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Chapter 3: Matter, Energy, and the Universe

STUDENT LEARNING OUTCOMES

After reading this chapter you should be able to: 

¥ Describe the creation and structure of the Universe.

¥ Outline the characteristics of the various planets found in our solar system.

¥ Describe the forms and structure of inorganic and organic matter.

¥ Define the various forms of energy.

¥ Outline the laws of thermodynamics.

¥ Explain how energy is transferred from one place to another on our planet.

THE UNIVERSE AND OUR SOLAR SYSTEM 

The primary goal of this textbook is to describe the physical geography of our 
planet. To accomplish this goal we must gain some basic understanding of the 
phenomena that exist outside of the EarthÕs atmosphere in the void of space.  This 
exploration will explain how the Earth came about and allow us to compare the 
characteristics of the planets found in our solar system. We will also learn that our planet 
and solar system is a very insignificant part of the Universe in terms of spatial scale. Yet, 
as far as we know the Earth is the only place in the Universe that is home to life. So how 
did the Universe begin and what are some of the major structures found within its 
boundaries? A theory is presented next to describe the origin of the Universe.

The Big Bang Theory

About 15 years ago all of the matter and energy in the Universe was concentrated 
into an area the size of an atom. At this instant, matter, energy, space, and time did not 
exist. Then suddenly, the Universe began to expand at an incredible rate and matter, 
energy, space, and time came into being. This event has been called the Big Bang. As the 
Universe grew rapidly in size, matter began to coalesce into gas clouds, and then stars 
and planets (Figure 3.1). Our solar system formed about 5 billion years ago when the 
Universe was about 65% of its present size. Today, the Universe continues to expand 
outward.
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The acceptance of this theory by the scientific community is based on a number of 
observations. These observations confirm specific predictions of the Big Bang theory. In 
a previous chapter, we learned that scientists test their theories through deduction, 
falsification, and predictions. Predictions associated with the Big Bang theory that have 
been tested scientifically are:

¥ If the Big Bang did occur, all of the objects within the Universe should be moving 
away from each other. In 1929, Edwin Hubble documented that the galaxies in 
our Universe are indeed moving away from each other. 

¥ The Big Bang should have left an afterglow from the explosion. In the 1960s, 
scientists discovered the existence of cosmic radiation, the background afterglow 
created by the Big Bang explosion. Our most accurate measurements of this 
cosmic radiation came in November 1989, from the Cosmic Background Explorer 
(COBE) satellite. Measurements from this satellite tested an important prediction 
of the Big Bang theory: that the initial explosion that gave birth to the Universe 
should have created radiation with a spectrum that follows a blackbody curve. The 
COBE measurements indicated that the spectrum of the cosmic radiation did 
indeed follow a blackbody curve.

¥ If the Universe began with a Big Bang, extreme temperatures should have caused 
25% of the mass of the Universe to become helium. This is exactly what is 
observed. 

¥ Matter in the Universe should be distributed homogeneously. Astronomical 
observations from the Hubble Space Telescope do indicate that matter in the 
Universe generally has a homogeneous distribution. 

Cosmologists have postulated three possible endings to the Universe. If the 
Universe is infinite or has no edge, it could continue to expand forever. The Universe 
could be expanding at a rate that becomes gradually slower with elapsed time. When the 
expansion rate becomes zero, the Universe will stop growing and it will reach its 
equilibrium size. The final scenario suggests that if the Universe is finite or closed, 
gravity will cause the Universe to collapse when the expansion stops. This collapse 
would end when all matter and energy is compressed into the high energy, high-density 
state from which the Universe began. This end event is suitably called the Big Crunch. 
Some theorists have suggested that the Big Crunch will produce a new Big Bang and the 
process of an expanding Universe will begin again. This idea is called the Oscillating 
Universe Theory.
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Structure of the Universe

Our knowledge of the structure of the Universe is based on data from various 
instruments aboard satellites (Figure 3.2) and observations from optical and radio 
telescopes located on the EarthÕs surface (Figure 3.3). Through these devices we have 
discovered a number of unique celestial objects. The existence of some of these things 
ended a very long time ago. We still see them today because they are incredible distances 
away from our planet. It is very hard to imagine how far some of these distances are. But 
consider the fact the speed of light is 9.46 trillion km per year (one light-year) and the 
fact that it took light from these objects billions of years to reach us! In comparison, light 
from the Sun takes about 8 minutes to reach the Earth over a distance of about 149.5 
million km (92.9 million mi).

Astronomers estimate that the diameter of the Universe is between 30 to 40 
billion light-years. Within this large area, gravity has caused matter to randomly 
concentrate to create a variety of celestial bodies. The most obvious of these are the 
luminous stars that we see in our sky at night. Stars are formed when massive 
concentrations of interstellar hydrogen gas collapse inward because of gravity. Stars 
generate their light energy through nuclear reactions that cause hydrogen nuclei to fuse 
into helium nuclei at their core. These nuclear fusion reactions occur because the 
enormous mass of the star creates a gravitational force strong enough to bind atoms 
together. A starÕs nuclear fusion reactions also produce an interior temperature that is 
greater than 15 million ¡ C (27 million ¡ F). The migration of this heat energy to the starÕs 
surface then produces an emission of electromagnetic radiation (star light) that radiates 
outwards to space.

Stars tend to be organized in much larger bodies known as a galaxy (Figure 3.4). 
Within a galaxy we can find billions of stars and large concentrations of gas and dust. The 
Milky Way Galaxy , which is home to our Sun, is believed to contain over 200 billion 
stars and has a diameter of about 100,000 light-years. The Milky Way is also a member of 
a cluster of three large and over 30 smaller galaxies. This cluster measures about three 
million light-years in diameter.  Astronomers call such clusters of galaxies a local group. 
Most local groups belong to yet bigger structures in the Universe. These structures 
consist of a collection of many local groups to form a local supercluster. These celestial 
objects are the largest features in our Universe measuring about 100 million light-years 
across.

A typical galaxy consists of three parts: the disk, the nuclear bulge, and the halo 
(Figure 3.5). The disk consists of all the matter distributed along a plane of rotation. This 
includes young stars, clusters of stars, and most of the galaxyÕs gas and dust. The matter 
found in the disk is often organized into several spiral arms. The presence of these spiral 
arms indicates that the disk is moving. The nuclear bulge is located at the heart of the 
galaxy. This almost spherical feature is made up of a dense concentration of young and 
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old stars. Observations of the nuclear bulge suggest that it lacks gas and dust. The halo is 
a thin cloud of stars and star clusters (called globular clusters) that surrounds the disk and 
nuclear bulge. It also contains very little gas, and as a result, relatively few stars exist 
here.

