphere is neither created nor 
destroyed.  

 

The Three Major Types of Rocks  

The Rock Cycle  

The rock cycle shows the relationships between many aspects of the geosphere. It explains the origin 
of igneous, sedimentary, and metamorphic rocks. Igneous rocks form when magma, molten material 
from Earth's mantle and lower crust, cools either at the surface or below the surface. When this rock 
is exposed at the surface, it undergoes weathering which slowly disintegrates the material. The 
resulting sediment can be deposited and lithified (converted to rock) into sedimentary rock when 
compacted by layers of overlaid material. If this material is buried deep within the Earth, it is 
subjected to great pressure and intense heat, and is changed into metamorphic rock. If it is buried 
even deeper, it will melt and form magma, returning the rock to the beginning of the cycle. Rock can 
take alternative paths than those described above. If metamorphic rock is exposed at the surface, it 
weathers and forms sediment. Igneous rocks may not be exposed, but instead by metamorphosed. 
Sedimentary rock can weather to form sediment.  

The Rock Cycle - Weathering  

Transportation 

Deposition  

 ,  Uplift and Exposure  

Sediments  



 

From http://science.cc.uwfedu/sh/curr/rockcyc/rockcyc.htm  

Igneous Rocks  

Igneous rocks form by the cooling and solidifying of molten material called magma (when it occurs 
inside the Earth) or lava (when it flows out on the surface). When magma approaches the surface, 
water, carbon dioxide, and sulfur dioxide emerge from within the magma and escape to the 
atmosphere. The pressure of these materials sometimes produces intense explosions and may throw 
large quantities of material into the atmosphere.  

One of the most important factors that control the texture, that is, the size and arrangement of grains 
in the rock, is the rate at which the magma or lava cools. If the magma cools relatively slowly deep 
underground, large grains have an opportunity to grow and a coarse-grained rock like granite is 
formed. If the magma either gets near the surface, or actually flows out on the surface, the lava cools 
rapidly and only small grains get a chance to form, thereby producing fine-grained rocks like basalt. 
In some cases, it may cool so rapidly that no crystals get a chance to grow and a volcanic glass like 
obsidian is formed. Igneous rocks are classified based on their texture, chiefly grain size, and their 
mineralogical composition.  

Some igneous rocks solidify beneath the surface when magma is intruded into existing rocks, 
forming various kinds of bodies. Veins are formed when magma fills small cracks in host rock. In 
places such as the Homestake Mine in Lead, SD, these veins contain gold and other precious metals. 
Batholiths, large bodies of igneous rock formed deep in the Earth, like the Black Hills are formed 
when very large masses of magma are intruded at depth. Smaller bodies of magma called laccoliths, 
form landmarks such as Devil's Tower.  

Sedimentary Rocks  

About 75% of all rock outcrops on Earth's surface are sedimentary, although in overall volume, they 
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make up a small portion of Earth's crust. They provide geologists with many clues about Earth's 
history.  

Sedimentary rocks can form from particles of weathered material; these are called detrital 
sedimentary rocks. Detrital rocks are those formed from the accumulation of material. Sandstone and 
shale form when particles of sand (sandstone) or mud (shale) are cemented together. They are 
grouped by particle size.  

Sedimentary rocks can also form from material produced by chemical weathering.  

Chemical sedimentary rocks include limestone, which contains calcite, or calcium carbonate. The 
calcium comes from the bones of animals that die and sink to the bottom of the water. The carbon 
dioxide comes from their exhalations. The C02 and calcium react and precipitate to the bottom where 
they lithify and form rocks after being compressed. Some sedimentary rocks are evaporates, such as 
rock salt and gypsum, which are formed when minerals precipitate out of water. Gypsum is the main 
ingredient in sheetrock.  

Biological sedimentary rocks form when parts of plants or animals either form rock directly, as in the 
case of the limestone in coral reefs, or when accumulations of organic materials are lithified into 
coal.  

Metamorphic Rocks  

Metamorphism means to change form. It takes existing rock and subjects it to temperatures and 
pressures unlike those in which it was formed. They often form at converging or transforming plate 
boundaries.  

Many mountain belts are largely composed of metamorphic rocks, when the whole chain of 
mountains was subjected to high heat and pressure. To find them in formations, look for rocks that 
aren't layered. Metamorphic rocks have been heated and squeezed until the minerals totally realigned.  

Examples of metamorphic rocks include marble, formed from limestone, and quartzite, formed from 
quartz sandstone, both sedimentary rocks. Foliated, or layered or banded, metamorphic rocks include 
slate, phyllite, schist, and gneiss. The parent, or original rock, for this group is shale. If shale is 
exposed to low levels of metamorphism, it forms slate, as the levels of metamorphism increase it 
forms phyllite, then schist, and finally gneiss.  

How Soil Is Formed  

Soil is a material that forms at Earth's surface and consists of weathered bedrock, plant and animal 
material, air, and water in varying proportions. The importance of soil to human life cannot be 
exaggerated since the continued existence of the terrestrial biosphere depends almost totally on the 
soil. Five principal factors control the formation and continued existence of soil:  

• Parent material is the surface bedrock and transported sediment, the source of the weathered 
material in soil.  

• Climate includes temperature and precipitation as the most important factors in soil formation 
because they control both chemical and physical weathering and exert such a strong influence on 
organic activity.  

• Organic activity derived from plants as well as burrowing animals and microorganisms play an 
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important role. Plants supply most of the organic material to soil. The end product of organic 
activity is a material called humus.  

• Soil requires time to form and develop, and soil formation, like many geological processes, is 
relatively slow. As a rule, older soils tend to be thicker and better developed.  

• The slope of the surface on which soil develops determines moisture content and rate of erosion, 
both of which are important to soil development. Slope direction also plays an important role in 
the amount of solar radiation a soil receives. Poleward-facing slopes generally receive less 
radiation, and tend to be both wetter and colder, both of which are important factors in plant 
growth.  

Minerals  

Earth's crust and oceans contain many useful minerals. Some common ones that we use every day 
include aluminum, copper, and graphite (in pencils). Characteristics of minerals include:  

• They must occur naturally, formed by natural geologic processes.  
• They must be inorganic. Salt is the mineral halite; sugar is organic since it comes from sugar 

cane or sugar beets.  
• They must be solid in ordinary conditions on Earth.  
• They must possess an orderly internal structure; the atoms must be in a definite pattern.  

This characteristic makes them a crystal.  

• They must have a definite chemical composition. Most minerals are chemical compounds made 
up of two of more elements; such as quartz with is silicon dioxide, or Si02•  

Common Minerals and Their Uses  

Over 4,000 minerals have been identified. Feldspars are the most common group, comprising over 
50% of Earth's crust. Quartz is the second most abundant mineral. Calcite is the major mineral in 
limestone and marble, two important building materials. Limestone is used in making cement. 
Marble is used in building construction and for decoration. Gypsum is used to make sheetrock. Some 
are considered precious gems, such as diamonds and opals, or semiprecious gems, such as garnets 
and topaz.  

Rocks  

Rocks are any solid mass of mineral mater that occurs naturally. Most contain several minerals. 
Granite is a rock that contains quartz, hornblende, and feldspar, three common minerals.  

Processes of the Solid Earth  

Weathering  

Weathering occurs all around us, but because it is such a slow process, we don't always notice its 
effects. All materials are susceptible to weathering, which is the physical breakdown of rock into 
smaller pieces or the chemical decomposition of rock into different materials, taking place at or near 
Earth's surface.  
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Erosion  

The major erosional agents are running water, wind, glacial ice, and waves. Signs of running water 
can be found almost everywhere on land, even in regions that are extremely dry. Some of Earth's 
most impressive topographic features, such as the Grand Canyon, were carved by running water, and 
streams transport most of the sediment that reaches the world's oceans. Erosion and transportation 
involve the removal of material from one location, its movement to another area by agents such as 
wind, running water, and glacial flow, and its deposition in the new area. Winds carry large amounts 
of material such as fine sand, silt, and dust. Because the volume of moving air is so great, because the 
velocities are relatively high, and because the wind can move over most topographic features, it can 
carry large amounts of material. For example, dust storms from the Sahara often carry fine material 
far out into and even across the Atlantic Ocean to North America.  

Glaciers are extremely powerful agents of erosion and transportation. They can carry extremely large 
pieces of rock and large quantities of sediment very long distances, even though they do so very 
slowly.  

Deposition  

Sediments form by the decomposition and disintegration of rock when it is exposed to the chemical 
action of water and the physical wear and tear that occurs at the surface. Sediments usually 
accumulate in distinct environments; and each has its own characteristics.  

Swamps typically accumulate organic matter because there is insufficient oxygen in the water to 
oxidize all of the organic matter. This organic matter may then turn into peat, then lignite and then 
bituminous coal if it is buried sufficiently deeply.  

Lakes may accumulate finely laminated clay. Sand may accumulate on their margins. In arid regions, 
lakes that evaporate a great deal of water may accumulate evaporite deposits of salt or gypsum.  

Flood plains accumulate a variety of sediments, such as channel and point bar sands, flood plain silt, 
or fine mud mixed with organic matter in back swamps.  

Deltas, which form where streams enter standing bodies of water, typically accumulate alternating 
sand and fine mud mixed with organic matter. The coarseness and pattern of the deposits depends on 
whether the deltaic environment is dominated by tides, waves, or stream currents.  

