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PREFACE 
Welcome to Physical Geography at College of the Canyons.  
 
This textbook was designed especially for College of the Canyons students, as a resource 
to instill the knowledge and adventure that the discipline of geography holds for so 
many of us.  The following units will cover a wide array of topics such as: 9ŀǊǘƘΩǎ ƎǊƛŘ 
system, rivers, oceans, deserts, basic geology, and cartography. There are three types of 
interactive features in this book to help you, the student, engage with the various 
concepts and methods involved in studying physical geography: 
 

1.  

 

Pin It! Boxes 
These boxes refer to information or activities ǘƘŀǘ ȅƻǳ ǎƘƻǳƭŘ ƳŜƴǘŀƭƭȅ άǇƛƴέ 
for later. Remembering the information included in pin it boxes will help you 
better understand previous and following textbook material.  
 

 
2.  

 

 
Pin It! Boxes 
Think about it boxes encourage you to do just that, think about the 
ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ōƻȄ ŀƴŘ ŦƻǊƳ ŀƴ ƻǇƛƴƛƻƴΦ hŦǘŜƴΣ ǿƘŀǘΩǎ ǇƭŀŎŜŘ ƛƴ 
these boxes are ideas or issues that are controversial. Sometimes these topics 
can be difficult to think about objectively because they are emotionally 
charged. However, taking a moment to consider your values and beliefs and 
how they affect your opinions and decision making, produces mental stamina 
which is an important life skill. Remember, the brain is a muscle too.  

 
 

3. 
 

 

aǳƭǘƛƳŜŘƛŀΧ Authors YouTube Channel! 
Professor Jeremy Patrich has shared his chapter reviews and course lectures on 
his YouTube channel. Scan the QR code or visit: 
https://www.youtube.com/channel/UC22lvRmcfY7OYNqCVY5EbKQ/ 

https://www.youtube.com/channel/UC22lvRmcfY7OYNqCVY5EbKQ/
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Figure 1.1 Lake Sabrina, a glacially formed feature near Bishop, California. Image by Jeremy Patrich is 

under a CC BY 4.0 license. 

UNIT 1: INTRODUCTION TO 

GEOGRAPHY AS A DISCIPLINE  
Goals & Objectives of this unit 

ü Develop an understanding of geographic and scientific knowledge and inquiry. 

ü Describe the basic model of the scientific method and how scientists use it to understand the 

natural world. 

ü Explain the importance of understanding location, including the latitude & longitude. 

ü Compare and contrast the various types of geospatial technologies used today. 
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SCIENTIFIC & GEOGRAPHIC INQUIRY 
Physical Geography is the study of our home planet and all its components: its lands 

(lithosphere), waters (hydrosphere), living organisms (biosphere), atmosphere, and interior. In 

this book, some chapters are devoted to the processes that shape the lands and impact people. 

Other chapters depict the processes of ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ƛǘǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ǘƘŜ ǇƭŀƴŜǘΩǎ 

surface and all our living creatures. For as long as people have been on the planet, humans have 

ƘŀŘ ǘƻ ƭƛǾŜ ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ōƻǳƴŘŀǊƛŜǎΦ bƻǿ ƘǳƳŀƴ ƭƛŦŜ ƛǎ ƘŀǾƛƴƎ ŀ ǇǊƻŦƻǳƴŘ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǇƭŀƴŜǘΣ 

with both a positive and negative result. The journey to better understanding Earth begins here 

with an exploration of how scientists learn about the natural world and introduce you to the 

study of physical geography. 

Scientific Inquiry 
Science is a path to gaining knowledge about the natural world. The study of science also 
includes the body of knowledge that has been collected through scientific inquiry. To conduct a 
scientific investigation, scientists ask testable questions that can be systematically observed 
and carefully evidenced and collected. Then they use logical reasoning and some imagination to 
develop a testable idea, called a hypothesis, along with explanations to explain the idea. Finally, 
scientists design and conduct experiments based on their hypotheses. 
 
Scientists seek to understand the natural world by asking questions and then trying to answer 
the questions with evidence and logic. A scientific question must be testable and supported by 
empirical data, it does not rely on faith or opinion. Our undŜǊǎǘŀƴŘƛƴƎ ƻŦ 9ŀǊǘƘΩǎ ƴŀǘǳǊŀƭ 
processes helps us to answer questions such as, why earthquakes occur where they do and 
what are the consequences of adding excess greenhouse gases into the atmosphere. 
 
Scientific research may be done to build knowledge, solve problems, and lead to scientific 
discoveries and technological advances. Research often aids in the development of applied 
research. Sometimes the results of the research may be applied long after the research was 
completed. Sometimes the results are discovered while scientists are conducting their research. 
Some ideas are not testable. For example, supernatural phenomena, such as stories of ghosts, 
vampires, or The Yeti, cannot be tested. Scientists describe what they see, whether in nature or 
a laboratory.  
 
Science is the realm of facts and observations, not moral judgments. Scientists increase our 
technological knowledge, but science does not determine how or if we use that knowledge. 
{ŎƛŜƴǘƛǎǘǎ ƭŜŀǊƴŜŘ ǘƻ ōǳƛƭŘ ŀƴ ŀǘƻƳƛŎ ōƻƳōΣ ōǳǘ ǎŎƛŜƴǘƛǎǘǎ ŘƛŘƴΩǘ ŘŜcide whether or when to use 
it. Scientists have accumulated data on warming temperatures; their models have shown the 
likely causes of this warming. But although scientists are largely in agreement on the causes of 
Ǝƭƻōŀƭ ǿŀǊƳƛƴƎΣ ǘƘŜȅ ŎŀƴΩǘ ŦƻǊŎŜ ǇƻƭƛǘƛŎƛans or individuals to pass laws, or change behaviors. 
 
For science to work, scientists must make some assumptions. The rules of nature, whether 
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simple or complex, are the same everywhere in the universe. Natural events, structures, and 
landforms have causes and evidence from the world can be used to learn about those causes. 
The objects and events in nature can be understood through careful, systematic study. 
Scientific ideas can change if we gather new data or learn more. An idea, even one that 
is accepted today, may need to be changed slightly or be entirely replaced if new evidence is 
found that contradicts it. Scientific knowledge can withstand the test of time because accepted 
ideas in science become more reliable as they survive more tests. 

Geographic Inquiry 
Geography is the study of the physical and cultural environments of the earth. What makes 

geography different from other disciplines is its focus on spatial inquiry and analysis. 

Geographers also try to look for connections between things such as patterns, movement and 

migration, trends, and so forth. This process is called either geographic or spatial inquiry.  

To do this, geographers go through a geographic methodology that is quite like the scientific 

method, but again with a geographic or spatial emphasis.  

1. Ask a geographic question. Ask questions about spatial relationships in the world 

around you, such as the location of your college as it pertains to your home, high school, 

or work.  

2. Acquire geographic resources. Identify data and information that you need to answer 

your question. 

3. Explore geographic data. Turn the data into maps, tables, and graphs, and look for 

patterns and relationships by utilizing geospatial computer programs and statistics.  

4. Analyze geographic information.  Determine what the patterns and relationships mean 

concerning your question. This is where critical thinking comes to play; once observing 

the results you then begin to develop future work or perhaps ask even more questions.  

 

"Knowing where something is, how its location influences its characteristics, and how its 

location influences relationships with other phenomena are the foundation of geographic 

thinking. Like other research methods, it also asks you to explore, analyze, and act upon the 

things you find. It also is important to recognize that this is the same method used by 

professionals around the world working to address social, economic, political, environmental 

and a range of scientific issues." (ESRI) 
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THE SCIENTIFIC METHOD 
You have probably learned that the scientific method is a series of steps that help answer 

research questions. Scientists use data and evidence gathered from observations, experience, 

or experiments to answer their questions and to essentially create even more hypotheses.  

 

But scientific inquiry rarely proceeds in the same sequence of steps outlined by the scientific 

method. For example, the order of the steps might change because more questions arise from 

the data that is collected. Still, to come to verifiable conclusions, logical, repeatable steps of the 

scientific method must be followed. An example flow chart has been provided below to show 

ǘƘŜ ǎǘŜǇǎ ƻŦ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǿƘŀǘ ƛŦ ȅƻǳǊ ǉǳŜǎǘƛƻƴ ǿŀǎΣ ΨŘƻ ǘŀƭƭŜǊ ǇŜƻǇƭŜ 

ǿŜŀǊ ōƛƎƎŜǊ ǎƘƻŜǎΩΚ What data would you need? How would you collect that data, and how 

would you test your hypothesis? 