The Solar System

Stars often have a number of objects orbiting around them in an adjacent region of 
space known as a solar system. Our solar system formed about five billion years ago and 
consists of eight planets, at least thee dwarf planets, about 130 satellites, and a large 
number of comets and asteroids. A planet can be defined according to the following 
criteria: 1) It is a celestial body that orbits a star, 2) it has cleared the space along its 
orbital path of objects, 3) self-gravitational force has shaped its surface to be nearly 
spherical, and 4) it does not have the ability to generate its own light. The definition of a 
dwarf planet meets all the criteria of a planet, except that it has not cleared the space 
along its orbital path of objects. Satellites are bodies that orbit around planets and dwarf 
planets. The EarthÕs moon is considered to be a satellite. An asteroid is a small, rocky, 
planet-like object that orbits the Sun. Several tens of thousands of these objects are found 
in a dense band between Mars and Jupiter. A comet is a small body of ice and dust that 
orbits the Sun. The orbit of comets tends to be very elongated and elliptical. When these 
objects get close to the Sun, the ice vaporizes producing a breathtaking glowing tail.

The orbits of most of our solar systemÕs planets are almost circular ellipses. 
Mercury and Pluto are the exceptions and their orbits tend to be more oval shaped. The 
orbits of the planets are also more or less at the same ecliptic plane. This ecliptic plane is 
tilted an average of about 7¡ from the plane of the Sun's equator (Figure 3.6).  Pluto's 
orbit tilts with an inclination of 17¡. Some other characteristics of our solar systemÕs 
planets are described in Table 3.1.

The Inner Solar System

Astronomers usually divide our solar system into two parts: the inner and outer 
solar system. The inner solar system contains the planets Mercury, Venus, Earth, and 
Mars (Figure 3.7). Of this group of planets, Mercury is the closest to the Sun (Figure 
3.8).  The distance of Mercury from the Sun varies between 46 and 70 million km or 
between 28.6 and 43.5 million mi (average about 57.9 million km or 36.0 million mi). 
Surface temperatures on Mercury vary from -200¡ C (-328¡ F) to 430¡ C (806¡ F). This is 
in part due to its closeness to the Sun and the fact that its rotation is relatively slow (about 
59 days to complete one cycle). When turned away from the Sun, MercuryÕs surface 
experiences a big drop in temperature because it does not receive sunlight for an extended 
period of time. No other planet in our solar system has as great a diurnal temperature 
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variation and only Venus is hotter. Mercury has a very thin atmosphere composed mainly 
of sodium, potassium, and helium. MercuryÕs surface is heavily cratered from meteorites. 
It is also very old and has no tectonic system to renew the surface crust. 

Venus is the second planet from the Sun with an average orbital distance of 108.2 
million km or 67.2 million mi (Figure 3.9). The size and mass of this planet are very 
similar to those of Earth. However, the other characteristics of Venus are quite different 
from our planet. For example, Venus' rotation is very slow (243 Earth days) and the 
direction of movement when viewed from the North Pole is in a clockwise direction 
(EarthÕs rotation is counter-clockwise when viewed from the North Pole). The 
atmosphere of Venus is composed of mainly carbon dioxide and is about 90 times more 
dense then EarthÕs air. The carbon dioxide rich atmosphere creates an extreme greenhouse 
effect that results in surface temperatures of around 467¡ C (873¡ F), which is hot enough 
to melt lead. VenusÕ atmosphere also contains a number of cloud layers that are several 
kilometers thick and composed of sulfuric acid. Radar images from the Magellan satellite 
indicate that a wide variety of interesting and unique landform features exist on the 
surface of Venus. One mountain called Maxwell Montes reaches an altitude of 12 km or 
7.5 mi (Mt. Everest is 8.8 km or 5.5 mi in elevation). Planetary geologists speculate that 
the oldest terrains on Venus are only about 800 million years old. Extensive volcanism at 
that time is believed to have destroyed the earlier surface and left a number of relatively 
young volcanic landforms. 

  Our home, the Earth, is the third planet from the Sun. What makes the Earth so 
interesting as a planet is that it supports life. As far as we know, no other planet in our 
solar system has a biosphere. The development of a biosphere can only occur with the 
right mixture of planetary characteristics.  For example, the EarthÕs atmosphere contains 
enough oxygen and carbon dioxide to allow for plant photosynthesis, and plant and 
animal cellular respiration. The particular orbital and rotational characteristics of the 
Earth help to maintain a range of surface temperatures that encourages the existence of 
organisms. Lastly, the EarthÕs unique size and mass cause a gravitation force that is not 
too strong or too weak for life.  A higher gravitational force would crush living cells and 
would not allow organisms to develop vertical body shapes. A weaker gravitational force 
would have never caused important gases needed by life to accumulate in the atmosphere.   

The last planet in the inner solar system is Mars (Figure 3.10) with an average 
distance from Sun of 227.9 million km (141.6 million mi).  Mars has especially 
fascinated scientists because observing it with Earth-based telescope revealed 
recognizable surface details. For many years, astronomers were convinced that these 
features could have only been produced by intelligent life. Better observing technologies 
in the second half of the 20th century suggested that these features were misidentified. 
Further, several space missions that landed scientific instruments on the surface of Mars 
in 1976 and in 1997 failed to find conclusive evidence for even microscopic life. 
However, in 1996, David McKay and his research colleagues announced in the 

Copyright Michael Pidwirny 2008

www.physicalgeography.net

Updated May 16, 2008



6

prestigious journal Science the discovery of organic compounds in a meteorite of Martian 
origin. These scientists further theorized that these compounds, in combination with a 
number of other mineralogical features observed in the meteorite, maybe evidence of 
ancient Martian microorganisms! 

During its orbit, MarsÕ distance from the Sun varies by about 42.6 million km 
(26.5 million mi). This significant change in solar distance causes the Martian average 
surface temperature to vary by about 30¡ C (54¡ F) near the equator annually. In 
comparison, annual average surface temperatures along EarthÕs equator vary at most by 
5¡ C (9¡ F).  Across the Martian globe surface temperatures range from as cold as -133¡ 
C (-207¡ F) at the winter pole under conditions of complete darkness to almost 27¡ C 
(81¡ F) near the equator during summer. Mars has a very thin atmosphere composed 
primarily of carbon dioxide (95.3%), nitrogen (2.7%), argon (1.6%), oxygen (0.15%), and 
traces of water (0.03%). The average atmospheric pressure on the surface of Mars is 0.7% 
of Earth's.  Mars has a very interesting landscape. Satellite images have found evidence 
of water erosion in many places on Mars. Such surface features suggest that flowing 
water has occurred in the past. Mars is also home to the solar systemÕs tallest mountain. 
Volcanic Olympus Mons extends 27 km (16.8 mi) in elevation from its surrounding plain. 
Mars has two tiny moons that orbit very close to its surface.