Continental shelves on the edge of continents under the ocean may accumulate various kinds of 
sediment, ranging from extensive sheets of sand, or mud. Abyssal plains on the ocean floor typically 
accumulate fine red or brown mud and are incredibly flat.  

Volcanoes  

Volcanoes are mountains formed by lava and other materials. Geologists have learned much about 
the interior of the Earth by studying volcanoes because they extrude molten rock that formed at great 
depth in the interior. Most form in particular relationship to plate tectonics. Subduction zone 
volcanoes develop when lithosphere slabs sink into the mantle and lower melting-point materials are 
melted and rise to the surface forming chains of explosive volcanoes like the Cascade volcanoes of 
the northwestern United States. Spreading center volcanoes form when magma is extruded at oceanic 
ridges, for example in Iceland. Hot-spot volcanoes, like Mauna Loa and the Yellowstone volcanoes, 
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form when lithosphere moves across plumes of magma that come from deep in the mantle, perhaps 
as deep as the core-mantle boundary.  

Some deep-seated volcanic activity occurs within plates. For example, the Hawaiian chain of 
volcanoes, volcanic islands, and submerged volcanic seamounts clearly marks the passage of the 
Pacific plate across a deep-seated volcanic source because the lavas in the northwestern part of this 
chain are much older than those of the southeast.  

Ring of Fire  

Most of Earth's composite cone volcanoes are located in a narrow circular pattern that follows the 
Pacific Rim, appropriately called the Ring of Fire. This ring of volcanoes includes those along the 
west coast of North and South America, along the Aleutian Islands to Japan and the Philippines and 
stretching to New Zealand.  

Earthquakes  

Earthquakes are vibrations of the Earth produced by the rapid release of elastic energy in rock that 
has been subjected to great stress. There are two general kinds of earthquake, or seismic waves: body 
waves and surface waves. Surface waves travel near the surface of the solid Earth and do not 
penetrate the interior as body waves do. They also travel more slowly and arrive at seismographs 
after body waves. Body waves travel through the interior or body of the earth. There are two types of 
body waves: primary waves (actually, sound waves) travel faster than other kinds of seismic waves 
arrive at seismographs first; and secondary waves arrive at seismographs later. Primary waves can 
travel through both solids and liquids; secondary waves can travel only through solid material.  

The magnitude of earthquakes can be determined by recording the maximum scale reading that an 
earthquake creates on a seismogram and using that value plus the distance to the epicenter to 
determine its Richter magnitude. Richter magnitudes range from less than zero to more than nine. 
The Richter scale is an exponential scale, that is, a magnitude 7 earthquake is much bigger than a 
magnitude 6 quake because it represents a ten times greater seismic wave amplitude and an energy 
release that is 30 times greater. Richter magnitudes do not vary with distance from the epicenter.  

Earth History  

Origin of the Earth  

The Earth formed at the same time as the rest of the solar system by the aggregation of pieces of gas, 
dust, rock, and metal, and later by the in fall of both large and small fragments of material, including 
comets and meteorites. At one stage, very early in its history, Earth seems to have been struck by a 
Mars-sized body, which blasted out a large amount of material that eventually formed the Moon. The 
heat of impacts and contraction melted the Earth and allowed it to differentiate, with the densest 
material sinking to form the core and mantle. An intense solar wind from the newly formed Sun 
swept away Earth's early atmosphere.  

The present atmosphere and hydrosphere formed mostly by degassing from volcanoes of the solid 
Earth. When plant life developed, it contributed oxygen to the atmosphere. This picture of the origin 
of the Universe is called the Big Bang Theory. The best current estimates of the age of the Universe 
is somewhere in the range of 12 to 15 billion years.  
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Paleontology  

Paleontology is the systemic study of fossils and the history of life on Earth. Fossils tell us about the 
age of rocks, the conditions at the time the fossils lived, the history of life on Earth, the environments 
in which they were deposited, and the history of continental arrangements over time. Fossils tell us 
that life originated on earth at least 3.5 billion years ago.  

Fossils  

Fossils are traces of past life found mostly in sedimentary rocks. These traces are of several types:  

• Sometimes the original material of organisms is preserved. Hard parts like bone, teeth, shells, 
and exoskeletons are most often preserved. Soft parts are occasionally preserved in the form of 
carbon films, or when organisms are frozen, or preserved in amber.  

• Other material may replace material that was once living, as with silica in the case of petrified 
wood.  

• When shells are buried, the shell is subsequently dissolved leaving a cavity that has the shape of 
the original shell. Such fossils are called molds. If the mold is later filled with other material, it 
is called a cast.  

• Traces of organisms are preserved in the form of burrows, footprints, or feeding tracks.  
• In other cases, the organism itself is not preserved, but fossil dung is preserved in the form of 

coprolites, or polished stomach stones are preserved as what are called gastroliths.  

The Rock Record  

Uniformitarianism is the concept that the processes that have shaped Earth in the geologic past are 
operating in much the same fashion today. Much of our understanding of Earth's past is based on this 
concept.  

There are two broad methods of determining geological age: relative dating methods and absolute 
dating methods. Relative dating methods allow one to determine only whether one geological event 
occurred before or after another. Absolute dating methods allow one to determine how many years 
ago a given event occurred or how old a mass of rock is in years. The relative dating methods were 
developed in the late 18th and early 19th century and are still widely used. Absolute dating methods 
were first developed in the early 20th century and are widely used today. The two kinds of dating are 
complimentary, and can be used as a check on one another.  

Relative Dating Methods  

• Superposition - Perhaps the oldest relative dating method involves use of the law of 
superposition, which says that in any sequence of undisturbed sedimentary beds or lava flows or 
ash falls or flows, the ones on the bottom are the oldest. This rule was and is especially useful in 
determining the relative ages of fossils.  

• Original horizontality - Layers of sediment are generally deposited in layers.  
• Crosscutting relationships - If a fault or a mass of rock cuts across another fault or mass of rock, 

then those that are cut are older.  
• Inclusions - If a mass of rock contains pebbles or larger pieces of rock, the included material is 

older.  
• Index fossils - Ages of sedimentary beds can be determined by the ages of its fossils if the ages 
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of those fossils are known. Index fossils are from plants and animals that live for a relatively 
short period.  

• Unconformities are surfaces that separate rocks of different ages. The surface of separation 
marks a time of erosion or non-deposition. In some cases, the surface represents hundreds of 
millions or even billions of years of missing time.  

Geologic Time Scale  

The age of the Earth is believed to be 4.6 billion years, according to geologists. Geologic time is 
organized into four major eons or eras:  

• Precambrian Eon (4.6 to 0.54 billion years ago): Earliest forms of life such as bacteria and blue-
green algae appeared during this time. Later, invertebrates such as jellyfish appeared.  

• Paleozoic Era (540 to 248 million years ago): Pangaea was formed; invertebrate life, such as 
trilobites, developed early in this era, followed by amphibians, and the beginnings of reptiles. 
This era includes the development of insects, amphibians, and the beginnings of reptilesas well 
as the development of simple plants, such as mosses and ferns). It was ended by the greatest 
mass extinction of all.  

• Mesozoic Era (248 to 65 million years ago): Pangaea broke up during this Era and the continents 
started moving to their current positions. This is knows as the age of reptiles, in which dinosaurs, 
flowering plants, small mammals and birds all thrived. It was ended by a great mass extinction 
that killed of the dinosaurs and many other organisms, caused by a meteorite striking the 
Yucatan Peninsula.  

• Cenozoic Era (65 million years ago to the present): This Era is known for Ice Ages, mammoths, 
and the gradual development of mammals, birds and other animals recognizable today, including 
humans, flowering plants, forest, and grasslands.  

Kinetic Theory and States of Matter  

Kinetic Molecular Theory  

Kinetic energy is energy that an object has because of its motion. The Kinetic Molecular Theory 
explains the forces between molecules and the energy that they possess. This theory is based on three 
theories about matter.  

• Matter is composed of small particles (atoms, molecules, and ions).  

• The space the molecules occupy (volume) depends on the space between the molecules and not the 
space the molecules occupy themselves.  

• The molecules are in constant motion. This motion is different for each of the three states of matter. 
They are colliding with each other and the walls of their container. When the molecules collide with 
each other, or with the walls of a container, there is no significant loss of energy. Absolute zero is the 
temperature used to describe when all movement is as slow as it can possibly be.  

Temperature is the term used to explain how hot or cold an object is. Temperature is the average 
kinetic energy of particles in the substance. Water molecules at 0° C. lave lower kinetic energy than 
water at 100° C.  

States of Matter  
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Solid - Molecules are held  Liquid - Molecules will flow  Gas - Molecules are in  
Close to each other by their  Or glide over one another, but  continual straight-line motion.  
attractions of charge. They  stay toward the bottom of the  The kinetic energy of the  
will bend and/or vibrate, but  container. Motion is a bit  molecule is greater than the  
will stay in close proximity.  more random than that of a  attractive force between them,  
The molecules have an  solid. They have enough  thus they are much farther  
ordered arrangement.  kinetic energy to slip out of  apart and move freely of each  
 the ordered arrangement of a  other.  
 solid .    