 

 
Figure 1.2 Flow chart of the Scientific Method. Image is in the public domain.  
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Scientific Questioning 
The most important thing a scientist can do is to ask critical thinking questions. 

ü What makes the San Andreas Fault different from the Hollywood Fault? 

ü Why does Earth have so many varied life forms but other local planets in the solar 

system do not? 

ü What impacts could a warmer planet have on weather and climate systems? 

Geographers can answer testable questions about the natural world, but what makes a 

question impossible to test? Some untestable questions are whether ghosts exist or whether 

there is life after death. A testable question might be about how to reduce soil erosion on a 

ŦŀǊƳΦ ! ŦŀǊƳŜǊ Ƙŀǎ ƘŜŀǊŘ ƻŦ ŀ ǇƭŀƴǘƛƴƎ ƳŜǘƘƻŘ ŎŀƭƭŜŘ άƴƻ-ǘƛƭƭ ŦŀǊƳƛƴƎΦέ ¦ǎƛƴƎ ǘƘƛǎ ǇǊƻŎŜǎǎ 

ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ǇƭƻǿƛƴƎ ǘƘŜ ƭŀƴŘΦ ¢ƘŜ ŦŀǊƳŜǊΩǎ ǉǳŜǎǘƛƻƴ ƛǎΥ ²ƛƭƭ ƴƻ-till farming reduce 

the erosion of the farmland? 

Scientific research 
To answer a question, a scientist first finds out what is already known about the topic by 

reading books and magazines, searching the Internet, and talking to experts. This information 

will allow the scientist to create a good experimental design. If this question has already been 

answered, the research may be enough, or it may lead to new questions. Example: The farmer 

researches no-till farming on the Internet, at the library, at the local farming supply store, and a 

few local farmers in his area. He learns about various farming methods. He learns what type of 

fertilizer is best to use and what the best crop spacing would be. From his research, he learns 

that no-till farming can be a way to reduce carbon dioxide emissions into the atmosphere, 

which helps in the fight against global warming.  

 

 
Figure 1.3 Farmers working in a greenhouse. Image by USDA.gov in the public domain. 

https://www.usda.gov/
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Hypothesis 
With the information collected from background research, the scientist creates a plausible 

explanation for the question. This is a hypothesis. The hypothesis must directly relate to the 

question and must be testable. Having a hypothesis guides a scientist in designing experiments 

ŀƴŘ ƛƴǘŜǊǇǊŜǘƛƴƎ ŘŀǘŀΦ 9ȄŀƳǇƭŜΥ ¢ƘŜ ŦŀǊƳŜǊΩǎ ƘȅǇƻǘƘŜǎƛǎ ƛǎ ǘƘƛǎΥ bƻ-till farming will decrease soil 

erosion on hills of similar steepness as compared to the traditional farming technique because 

there will be fewer disturbances to the soil. 

Data Collection: Observation & Experimentation 
To support or refute a hypothesis, the scientist must collect data. A great deal of logic and 

effort goes into designing tests to collect data so the data can answer scientific questions. Data 

is usually collected by experiment or observation.  

 

Observation is used to collect data when it is not possible, for practical or ethical reasons, to 

perform experiments. Written descriptions are examples of qualitative data based on 

observations. Scientists use many different types of instruments to make quantitative 

measurements, such as an electron microscope can be used to explore tiny objects or 

telescopes to learn about the universe.  

 

Experiments may involve chemicals and test tubes, or they may require advanced technologies 

like a high-powered electron microscope or radio telescope. Atmospheric scientists may collect 

data by analyzing the gases present in gas samples, and geochemists may perform chemical 

analyses on rock samples. A good experiment must have one factor that can be manipulated or 

changed. This is the independent variable. The rest of the factors must remain the same. They 

are the experimental controls. The outcome of the experiment, or what changes because of the 

ŜȄǇŜǊƛƳŜƴǘΣ ƛǎ ǘƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ ¢ƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ άŘŜǇŜƴŘǎέ ƻƴ ǘƘŜ ƛƴŘŜǇŜndent 

variable. 

 
Figure 1.4 Example of no-till farming in a soybean field. Image by Tim McCabe, USDA Natural Resources 

Conservation Service is in the public domain. 

https://commons.wikimedia.org/wiki/File:NRCSMD83008_-_Maryland_(4535)(NRCS_Photo_Gallery).jpg
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As an example: The farmer experiments on two separate hills. The hills have similar steepness 

and receive similar amounts of sunshine. On one, the farmer uses a traditional farming 

technique that includes plowing. On the other, he uses a no-till technique, spacing plants 

farther apart and using specialized equipment for planting. The plants on both hillsides receive 

identical amounts of water and fertilizer. The farmer measures plant growth on both 

hillsides. In this experiment: what are the independent, experimental and dependent variables? 

The independent variable is the farming techniqueτeither traditional or no-tillτbecause that 

is what is being manipulated. For a fair comparison of the two farming techniques, the two hills 

must have the same slope and the same amount of fertilizer and water. These are the 

experimental controls. The amount of erosion is the dependent variable. It is what the farmer is 

measuring. During an experiment, scientists make many measurements. Data in the form of 

numbers is quantitative. 

 

Data gathered from advanced equipment usually goes directly into a computer, or the scientist 

may put the data into a spreadsheet. Charts and tables display data and should be clearly 

labeled. Statistical analysis makes more effective use of data by allowing scientists to show 

relationships between different categories of data. Statistics can make sense of the variability in 

a data set. Graphs help scientists to visually understand the relationships between data. 

Pictures are created so that other interested people can see the relationships easily. 

Conclusions 
Scientists study graphs, tables, diagrams, images, descriptions, and all other available data to 

conclude from their experiments. Is there an answer to the question based on the results of the 

experiment? Was the hypothesis supported? Some experiments completely support a 

hypothesis, and some do not. If a hypothesis is shown to be wrong, the experiment was not a 

failure. All experimental results contribute to knowledge. Experiments that do or do 

not support a hypothesis may lead to even more questions and more experiments. 

 

Example: After a year, the farmer finds that erosion on the traditionally farmed hill is 2.2 times 

greater than erosion on the no-till hill. The plants on the no-till plots are taller and the soil 

moisture is higher. The farmer decides to convert to no-till farming for future crops. The farmer 

continues researching to see what other factors may help reduce erosion. 

Theory 
As scientists conduct experiments and make observations to test a hypothesis, over time they 

collect a lot of data. If a hypothesis explains all the data and none of the data contradicts the 

hypothesis, the hypothesis becomes a theory. A scientific theory is supported by many 

observations and has no major inconsistencies. A theory must be constantly tested and revised. 

Once a theory has been developed, it can be used to predict behavior. A theory provides a 
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model of reality that is simpler than the phenomenon itself. Even a theory can be overthrown if 

conflicting data is discovered. However, a longstanding theory that has lots of evidence to back 

it up is less likely to be overthrown than a newer theory. 

Science does not prove anything beyond a shadow of a doubt. Scientists seek evidence that 

supports or refutes an idea. If there is no significant evidence to refute an idea and a lot of 

evidence to support it, the idea is accepted. The more lines of evidence that support an idea, 

the more likely it will stand the test of time. The value of a theory is when scientists can use it 

to offer reliable explanations and make accurate predictions. 

 

 

 

 

 

GEOGRAPHIC GRID SYSTEM 
Geography is about spatial understanding, which requires an accurate grid system to determine 

absolute and relative location. Absolute location is the exact x- and y- coordinate on the Earth. 

Relative location is the location of something relative to other entities. For example, when you 

use Google Maps, you put in an absolute location. But as you start driving, the device tells you 

to turn right or left relative to objects on the ground: "Turn left on exit Valencia Blvd" is relative 

to the other exit points. Or if you give directions to your house, you often use relative locations 

to help them understand how to get to your house. 