The Outer Solar System

The outer solar system consists of the dwarf planet Pluto and planets Jupiter, 
Saturn, Uranus, and Neptune (Figure 3.11). Jupiter, Saturn, Uranus, and Neptune are 
quite different from the planets that we have already discussed. All of these planets are 
quite large in size and their total mass accounts for more than 99% of the matter found in 
our solar system (excluding the Sun). Also, these four planets do not have solid surfaces. 
Instead, their masses are mainly composed of hydrogen and helium gas that becomes 
increasing dense as you travel from the edge of their atmosphere towards the planetÕs 
interior. 

Jupiter is the largest planet in our solar system (Figure 3.12). This gas giant has a 
volume that is approximately 1000 times greater than the Earth (one-tenth the size of the 
Sun). Temperatures on the planetÕs cloud surface are about -121¡ C (186¡ F).  Jupiter 
radiates more energy into space than it receives from the Sun because the interior of the 
planet is quite hot. Scientists estimate that the core has a temperature of about 20,000¡ C 
(36,000¡ F). This heat is generated by the slow gravitational compression of the planet. 
Most researchers believe that Jupiter may have a relatively small solid rocky core that has 
a mass of 10 to 15 Earths. Above this solid core is a layer of liquid metallic hydrogen 
(hydrogen with ionized protons and electrons). This unique form of hydrogen can only 
exist under conditions of extreme pressure and temperature. Such conditions occur only 
in the deep interiors of Jupiter and Saturn. On top of the liquid metal hydrogen layer is 
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the outermost zone composed of a mixture of hydrogen and helium. At the deepest 
reaches of this zone, these two elements exist as liquids. Further up in this layer the 
hydrogen and helium become gaseous. The turbulent atmosphere of Jupiter that we see 
from space represents the very top of this layer. 

The Galileo space probe measured the winds moving in JupiterÕs upper 
atmosphere at speeds faster than 600 kph (373 mph). Most Earth-based tornadoes have 
wind speeds less than 175 kph (109 mph). The Great Red Spot is a hurricane like storm 
that has been raging in JupiterÕs upper atmosphere for more than 400 years. Of the 
planets in our solar system, Jupiter also has the most rapid rotation. This enormous planet 
completes one rotation in about 10 hours. Orbiting Jupiter are 63 known satellites, 
including the four large Galilean moons that are easily visible from a hobby telescope.

Saturn with its rings is considered by many to be one of the most amazing sights 
in our solar system (Figure 3.13). From our most powerful telescopes on Earth we can 
see seven major rings (Jupiter, Uranus, and Neptune also have rings but they are dark in 
color and difficult to observe). Close-up images from the Voyager 1 and 2 space probes 
indicated that the rings of Saturn are composed of ice and rock and organized into 
thousands of ringlets. The average surface temperature of Saturn's is estimated to be 
around -125¡ C (-193¡ F). Like Jupiter, Saturn is a huge planet composed mainly of 
hydrogen and helium. Saturn's interior is not as hot as JupiterÕs and is estimated to be 
around 12,000¡ C (21,600¡ F). As a result of this internal heat energy, Saturn radiates 
more energy back to space than it receives from the Sun. The structure of Saturn's interior 
is also similar to Jupiter's consisting of a rocky core, a liquid metallic hydrogen layer, and 
a gaseous molecular hydrogen outer layer. 

Saturn has more than 30 orbiting satellites. Its largest moon, Titan has an 
atmosphere composed of mainly nitrogen, 6% argon, and a few percent of methane. 
These atmospheric conditions are very similar to those of ancient Earth when life was 
first getting started.  Consequently, scientists speculate that simple forms of life may exist 
on Titan. No other satellite in our solar system has an atmosphere. 

Uranus is the seventh planet from the Sun with an average orbital distance of 
2,872 million km or 1,785 million mi (Figure 3.14). Because of this great distance from 
the solar source of light energy, Uranus is a very cold planet with an average temperature 
of about -193¡ C (-315¡ F). Most of the other planets in our solar system spin on an axis 
nearly perpendicular to the plane of the ecliptic. However, Uranus' rotational axis is 
almost parallel to the orbital plane around the Sun. Consequently, each of the planetÕs 
seasons lasts about 20 years (84 years to complete one revolution around the Sun). 
Uranus is composed primarily of rock, about 15% hydrogen, a little helium, frozen water, 
methane, and ammonia. Unlike Jupiter and Saturn, the rocky material is not concentrated 
in the core of the planet but more or less evenly spread out in its mass. The atmosphere of 
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Uranus is estimated to be about 83% hydrogen, 15% helium, and 2% methane. Over 
twenty moons are known to orbit Uranus.

The eighth planet from the Sun is called Neptune (Figure 3.15). Neptune has only 
been visited by one space probe, Voyager 2 on August 25, 1989. Much of our knowledge 
about this planet comes from this encounter and observations by the Hubble Space 
telescope. The last of the gaseous planets, Neptune is probably composed of materials 
similar to Uranus. Its atmosphere is mainly hydrogen and helium with a small percentage 
of methane. At the surface of the planet, the atmosphere has a temperature ranging from 
-153¡ to -193¡ C (-346¡ to -391¡ F). Neptune's atmospheric winds are the fastest in the 
solar system, reaching speeds as high as 2000 kph (1240 mph). Several disturbances have 
been observed in NeptuneÕs active atmosphere. The blue color of the planet is largely 
caused by the absorption of red light by methane in the atmosphere. Neptune has 13 
known satellites.

 Not much is known about the dwarf planet Pluto (Figure 3.16). Because of its 
great distance from the Sun, it has not been explored by any remote space probes. We do 
know that temperatures on PlutoÕs surface vary from -235¡ C (-391¡ F) to -210¡ C (-346¡ 
F). Our best views of the planet come from the Hubble Space Telescope. With this 
instrument, scientists have been able to measure PlutoÕs size (and the size of its large 
moon Charon). Pluto has a highly eccentric orbit that passes inside of NeptuneÕs orbital 
path for about 20 of the 248 years it takes to complete one revolution around the Sun.

MATTER

Elements and Compounds

Matter  is the material that makes up living and nonliving things in the Universe. 
All matter on the Earth is constructed of elements. Chemists have described 
approximately 115 different elements. Each of these unique elements has distinct 
chemical characteristics. Table 3.2 lists some of the chemical characteristics for 48 
common elements found in the Earth's continental crust.

The smallest particle that exhibits the unique chemical characteristics of an 
element is known as an atom. Atoms are composed of yet smaller particles known as 
protons, neutrons, and electrons (Figure 3.17). A proton is a subatomic particle that has 
significant mass and contributes a single positive electrical charge to an atom. Neutrons 
also have significant mass but no electrical charge. Electrons are extremely light 
subatomic particles having a mass that is 1/1840 of a proton. Each electron also has a 
negative electrical charge. 
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Protons and neutrons make up the nucleus of an atom (Figure 3.17).  As a result, 
most of an atom's mass is concentrated in the nucleus. Because protons are positively 
charged the nucleus has a positive charge equal to the number of these subatomic 
particles. Electrons are found orbiting outside the nucleus at various distances based on 
their energy level. The area occupied by the electrons has a negative charge equal to the 
number of these subatomic particles. If an atom has an equal number of electrons and 
protons its net electrical charge is zero. If there are more electrons than protons the 
charge of the atom is negative. Likewise, if there are fewer electrons than protons, the 
charge of the atom is positive. In both cases, the exact charge is determined by 
subtracting the number of protons from that of the electrons. For example, 4 protons 
minus 6 electrons give an atomic charge of -2. 