Mass, Volume, and Density  

Mass is the measure of the heaviness of a substance, usually is weighed in grams. The characteristics 
of atoms in the material determine the mass. The more tightly packed they are, the greater the mass; 
and the larger the atomic number, or the atomic mass, the greater the mass of the substance. 
Hydrogen, number 2 on the periodic chart, has an atomic mass of 4, because it has 2 protons and 2 
neutrons in its nucleus. Gold has an atomic mass of 197, so each atom is much heavier. Mass is often 
referred to as weight. To distinguish between mass and weight, think of a lump of gold both here and 
on the moon. It would have the same mass in both places, but would weigh less on the moon because 
its gravity is about 1/6 of Earth's.  

The volume of a substance is the three-dimensional space it occupies. It is measured in cubic 
centimeters or millimeters. One cubic centimeter equals 1 millimeter. When scientists set up the 
metric system, they set those quantities up that way to make science easier.  

Density is the ratio of mass to volume. To determine the density of a substance, divide its mass 
by its volume. Water has a density of about I, and objects that sink in water, such as steel, have a 
higher density. In contrast, steel's density is about 8.  

Phase Changes or Changes of State  

The process of changing state requires that energy by absorbed or released. It is usually 
measured in calories. One calorie is the amount of heat required to raise the temperature of 1 
gram of water 1 degree C.  

Water  

The range of temperatures found on Earth's surface and the physical properties of water allow water 
to occur commonly and in abundance in all three phases: solid, liquid, and gas. Phase changes 
usually refer to the changes of state of water on Earth.  

Processes to Change the State of Water  

• Evaporation is the process in which a liquid is changed to gas. Water can change from liquid to 
vapor only when energy is available. Evaporation requires energy, usually in the form of heat in 
the atmosphere. When you take energy from an object, it gets cooler. The heat energy went into 
the water molecules and caused them to speed up and evaporate. When water evaporates from a 
surface, the amount of water vapor in the air increases.  



Development of this review sheet was made possible by funding from the US Department of Education 
through South Dakota’s EveryTeacher Teacher Quality Enhancement grant. 

• Condensation occurs when water changes from gas to liquid by condensation. The water molecules 
release their stored heat energy and form fog or clouds.  

• Melting occurs when a solid is changed to a liquid  
• Freezing occurs when a liquid is changed to a solid  

• Sublimation occurs when a solid is changed directly to a gas (e.g., ice cubes shrinking in a freezer)  

• Deposition occurs when water vapor (gas) changed to a solid (e.g., frost in a freezer compartment)  

Gas Laws  

Gas molecules move so quickly and are so far apart that they overcome the attractive forces between 
them; therefore, they don't have a definite shape or volume. The simplest gas laws relate pressure, 
volume, and temperature in pairs. Pressure is force exerted per unit area. In a fluid, either a liquid or 
a gas, the pressure applied to a fluid is transmitted throughout the fluid. If you squeeze on one end of 
a balloon, the other end will bulge out. Volume is a measure of the space the gas occupies.  

Boyle's Law  

Boyle's law (named after Robert Boyle and his work in 1662) states that the pressure and volume of a 
gas are inversely proportional to one another, or PV = k, where P is pressure, V is volume, and k is a 
constant of proportionality. In other words, if you squeeze gas into a smaller space, the pressure will 
increase, and the molecules will strike the surface of the container more often. If you increase the 
volume of the container, the pressure will decrease, and the molecules will strike the surface less 
often.  

Charles's Law  

Charles's law (published by Jacques Charles in 1787), states that the volume of an enclosed gas is 
directly proportional to its temperature, or V = kT. This expression is strictly true only if the 
temperature is measured on an absolute scale. The volume of a gas increases with increasing 
temperature, as long as the pressure doesn't change. The volume of a gas decreases with decreasing 
temperature, as long as the pressure doesn't change.  

When the molecules in a gas are heated, they travel faster and separate as the temperature rises. This 
is called thermal expansion, which describes the increase in the size of a substance as the temperature 
increases.  

The Pressure-Temperature Relationship  

A third law states that the pressure is directly proportional to the absolute temperature, or  

P = kT.  

The Ideal Gas Law  

The three gas laws relating two variables can be combined into a single law relating pressure, 
temperature, and volume, which states that the product of pressure and volume is directly 
proportional to the absolute temperature, or PV = kT. This law describes the behavior of real gases 



only with a certain range of values for the variables. At temperatures or pressures near those at which 
the gas condenses to a liquid, the behavior departs from this equation. Nevertheless, it is useful to 
consider an ideal gas, or perfect gas, an imaginary substance that conforms to this equation for all 
values of the variables.  

Characteristics of Crystals  

Crystals are substances in which the atoms are arranged in an orderly, repetitive manner.  

They can be liquid or solid.  

The silicate minerals, those containing oxygen and silicon atoms, form crystalline structures. All 
have a silicon-oxygen tetrahedron as a base, with four oxygen atoms attaching themselves to a much 
smaller silicon atom. The tetrahedrons can appear singly, in chains, in double chains, in sheets, and in 
three-dimensional networks.  

Silicate Mineral Tetrahedron Base  

Silicon atom  

 

Taken from  
http://www.union.edu/PUBLIC/GEODEPT /hollocher/pedagogy/K12labs/Labs/RFIIRF1.htm

When water freezes into ice, the water molecules stack together to form a regular crystalline lattice 
with six-fold symmetry. This hexagonal crystal symmetry determines the shape of snow crystals. 
Faces, or facets, appear on many growing crystals because some surfaces grow more slowly than 
others do.  

   
Snow flake      Ice lattice  

Taken from http://www.its.caltech.edu/~atomic/snowcrvstals/  
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Liquid crystals do not change states in the usual manner. Liquid crystals start to flow during the 
melting phase similar to a liquid, but don't lose their orderly arrangement. They retain the 
arrangement in specific directions. They are highly responsive to temperature changes and electric 
fields. Because of these properties, they are used in making liquid crystal displays in numerous 
electronic apparatus, such as clocks and computers.  

Web sites  

http://www.school-for-champions.com/science/matterstates2.htm/- changes of state of matter  

Resources  

Tarbuck, E. J. & Lutgens, F. K. (2006). Earth Science. Upper Saddle River, NJ: Pearson Prentice 
Hall. ISBN Number 0-13-149751-0.  

Meteorology  

Meteorology is the study of the atmosphere, or the study of weather and climate.  

Climate and Weather  

Weather is the condition and behavior of the atmosphere for an area at any given moment or over 
relatively short periods of time. Climate is the average condition and behavior of the atmosphere for 
an area over longer periods. Climate includes the same elements as weather, particularly temperature 
and precipitation. Humans study climate and climate change in two ways: first by taking long-term 
averages of weather phenomena such as temperature and precipitation, and second by studying 
phenomena that are sensitive to long-term changes in weather such as changing flora and fauna, the 
advance and retreat of glaciers, and tree rings. The study of climate change is complicated by the fact 
that instrument-based weather records have only been kept for a little more than 100 years.  

Weather  

Earth's weather happens in the troposphere, the lowest layer of the atmosphere. Local weather is 
determined in part by local factors such as topography, bodies of water, and latitude. Thus, local 
weather varies greatly from place to place even though there are broad patterns that are controlled by 
larger factors, such as regional atmospheric circulation and proximity to oceans. An example of 
variation in weather would be a comparison of the weather in South Dakota and Seattle, W A, both 
are along nearly the same degree of latitude, but experience very different weather due to local 
factors.  

Earth's Energy  

Most of Earth's energy comes from the sun. The Earth has an energy balance. Overall, the amount of 
energy it receives equals the amount it emits. Energy can't be created or destroyed, although it can 
change forms.  

Structure of the Atmosphere  

Earth's atmosphere is composed mostly of nitrogen and oxygen. Air pressure is the weight of the air 
above. It is about 1000 millibars, or 1 kilogram per square centimeter, or 14.7 pounds per square 

http://www.school-for-champions.com/science/matterstates2.htm/-
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inch) at sea level. It decreases with increasing altitude. The air pressure on Mt. Everest is about half 
that at sea level.  

Thermal and Chemical Properties of Atmospheric Layers  

The Earth's atmosphere is divided into layers based on temperature:    

 Layer Height Thermal Properties Objects of interest 
Troposphere 0-17 km Temperature drops from 

30°C to -60°C 
Where all the weather happens 
Mt. Everest is 9 km tall; Jets fly at 10.6 meters 
(6 miles); Cumulonimbus clouds at 14 km; 
Cirrus clouds at 15-16 km 

Tropopause 10-20 km Temperature remains the 
same  -60°C   

Stratosphere  17 - 50  Temperature rises from  Concorde SST at 19 km;  
 km  -60°C to O°C due to  Weather balloons at 20-23 km;  
  concentration of ozone in  Ozone layer at 25 km  
  the layer absorbing   
  ultraviolet light   
Stratopause  48-54  Temperature remains   
 km  the same - O°C   
Mesosphere  50 - 85  Temperature drops from  Meteors visible, caused by friction with air  
 km  O°C to - 90°C.   
Mesopause  85-95  Temperature remains   
 km  the same - - 90°C   
Ionosphere or  85 - 300  Temperature rises from  Aurora Borealis at 200-220 km - caused  
Thermosphere  km  -90°C to over 1000°C.  when solar flares eject atomic particles  
  Air is very rare, temp is  making the gases of the ionosphere glow  
  due to absorbing solar  and conduct flowing electric currents into  
  radiation  and out of the polar region;  
   Space shuttle at 220-240 km.  
Exosphere  300 km   Space station at 360-390 km  
 and UP    

Note that 1 km = .6 mile.  