Great & Small Circles 
Much of Earth's grid system is based on the location of the North Pole, South Pole, and the 

Equator. The poles are considered points. The plane of the equator is an imaginary horizontal 

line that cuts the earth into two equal halves. This brings up the topic of great and small circles. 

A great circle is any circle that divides the earth into a circumference of two equal halves. It's 

also the largest circle that can be drawn on a sphere. The line connecting any points along a 

great circle is also the shortest distance between those two points. Examples of great circles 

include the Equator, and the line that divides the Earth into day and night called the circle of 

illumination. In addition to the circle of illumination, it is important to not at that all lines of 

longitude, or meridians, are halves of great circles, and can be considered a great circle when 

taking their opposing pair into consideration. Small circles are circles that cut the earth, but not 

into equal halves. 
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Figure 1.4 Great & small circles. Image by Brian Brondel is under a CC BY-SA 2.5 license. 

Latitude & Longitude 
Many assume that latitude is a line connecting points on the earth and it's not. Latitude is an 
angular measurement north or south of the equator. So, 30 degrees north means a point that is 
30 degrees north of the equator. Latitude is also expressed in degrees, minutes, and seconds; 
360 degrees in a circle, 60 minutes ( ' ) in a degree, and 60 seconds ( " ) in a minute. When you 
use Google Earth, the coordinate locations are in this degrees/minutes/ǎŜŎƻƴŘΩǎ format. 
Latitude varies from 0 degrees (equator) to 90 degrees north and south (the poles).   
 

 
Figure 1.5 Latitude & Longitude. Image by Djexplo has been designated to the public domain under a CC0 1.0 

Universal Public Domain Dedication 
 

A line connecting all points of the same latitude is called a parallel, because the lines run 
parallel to each other. The only parallel that is also a great circle is the equator. All other 
parallels are small circles. The following are the most important parallel lines: 

https://commons.wikimedia.org/wiki/File:Great_Circle.svg
https://en.wikibooks.org/wiki/User:Brian_Brondel
https://eu.m.wikipedia.org/wiki/Fitxategi:Latitude_and_Longitude_of_the_Earth.svg
https://commons.wikimedia.org/w/index.php?title=User:Djexplo&action=edit&redlink=1
https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://creativecommons.org/publicdomain/zero/1.0/deed.en
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ü Equator, 0 degrees 

ü Tropic of Cancer, 23.5 degrees N 

ü Tropic of Capricorn, 23.5 degrees S 

ü Arctic Circle, 66.5 degrees N 

ü Antarctic Circle, 66.5 degrees S 

ü North Pole, 90 degrees N (infinitely small circle) 

ü South Pole, 90 degrees S (infinitely small circle) 

 

Latitude is also sometimes described as zones of latitude. Some of these zones of latitude 

include: 

ü Low latitude - generally between the equator and 30 degrees N 
ü Midlatitude - between 30 degrees and 60 degrees N and S 
ü High latitude - latitudes greater than about 60 degrees N and S 
ü Equatorial - within a few degrees of the equator 
ü Tropical - within the tropics (between 23.5 degrees N and 23.5 degrees S 
ü Subtropical - slightly pole-ward of the tropics, generally around 25-30 degrees N and S 
ü Polar - within a few degrees of the North or South Pole 

 
Longitude is the angular measurement east and west of the Prime Meridian. Like latitude, 

longitude is measured in degrees, minutes, and seconds. Lines connecting equal points of 

longitude are called meridians. But unlike parallels, meridians do not run parallel to each other. 

Rather they are farthest apart from each other at the equator and merge toward each other 

toward the poles. The problem with longitude is that there isn't a natural baseline like the 

equator is for latitude. For over a hundred years, nations used their own "prime meridian" 

which proved problematic for trade. But in 1883 an international conference in Washington 

D.C. was held to determine a global prime meridian. After weeks of debate, the Royal 

Observatory at Greenwich, England was determined as the Greenwich Meridian or also called 

the prime meridian for the world. So today, longitude starts at the Prime Meridian and 

measures east and west of that line.  

 

At 180 degrees of the Prime Meridian in the Pacific Ocean is the International Date Line. The 

line determines where the new day begins in the world. Now because of this, the International 

Date Line is not straight, rather it follows national borders so that a country isn't divided into 

two separate days (and we think our time zones are a pain). If you look at the map on the next 

page, the International Date Line is to the right in a dark, black line. Note how it is drawn to 

make sure nations are not divided by the International Date Line. 

 

Ultimately, when you combine parallel and meridian lines, you end up with a geographic grid 

system that allows you to determine your exact location on the planet. 
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Time Zones 
This is also a good time to look at time zones around the world. If you refer to the map on the 

next page, you can see the different time zones in the various colors. Since the earth rotates 

360 degrees in a 24-hour period, the earth rotates 15 degrees every hour creating 24 time 

zones. In an ideal world, (according to the standard rule) each time zone would follow lines of 

longitude every 15 degrees (7.5° in each direction from the center of the time zone). But 

because of political boundaries, time zones are not divided up so perfectly and vary greatly in 

shape and width. 

 

Greenwich, England was chosen in the mid-nineteenth century as the starting point of time 

worldwide. The reason was that at the time, England was the superpower of the time both 

militarily and economically. So, the meridian that ran through Greenwich became zero degrees 

ƻǊ ǘƘŜ ǇǊƛƳŜ ƳŜǊƛŘƛŀƴΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ about the prime meridian, locations east 

of the new meridian meant time was ahead (later) while locations west of the meridian were 

behind (earlier) in time about Greenwich, England. 

 

 

Pin It! Time Zones 
Visit this Interactive Time Zone Map for more information on time zones. 

 

https://www.timeanddate.com/time/map/
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Figure 1.6 Global map showing time zone distribution. Image by MrMingsz is in the public domain.  

GEOSPATIAL TECHNOLOGY 
5ŀǘŀΣ ŘŀǘŀΣ ŘŀǘŀΧ Řŀǘŀ ƛǎ ŜǾŜǊȅǿƘŜǊŜΦ LǘΩǎ ŎƻƭƭŜŎǘŜŘ ŜǾŜǊȅ ǘƛƳŜ ȅƻǳ Ǝƻ ǘƻ ǘƘŜ ƎǊƻŎŜǊȅ ǎǘƻǊŜ ŀƴŘ 

use their card to reduce the costs when you click on a link on Facebook, or when you do any 

kind of search on a search engine like Google, Bing, or Yahoo!. It is used by the state 

department of transportation when you are driving on a freeway, or when you use an app on a 

smartphone. Futurists believe that in the near future, face recognition technology will allow a 

sales representative to know what types of clothes you like to buy based on a database of your 

recent purchases at their store and others.  

 

There are two basic types of data you need to know: spatial and non-spatial data. Spatial 

data, also called geospatial data, is data that can be linked to a specific location on Earth. 

Geospatial data is ōŜŎƻƳƛƴƎ άōƛƎ ōǳǎƛƴŜǎǎέ ōŜŎŀǳǎŜ ƛǘ ƛǎƴΩǘ Ƨǳǎǘ ŘŀǘŀΣ ōǳǘ Řŀǘŀ ǘƘŀǘ Ŏŀƴ 

be located, tracked, patterned, and modeled based on other geospatial data. Census  

information that is collected every 10 years is an example of spatial data. Non-spatial data is 

data that cannot be specifically traced to a specific location. This might include the number of 

people living in a household, enrollment within a specific course, or gender information. But 

non-spatial data can easily become spatial data if it can be linked in some way to a location. 

Geospatial technology specialists have a method called geocoding that can be used to give non-

spatial data a geographic location. Once data has a spatial component associated with it, the 

type of questions that can be asked dramatically changes.  

https://commons.wikimedia.org/wiki/File:Timezones2008_UTC-10.png
https://en.wikipedia.org/wiki/User:MrMingsz
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Remote Sensing 
Remote sensing can be defined as the ability to study objects without being in direct 

physical contact with them. For example, your eyes are a form of passive remote 

sensing because they are άǇŀǎǎƛǾŜƭȅέ absorbing electromagnetic energy within the visible 

spectrum from distant objects and your brain is processing that energy into information. 