The number of protons found in the nuclei of the different types of elements is 
unique and is referred to as the atomic number (Table 3.2). All atoms of a specific 
element have the same number of protons in their nuclei. Atomic mass number is an 
atom's total number of neutrons and protons. Many elements have unequal numbers of 
neutrons and protons in their nucleus. An element's atomic weight refers to the total 
weight of neutrons, protons, and electrons. For example, the atomic weight of aluminum 
is 26.98 (Table 3.2). Atomic number describes the number of protons found in an atom. 
For example, silver has an atomic number of 47 or 47 protons in its atom (Table 3.2). 
Some elements can have variants containing different numbers of neutrons but similar 
numbers of protons. We call these variants isotopes. Carbon has two isotopes. The most 
common isotope form is carbon-12, which has 6 protons plus 6 neutrons (Figure 3.17). 
About 99% of the carbon on our planet is of this type. The isotope carbon-13 has 6 
protons plus 7 neutrons. Carbon-14 is the rarest isotope of carbon containing 6 protons 
and 8 neutrons. Some isotopes are unstable and their nucleus tends to lose subatomic 
particles forming an element with a lower atomic mass. This process is known as 
radioactive decay.

Elements can be classified as either being metals, nonmetals, or metalloids (Table 
3.2). Metals are elements that usually conduct heat and electricity and are shiny. Some 
metals commonly used by humans include copper, silver, and gold. Nonmetals do not 
conduct electricity that well and are normally not shiny. Metalloids have characteristics 
that are in between metals and nonmetals. 

When atoms of the same element bond together they construct molecules. Atoms 
of different elements joined together form atomic structures called compounds (Figure 
3.18). Sodium chloride (or table salt) is a compound consisting of sodium (Na+) and 
chloride (Cl-). In nature, it forms as a three-dimensional array of oppositely charged ions 
(Figure 3.19). Many of the Earth's substances have a molecular structure similar to 
sodium chloride.
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Atoms, molecules, or compounds with a net positive or negative charge are called 
ions. Chemists indicate the number of positive or negative charges on an ion using a 
superscript after the element's symbol. For example, calcium ion has two positive charges 
and is written as Ca2+. Some common negatively charged ions include nitrate (NO3-), 
sulfate (SO42-), and phosphate (PO43-). Positive and negative ions are electrically attracted 
to each other. This mutual attraction allows for the bonding of atoms to occur forming 
structures of matter that are larger than just one atom. 

Properties of Matter

Matter has three physical properties: mass, volume, and density. We often think of 
an objectÕs mass as its weight. This is not entirely correct.  Weight is the force caused by 
the strength of gravity on a mass. If gravity changes weight also changes, but the mass 
remains the same. So what is mass? Well, we can define mass as a measure of a bodyÕs 
resistance to movement  (Figure 3.20). From this definition, we can suggest that the 
more massive a body the harder it is to move.  The definition also suggests that once an 
object is in motion, more massive bodies are harder to stop. Mass will be normally 
measured in this textbook in units of grams (g) or kilograms (kg). 

Volume is the second basic property of matter.  This property is related to space. 
Quite simply, volume is a measure of the amount of space an object occupies (Figure 
3.20). It is also important to realize that two objects cannot occupy the same area of 
space. Volume is primarily measured in this textbook in cubic meters (m3) or cubic 
centimeters (cm3).

Density is a property of matter that is related to both mass and volume. It is 
defined as the quantity of mass found in a given volume (Figure 3.20). Common units of 
density are grams per cubic centimeter (g cm-3) and kilograms per cubic meter (kg m-3).

Phases of Matter

The phases of matter can be classified as solid, liquid, and gas. All forms of 
matter normally change their phase when specific temperature thresholds are passed. 
Changes in phase also result in specific alterations in the characteristics of matter (Table 
3.3).  Let us consider the phase changes of water.   If we cool water to a temperature 
below 0¡ C (32¡ F) it freezes into a solid state (Figure 3.21). In this phase, its molecules 
become highly organized because of cohesive bonds and take on a geometric shape 
(Figure 3.22). If we add heat energy to the ice, this energy will accumulate in its 
molecules until a threshold is passed causing its phase to become liquid.  In the liquid 
phase, the molecules are still densely packed together and cohesive to each other, but 
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have the ability to freely move or flow. Continuing to add even more heat energy, we 
reach another threshold where the liquid water transforms into a gas called water vapor. 
Water vapor contains enough kinetic energy to break cohesive bonds between molecules. 
This energy allows them to move even more freely so that they can completely fill the 
space.

Table 3.3:  Characteristics of matter in different states of phase.

Phase Relative
Temperature

Order Shape Attractive
Forces

Comments

Solid Low High Definite Strong Atoms form regular 
geometric patterns called 
crystal lattices

Liquid Medium Medium Conforms
to the
shape its
sitting in

Medium Atoms are still attracted to 
each other but have the 
ability to move relative to 
each other (flow)

Gas High Low Fills
open
space

Weak Atoms move about 
randomly and maintain a 
distance between each other

Types of Matter

We can suggest that there are two types of matter: organic and inorganic. 
Compounds and molecules constructed in living tissues are commonly called organic. 
Forms of matter not formed by living things are termed inorganic. Organisms like 
autotrophs can create organic matter by consuming inorganic molecules and compounds 
from the lithosphere, hydrosphere, and atmosphere. An example of an autotroph is any 
photosynthesizing plant. Heterotrophs are organisms that consume and assimilate other 
living things to produce their organic matter. Animals that eat plants and/or other animals 
are all examples of heterotrophs.

There are four general categories of organic compounds: lipids, carbohydrates, 
proteins, and nucleic acids. Lipids are organic molecules composed of carbon atoms that 
have two hydrogen atoms attached.  They are commonly known as fats and oils.  Lipids 
also belong to the family of molecules known as hydrocarbons. Carbohydrates are 
composed of carbon, oxygen, and hydrogen atoms. Some examples are sugars, starch, 
and cellulose. Proteins are organic compounds that are made primarily of carbon, 
hydrogen, nitrogen, and some other minor elements that are arranged into 20 different 
compounds known as amino acids. Finally, nucleic acids are composed primarily of 
different combinations of carbon, hydrogen, nitrogen, oxygen, and phosphorus. They are 

Copyright Michael Pidwirny 2008

www.physicalgeography.net

Updated May 16, 2008



12

very complex compounds being created by the atomic linking of thousands of individual 
atoms. DNA or deoxyribonucleic acid, the genetic blueprint of life, is an example of a 
nucleic acid.