Chemical Properties of the Atmosphere  

Air is matter; it occupies space, has mass, and can be compressed. Molecules have kinetic energy 
(energy of motion) and keep the atmosphere from collapsing. The atmosphere contains 78% nitrogen 
and 21 % oxygen.  

The other gases, notably water vapor, carbon dioxide, and argon, occur in only trace amounts, but are 
very important in determining Earth's surface temperature. Carbon dioxide (C02) influences the 
heating of the atmosphere. Water vapor forms clouds and precipitation, and absorbs heat energy from 
Earth. Aerosols are tiny particles, such as ash and soot, on which water vapor can condense. Ozone 
absorbs harmful UV radiation.  
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Heat  

Heat is kinetic energy associated with random motion of molecules. Temperature and heat are related 
to one another, but are not synonymous. Temperature is what you read on a thermometer. Heat is a 
type of energy. Heat is transmitted from a hotter body to a colder body, until a thermal equilibrium is 
reached.  

Three Types of Energy Transfer  

Solar Radiation  

Radiant energy travels through the vacuum of space. It doesn't need a medium to carry it. All matter 
with a temperature above absolute zero radiates energy. Because the Sun is hot and because it is so 
large, it puts out an immense amount of energy, only a tiny part of which falls on Earth because Earth 
is so far from the Sun. Most of the Sun's energy is visible light, although it includes some infrared 
and some ultraviolet light. Earth's atmosphere is largely transparent to radiation in the visible part of 
the spectrum, so what isn't reflected passes through the atmosphere and reaches the surface, which is 
heated. Of all the solar energy reaching Earth:  

• About half of that energy is absorbed by the Earth's surface.  
• About 30% of the incoming energy is lost to space through reflection and scattering from the 

atmosphere and clouds;  
• The clouds absorb 20%.  

However, Earth's surface is obviously not as hot as that of the Sun, so it radiates at longer 
wavelengths, specifically in the infrared, and this radiation does not pass as freely through the 
atmosphere. The atmosphere absorbs some of it. Therefore, Earth's atmosphere is heated from below.  

The amount of energy reaching Earth through radiation matches the amount leaving by reradiation. 
Earth's surface is unequally heated by the Sun because of the tilt of Earth's axis affects the intensity 
of energy received. Regions nearer the poles receive less radiation than at or near the equator. In 
addition, one-half of the Earth is always facing away from the Sun and receives no energy at night.  

See http://www.physicalgeography.net/fundamentalsl7f.htm1/  

Solar and Latitudinal Variation of Solar Radiation  

Different locations on Earth receive varying amounts of solar radiation according to the latitude 
(distance from the equator) of the location and according to the time of year. Both are related to the 
angle of the Sun based on the movement of Earth; rotation is the spinning of Earth on its axis every 
24 hours; revolution is the orbiting of Earth around the Sun every 365~ days. The Earth's axis is tilted 
23Yzo from perpendicular with the axis always pointing towards the North Star. As Earth orbits the 
Sun, the orientation of the axis appears to change. In northern latitudes, the Sun appears nearly 
overhead in June and in the southern sky in winter. The further north in latitude, the further south the 
Sun appears. At the Artic Circle in winter, the Sun may just clear the southern horizon.  

When the Sun is directly overhead, the solar rays are more concentrated as they strike Earth's surface 
at a 90° angle. When the Sun is at a smaller angle, such as 45°, the Sun is less intense because it is 
spread out.  

http://www.physicalgeography.net/fundamentalsl7f.htm1/


 Sunlight - 90°  Sunlight - 45°  

 

1 unit           1.4 units  

To show this, shine a flashlight onto a piece of graph paper. Notice that although the power of the 
flashlight doesn't change, the numbers of squares that the light illuminates increases as you change 
the angle from directly overhead to an increasing slant.  

Conduction  

Conduction is energy transfer through contact. When one molecule collides with another, energy 
transfers from the more energized molecule to the less energized molecule. The first molecule loses 
energy and gets colder. The second gains and gets warmer. Metals are good conductors, as anyone 
who's touched a metal bar held over a heat source has learned.  

 

 

 

Convection  

Convection is the mass movement or circulation of liquids and gases and is typically driven by 
differences in density. It is an energy transfer process. Expanded matter is less dense, so it tends to 
move up and denser matter tends to move down. Vertical circulation of the atmosphere occurs by 
convection. Physicists consider both liquids and gases to be fluids since they have many of the same 
properties. When a fluid is heated, it expands and its density decreases. The cooler, denser fluid 
surrounding it pushes on it, forcing it to move upward. The cooler fluid is heated near the bottom and 
the process continues. The result of the local heating is the creation of a rising column of warmer 
fluid and a corresponding downward flow of fluid elsewhere. These systems are called convection 
cells, and they occur in both liquids, gases, and even in slowly flowing solids, such as the Earth's 
outer core and mantle. Convection currents redistribute heat energy in the fluid and tend to mix the 
fluid thoroughly in the layers where convection occurs.  
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Convection  

 

The Wind  

Wind is the horizontal movement of air. Wind is movement of air caused by differences  

in the heating of the Earth's surface, which leads to expansion of air in some places and contraction in 
others, producing pressure differences. The flow of air from areas of high pressure to areas of low 
pressure is called wind. Wind produces changes in weather by bringing in air masses with different 
characteristics, for example, lower or higher temperatures or higher or lower humidity. A wind vane 
measures wind direction. An anemometer measures wind speed.  

Global Wind Belts  

Global air movements are an effort to balance the solar radiation Earth receives. Earth receives more 
solar radiation at the Equator, and considerably less at the poles. The atmosphere acts as a huge heat-
transfer mechanism, moving warm air toward the poles and cooler air toward the Equator. In an 
idealized situation, warm air would rise at the Equator, move to the pole and drop down. Cool air 
from the poles would flow along the Earth's surface towards the Equator, where it would be warmed 
and rise.  

In reality, this cycle occurs in six different zones on Earth, divided by the lines of latitude at about 30 
and 60 degrees north and south of the Equator. The warm air that rises from the Equator, and then 
sinks when it reaches 20 to 30 degrees north or south in an area described as a subtropical high and 
characterized by deserts around the world. Air from the subtropical area flows toward the Equator, is 
deflected by the Coriolis effect; and creates the trade winds blowing in a general westerly direction 
near the Equator. Between 30 and 60 degrees both north and south of the Equator, air circulates in an 
opposite pattern, dropping at 30 degrees and rising at 60 degrees. This creates the generally west 
wind across the continental United States. The pattern reverses again in the polar region, creating 
polar easterlies, where cold air is subsiding and moving equatorward.  
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Taken from http://ww2010.atmos.uiuc.edu/  

Four Forces Affecting Wind  

Air moves from areas of high pressure to low. Isobars are lines on a weather map that connect places 
of equal air pressure. The closer the isobars are on the map, the steeper the change in air pressure, 
just like the contour lines on a topographic map show elevation changes. The Pressure Gradient 
Force is the amount of pressure change over a distance. The steeper the Pressure Gradient Force, the 
higher the wind speed in the direction from areas of high pressure to low.  

The Coriolis effect is caused by the counterclockwise (as viewed from above the North Pole) rotation 
of the Earth. It deflects wind, and all fluids, to the right in the Northern Hemisphere and to the left in 
the Southern Hemisphere. It is strongest at the poles and weakens toward the Equator where it is 
nonexistent.  

The Jet Stream is air movement in the upper atmosphere (where jets fly). It influences wind near the 
Earth. The polar jet stream, which is often above the United States, separates cool polar air from 
warm subtropical air. They are primarily responsible for the fact that major weather patterns move 
from west to east around the world. 
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http://www.2010.atmos.uiuc.edu/(Gh)/Guides.mtr.cyc/upa/jet/rxml

  

Friction with the Earth's surface acts to slow the air's movement. It is only important near the surface.  

Small-scale Atmospheric Circulation  

Local winds can be influenced by the locations of land and sea, and mountains and valleys. Land and 
water respond at different rates to solar radiation. Water temperature remains more constant than that 
of land. Sea breezes occur during the daytime when cooler air from the ocean blows toward land. A 
land breeze occurs at night when the land is cooler than the water, causing air to move from the land 
toward the water. In mountains, the slopes are heated more than the floor. Air moves up the valley 
during the day, and down at night, when the lowest points are the coolest.  

Seven Quantities in Which Weather Is Measured  

• Air Pressure - Because air has weight, it presses down on Earth's surface and everything on it, 
including us. Things don't collapse due to this pressure because it is exerted in all directions, not 
just down. We call this effect pressure, specifically air pressure. At higher elevations there is less 
air above so the pressure is lower. At 3.4 miles air pressure is half what it is at sea level; at about 
35 miles, air pressure is only about a thousandth what it is at sea level.  

• Temperature - Temperature is a measure of the average kinetic energy of the atoms and 
molecules in a mass of material. It is what you read on a thermometer.  

• Relative Humidity - Humidity is a measure of the amount of water vapor in the air.  
• Absolute humidity is the weight of water vapor in a given volume of air. Relative humidity is the 

ratio of its water vapor content to its capacity; it is always expressed as a percent.  
• Dew Point - Dew point is the temperature at which water vapor condenses into liquid water.  