There are a variety of remote sensing platforms or devices, but they can be categorized into 

the following that we will look at throughout the course. First, satellite imagery is a type of 

remotely sensed imagery taken of the Earth's surface, which is produced from orbiting satellites 

that gather data via electromagnetic energy. Second is aerial photography, which is film-based 

or digital photographs of the Earth, usually from an airplane or non-piloted drone. Images are 

either taken from a vertical or oblique position. The 3rd is radar, which is an interesting form of 

remote sensing technology that uses microwave pulses to create imagery of features on Earth. 

This can be from a satellite image or ground-based Doppler radar for weather forecasting. 

Finally, a fast-growing realm of remote sensing is called Light Detection and Ranging or Lidar, 

which is a form of remote sensing that measures the distance of objects using laser pulses of 

light. 

 

 
Figure 1.7 Remote sensing of the environment. Used with permission from gisgeography.com  

Global Positioning Systems 
Another type of geospatial technology, and a key technology for acquiring accurate control 

Ǉƻƛƴǘǎ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ƛǎ Ǝƭƻōŀƭ ǇƻǎƛǘƛƻƴƛƴƎ ǎȅǎǘŜƳǎ όDt{ύΦ To determine the location of a 

GPS receiver on 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀ ƳƛƴƛƳǳƳ ƻŦ ŦƻǳǊ ǎŀǘŜƭƭƛǘŜǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ǳǎƛƴƎ ŀ 

https://gisgeography.com/remote-sensing-of-the-environment/
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mathematical process called triangulation. Normally the process of triangulation requires a 

minimum of three transmitters, but because the energy sent from the satellite is traveling at 

the speed of light, minor errors in calculation could result in large location errors on the ground. 

Thus, a minimum of four satellites is often used to reduce this error. This process using the 

geometry of triangles to determine location is used not only in GPS but a variety of other 

location needs, like finding the epicenter of earthquakes. 

 

A user can use a GPS receiver to determine their location on Earth through a dynamic 

conversation with satellites in space. Each satellite transmits orbital information called 

the ephemeris using a highly accurate atomic clock along with its orbital position called 

the almanac. The receiver will use this information to determine its distance from a 

single satellite using the equation D = rt, where D = distance, r = rate or the speed of light 

(299,792,458 meters per second), and t = time using the atomic clock.  

 

 
Figure 1.8 Visual Representation of Themes in a GIS. Image is in the public domain. 

 

There is a mapping technology that can bring together remote sensing data, GPS data points, 

spatial and non-spatial data, and spatial statistics into a single, dynamic system for analysis, and 

that is a geographic information system (GIS). A GIS is a powerful database system that allows 

users to acquire, organize, store, and most importantly analyze information about the physical 

and cultural environments. A GIS views the world as overlaying physical or cultural layers, each 

with quantifiable data that can be analyzed. A single GIS map of a national forest could have 

layers such as elevation, deciduous trees, evergreens, soil type, soil erosion rates, rivers and 

tributaries, major and minor roads, forest health, burn areas, regrowth, restoration, animal 

https://commons.wikimedia.org/wiki/File:Visual_Representation_of_Themes_in_a_GIS.jpg
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species type, trails, and more. Each of these layers would contain a database of information 

specific to that layer. 

 

Nearly every discipline, career path, or academic pursuit uses geographic information systems 

because of the vast amount of data and information about the physical and cultural 

world. Disciplines and career paths that use GIS include conservation, ecology, disaster 

response and mitigation, business, marketing, engineering, sociology, demography, astronomy, 

transportation, health, criminal justice and law enforcement, travel and tourism, news media, 

and the list could endlessly go on. 

Now, GIS primarily works from two different spatial models: raster and vector. Raster based GIS 

models are images much like a digital picture. Each image is broken down into a series of 

columns and rows of pixels and each pixel is georeferenced to somewhere on Earth's surface is 

represents a specific numeric value - usually a specific color or wavelength within 

the electromagnetic spectrum. Most remote sensing images come into a GIS as a raster layer. 

The other type of GIS model is called a vector model. Vector-based GIS models are based on the 

concept of points that are again georeferenced (e.g. given an x-, y-, and possibly z- location) to 

somewhere specific on the ground. From points, lines can be created by connecting a series of 

points and areas can be created by closing loops of vector lines. For each of these vector layers, 

a database of information can be attributed to it. As an example, a vector line of rivers could 

have a database associated with it such as length, width, streamflow, government agencies 

responsible for it, and anything else the GIS user wants to tie to it. What these vector models 

represent is also a matter of scale. For example, a city can be represented as a point or 

a polygon depending on how zoomed in you are to the location. A map of the world would 

show cities as points, whereas a map of a single county may show the city as a polygon with 

roads, populations, pipes, or grid systems within it. 

 

 

Check It Out! Topographic Maps 
LŜǘΩǎ ŎƘŜŎƪ ƻǳǘ ǘƻ ǾƛƴǘŀƎŜ ǘƻǇƻƎǊŀǇƘƛŎ ƳŀǇǎ ŦǊƻƳ .ǳǊōŀƴƪΣ /ŀƭƛŦƻǊƴƛŀΦ ¢ƘŜ 
first is from 1921, and the other is from 1941. Are there any locations that 
look familiar?  https://youtu.be/RjuWLbxvbAM  (Video Length: 7min) 

 

  

https://youtu.be/RjuWLbxvbAM
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UNIT 1 SUMMARY 
Physical geography is the spatial study of our home planet and all its components: its lands, 

waters, atmosphere, and interior. Like other sciences, physical geography is a science that is 

grounded in scientific knowledge using the scientific method as the fundamental way to 

understand the environment.   

 

Geographers and all spatial scientists require a strong background in understanding the way 

humans have partitioned the Earth to determine location. To do that, a series of lines 

representing angular measurements on the earth was established, known as the geographic 

grid system. Once that has been done, spatial knowledge can be collected and analyzed based 

on geographic or spatial data. This allows us to understand spatial concepts of patterns, 

distributions and flows based on location and spatial boundaries.  

 

Oftentimes this geographic data must be collected and analyzed using a high-tech and dynamic 

technology called geospatial technology. This technology encompasses powerful remote 

sensing technology, global positioning systems, and geographic information systems. 

 
Figure 2.9 The Milky WayτOur Galaxy. Image by NASA is in the public domain. 

https://exoplanets.nasa.gov/milky-way-overlay/
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THE COSMOS  
Goals & Objectives of this unit 

ü Understand the scientific ideas of how the universe formed and is expanding. 

ü Compare and contrast the difference and similarities between dark matter and dark 

energy. 

ü Describe star systems and the various types of galaxies. 

ü Explain the phenomenal power within stars. 

ü Classifying and measuring distant stars. 

 

 

INTRODUCTION TO THE UNIVERSE 
The Whirlpool Galaxy, also known as M51, is a spiral galaxy about 23 million light-years from 

Earth. Its interactions with the yellowish dwarf galaxy NGC 5195 are of interest to astronomers 

because the galaxies are near enough to Earth to be well-studied. Decades ago, astronomers 

could not tell if these two galaxies were just passing each other but radio astronomy has 

supplied astronomers with important data outlining their interactions. Using this data, 

astronomers have simulated the interaction. NGC 5195 came from behind and then passed 

through the main disk of M51 about 500 to 600 million years ago. The dwarf galaxy crossed the 

disk again between 50 and 100 million years ago and is now slightly behind M51. These 

interactions appear to have intensified the spiral arms that are the dominant characteristic of 

the Whirlpool Galaxy.  

 

Astronomers can learn about objects unimaginably far away from Earth using telescopes that 

sense all wavelengths on the electromagnetic spectrum. Imagine what Galileo would do if he 

could see the images and data astronomers have available to them now. The study of the 

universe is called cosmology. Cosmologists study the structure and changes in the present 

universe. The universe contains all the star systems, galaxies, gas, and dust, plus all the matter 

and energy that exists now, that existed in the past, and that will exist in the future. The 

universe includes all of space and time. 
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EXPANDING UNIVERSE 
What did the ancient Greeks recognize as the universe? In their model, the universe contained 

Earth at the center, the Sun, the Moon, five planets, and a sphere to which all the stars were 

ŀǘǘŀŎƘŜŘΦ ¢Ƙƛǎ ƛŘŜŀ ƘŜƭŘ ŦƻǊ Ƴŀƴȅ ŎŜƴǘǳǊƛŜǎ ǳƴǘƛƭ DŀƭƛƭŜƻΩǎ ǘŜƭŜǎŎƻpe helped allow people to 

realize that Earth is not the center of the universe. They also found out that there are many 

more stars than were visible to the naked eye. All those stars were in the Milky Way Galaxy. In 

the early 20th century, an astronomer named Edwin Hubble discovered that what scientists 

called the Andromeda Nebula was over two million light-years away, many times farther than 

the farthest distances that had ever been measured. Hubble realized that many of the objects 

that astronomers called nebulae were not clouds of gas but were collections of millions or 

billions of stars that we now call galaxies. 