Cellular Structure of Life

All organisms are composed of one or more of cells. Cells are the smallest self-
functioning unit found in living organisms. Cells are also where the processes of 
metabolism and heredity occur in an organism. The cellular division of a previously 
existing cell forms new cells. Biologists have differentiated two basic types of cells in 
organisms. Bacteria, archaea, and cyanobacteria have cells that are quite uncomplicated 
in terms of structure and function. Quite simply, they lack internal organization. These 
cells are commonly known as prokaryotes (Figure 3.23).

The cells of plants and animals are more complex than those of bacteria, archaea, 
and cyanobacteria. We identify these cells as being eukaryotes. Eukaryotic cells have a 
membrane enclosed nucleus that contains the organism's DNA. Eukaryotic cells are 
generally larger than prokaryote cells. Prokaryotic cells range in size from about 1 to 10 
! m (micrometers). White blood cells of mammals are some of the smallest eukaryotic 
cells with a diameter between 3 to 4 ! m. Ostrich ova are very large cells with a diameter 
of about 100 ! m.

Plant and animal cells also contain a variety of membrane-bound structures 
known as organelles. Organelles are cellular structures that carry out a distinct function. 
Within the organelles enzymes, a type of protein, are used to facilitate and regulate 
various chemical reactions. Figures 3.24 and 3.25 describe the various structures found 
in typical plant and animal cells. Table 3.4 describes the function of a variety of cell 
structures including many organelles. 

Cells can also be classified according to how they obtain their energy. Some cells 
have the ability to use light or chemical energy found in the outside environment to 
manufacture their own sugars, fats, and proteins. We call these types of cells autotrophs. 
All species of plants and a few species of bacteria use sunlight and the process of 
photosynthesis to obtain their energy. Some bacteria breakdown molecules found in the 
environment to release chemical energy to sustain their life. Cells (and organisms) can 
also obtain their energy by consuming other cells. These cells are called heterotrophs. 
Heterotrophs include most types of bacteria and all of the animal and fungi species. 

Some organisms consist of just one cell (bacteria, algae, and protozoa). However, 
most organisms are multi-cellular. Within multi-cellular organisms, groups of cells can 
become specialized to carry out a certain function. We call such a functional group of 
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cells a tissue. An organ is a structure composed of several different types of tissues. 
Organs also have a specific structure and a particular function.

ENERGY 

Energy is simply defined by scientists as the capacity for doing work. Albert 
Einstein suggested early in this century that energy and matter are related to each other at 
the atomic level. Einstein theorized that it should be possible to convert matter into 
energy. From Einstein's theories, scientists were able to harness the energy of matter 
beginning in the 1940s through nuclear fission. Nuclear fission releases vast amounts of 
heat energy by breaking the atomic bonds between atoms. The most spectacular example 
of this process is a nuclear explosion from an atomic bomb. A more peaceful example of 
our use of this fact of nature is the production of electricity from controlled fission 
reactions in nuclear reactors.

Einstein also suggested that it should be possible to transform energy into matter. 
In 1998, researchers at Stanford University's Linear Accelerator Center successfully 
converted energy into matter. This feat was accomplished by using lasers and incredibly 
strong electromagnetic fields to change ordinary light into matter. 

Energy and matter are also associated to each other at much larger scales of 
nature. Later on in this chapter, we will examine how solar radiation provides the energy 
to create the matter that makes up organisms. Organisms use some of this matter to power 
their metabolism.

Types of Energy

Energy comes in a variety of forms. The simplest definition of the types of energy  
suggests that two forms exist: kinetic energy and potential energy. Kinetic energy is the 
energy due to motion. A rock falling from a cliff, a bee in flight, the blowing leaves of 
trees, and water following over a waterfall are all examples of kinetic energy. Potential 
energy is the energy stored by an object that can be potentially transformed into another 
form of energy. Water stored behind a dam, the chemical energy of the food we consume, 
and the gasoline that we putting in our cars are all examples of potential energy. 
Conversion of this energy occurs when the energy in food is used by an organism to 
energize its metabolism, when the water in the dam flows through turbines to produce 
electricity from motion, and when the gasoline is used in a engine to produce motion 
from combustion.

Copyright Michael Pidwirny 2008

www.physicalgeography.net

Updated May 16, 2008



14

Some other forms of energy include heat, electricity, sound, energy of chemical 
reactions, magnetic attraction, energy of atomic reactions, and light. Definitions for a few 
of these types of energy are as follows:

Electromagnetic Radiation or Radiation - is the emission of energy from a 
material object in the form of electromagnetic waves and photons.

Atomic Energy - is the energy released from an atomic nucleus because of a 
change in its subatomic mass.

Heat Energy - is a form of energy created by the combined internal motion of 
atoms in a substance.

Chemical Energy - is the energy consumed or produced through chemical 
reactions. 

Electrical Energy - is the energy produced from the force between two objects 
having the physical property of electrical charge.

On Earth, there are fundamentally three ways in which energy can be transferred 
from one place to another: conduction, convection, and radiation. Conduction is the 
transfer of heat energy directly from atom to atom along a temperature gradient. 
Conduction can operate in a gas, liquid, or solid. Convection is the transfer of heat 
energy by the vertical movement of a mass of gas or liquid (horizontal transfer is called 
advection). Radiation is the only means of energy transfer that can occur across the 
empty void of outer space. We will discuss these processes again in much greater detail at 
the end of the chapter.

Measurement of Energy

In the previous sections, we began developing an operational concept of energy. 
We now must learn how energy is measured and quantified using a standard set of units. 
Worldwide, two systems of units of measurement are often used today: the Metric System 
(Systeme International) and the British System. The units of energy described in these 
systems are derived from a technical definition of energy used by physicists. This 
definition suggests that energy can be represented by the following simple relationship:

! 

Work = Force" Distance

Similar to the definition given in the previous section, physicists view energy as 
the ability to do work. However, they define work as a force applied to some form of 
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matter (object) multiplied by the distance that this object travels. Physicists commonly 
describe force with a unit of measurement known as a Newton (N). This unit of 
measurement is named after Sir Isaac Newton. A Newton is equal to the force needed to 
accelerate (move) a mass weighing one kilogram one meter in one second in a vacuum 
with no friction. The work (or energy) needed to move an object with the force of one 
Newton over a distance of one meter per second squared (the increase in speed that is 
attained with each additional second) is called a joule (J).

Two other energy measurement units that you will come across in this textbook 
are calorie and watt. A calorie (cal) is equal to the amount of heat required to raise one 
gram of pure water from 14.5 to 15.5¡ C at standard atmospheric pressure. One calorie is 
equal to 4.1855 joules. A kilocalorie (kcal) is equal to 1000 calories. 