It varies directly with the amount of moisture in the air, and indirectly with the atmospheric pressure 
Development of this review sheet was made possible by funding from the US Department of Education 
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and elevation. Dew point is calculated using measures of humidity, temperature, and air pressure. If 
the dew point is below freezing, it is frost point.  

• Wind - The two basic measurements of wind are direction and speed. Winds are labeled from 
where they originate (e.g., North wind - blows from the north toward the south). The instrument 
for measuring wind direction is the wind vane. The direction indicated by either compass points 
(N, NE, etc.) or a scale of 0° to 360°. Speed is measured with an anemometer.  

• Precipitation - Precipitation is recorded as both the type and the moisture content. If it is snow, 
hail, or sleet, actual depths are also recorded, as well as moisture content.  

• Cloud Cover - Cloud cover is described as both type and amount of coverage.  

Cloud and Precipitation Types and Their Formation  

Latent Heat  

When water changes state, from a liquid to a gas, for example, heat is exchanged between the water 
and its surroundings. When water evaporates, heat is absorbed. When ice in a glass of ice water 
melts, heat is added, but the temperature of the water doesn't change. Because the heat used to melt 
ice doesn't produce a change in temperature, it is called latent heat. When water vapor condenses to 
form cloud droplets, latent heat of condensation is released, warming the surrounding air and giving 
it buoyancy, possibly causing the build-up of towering storm clouds.  

Adiabatic Heating and Cooling  

When air is compressed, its temperature increases because work is being done on it and energy is 
added. For example, when a hand pump is used to inflate a tire, the air pump becomes warm to the 
touch. Conversely, when air expands, it cools because it is doing work by actively pushing away 
surrounding gas. For example, when air that has been compressed into a storage cylinder is allowed 
to escape, the escape valve cools to the touch and may cause condensation to form on the valve. The 
compressive heating and expansive cooling of atmospheric gas are called adiabatic heating and 
cooling because heat is neither added nor subtracted from the gases.  

Cloud Formation  

Condensation occurs when water vapor changes to a liquid. In the atmosphere, it may form dew, fog, 
or clouds. According to adiabatic temperature change, when air is allowed to expand, it cools, and 
when it is compressed, it warms.  

Air in the atmosphere can be lifted during four processes:  

• Orthographic lifting, when air is forced higher as it moves over mountains;  
• Frontal wedging, when warm air in a warm front is forced over cooler, denser air;  
• Convergence, when converging air in colliding air masses is forced upward; and • Localized 

convective lifting, when pockets of air rise.  

These processes force air aloft, allowing it to expand and cool, resulting in varying cloud conditions. 
If the atmosphere is relatively stable, cloud development is limited. If the air is unstable, towering 
thunderclouds may develop. When air is forced aloft, it takes water vapor with it. If the air becomes 
saturated, generally by being cooled to its dew point, water vapor condenses on tiny bits of matter 
such as dust and smoke in the atmosphere.  



Types of Clouds  

Clouds are classified based on form and height. There are three basic forms: • Cirrus clouds (a curl of 
hair) are high, white, and thin.  

• Cumulus clouds ( a pile) have a flat base and a rising dome. They resemble pieces of cauliflower 
scattered across the sky .  

• Stratus clouds (a layer) are layers that cover much of the sky. There are no distinct cloud units. 
They resemble feathers or wisps of hair.  

 

Cirrus Clouds  

 

 

Cumulus Clouds  
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 Cirrostratus Clouds  Cumulonimbus Cloud  

Taken from http://ww2010.atmos.uiuc.edu/  

Meteorologists recognize three levels of clouds:  

• High (base of 6,000 meters). High clouds are white, thin, and made up of ice crystals. They are 
usually not precipitation makers. High clouds include cirrus, cirrostratus, and cirrocumulus.  

• Middle (base from 2,000 to 6,000 meters), Middle clouds are designated by the prefix alto-, and 
include altocumulus and altostratus. They infrequently bring snow or light rain.  

• Low (base below 2,000 meters). Low clouds include stratus, stratocumulus, and nimbostratus. 
Stratus clouds are fog like layers, and may produce precipitation. Stratocumulus clouds are 
stratus clouds with a scalloped pattern on the bottom. Nimbostratus clouds are layered rain 
clouds. They are the main precipitation producers.  

Clouds of vertical development don't fit into the height categories. These towering cumulonimbus 
clouds, with a low base and an anvil head, which may be over 6,000 meters high, produce 
thunderstorms.  

Physically there is no difference between fog and a cloud; fog is a cloud with its base near the 
ground. Fog is generally caused when warmer air moves across a cold surface or as the result of 
radiation cooling, when Earth's surface is cooled below dew point.  

Forms of Precipitation  

Most of our precipitation begins as snow crystals within a cloud. If the conditions between the cloud 
and Earth's surface are warm enough, the crystals will melt and rain will result. Sleet, small particles 
of ice, form when precipitation falls through a layer of warmer air followed by colder air near the 
Earth's surface. Glaze, or freezing rain, is formed in a similar manner. Hail is produced in large 
cumulonimbus clouds. It begins as small ice pellets that grow by accumulating super-cooled water 
droplets as the particles fall. Rime is a deposit of ice crystals formed by super-cooled fog.  

Major Types of Air Masses  

Weather patterns are the result of the movement of large bodies of air. Air masses are large, thick 
bodies of air that are uniform in temperature and humidity. Its source region is the area where it 
acquires its properties. They usually form in an area with uniform surfaces with few mountains. They 
don't stay in one place forever - differences in air pressure will make them move from areas of 
relatively high pressure to areas of lower pressure. Air masses in the northern hemisphere tend to 
move eastward. They can be polar (cold), tropical (warm), continental (dry, forming over land), and 
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maritime (humid, originating over water).  

There are five types of air masses in the United States:  

• A continental polar (cP) air mass comes from the north and brings cold, dry air or lake effect 
snows.  

• A maritime tropical (mT) air mass comes from the Gulf of Mexico and the Atlantic Ocean 
bringing warm, moist, unstable air and precipitation to the eastern United States.  

• A continental tropical (cT) air mass comes from the southwest US and Mexico. It brings hot and 
dry, and is seldom important outside the source region.  

• A maritime polar (mP) air mass brings precipitation to the western mountains or become a 
"Northeaster" in New England with its cold temperatures and snow.  

• Artic (A) air masses come from the polar region and bring frigid air southward.  

 

Elementary School Praxis - Earth Science 25  

 

Taken from http://www.phvsicalgeographv. t/fundamentals/7r.htmlne   

High- and Low-Pressure Systems  

Areas of high pressure and low pressure affect wind speed and direction. A center oflow pressure is 
called a cyclone. Pressure decreases toward the center. Winds associated with a cyclone in the 
Northern Hemisphere, move inward (convergence) and counterclockwise. In the Southern 
Hemisphere, they move inward and clockwise. They are associated with rising air, and often bring 
clouds and precipitation.  
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A center of high pressure is called an anticyclone. Pressure increases toward the center.  

Winds associated with an anticyclone in the Northern Hemisphere move outward (divergence) and 
clockwise. In the Southern Hemisphere, they move outward and counterclockwise. They are 
associated with subsiding air, and usually bring "fair" weather.  

Frontal Systems  

Fronts are surfaces that separate air masses of different temperature and densities: warm fronts 
involve warmer air moving over areas that were formerly colder; cold fronts involve colder air 
moving over areas that were formerly warmer. Warm fronts typically involve warmer air moving up 
and over colder air, leading to precipitation as the warm air cools as it rises. Cold fronts tend to 
wedge beneath warm air causing it to rise rapidly, thereby producing strong winds, and intense 
rainfall. A stationary front is one in which the surface position of the front does not move. An 
occluded front is one in which an active cold front overtakes a warm front. The cold air wedges the 
warm air upward and the weather is often complex.  

Weather Maps  

Weather maps depict the state of the atmosphere in a given area at a given time. They are based on 
measurements at surface stations and on satellite observations. Isotherms are lines of equal 
temperature; isobars are lines of equal pressure. Maps may show temperature, barometric pressure, 
precipitation, the location of cold, warm, stationary, and occluded fronts, and the location of high and 
low pressure systems.  

Fronts are indicated by colored lines, showing the edge of the front, and symbols showing the 
direction of movement and type of front. A cold front is shown with a blue line with triangles; a 
warm front is a red line with half circles; stationary fronts combine the elements of a cold and warm 
front with alternating red and blue symbols pointing in opposite directions, and an occluded front is a 
purple line with triangles and half circles. Highs are shown with a capital H, lows with a capital L. 
Areas of precipitation are shown with a key indicating form and occasionally intensity. An example 
of a weather map can be taken from www.weather.com.  

Short-term and Long-term Weather Forecasting  

Doppler weather radar, computer weather models, and weather satellites have improved 
meteorologists' ability to forecast short-term weather conditions, especially for up to 12 hours, with 
the exception of short-lived local storms. They can predict general movement of storms and weather 
patterns for up to 48 hours. Big weather events, such as hurricanes, can be predicted up to 5 days in 
advance. Beyond that range, average temperature and precipitation are relied upon to give general 
expectations. Forecasting relies on knowledge of air masses, frontal systems, and high and low 
pressure systems.  