 

Hubble showed that the universe was much larger than our galaxy. Today, we know that the 

universe contains about a hundred billion galaxies, about the same number of galaxies as there 

are stars in the Milky Way Galaxy. After discovering that there are galaxies beyond the Milky 

Way, Edwin Hubble went on to measure the distance to hundreds of other galaxies. His data 

would eventually show how the universe is changing and would even yield clues as to how the 

universe formed. Today we know that the universe is nearly 14 billion years old.  

 

Redshift 
If you look at a star through a prism, you will see a spectrum or a range of colors through the 

rainbow. The spectrum will have specific dark bands where elements in the star absorb light of 

certain energies. By examining the arrangement of these dark absorption lines, astronomers 

can determine the composition of elements that make up a distant star. The element helium 

was first discovered in our Sun, not on Earth, by analyzing the absorption lines in the spectrum 

of the Sun. 

 

While studying the spectrum of light from distant galaxies, astronomers noticed something 

strange. The dark lines in the spectrum were in the patterns they expected, but they were 

shifted toward the red end of the spectrum, as shown in Figure below. This shift of absorption 

bands toward the red end of the spectrum is known as redshift. 

 

Redshift occurs when the light source is moving away from the observer or when the space 

between the observer and the source is stretched. What does it mean that stars and galaxies 

are redshifted? When astronomers see redshift in the light from a galaxy, they know that the 

galaxy is moving away from Earth. What astronomers are noticing is that all the galaxies have a 
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redshift, strongly indicating that all galaxies are moving away from each other causing the 

Universe to expand. 

 

Redshift can occur with other types of waves too, called the Doppler Effect. An analogy to 

redshift is the noise a siren makes as it passes you. You may have noticed that an ambulance 

seems to lower the pitch of its siren after it passes you. The sound waves shift towards a lower 

pitch when the ambulance speeds away from you. Though redshift involves light instead of 

sound, a similar principle operates in both situations.  

 
Figure 2.10 Redshift Diagram. As a Particle Moves, the Wave Frequencies Increase. Image by NASA is in the public 

domain.  

The Expanding Universe 
Edwin Hubble combined his ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ŘƛǎǘŀƴŎŜǎ ǘƻ ƎŀƭŀȄƛŜǎ ǿƛǘƘ ƻǘƘŜǊ ŀǎǘǊƻƴƻƳŜǊǎΩ 

measurements of redshift. From this data, he noticed a relationship, which is now called 

IǳōōƭŜΩǎ [ŀǿΦ ¢ƘŜ ƭŀǿ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ŦŀǊǘƘŜǊ ŀǿŀȅ ŀ ƎŀƭŀȄȅ ƛǎΣ ǘƘŜ ŦŀǎǘŜǊ ƛǘ ƛǎ ƳƻǾƛƴƎ ŀǿŀȅ ŦǊƻƳ 

us. What this leads to is the hypothesis that the universe is expanding. The figure below by 

NASA shows a simplified diagram of the expansion of the universe. If you look closely at the 

diagram, it is observed that on the bottom was the formation of the universe, and the energy is 

quite high. Over the course of the 13.7 billion years, the energy begins to cool enough to create 

trillions of stars and over time develop into galaxies. Over time, the galaxies continue to cool 

and expand farther apart from each other. 

 

 

https://en.wikipedia.org/wiki/File:Universe_expansion2.png
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Figure 2.11 Shows Slices of Expansion of Universe Without an Initial Singularity. Image by NASA is in the public 

domain. 

 

FORMATION OF THE UNIVERSE 
.ŜŦƻǊŜ IǳōōƭŜΣ Ƴƻǎǘ ŀǎǘǊƻƴƻƳŜǊǎ ǘƘƻǳƎƘǘ ǘƘŀǘ ǘƘŜ ǳƴƛǾŜǊǎŜ ŘƛŘƴΩǘ ŎƘŀƴƎŜΦ .ǳǘ ƛŦ ǘƘŜ universe is 

expanding, what does that say about where it was in the past? If the universe is expanding, the 

next logical thought is that in the past it had to have been smaller. 

 

The Big Bang Theory 
Big Bang Theory is the most widely accepted cosmological explanation of how the universe 

formed. If we start at the present and go back into the past, the universe is contracting, getting 

smaller and smaller. What is the result of a contracting universe? According to the Big Bang 

theory, the universe began about 13.7 billion years ago. Everything that is now in the universe 

was squeezed into a very small volume. Imagine all of the known universes in a single, hot, 

chaotic mass. An enormous explosion, a big bang, caused the universe to start expanding 

rapidly. All the matter and energy in the universe, and even space itself, came out of this 

explosion. What came before the Big Bang? There is no way for scientists to know since there is 

no remaining evidence. 

 

 

https://en.wikipedia.org/wiki/File:Universe_expansion2.png
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Figure 2.12 The Big Bang Theory, Measuring the Expansion Over a Period of 13.7 Billion Years. Image by NASA is in 

the public domain. 

After the Big Bang 
In the first few moments after the Big Bang, the universe was unimaginably hot and dense. As 

the universe expanded, it became less dense and began to cool. After only a few seconds, 

protons, neutrons, and electrons could form. After a few minutes, those subatomic particles 

came together to create hydrogen. The energy in the universe was great enough to initiate 

nuclear fusion and hydrogen nuclei were fused into helium nuclei. The first neutral atoms that 

included electrons did not form until about 380,000 years later. The matter in the early 

universe was not smoothly distributed across space. Dense clumps of matter held close 

together by gravity were spread around. Eventually, these clumps formed countless trillions of 

stars, billions of galaxies, and other structures that now form most of the visible mass of the 

universe. If you look at an image of galaxies at the far edge of what we can see, you are looking 

at great distances. But you are also looking across a different type of distance. What do those 

far away galaxies represent? Because it takes so long for light from so far away to reach us, you 

are also looking back in time. 

Dark Matter 
The Big Bang Theory is still the best scientific model we have for explaining the formation of the 

universe and many lines of evidence support it. However, recent discoveries continue to shake 

up our understanding of the universe. Astronomers and other scientists are now wrestling with 

some unanswered questions about what the universe is made of and why it is expanding. A lot 

of what cosmologists do is create mathematical models and computer simulations to account 

for these unknown phenomena, such as dark energy and dark matter. 

 

Scientists are much more certain what dark matter is not than we are what it is. First, it is dark, 

meaning that it is not in the form of stars and planets that we see. Observations show that 

there is far too little visible matter in the universe to make up the 27% required by the 

observations. Second, it is not in the form of dark clouds of normal matter, matter made up of 

particles called baryons. We know this because we would be able to detect baryonic clouds by 

their absorption of radiation passing through them. Third, dark matter is not antimatter, 

because we do not see the unique gamma rays that are produced when antimatter annihilates 

with matter. Finally, we can rule out large galaxy-sized black holes based on how many 

gravitational lenses we see. High concentrations of matter bend light passing near them from 

objects further away, but we do not see enough lensing events to suggest that such objects 

make up the required 25% dark matter contribution. 

https://commons.wikimedia.org/wiki/File:CMB_Timeline300_no_WMAP.jpg
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Dark Energy 
Astronomers who study the expansion of the universe are interested in knowing the rate of 

that expansion. Is the rate fast enough to overcome the attractive pull of gravity? 

ü If yes, then the universe will expand forever, although the expansion will slow down 

over time. 

ü If no, then the universe would someday start to contract, and eventually get squeezed 

together in a big crunch, the opposite of the Big Bang. 