A watt (W) is a metric unit of measurement of the intensity of radiation normally 
measured over a square meter of surface area (watts per meter squared or Wm-2). A watt 
differs from calories and joules in that it measures power or the rate of work. Power can 
be defined simply by the following equation:

! 

Power=
Work
Time

One watt is equal to one joule of work done per second. A kilowatt  (kW) is equal to 1000 
watts. 

Energy, Temperature, and Heat

So far we have learned that energy can take on many forms. One important form 
of energy, relative to life on Earth, is kinetic energy. Simply defined, kinetic energy is the 
energy of motion. The amount of kinetic energy that a body possesses is dependent on the 
speed of its motion and its mass. At the atomic scale, the total kinetic energy of atoms 
and molecules of a substance is sometimes referred to as heat energy.

Kinetic energy is also related to the concept of temperature. Temperature is 
defined as the measure of the average kinetic energy found in the atoms and molecules of 
a substance. The higher the temperature, the faster these particles of matter move.  When 
temperature is lowered, the atomic motion slows until it completely stops at a 
temperature of -273.15¡ C (-459.67¡ F). This temperature is called absolute zero.

The difference between heat and temperature should become more obvious in the 
following example. This example will also show that a relationship exists between heat 
energy and mass. Let us compare the heating of two different masses of water (Table 3.5). 
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One mass has a weight of 5 g (gram), while the other is 25 g. If the temperature of both 
masses is raised from 20 to 25¡ C, the larger mass of water will require five times more 
heat energy for this increase in temperature. This bigger mass would also contain five 
times more stored heat energy.

 Table 3.5: Heat energy required to raise two different quantities of water 5¡ Celsius.

Mass of the Water Starting 
Temperature

Ending 
Temperature

Heat Required

5 grams 20¡ Celsius 25¡ Celsius 25 Calories of Heat

 25 grams 20¡ Celsius 25¡ Celsius 125 Calories of Heat

Heat can also be defined as energy in the process of being transferred from one 
object to another because of a temperature difference. The spatial distribution of 
temperature in a substance determines the direction and rate of heat flow. Heat always 
flows from warmer to colder areas. The rate or speed at which heat flows is controlled by 
the temperature gradient that exists over space within a body that is composed of the 
same substance (Figure 3.26). Thus, the steeper the gradient the more rapid the heat flow 
will be.

A number of measurement scales have been invented to quantify temperature. The 
most commonly used scales are the Celsius, Fahrenheit, and Kelvin systems (Figure 
3.27).  Swedish astronomer Anders Celsius developed the Celsius scale in 1742. In this 
scale, the melting point of ice was given a value of 0, the boiling point of water is 100, 
and absolute zero is -273. The Fahrenheit system is a temperature scale that is used 
exclusively in the United States. Created by German physicist Gabriel Fahrenheit in 
1714, this scale assigns a value of 32 for the melting point of ice, 212 for the value at 
which water boils, and absolute zero has a temperature of -460. In 1848, British physicist 
Lord Kelvin proposed the Kelvin scale. Scientists often use this system because its 
temperature readings begin at absolute zero and due to the fact that the scale is 
proportional to the amount of heat energy actually found in an object. The Kelvin scale 
assigns a value of 273 for the melting temperature of ice, while the boiling point of water 
occurs at 373.

Some other important definitions related to energy, temperature, and heat are heat 
capacity, specific heat, sensible heat, and latent heat.  The heat capacity is the amount of 
heat energy absorbed by a substance associated to its corresponding temperature increase. 
Specific heat is equivalent to the heat capacity of a unit mass of a substance or the heat 
needed to raise the temperature of one gram (g) of a substance one degree C (Table 3.6). 
Water requires about 4 to 5 times more heat energy to raise its temperature when 
compared to an equal mass of most types of solid matter. Sensible heat is heat that we 

Copyright Michael Pidwirny 2008

www.physicalgeography.net

Updated May 16, 2008



17

can sense. A thermometer can be used to measure this form of heat. Latent heat is the 
energy needed to change a substance to a higher state of matter. This same energy is 
released from the substance when the change of state (or phase) is reversed. Figure 3.28 
describes the various exchanges of latent heat involved with one gram of water.

Table 3.6: Specific heat of some substances.

Substance Calories of Heat Energy

Aluminum 0.215

Glass 0.201

Iron 0.108

Marble 0.206

Mercury 0.033

Water 1.000

Silver 0.055

Wood 0.406

Figures 3.29 and 3.30 show the net absorption and release of latent heat energy 
for the Earth's surface for January and July, respectively. The highest values of flux or 
flow occur near the subtropical oceans where high temperatures and a plentiful supply of 
water encourage the evaporation of water. Negative values of latent heat flux indicate a 
net release of latent energy back into the environment because of the condensation or 
freezing of water. Values of latent heat flux are generally low over landmasses because of 
a limited supply of water at the ground surface.

LAWS OF THERMODYNAMICS

The field of thermodynamics studies the behavior of energy flow in natural 
systems. From this study, a number of physical laws have been established. The laws of 
thermodynamics describe some of the fundamental truths of thermodynamics observed in 
our Universe. Understanding these laws is important to students of physical geography 
because many of the processes studied involve the flow of energy.

First Law of Thermodynamics

The first law of thermodynamics is often called the Law of Conservation of 
Energy. This law suggests that energy can be transferred from one system to another in 
many different forms. Also, it cannot be created or destroyed. Thus, the total amount of 
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energy available in the Universe is constant. Einstein's famous equation (written below) 
describes the relationship between energy and matter:

E = mc2

In the equation above, energy (E) is equal to matter (m) times the square of a constant 
(c). Einstein suggested that energy and matter are interchangeable. His equation also 
suggests that the quantity of energy and matter in the Universe is fixed.

Second Law of Thermodynamics

Heat cannot be transfer from a colder to a hotter body. As a result of this fact, 
natural processes that involve energy transfer must have one direction, and all natural 
processes are irreversible. This law also predicts that the entropy of an isolated system 
always increases with time. Entropy is the measure of the disorder or randomness of 
energy and matter in a system. Because of the second law of thermodynamics both 
energy and matter in the Universe are becoming less useful as time goes on. Perfect order 
in the Universe occurred the instance after the Big Bang when energy and matter and all 
of the forces of the Universe were unified.

Third Law of Thermodynamics

The third law of thermodynamics states that if all the thermal motion of molecules 
(kinetic energy) could be removed, a state called absolute zero would occur. Absolute 
zero results in a temperature of 0 K (Kelvin) (-273.15¡ C or -459.67¡ F). The Universe 
will attain absolute zero when all energy and matter is randomly distributed across space. 
Scientists estimate that the temperature of the Universe (and space) one minute after the 
Big Bang was about 100 million K. After another 100 years, the ambient temperature of 
Universe had dropped to 100,000 K because of the expansion of space and the wider 
distribution of matter and energy. The current temperature of the now immense voids of 
space is about 2.7 K (-270.5¡ C or -454.8¡ F).