Climate  

Regional and Local Natural Factors that Affect Climate  

Factors that affect climate include the combined effects of temperature, precipitation, and the global 
circulation of the atmosphere.  

http://www.weather.com./
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Five Different Classifications of Climate  

Terrestrial climates are classified into five types: a) humid tropical; b) dry; c) humid, middle latitude 
with mild winters; d) humid, middle latitude with severe winters; and e) polar climate. This Koppen 
classification was developed by a German climatologist, and is the most widely used system to 
describe climates.  

• The humid tropical climate, without a winter season and with the average temperature is 64°, 
occurs near the Equator.  

• Dry climates include steppes and deserts, places where there is always a water deficit in places 
such as the Sahara Desert or the high plains in the United States.  

• Humid, middle latitude climate with mild winters occurs in the southeastern United States, for 
example.  

• Humid, middle latitude climate with severe winters occurs in most of mid- and eastern Canada.  
• Polar climate has an average temperature during the warmest month of less than 50°, and occurs 

in places like Alaska.  

How Humans affect and are Affected by Climate  

Our Earth is a dynamic system, with an endless number of subsystems in which matter is recycled. 
All parts of the Earth system are linked; a change in one part can have far-reaching consequences. 
Humans are part of the Earth system, and our actions affect all parts of that system.  

Air Pollution  

Air pollution involves the release of various undesirable and damaging gases and particles into the 
atmosphere. Some of the most abundant pollutants are carbon dioxide, carbon monoxide, sulfur 
oxides, nitrogen oxides, ozone, soot, and ash. The most important general sources of pollutants are 
transportation, power generation, industrial processes, and space heating.  

Desertification  

Desert areas on Earth are expanding, especially in the region south of the Sahara Desert.  

Desertification, the altering of land to desert conditions, can be the result of human activities and 
inappropriate land use such as over-grazing or plowing. Drought compounds the problem by further 
reducing vegetative cover.  

Greenhouse Effect  

Carbon dioxide in Earth's atmosphere allows short-wavelength solar radiation to enter, but blocks 
some of the longer-wavelength energy leaving Earth, thus trapping some of the energy. Some 
scientists believe the level of carbon dioxide in the atmosphere is rising due to industrialization and 
the burning of fossil fuels, causing a rise in temperature on Earth.  

Volcanic Ash  

Explosive eruptions of volcanoes emit huge quantities of gas and debris into the atmosphere. Several 
modem examples, and their results, have been studied in depth. The volcanic material filters out a 
portion of the incoming solar radiation, causing a drop in the troposphere temperature. When Mt. 
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Pinatubo erupted in 1991, global temperatures for the next year were about 10 F cooler than normal.  

El Nino and La Nina  

Normally, a cold ocean current flows equator ward along the western coast of South America. At 
irregular intervals of three to seven years, in December, a warm countercurrent occurs. This E1 Nino 
is marked by abnormal weather patterns, including strong storms on the California coast and in the 
southern United States. The opposite of E1 Nino is the La Nina, when surface temperatures in the 
eastern Pacific are colder than average. This triggers more snowfall in the northwestern United States 
and greater hurricane activity in the US.  

Websites  

http://usatodav.com/weather/ - USA Today- forecast and weather conditions 
http://www.wunderground.com/- Weather Underground - forecast and weather conditions 
http://wwwa.accuweather.com/- Accuweather - forecast and weather conditions 
http://www.nws.noaa.gov/ - National Oceanic and Atmospheric Administration 
http://australiasevereweather.com/photograplw/index.html- cloud types 
http://vortex.plvmouth.edu/clouds.html- cloud types  

http://ww201 0.atmos.uiuc.edu/%28Gh%29/guides/mtr/cld/cldtyp/home.rxml - cloud types 
http://www.mettamu.edu/c1ass/Metr304/ExerlOdir/c1assification.html- cloud types 
http://amrc.ssec.wisc.edu/realtime.html- real-time weather 
http://vathena.arc.nasa.gov/curric/weatherlindex.html- weather curricula material  
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Oceanography  

Oceanography is the interdisciplinary science that draws upon geology, physics, chemistry, and 
biology to study the Earth's ocean.  

The Hydrosphere (Oceans)  

Earth is often referred to as the blue planet. Oceans and marginal seas represent 71 % of Earth's 
surface; continents and islands comprise the remaining 29%. The Northern hemisphere is called the 
land hemisphere, and the Southern Hemisphere the water hemisphere due to the uneven distribution 
of land and water in the two hemispheres.  

http://usatodav.com/weather/
http://www.wunderground.com/-
http://wwwa.accuweather.com/-
http://www.nws.noaa.gov/
http://australiasevereweather.com/photograplw/index.html-
http://vortex.plvmouth.edu/clouds.html-
http://www.mettamu.edu/c1ass/Metr304/ExerlOdir/c1assification.html-
http://amrc.ssec.wisc.edu/realtime.html-
http://vathena.arc.nasa.gov/curric/weatherlindex.html-
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Location of Oceans and Seas  

The world ocean is divided into four main ocean basins:  

• The Pacific Ocean covers half of all the ocean surface area. It averages almost 13,000 feet in 
depth.  

• The Atlantic Ocean is about half the size of the Pacific.  
• The Indian Ocean is located mostly in the Southern Hemisphere.  
• The Arctic Ocean is located in the higher latitudes of the Northern Hemisphere.  

The term sea may refer to smaller bodies of water than the ocean, or may refer to the ocean itself.  

Ocean Waves  

Ocean waves are the result of the interaction of the atmosphere and the ocean. They are energy 
traveling through the water and the waves you see are evidence of the transfer of that energy. Most 
ocean waves get their energy from the wind. Wind speed, the length of time the wind has been 
blowing and the distance the wind has traveled across open water affect the height, wavelength, and 
period of a wave.  

• Height is the distance from the trough to the crest of a wave.  
• Wavelength is the distance between two crests.  
• Period is time it takes for one wave to move past a certain fixed point.  

The water doesn't travel any distance in a wave; it makes a circular pattern, with the water particles 
returning to where they started.  

Tides  

Tides are daily changes in the elevation of the ocean surface. Sir Isaac Newton applied the law of 
gravitation in explaining what caused tides. Large bodies, such as the Earth and moon, exert a mutual 
attraction upon each other. A tidal bulge of water toward and opposite the moon exists while the 
Earth turns. The Sun also exerts some influence, especially when the three bodies are aligned during 
the full moon or new moon phases. These tides are called spring tides, although they occur twice a 
month year around. Being able to chart high and low tide isn't that easy though. The shape of the 
coastline, the depth of the water, and the configuration of the ocean basin influences tides. There are 
three main tidal patterns, diurnal (daily), semidiurnal (twice a day), and a mixed tidal pattern. Diurnal 
tides are common in the Gulf of Mexico, semidiurnal along the east coast of the United States, and 
mixed tides along the entire west coast of North America.  

The graphs of tidal patterns were found at http://co-ops.nos.noaa.gov/restles4.html

 Distribution of Tidal Phases Tidal Day  

 Tidal Period  Tidal Period  

http://co�-ops.nos.noaa.gov/restles4.html


 

 

Temperature of the Ocean  

The surface temperature of the ocean varies with the amount of solar radiation received.  

Lower surface temperatures are found near the poles and higher temperatures found near the equator. 
Temperature varies with the depth of the water. Near the equator, the temperature is relatively high at 
the surface and there is a rapid decrease in temperature with depth. Near the poles, you find cooler 
surface temperatures, with no rapid change in temperature with depth. Density determines the water's 
vertical position in the ocean, with cooler, denser water at the bottom. The factors affecting seawater 
density are salinity and temperature, with temperature having the greatest influence.  

Currents in the Oceans  
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Ocean currents are masses of water that flow from one place to another. Major currents are related to 
general atmospheric circulation patterns. Huge whirls of water called gyres occur within each of the 
major oceans, with two in the Pacific and Atlantic and one in the Indian Ocean. They are deflected to 
the right in the Northern Hemisphere and to the left in the Southern Hemisphere due to the Corious 
effect caused by Earth's rotation on its axis. The North Atlantic gyre brings warm water from the 
Caribbean northward in the Gulf Stream along the Atlantic seaboard to the Artic, where it splits. Part 
of it carries warm water to the coast of Norway, part of it picks up cold Artie water, which is carried 
south along the west coast of Europe, then picks up warm equatorial water and carries it west to the 
Caribbean. Large currents like these affect the climate of neighboring landmasses. The northwestern 
coast of Europe has a more temperate climate than you would expect for their latitude, which is 



similar to Alaska.  

Major Ocean Currents  

See at http://www.physical geography/net/fundamentals/8q_1.html 

Deep-Water Currents  

Deep-water currents are driven by differences in density. Two factors affect density, temperature, and 
salinity, the amount of salt in the water. Surface water at high latitudes becomes cold and may form 
ice on its surface. Ice formation increases salinity. Cold, dense water sinks, starting a deep-ocean 
current. This water spreads across the ocean floor and may remain at depth for over 500 years before 
resurfacing possibly even in another ocean.  