Recently astronomers have made a discovery that answers that question: the rate at which the 

universe is expanding is increasing. In other words, the universe is expanding faster now than 

ever before, and in the future, it will expand even faster. So now astronomers think that the 

universe will keep expanding forever. But it also proposes a perplexing new question: What is 

causing the expansion of the universe to accelerate? One possible hypothesis involves a new, 

hypothetical form of energy called dark energy. Some scientists think that dark energy makes 

up as much as 72% of the total energy content of the universe. 

 

 

STAR SYSTEMS & GALAXIES 
Although constellations have stars that usually only appear to be close together, stars may be 

found in the same portion of space. Stars that are grouped closely together are called star 

systems. Larger groups of hundreds or thousands of stars are called star clusters. The image 

shown here is a famous star cluster classed M45, also known as Pleides, which can be seen with 

the naked eye in the autumn sky. Although the star humans know best is a single star, many 

stars, more than half of the bright stars in our galaxy are star systems. A system of two stars 

orbiting each other is a binary star. A system with more than two stars orbiting each other is a 

multiple star system. The stars in a binary or multiple star system are often so close together 

that they appear as only through a telescope can the pair be distinguished.  
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Figure 2.13 Star Cluster M45- Pleides. Image by NASA is in the public domain. 

 

Star Systems 
Star clusters are divided into two main types, open clusters, and globular clusters. Open clusters 

are groups of up to a few thousand stars that are loosely held together by gravity. The Pleiades 

is an open cluster that is also called the Seven Sisters. Open clusters tend to be blue and often 

contain glowing gas and dust. Open clusters are made of young stars that are formed from the 

same nebula. The stars may eventually be pulled apart by gravitational attraction to other 

objects. 

Globular Clusters 
Globular clusters are groups of tens to hundreds of thousands of stars held tightly together by 

gravity. Globular clusters have a definite, spherical shape and contain mostly reddish stars. The 

stars are closer together, closer to the center of the cluster. GlobuƭŀǊ ŎƭǳǎǘŜǊǎ ŘƻƴΩǘ ƘŀǾŜ ƳǳŎƘ 

dust in them, the dust has already  

formed into stars. 

 

Spiral Galaxies 
Galaxies are the biggest groups of stars and can contain anywhere from a few million stars to 

many billions of stars. Every star that is visible in the night sky is part of the Milky Way Galaxy. 

https://commons.wikimedia.org/wiki/File:Pleiades_large.jpg
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To the naked eye the closest major galaxy, the Andromeda Galaxy, looks like only a dim, fuzzy 

spot but that fuzzy spot contains one trillion stars. 

 

Spiral galaxies spin, so they appear as a rotating disk of stars and dust, with a bulge in the 

middle, like the Sombrero Galaxy. Several arms spiral outward in the Pinwheel Galaxy and are 

appropriately called spiral arms. Spiral galaxies have lots of gas and dust and lots of young stars. 

Other galaxies are egg-shaped and called an elliptical galaxy. The smallest elliptical galaxies are 

as small as some globular clusters. Giant elliptical galaxies, on the other hand, can contain over 

a trillion stars. Elliptical galaxies are reddish to yellowish because they contain mostly old stars.  

 

 
Figure 2.14: The Andromeda Galaxy. Image by NASA is in the public domain. 

Irregular & Dwarf Galaxies 
Galaxies that are not elliptical galaxies or spiral galaxies are irregular galaxies. Most irregular 

galaxies were once spiral or elliptical galaxies that were then deformed either by gravitational 

attraction to a larger galaxy or by a collision with another galaxy. Dwarf galaxies are small 

galaxies containing only a few million to a few billion stars. Dwarf galaxies are the most 

common type in the universe. HowevŜǊΣ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭ ŀƴŘ ŘƛƳΣ ǿŜ ŘƻƴΩǘ ǎŜŜ 

as many dwarf galaxies from Earth. Most dwarf galaxies are irregular in shape. However, there 

are also dwarf elliptical galaxies and dwarf spiral galaxies. Look back at the picture of the spiral 

galaxy, Andromeda. Next to our closest galaxy neighbor are two dwarf elliptical galaxies that 

are companions to the Andromeda Galaxy. One is a bright sphere to the left of the center, and 

the other is a long ellipse below and to the right of the center. Dwarf galaxies are often found 

near larger galaxies. Galaxy mergers can occur when two (or more) galaxies collide. They are 

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA15416
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the most violent type of galaxy interaction. The gravitational interactions between galaxies and 

the friction between the gas and dust have major effects on the galaxies involved. The exact 

effects of such mergers depend on a wide variety of parameters such as collision angles, 

speeds, and relative size/composition, and are currently an extremely active area of research. 

Galaxy mergers are important because the merger rate is a fundamental measurement of 

galaxy evolution. The merger rate also provides astronomers with clues about how galaxies 

bulked up over time 

 

 
Figure 2.15 An Irregularly Shaped Galaxy. Image by NASA is in the public domain. 

 

THE MILKY WAY GALAXY 
On a dark, clear night, you can see a milky band of light stretching across the sky. This band is 

the disk of a galaxy. The Milky Way Galaxy is our galaxy and is made of over 100 billion of stars 

along with a lot of gas and dust. Although it is difficult to know what the shape of the Milky 

Way Galaxy is because we are inside of it, astronomers have identified it as a typical spiral 

galaxy containing about 100 billion to 400 billion stars. 

 

https://en.wikipedia.org/wiki/File:Irregular_galaxy_NGC_1427A_(captured_by_the_Hubble_Space_Telescope).jpg
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Figure 2.16 Artist's Conception of the Spiral Structure of the Milky Way. Image by NASA is in the public domain. 

 

Artist's conception of the spiral structure of the Milky Way with two major stellar arms and a 

central bar. Using infrared images from NASA's Spitzer Space Telescope, scientists have 

discovered that the Milky Way's elegant spiral structure is dominated by just two arms 

wrapping off the ends of a central bar of stars. Previously, our galaxy was thought to possess 

four major arms. 

 

Like other spiral galaxies, our galaxy has a disk, a central bulge, and spiral arms. The disk is 

about 100,000 light-years across and 3,000 light-ȅŜŀǊǎ ǘƘƛŎƪΦ aƻǎǘ ƻŦ ǘƘŜ DŀƭŀȄȅΩǎ ƎŀǎΣ ŘǳǎǘΣ 

young stars, and open clusters are in the disk. What data and evidence do astronomers find 

that lets them know that the Milky Way is a spiral galaxy? 

ü The shape of the galaxy as we see it. 

ü The velocities of stars and gas in the galaxy show a rotational motion. 

https://commons.wikimedia.org/wiki/File:Kepler-452_in_Milky_Way_ukrainian.jpg


33 | P H Y S I C A L  G E O G R A P H Y   
 

ü The gases, color, and dust are typical of spiral galaxies. 

The central bulge is about 12,000 to 16,000 light-years wide and 6,000 to 10,000 light-years 

thick. The central bulge contains mostly older stars and globular clusters. Some recent evidence 

suggests the bulge might not be spherical but is instead shaped like a bar, fig 2.17. The bar 

might be as long as 27,000 light-years. The disk and bulge are surrounded by a faint, spherical 

halo, which also includes old stars and globular clusters. Astronomers have discovered that 

there is a gigantic black hole at the center of the galaxy. 

 

 
Figure 2.17 Grid Added to Annotated Milky Way Note That The Milky Way is Rotating Clockwise. Image by NASA is 

in the public domain. 

 

The Milky Way Galaxy is a significant place. Our solar system, including the Sun, Earth, and all 

the other planets, is within one of the spiral arms in the disk of the Milky Way Galaxy. Most of 

the stars we see in the sky are relatively nearby stars that are also in this spiral arm. Earth is 

about 26,000 light-years from the center of the galaxy, a little more than halfway out from the 

center of the galaxy to the edge. Just as Earth orbits the Sun, the Sun and solar system orbit the 

center of the Galaxy. One orbit of the solar system takes about 225 to 250 million years. The 

solar system has orbited 20 to 25 times since it formed 4.6 billion years ago. Astronomers have 

recently found that at the center of the Milky Way, and most other galaxies, is a supermassive 

black hole, though a black hole cannot be seen. 

https://commons.wikimedia.org/wiki/File:Galactic_longitude.JPG
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STAR ENERGY: NUCLEAR FUSION 
A solar flare, also known as a corona, is a long filament of solar material, erupting out from the 

ǎǳƴ ƛƴǘƻ ǎǇŀŎŜΦ ¢ƘŜ {ǳƴ ƛǎ 9ŀǊǘƘΩǎ ƳŀƧƻǊ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅΣ ȅŜǘ ǘƘŜ ǇƭŀƴŜǘ ƻƴƭȅ ǊŜŎŜƛǾŜǎ ŀ ǎƳŀƭƭ 

portion of its energy and the Sun is just an ordinary star. Many stars produce much more 

energy than the Sun. The energy source for all stars is nuclear fusion. Stars are made mostly of 

hydrogen and helium, which are packed so densely in a star that the pressure in the ǎǘŀǊΩǎ 

center is great enough to initiate nuclear fusion reactions. In a nuclear fusion reaction, the 

nuclei of two atoms combine to create a new atom. Most commonly, in the core of a star, two 

hydrogen atoms fuse to become a helium atom.  