ENERGY TRANSFER ON OUR PLANET

Conduction, Convection, and Radiation

In nonliving systems, energy moves about the Earth via three processes: 
conduction, convection, and radiation.  Both conduction and convection involve the 
movement of energy through the spatial transfer of thermal heat contained in the atoms 
and molecules of matter.  We are all familiar with the conduction. This is the process that 
helps cook our food in frying pans (Figure 3.31). Conduction involves transfer of heat 
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through a substance along a gradient of molecules that are in contact with each other.  It 
can occur in all three phases of matter: gas, liquid, or solid. Conduction ends when the 
heat energy stored in these molecules becomes the same due to heat flow. In the process 
of cooking, we turn on a stoveÕs burner to create heat from the burning of natural gas. 
This heat is then passed on to the metallic molecules of the pan sitting on the surface of 
the element. The heat energy in the metal of the pan is then transferred to the food above. 
The speed at which heat energy is transferred by conduction through a substance is 
determined by its thermal conductivity (Table 3.7). Some substances, like most metals, 
conduct heat quite readily. Objects that are poor conductors of heat are called insulators. 
Air is an example of a good insulator. 

Table 3.7: Thermal conductivity of various substances. The higher the value the faster 
heat travels in the substance by conduction.

Substance Thermal Conductivity
(Watts per meter per ¡ C)

Air (at 20¡ C) 0.023

Wood 0.08

Dry Soil 0.25

Water 0.60

Snow 0.61

Granite 2.7

Iron 80.0

Silver 427.0

Most of the vertical heat flow in the EarthÕs atmosphere and oceans is the result of 
convection. Convection is the transfer of heat energy by circulation or mass motions of 
matter inside a substance (Figure 3.32). This process can only occur in matter that is in a 
liquid or gaseous state. The actual movement of matter by this process is the result of 
spatial differences in a substanceÕs density. Applying heat locally to a mass of matter 
causes its molecules to become more active and decreases their density. This heated mass 
then becomes buoyant because the matter surrounding it has a higher density. As the mass 
floats, the void created beneath it is filled by the flow of the surrounding more dense 
matter. Another way to picture this process is to consider how we get hot air balloons to 
float in the atmosphere. The process begins by filling the balloon with air heated with a 
burner. The heated less dense air then causes the balloon to convectively lift in the cool 
more dense atmosphere. 
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Early in this chapter, we defined electromagnetic radiation as the emission of 
energy from an object in the form of electromagnetic waves. Most of the energy that 
drives the EarthÕs various systems comes originally from the SunÕs radiant emissions. 
This energy is beamed from the SunÕs surface to the Earth via electromagnetic waves that 
travel at the speed of light and release heat energy when absorbed by an object. Note that 
electromagnetic waves do not require matter to function and they can travel across the 
vacuum of space. Conduction and convection do not operate in space. If you live in a 
place that experiences winter you may have noticed the warming effects of radiation. If 
we face the Sun on a cold winter day we can feel the effects of radiation because our skin 
heats up despite the frigid air temperatures (Figure 3.33). The warmth that we feel is 
created because the SunÕs electromagnetic energy is absorbed and converted into heat 
energy. We will learn some more details about radiation in the next chapter.

It is important to note that the processes of conduction, convection, and radiation 
often occur in tandem.  This fact is best illustrated with the heating of our planetÕs 
atmosphere (Figure 3.34).  The original source of the heat energy found in the 
atmosphere is solar radiation. This energy travels from the Sun through the transparent 
atmosphere to the ground surface. At the ground surface, the radiation is absorbed and 
converted from electromagnetic waves into heat energy. This process causes the 
temperature of the ground to rise as heat builds up. The heat energy is then transferred by 
conduction to a thin layer of air next to the ground surface. Only a thin layer of 
atmosphere is involved in the conduction process because of airÕs poor ability to conduct 
heat. However, air is quite effective in transferring heat energy by way of convection. 
Convection begins when the atmosphere heated near the ground surface becomes warm 
enough to develop free-floating parcels of air. These buoyant parcels of air are sometimes 
called thermals. The development of the thermals stops when the intensity of the solar 
radiation drops off in the late afternoon because of low Sun angles.

Energy Transfer and Life

In living systems, the capture and consumption of energy is controlled by two 
processes: photosynthesis and cellular respiration. Through these two processes living 
organisms are able to obtain all of the energy they require for their activities.

Photosynthesis

Plants and some other organisms can capture the electromagnetic energy from the 
Sun by a chemical process called photosynthesis. In plants, photosynthesis takes place in 
cellular organelles called chloroplasts. The chemical reaction for the photosynthetic 
process can be described by the following simple equation:

Copyright Michael Pidwirny 2008

www.physicalgeography.net

Updated May 16, 2008

http://www.physicalgeography.net/understanding/figures/understanding_figure_3_34.html
http://www.physicalgeography.net/understanding/figures/understanding_figure_3_34.html
http://www.physicalgeography.net/physgeoglos/p.html#photosynthesis
http://www.physicalgeography.net/physgeoglos/p.html#photosynthesis
http://www.physicalgeography.net/physgeoglos/c.html#chloroplast
http://www.physicalgeography.net/physgeoglos/c.html#chloroplast
http://www.physicalgeography.net
http://www.physicalgeography.net


21

6CO2 + 6H2O + light energy ----> C6H12O6 + 6O2

The product of photosynthesis is the carbohydrate glucose and oxygen which is released 
into the atmosphere (Figure 3.35). Glucose is produced by chemically combining carbon 
dioxide and water with the energy from sunlight. Plants can convert the glucose created 
in photosynthesis into starch for storage or into specialized carbohydrates such as 
cellulose. The glucose molecules can also be combined with other nutrients such as 
nitrogen, phosphorus, and sulfur, to build complex molecules such as proteins and nucleic 
acids.

Animals cannot produce their own energy via photosynthesis. Instead, they 
capture their energy by the consumption and assimilation of the biomass of plants or 
other animals. Thus, animals get the energy they need for maintenance of their bodyÕs 
tissues, growth, and reproduction from photosynthetic organisms.

Cellular Respiration

Energy can be released from glucose through chemical oxidation. In living 
organisms, this process is called cellular respiration. Cellular respiration occurs in both 
plants and animals in a cellular organelle called the mitochondria.  In most organisms, 
respiration releases all the energy required for metabolic processes. The chemical 
reaction for respiration can be described by the following simple equation:

C6H12O6 + 6O2 ----> 6CO2 + 6H2O + released energy

As we can see from the equation, there are three products to this process: carbon dioxide 
(CO2), water (H2O), and energy for metabolism (Figure 3.36).  Note that the equation for 
respiration is the reverse of the equation for photosynthesis.
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SUMMARY, TERMS, QUESTIONS, AND LINKS

Summary

¥ The Big Bang theory is presented as a model to explain the origin, history, and 
future of the Universe. Most cosmologists believe matter, energy, space, and time 
in our Universe were created from the Big Bang about 14 billion years ago. Ever 
since this explosion, the Universe has been expanding at the speed of light. 
Verification of this theory is based on four pieces of circumstantial evidence.