Surface Currents  

Surface currents in the ocean develop from friction between the ocean and the wind that blows across 
the surface - they can be large or small, long- or short-lived. Ocean currents are masses of water that 
flow from one place to another. Huge, slowly moving gyres are related to atmospheric circulation. 
Currents are deflected by the Coriolis effect, bending them to the right in the Northern Hemisphere, 
and to the left in the Southern Hemisphere. Currents from low latitudes into 
higher latitudes (warm currents) transfer heat from warmer to cooler 
areas.  

Landforms of the Ocean Floor and Shorelines  

Continental Margins  

A continental margin is the portion of the seafloor next to the continents. Two main types of 
continental shoreline margins have been identified, passive and active.  

• Passive continental margins are found along most coastal areas that surround the Atlantic Ocean. 
They are not associated with plate boundaries; they experience little volcanism and few 
earthquakes. Most consist of thick accumulations of shallow-water sediments. Features include a 
continental shelf that extends from the shoreline to the ocean basin floor, varying in width from a 
few miles to almost a thousand miles. This shelf slopes very gently toward the ocean floor, 
averaging about one-tenth of one degree in inclination. The continental slope marks the seaward 
edge of the shelf forming the boundary between the continental crust and the oceanic crust. It is 
generally steep and narrow. Deep valleys, known as submarine canyons, formed by down slope 
movement of sediment in turbidity currents cut through the continental slope. A continental rise 
may exist below the slope, gradually descending to the ocean basin.  

• In active continental margins, the continental slope descends abruptly into a deep-ocean trench, 
located primarily around the Pacific Ocean. If a continental shelf exists here at all, it is very 
narrow. Sediment from the ocean floor and the continental crust are scraped against the edge of 
the continent as the ocean plate is subducted. This sediment may accumulate in an accretionary 
wedge, or prism.  

Passive Margin Profile  
•  
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See http://www.earthscape.org/t2/megOl/megOlc.html#margins  

Active Margin Profile  
•  

 

Mi d-Ocean Ridge  

The Ocean Floor  

The ocean floor comprises about 30% of the Earth's surface. It contains several features including 
deep-ocean trenches and abyssal plains.  

• Deep-ocean trenches are long, relatively narrow creases in the ocean floor in the deepest parts of 
the ocean. Most are located in the Pacific Ocean. They are sites where moving lithospheric plates 
plunge into the mantle. They are usually accompanied by a volcanic island arc, such as the 
Aleutian Islands, or a continental volcanic arc, such as those in the Cascade Mountains in the 
United States.  

• Abyssal plains are deep, very flat plain consisting of thick accumulations of sediment.  

Seamounts and plateaus are other less common features.  

 

 

 

Mid-Oceanic Ridges  

The mid-oceanic ridge winds through all major oceans much like the seams on a baseball.  

It is an interconnected ridge system, which is the longest topographic feature on Earth's surface over 
43,000 miles in length. The ridge forms along divergent plate boundaries, when two tectonic plates 
are slowly moving apart. It contains numerous volcanic structures that develop on newly formed 
crust.  

Seawater and Nutrient Cycles of the Ocean  

Seawater  
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Seawater consists of about 3.5% (by weight) dissolved minerals. Its major constituent is sodium 
chloride. Processes that decrease salinity (add water) include precipitation, runoff from land, icebergs 
melting, and sea ice melting. Processes that increase salinity (remove water) include evaporation and 
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formation of sea ice. The primary sources of the elements in the ocean are chemical weathering of 
rocks on the continents and volcanic outgassing.  

Nutrient Cycles  

The energy of the Sun is utilized by phytoplankton in the ocean and converted to chemical energy, 
which is passed through different levels in the food chain. Only about ten percent of the mass taken 
in at one level is passed on to the next. As a result, the size of individuals increase, but the number of 
individuals decreases with each trophic level of the food chain or food web, and the total biomass 
decreases with each level. As an example, the ocean's algae are consumed by zooplankton, which are 
consumed by larger carnivores in the water, which may ultimately be consumed by humans. The 
amount of photosynthesis that occurs is dependent on the availability of nutrients and the amount of 
sunlight.  

Oceanic photosynthetic productivity varies due to the availability of nutrients and amount of solar 
radiation. It is influenced at different latitudes by seasonal changes and the development of a 
thermocline, a layer of water where there is a rapid change in temperature. In tropical oceans, a 
strong thermocline exists year-round, so the lack of nutrients generally limits productivity, and in 
polar oceans, the availability of solar radiation limits productivity. In temperate oceans, productivity 
peaks in the spring and fall and is limited by the lack of solar radiation in winter and by the lack of 
nutrients in summer.  

Web sites  

http://www.noaa.gov/ - National Oceanic and Atmospheric Administration 
http://science.hq.nasa.gov/oceans/ -NASA site - oceans http://www.pmel.noaa.gov/tao/jsdisplay/ - 
NOAA site El Nino and La Nina http://oceanworld.tamu.edu/index.html - oceans 
http://www.epa.gov/index.html- EPA Gulf of Mexico program 
http://oceanworld.tamu.edu/index.html - oceans  

http://www.epa.gov/ - currents http://vathena.arc.nasa.gov/curric/oceans/index.html/ - NASA site on 
Oceans  
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Earth and the Universe  

Contribution of the Greeks to Astronomy  

Most ancient Greeks held a geocentric (Earth-centered) view of the universe, in which Earth was a 
motionless sphere at the center of the universe, the stars were on the celestial sphere, and the celestial 
sphere turned daily around Earth. They believed there were seven heavenly bodies (planets) that 
changed position in sky, including the Sun, Moon, and Mercury through Saturn (excluding Earth). 
Ptolemy observed the planets' retrograde motion, which actually occurs as Earth, with its faster 
orbital speed, overtakes another planet, but explained in incorrectly.  

Modern Contributions  

http://www.noaa.gov/
http://science.hq.nasa.gov/oceans/
http://www.pmel.noaa.gov/tao/jsdisplay/
http://oceanworld.tamu.edu/index.html
http://www.epa.gov/index.html-
http://oceanworld.tamu.edu/index.html
http://www.epa.gov/
http://vathena.arc.nasa.gov/curric/oceans/index.html/
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Nicolaus Copernicus concluded that Earth was a planet and constructed a model of the solar system 
that put the Sun at the center. Johannes Kepler wrote the three laws of planetary motion: a) the orbits 
of the planets are slightly elliptical; b) the planets revolve around the Sun at varying speed, and c) 
there is a proportional relation between a planet's orbital period and its distance to the Sun.  

Galileo Galilei constructed an astronomical telescope in 1609, and discovered four large moons of 
Jupiter and the phases of Venus, proving the heliocentric model of the solar system. Sir Isaac Newton 
proved that the force of gravity, combined with the tendency of a planet to remain in straight-line 
motion, results in the elliptical orbits discovered by Kepler.  

Gravity  

The concept of gravity, as developed by Isaac Newton, is necessary in understanding the behavior of 
astronomical bodies. Newton's concept of gravity says that the gravitational attraction between any 
two objects is directly proportional to the product of the masses of the two objects and inversely 
proportional to the square of the distance between them. Thus, if one of the masses were doubled, the 
attraction would also double, and if the distance between them were doubled, the attraction between 
them would be one fourth as great.  

Gravity plays a crucial role in  

• Causing the aggregation of interstellar gas and dust into stars and planets;  
• Determining whether a body will be a star or a planet;  
• Controlling the orbits of bodies in motion around other bodies;  
• Determining whether a planet will be able to hold its atmosphere; and  
• Determining how fast a star will evolve and in what way.  

Earth  

Earth is one of the planets orbiting our Sun. It is very nearly spherical in shape and orbits the Sun in 
one year. It rotates on its axis in one day. Its diameter is approximately 8,000 miles. Its axis of 
rotation is tilted 23.5 degrees from being perpendicular to the plane of its orbit around the Sun. The 
northern axis points almost to a star called Polaris, or the North Star. The tilt of the axis, along with 
the revolution around the Sun, is what gives Earth its seasons. Earth's northern hemisphere 
experiences summer at the same time that the southern hemisphere experiences winter. The Earth 
revolves around the Sun in a slightly elliptical orbit; it is closest to the Sun in January and furthest in 
June. The equator is a circle around the Earth midway between the poles. The tropics of Cancer and 
Capricorn are parallels of latitude around the earth at 23.5 degrees north and south of the equator. 
They mark the limits north and south of which the Sun reaches an elevation of 90 degrees. The Arctic 
and Antarctic circles are parallels of latitude at 66.5 degrees north and south of the equator. North of 
the Arctic Circle and south of Antarctic Circle, the sun does not rise the first day of winter or set the 
first days of summer.  

Earth gets virtually all of its heat from solar radiation. In a very general way, solar intensity falls off 
from the equator toward the poles, but there is a great deal of variation due to the inclination of 
Earth's axis, Earth's revolution around the Sun, and the weather.  

Because the Earth is illuminated and heated by the Sun, only one side of the Earth is illuminated and 
heated at anyone time; the other side of the Earth is dark at that time. As the Earth rotates, the dark 
and light zones migrate around the Earth from east to west causing day and night.  



Some diagrams can be misleading, as the Earth's orbit around the Sun is nearly a perfect circle, 
varying 3% in totality. It is actually closer to the Sun during winter, by about 3 million miles, than 
the rest of the year.  