 

 
Figure 18 Solar Flare-- or Corona. Image by NASA is in the public domain. 

 

 

Although nuclear fusion reactions require a lot of energy to get started, once they are going, 

they produce enormous amounts of energy. In a star, the energy from fusion reactions in the 

core pushes outward to balance the inward pull of gravity. This energy moves outward through 

ǘƘŜ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ǎǘŀǊ ǳƴǘƛƭ ƛǘ Ŧƛƴŀƭƭȅ ǊŜŀŎƘŜǎ ǘƘŜ ǎǘŀǊΩǎ ƻǳǘŜǊ ǎǳǊŦŀŎŜΦ ¢ƘŜ ƻǳǘŜǊ ƭŀȅŜǊ ƻŦ ǘƘŜ ǎǘŀǊ 

glows brightly, sending the energy out into space as electromagnetic radiation, including visible 

light, heat, ultraviolet light, and radio waves. 

 

https://en.wikipedia.org/wiki/File:Magnificent_CME_Erupts_on_the_Sun_-_August_31.jpg
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In particle accelerators, subatomic particles are propelled until they have attained almost the 

same amount of energy as found in the core of a star. When these particles collide head-on, 

new particles are created. This process stimulates the nuclear fusion that takes place in the 

cores of stars. The process also stimulates the conditions that allowed for the first helium atom 

to be produced from the collision of two hydrogen atoms in the first few minutes of the 

universe. 

 

 

 

 

STAR CLASSIFICATION 
Think about how the color of a piece of metal changes with temperature. A coil of an electric 

stove will start out black but with added heat will start to glow a dull red. With more heat, the 

coil turns a brighter red, then orange. At extremely high temperatures the coil will turn yellow-

white, or even blue-ǿƘƛǘŜ όƛǘΩǎ ƘŀǊŘ ǘƻ ƛƳŀƎƛƴŜ the flame on your stove getting that hot). A 

ǎǘŀǊΩǎ ŎƻƭƻǊ ƛǎ ŀƭǎƻ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǎǘŀǊΩǎ ǎǳǊŦŀŎŜΦ wŜƭŀǘƛǾŜƭȅ Ŏƻƻƭ ǎǘŀǊǎ ŀǊŜ 

red, warmer stars are orange or yellow, and extremely hot stars are blue or blue-white. Color is 

the most common way to classify stars. The class of a star is given by a letter. Each letter 

corresponds to a color, and ǘƻ ŀ ǊŀƴƎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜǎΦ bƻǘŜ ǘƘŀǘ ǘƘŜǎŜ ƭŜǘǘŜǊǎ ŘƻƴΩǘ ƳŀǘŎƘ ǘƘŜ 

color names; they are left over from an older system that is no longer used. For most stars, the 

surface temperature is also related to size. Bigger stars produce more energy, so their surfaces 

are hotter. These stars tend toward bluish-white. Smaller stars produce less energy. Their 

surfaces are less hot and so they tend to be yellowish. 
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Figure 2.19 Relative Sizes of the Planets in the Solar System and Several Well-Known Stars. Image by NASA is used 

under a Attribution-Share Alike 3.0 Unported license. 

 

The Main Sequence 
CƻǊ Ƴƻǎǘ ƻŦ ŀ ǎǘŀǊΩǎ ƭƛŦŜΣ ƴǳŎƭŜŀǊ Ŧǳǎƛƻƴ ƛƴ ǘƘŜ ŎƻǊŜ ǇǊƻŘǳŎŜǎ ƘŜƭƛǳƳ ŦǊƻƳ ƘȅŘǊƻƎŜƴΦ ! ǎǘŀǊ ƛƴ ǘƘƛǎ 

stage is a main-sequence star. This term comes from the Hertzsprung-Russell diagram shown 

here. For stars in the main sequence, the temperature is directly related to brightness. A star is 

on the main sequence if it can balance the inward force of gravity with the outward force of 

nuclear fusion in its core. The more massive a star, the more it must burn hydrogen fuel to 

prevent gravitational collapse. Because they burn more fuel, more massive stars have higher 

temperatures. Massive stars also run out of hydrogen sooner than smaller stars do. Our Sun has 

been a main-sequence star for about 5 billion years and will continue the main sequence for 

about 5 billion more years. Very large stars may be in the main sequence for only 10 million 

years. Very small stars may last tens to hundreds of billions of years. 

 

https://commons.wikimedia.org/wiki/File:Star-sizes.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


37 | P H Y S I C A L  G E O G R A P H Y   
 

 
Figure 2.20 Main Sequence of a Stars Life. Image by NASA is in the public domain.  

 

Red Giants & White Dwarfs 
As a star begins to use up its hydrogen, it fuses helium atoms together into heavier atoms such 

as carbon. A blue giant star has exhausted its hydrogen fuel and is a transitional phase. When 

the light elements are mostly used up the star can no longer resist gravity and it starts to 

collapse inward. The outer layers of the star grow outward and cool. The larger, cooler star 

turns red and so is called a red giant. Eventually, a red giant burns up all of the helium in its 

core. What happens next depends on how massive the star is. A typical star, such as the Sun, 

ǎǘƻǇǎ Ŧǳǎƛƻƴ ŎƻƳǇƭŜǘŜƭȅΦ DǊŀǾƛǘŀǘƛƻƴŀƭ ŎƻƭƭŀǇǎŜ ǎƘǊƛƴƪǎ ǘƘŜ ǎǘŀǊΩǎ ŎƻǊŜ ǘƻ ŀ ǿƘƛǘŜΣ ƎƭƻǿƛƴƎ ƻōƧŜŎǘ 

about the size of Earth, called a white dwarf. A white dwarf will ultimately fade out. 

https://www.universetoday.com/52252/main-sequence/
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Supergiants & Supernovas 
A star that runs out of helium will end its life much more dramatically. When very massive stars 

leave the main sequence, they become red supergiants. Unlike a red giant, when all the helium 

in a red supergiant is gone, fusion continues. Lighter atoms fuse into heavier atoms up to iron 

atoms. Creating elements heavier than iron through fusion uses more energy than it produces 

so stars do not ordinarily form any heavier elements. When there are no more elements for the 

star to fuse, the core succumbs to gravity and collapses, creating an explosion called a 

supernova. A supernova explosion contains so much energy that atoms can fuse together to 

produce heavier elements such as gold, silver, and uranium. A supernova can shine as brightly 

as an entire galaxy for a short time. All elements with an atomic number greater than that of 

lithium were created by nuclear fusion in stars. 

 

 
Figure 2.21 Image of the Crab Nebula. Image by NASA is in the public domain. 

 

Neutron Stars & Black Holes 
After a supernova explosion, the leftover material in the core is extremely dense. If the core is 

less than about four times the mass of the Sun, the star becomes a neutron star. A neutron star 

is made almost entirely of neutrons, relatively large particles that have no electrical charge. If 

the core remaining after a supernova is more than about five times the mass of the Sun, the 

core collapses into a black hole. Black holes are so dense that not even light can escape their 

gravity. With no light, a black hole cannot be observed directly. But a black hole can be 

https://www.spacetelescope.org/images/heic0515a/
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identified by the effect that it has on objects around it, and by radiation that leaks out around 

its edges.  

 

 

 
Figure 2.22: Simulated View of a Black Hole in Front of the Large Magellanic Cloud. Image by NASA is in the public 

domain. 