¥ A number of structures exist in the Universe. Some of the more important 
structures are stars, galaxies, and solar systems. A star is a celestial body that is 
able to generate its own light from nuclear fusion. A galaxy is a concentration of 
billions of stars in a region of space. Our Sun exists in a galaxy known as the 
Milky Way. 

¥ Orbiting most stars are planets, dwarf planets, satellites, asteroids, and comets. 
The space occupied by these objects around a star is known as a solar system. 
About 5 billion years ago our solar system formed around the Sun. Of the planets 
and dwarf planet found in our solar system, each of these bodies varies in terms of 
a number of characteristics. Only one planet, Earth, has the right combination of 
characteristics to allow for the existence of life. 

¥ Matter is the stuff that makes up the Universe. All matter is constructed of 
elements. Each element has a unique atomic structure that creates its specific 
chemical characteristics. The smallest unit of an element is the atom and within 
this structure we can find even small particles. Two or more atoms make up a 
molecule. Two or more atoms of different elements create a compound. An ion is 
an atom or compound with either a net positive or negative charge.

¥ Matter exhibits a number of interesting structural properties. These properties 
include mass, volume, density, and phase. Mass is a measurement of the amount 
of matter and energy found in an object. Volume is the amount of space an object 
occupies. Density relates an objectÕs mass to its volume. Lastly, matter can exist 
in three different phases: solid, liquid, and gas. Moving matter from one phase to 
another is caused by the addition or removal of heat energy.

¥ Life can synthesize and organize matter into complex organic molecules and 
structures like cells. A cell is the smallest functioning unit of life. Within these 
units, the processes of metabolism and heredity take place. Biologists have 
defined two basic types of cells: prokaryotes and eukaryotes. Some organisms 
consist of only one cell, but most are multicellular. Many multicellular organisms 
can create specialized cells that are arranged into tissues and organs.
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¥ Energy can be defined as the capacity for doing work. It exists in many different 
forms and can be transferred from one place to another by the processes of 
conduction, convection, and radiation. Some of the more important forms of 
energy include: heat energy, atomic energy, electromagnetic radiation, and 
chemical energy. We measure energy using units that are based specific 
definitions. Some of the common measurement units for energy include joules 
and calories. Power is measurement by the unit watts.

¥ Heat energy is defined as the total kinetic energy found in a bodyÕs atoms. Heat 
should not be confused with temperature, which is a measure of the average 
kinetic energy of the atoms of a substance. Measurements of temperature do not 
take into account how much heat energy may be stored in a mass of matter. We 
usually measure the temperature or sensible heat of an object or substance with a 
thermometer. Several different measurement scales have been invented for this 
instrument. Scientists prefer to use the Kelvin or Celsius scales.

¥ Specific heat and latent heat are two other heat-related concepts covered in this 
chapter. Specific heat is the amount of heat energy needed to raise the temperature 
of one gram of substance one degree Celsius. This quantity varies with the type of 
matter. Latent heat is the energy gained or released when matter undergoes a 
change in phase. If the phase change is to higher state energy must be added to the 
substance. Energy is released from a substance when the phase change is to a 
lower state. 

¥ The laws of thermodynamics describe the behavior of energy flow in natural 
systems. The first law tells us that energy can be transferred from one system to 
another in a variety of forms. This same law also states that the amount of energy 
in the Universe is constant and that energy can neither be created nor destroyed. 
The second law suggests that energy flow in natural systems only occurs in one 
direction. It also suggests that entropy is a by-product of energy use. The third law 
of thermodynamics predicts that absolute zero will occur when all energy and 
matter are randomly distributed across space.

¥ Chemical energy comes in many different forms. One very important form is the 
chemical energy fixed in organic molecules. Plants through a process known as 
photosynthesis initially capture all organic chemical energy found in life. 
Photosynthesis uses carbon dioxide, water, and sunlight to create glucose, the 
chemical building block of organic matter. Organism can release the energy stored 
in organic matter through cellular respiration. This energy is used to power an 
organismÕs metabolism.
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Terms

absolute zero kilocalorie 
advection kilowatt 
amino acid kinetic energy 
asteroid latent heat 
atom lipid
atomic energy mass 
atomic mass number matter 
atomic number Milky Way Galaxy
atomic weight mitochondria
autotroph molecule
Big Bang neutron
Big Crunch Newton 
calorie nuclear fission 
carbohydrate nuclear fusion 
cell nucleic acid 
cellular respiration nucleus 
chemical energy organ 
chloroplast organelle
comet organic
compound Oscillating Universe Theory
conduction outer solar system 
convection photosynthesis
cosmic radiation planet 
density potential energy 
deoxyribonucleic acid (DNA) power 
dwarf planet prokaryote
electrical energy protein 
electromagnetic energy proton
electron radiation 
element radioactive decay
energy satellite 
entropy sensible heat 
eukaryote specific heat 
heat capacity speed of light 
heat energy star
heterotroph temperature 
inner solar system tissue
inorganic Universe 
ion volume 
isotope watt 
joule 
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Questions for Your Consideration 

(1). Explain the origin, history, and future of the Universe.

(2). Describe the various types of celestial bodies that are found in our solar system.

(3). What planetary characteristics make life possible on the Earth?

(4). How do the planets in the inner and outer parts of our solar system differ?

(5). Compare and contrast the characteristics of the various planets that make up our solar 
system.

(6). What is matter and how is it constructed at the atomic level? 

(7). Describe the properties of mass, volume, and density as they relate to matter.

(8). What are the phases of matter? What is the relationship between energy and phase 
change?

(9). Describe the difference between inorganic and organic matter. What are the four 
types of organic matter?

(10). What are cells? What is their relationship to life?

(11). What is energy? What are some of the various forms of energy?

(12). How is energy measured? Define the following energy measurement units: joule, 
calorie, and watt.

(13). Explain the difference between heat and temperature.

(14). Define the following forms of heat energy: specific heat, sensible heat, and latent 
heat.

(15). Outline the three laws of thermodynamics.

(16). Explain how conduction, convection, and radiation move energy on our planet.

(17). How are photosynthesis and cellular respiration used by life to create and release 
chemical energy?
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Web Links

The Understanding Physical Geography website provides a number of useful learning 
resources for Chapter 3. These resources can be accessed from the following web 
address:

www.physicalgeography.net/understanding/weblinks/ch3.html
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