See http://www.crh.noaa.gov/fsdlastro/season.htm  

Moon  

The Moon exhibits phases. Phases are produced because we see only a portion of the Moon; the half 
that faces the sun and is illuminated by the Sun at any given moment. The various phases are given 
names. If we are seeing the entire illuminated face, the phase is called full. If half of the illuminated 
face is visible, the phase is called either first or last quarter. If none of the illuminated face is visible 
because the moon is between the Earth and the sun, it is called a new moon.  

1  2  3  4  5  6  7  8  

New  Waxing  First  Waxing  Full  Waning  Last  Waning  

Moon  Crescent  Quarter  Gibbous  Moon  Gibbous  Quarter  Crescent  

  6P.M.       

 

Taken from http://www.astro.umd.edu/educationlastro/moonlphases.html  

The Moon has about one-fourth the diameter of the Earth and only a little over one percent of its 
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mass. Its surface gravity is about one sixth that of Earth, which is too low to hold an atmosphere. The 
Moon is thought to have formed when a Mars-sized body impacted the Earth very early in its history. 
The impact threw a large amount of material into orbit around the Earth and this material coalesced 
to form the Moon. Much of the Moon's surface is heavily cratered from meteorite bombardment very 
early in its history. The extensive flat plains on its surface (Maria) formed when large impact craters 
were filled with lava after impact.  

Eclipses  

Solar and lunar eclipses are shadow effects. When the Moon moves in a line directly between Earth 
and the Sun, which can occur only during a new moon phase, the moon casts a shadow on Earth, 
producing a solar eclipse. This is actually a rare event because the plane of the orbits of the Moon 
and Earth usually don't line up exactly. Most importantly, the scale of distance and size makes it a 
difficult alignment. If you were to think on the scale with the Earth being the size of a classroom 
globe, about 30 centimeters in diameter, the moon would be a corresponding 9 centimeters in 
diameter, and the sun would be the size of a large school building. For distance, the moon needs to be 
9 meters from the Earth and the Sun is a whopping 3 kilometers (2.3 miles) away. The chances that 
all three objects would line up to cast a shadow on Earth is actually quite rare, happening about once 
a year.  

The following diagrams, while they show the positions of the objects, are actually misleading 
because the distort distance and relative size. To understand the concept of phases of the moon and 
eclipses, develop a model with the size and distances described above.  

 

- Taken from http://www.mreclipse.com/  
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Lunar eclipses are more common. They occur a couple of times a year, during the full moon phase, 
when the Earth casts a shadow on the Moon. This shouldn't be confused with the phases of the moon, 
which occur because of the Moon's location in its orbit around Earth.  

 

- Taken from http://www.mrec1ipse.com/  

Solar System  

The solar system consists of the Sun, nine known planets, and a large number of asteroids, comets, 
and meteors. All of the planets revolve in the same direction around the Sun and all of the orbits are 
nearly in the same plane, which is very near the plane of the Sun's equator. Thus the solar system is a 
unified whole.  

Planets  

Planets do not produce their own light; rather they are visible to us on Earth when they reflect 
sunlight. The planets of the solar system consist of two groups with similar characteristics. The four 
planets closest to the Sun (Mercury, Venus, Earth, and Mars) are called the terrestrial planets because 
they resemble Earth. They are small compared to the other group; they have relatively high densities; 
they have few moons, and they have relatively little hydrogen and helium in their atmospheres. The 
outer four planets (not counting Pluto) are Jupiter, Saturn, Uranus, and Neptune, and are referred to 
as the Jovian planets. They are very massive; they have low densities; they have lots of hydrogen and 
helium in their deep atmospheres; and they have many satellites. Pluto is about one-fifth the size of 
Earth; it has a noticeably elongated orbit; and resembles a dirty ice ball of frozen gases.  

Comets and Meteors  
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Comets are small bodies that revolve around the Sun in an elongated orbit. They can be described as 
dirty snowballs.  

Meteoroids are small solid particles that have orbits in the solar system. Meteors are "shooting stars," 
occurring when a meteoroid enters Earth's atmosphere and bums up. A meteorite is any portion of a 
meteoroid that survives travel through Earth's atmosphere and strikes Earth's surface.  

Stars  

Stars are celestial bodies consisting of extremely hot gases that emit radiation and light.  

The Sun is a star, that is, a large mass of incandescent gas, mostly hydrogen and helium. The Earth's 
average distance from the Sun is about 93 million miles. The Sun gets its heat from the fusion of 
hydrogen nuclei into helium nuclei in its core where temperatures exceed ten million degrees Celsius. 
Its diameter is more than a hundred times that of Earth, and its mass is more than 300,000 times that 
of Earth.  

Stars are enormous balls of gas with pressures and temperatures in their cores high enough to cause 
nuclear fusion to occur. This nuclear fusion produces enormous quantities of energy that keep the 
stars hot for millions to billions of years. Star magnitudes are their apparent levels of brightness when 
viewed from Earth.  

Motion of the Heavens  

The reason stars are so dim that they can only be seen at night from Earth's surface is that they are so 
far away. For convenience, the distances to stars are often expressed in "light years." The light year is 
the distance light travels in one year, almost six trillion miles. The nearest star, other than the sun, is 
a star called Proxima Centauri, which is about 4.3 light years from Earth. The stars range in distance 
to ten billion light years.  

The most direct way to determine the distances to stars is to measure their parallax.  

Parallax is the apparent change of position of relatively nearby objects against a background of more 
distant objects as an observer moves. For example, a simple way to observe parallax is to hold up a 
single finger at arm's length and to view it first with one eye covered and then the other. The finger 
will seem to move back and forth against the background of more distant objects. Measuring stellar 
parallax involves taking a photograph of a star at a given time and then taking a similar photograph 
six months later, after the Earth has moved to the other side of its orbit.  

Stars appear to move across the sky each night due to the rotation of the Earth on its axis.  

The pattern of the stars appears to stay the same is because of their great distance. We see different 
constellations of stars during different seasons because of Earth's position in its orbit around the sun. 
For example, in winter, at night, our sky is facing the Orion constellation; in summer, it is facing the 
Summer Triangle.  

The celestial sphere is a very large imaginary sphere centered on Earth, on which the motions of 
various astronomical bodies are plotted. Because the Earth rotates toward the east, the celestial 
sphere appears to rotate toward the west. The planets usually move to the east across the celestial 
sphere, but periodically this apparent motion is interrupted and the planets move west for a time; this 
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motion is called retrograde motion and was one of the classical problems of astronomy that had to be 
explained by any model of the solar system with the planets all orbiting the Sun.  

Constellations  

Constellations are configurations of stars named in honor of mythological characters or great heroes. 
Today 88 constellations are recognized.  

Galaxies  

Our solar system is located in the Milky Way galaxy, a giant collection of stars and interstellar 
matter. The galaxy includes approximately 200 billion stars and has a diameter of about 100,000 light 
years. Earth is located approximately 30,000 light years from the center of the galaxy. The high 
speeds with which stars located near the center of the galaxy revolve around the center suggests that 
there is a very massive body, perhaps a black hole, located at the center of the galaxy.  

In 1924, Edwin P. Hubble showed that Andromeda is a galaxy like the Milky Way more than two 
million light years from Earth. This showed that the Universe is enormously larger than previously 
thought and that there are thousands of galaxies, many of them located much farther away than 
Andromeda.  

Hubble and other astronomers measured the distances to many spiral galaxies and began to determine 
that the distance between them and Earth is increasing. The Universe is expanding and that in the 
distant past, the Universe must have been much smaller than it is today, it is must have blown up in a 
colossal explosion and is still expanding. This picture of the origin of the Universe came to be called 
the Big Bang Theory. Current estimates of the age of the Universe range from 12 to 15 billion years.  

Stars have a tremendous range of characteristics. Some are enormously brighter than the Sun; some 
are much dimmer. Some are much hotter than the sun; others are much cooler. Some are much more 
massive than the Sun, some much less massive. Some are much bigger; some are smaller than the 
Earth. The key property of stars is their mass. There is a distinct lower limit to their mass, since they 
must be massive enough to produce sufficiently high core temperatures to cause nuclear fusion to 
occur. Below that lower limit, fusion doesn't occur, and the body becomes a body much like Jupiter 
whose internal temperature is too low for fusion to occur. The lower limit seems to be about 0.08 
times the mass of the Sun.  

One convenient way to categorize stars and to understand their history and evolution is to prepare a 
graph of stellar surface temperatures vs. stellar luminosities. Such plots are called Hertsprung-Russell 
diagrams (or H-R diagrams) after their originators. On such diagrams most stars plot on a diagonal 
zone (called the main sequence) that crosses the diagram from the upper left (high temperatures and 
high luminosities) to the lower right (low temperatures and low luminosities). Our Sun plots on the 
main sequence of such diagrams.  

There are at least three other regions that contain significant numbers of stars. First, there is a region 
below the main sequence of relatively hot but low luminosity stars (white dwarfs), which must be 
very small stars. There is a region above the main sequence of relatively cool, high luminosity stars, 
called the giant stars. Finally, there is a region of hot, very luminous stars on the upper part of the 
diagram that includes the supergiant stars.  

Web sites  
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http://vathena.arc.nasa.2;ov/curric/land/index.html- earth resources 
http://vathena.arc.nasa.2;ov/curric/space/index.html- space and astronomy materials 
http://education.usgs.gov/ - natural resources  
http://volcano.und.nodak.edu/ - volcanoes  
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