 

 

UNIT 2 SUMMARY 
Astronomy is one of the oldest sciences, and early civilizations performed methodical 

observations of the night sky, and astronomical artifacts have been found from much earlier 

periods. However, the invention of the telescope was required before astronomy was able to 

develop into a modern science. 

 

The Big Bang Theory is the most widely accepted cosmological explanation of how the universe 

formed. At its simplest, it says the universe as we know it started with a small singularity, then 

inflated over the next 13.8 billion years to the cosmos that we know today.  

 

The Milky Way contains over 200 billion stars, and enough dust and gas to make billions more. 

The solar system lies about 30,000 light-years from the galactic center and about 20 light-years 

above the plane of the galaxy. More than half the stars found in the Milky Way are older than 

the 4.5-billion-year-old sun. 

https://thegeneralidea.org/10583/features/what-is-a-black-hole/
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Figure 3.1 Student at Ubehebe Crater in Death Valley, California. Image by Jeremy Patrich is 

used under a CC-BY 4.0 license. 

UNIT 3: INTRODUCTION TO 

GEOLOGY & GEOLOGIC TIME  
Goals & Objectives of this unit 

ü Explain what geology is, how it incorporates the other sciences, and how it is different 

from the other sciences. 

ü Discuss why we study Earth and what type of work geologists do. 

ü Use the notation for geological time, gain an appreciation for the vastness of geological 

time, and describe how very slow geological processes can have enormous impacts over 

time. Apply basic geological principles to the determination of the relative ages of rocks. 

ü Explain the difference between relative and absolute age-dating techniques. 

ü Summarize the history of the geological time scale and the relationships between eons, 

eras, periods, and epochs. 

 

https://creativecommons.org/licenses/by/4.0/
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WHAT IS GEOLOGY? 
In its broadest sense, geology is the study of Earth, ƛǘΩǎ ƛƴǘŜǊƛƻǊ ŀƴŘ ƛǘǎ ŜȄǘŜǊƛƻǊ ǎǳǊŦŀŎŜΣ ǘƘŜ 

rocks and other materials that are around us, the processes that have resulted in the formation 

of those materials, the water that flows over the surface, and lies underground, the changes 

that have taken place over the vastness of geologic time, and the changes that we can 

anticipate will take place in the near future. Geology is a science, meaning that we use 

deductive reasoning and scientific methods to understand geological problems. It is, arguably, 

the most integrated of all the sciences because it involves the understanding and application of 

all the other sciences: physics, chemistry, biology, mathematics, astronomy, and others. But 

unlike most of the other sciences, geology has an extra dimension, that of time, deep time, 

billions of years of it. Geologists study the evidence that they see around them, but in most 

cases, they are observing the results of processes that happened thousands, millions, and even 

billions of years in the past. Those were processes that took place at incredibly slow rates, 

millimeters per year to centimeters per year, but because of the amount of time available, they 

produced massive results. 

 

Geology is also about understanding the evolution of life on Earth; about discovering resources 

such as metals and energy; about recognizing and minimizing the environmental implications of 

our use of those resources; and about learning how to mitigate the hazards related to 

earthquakes, volcanic eruptions, and slope failures.  

 

What Do Geologists Do? 
Geologists are involved in a range of widely varying occupations with one thing in common: the 

privilege of studying this fascinating planet. Many geologists work in the resource industries, 

including mineral exploration and mining and energy exploration and extraction. Other major 

areas where geologists work include hazard assessment and mitigation (e.g., assessment of 

risks from slope failures, earthquakes, and volcanic eruptions); water supply planning, 

development, and management; waste management; and assessment of geological issues on 

construction projects such as highways, tunnels, and bridges. Most geologists are employed in 

the private sector, but many work for government-funded geological organizations, such as the 

United States Geological Survey, (USGS).  
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Figure 3.2 Faculty Explaining Physical Weathering of Rock Material. Image by Jeremy Patrich  

is used under a CC-BY 4.0 license. 

 

Many people are attracted to geology because they like to be outdoors, and many geological 

opportunities involve fieldwork in places that are as amazing to see as they are interesting to 

study. But a lot of geological work is also completed back in offices or laboratories. 

 

 

GEOLOGICAL TIME 
The Geologic Time Scale and the basic outline of Earth history were worked out long before we 

had any scientific means of assigning numerical units of age like years to events of Earth history. 

Working out Earth history depended on realizing some key principles of relative time. Nicholas 

Steno introduced a basic understanding of stratigraphy (the study of layered rocks) in 1669 with 

the basic principles of stratigraphy. William Smith (1769-1839), working with the strata of the 

English coal mines, noticed that strata and their sequence were consistent throughout the 

region and eventually produced the first national geologic map of Britain. As a result, William 

Smith became ƪƴƻǿƴ ŀǎ άǘƘŜ CŀǘƘŜǊ ƻŦ 9ƴƎƭƛǎƘ DŜƻƭƻƎȅΦέ ¦ǎƛƴƎ {ǘŜƴƻΩǎ ǇǊƛƴŎƛǇƭŜǎΣ ŀ ǊŜƭŀǘƛǾŜ 

time scale was developed in the nineteenth century with names derived from areas studied and 

characteristics of the rocks in those areas.  

 

A useful mechanism for understanding geological time is to scale it all down into one year. The 

origin of the solar system and Earth at 4.57 Ga (billion years ago) would be represented by 

January 1, and the present year would be represented by the last tiny fraction of a second on 

https://creativecommons.org/licenses/by/4.0/
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bŜǿ ¸ŜŀǊΩǎ Eve. At this scale, each day of the year represents 12.5 million years; each hour 

represents about 500,000 years; each minute represents 8,694 years, and each second 

ǊŜǇǊŜǎŜƴǘǎ мпр ȅŜŀǊǎΦ {ƻƳŜ ǎƛƎƴƛŦƛŎŀƴǘ ŜǾŜƴǘǎ ƛƴ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅΣ ŀǎ ŜȄǇǊŜǎǎŜŘ ƻƴ ǘƘƛǎ ǘƛƳe scale, 

are summarized in the table below. 

Table 3.1 Geological Events 

Geologic Event Approximate Date Calendar Equivalent 

Formation of oceans and continents 4.5-4.4 Ga January 1st  

Evolution of the first primitive life 

forms 

3.8 Ga Early March 

{ǘǊƻƳŀǘƻƭƛǘŜǎ ϧ ǘƘŜ ƻǊƛƎƛƴ ƻŦ 9ŀǊǘƘΩǎ 

Oxygen 

3.5 Ga April 1st  

Ediacaran Fauna 600 Ma November 11th 

Cambrian Explosion 545 Ma November 16th  

Animals first crawled onto land 360 Ma December 1st 

Extinction of the non-avian dinosaurs 65 Ma December 26th 

Beginning of the Pleistocene ice age 2.58 Ma or 200 ka 8:00 pm on December 31st 

Native Americans made the Channel 

Islands their home.  

10 ka 11:59 pm on December 31st 

The arrival of the first Europeans on 

the northern west coast of North 

America 

250 years ago Two seconds before 

midnight on December 31st 

 

The Geological Time Scale 
²ƛƭƭƛŀƳ ά{ǘǊŀǘŀέ {ƳƛǘƘ ǿƻǊƪŜŘ ŀǎ ŀ ǎǳǊǾŜȅƻǊ ƛƴ ǘƘŜ Ŏƻŀƭ-mining and canal-building industries in 

southwestern England in the late 1700s and early 1800s. While doing his work, he had many 

opportunities to look at the Paleozoic and Mesozoic sedimentary rocks of the region, and he did 

so in a way that few had done before. Smith noticed the textural similarities and differences 

between rocks in different locations, and more importantly, he discovered that fossils could be 

used to correlate rocks of the same age. Smith is credited with formulating the principle of 
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faunal succession (the concept that specific types of organisms lived during different time 

intervals), and he used it to great effect in his monumental project to create a geological map of 

England and Wales, published in 1815.  

 

 
Figure 3.3 ²ƛƭƭƛŀƳ {ƳƛǘƘΩǎ ά{ƪŜǘŎƘ ƻŦ ǘƘŜ Succession of Strata and Their Relative Altitudes. Image by  

NASA is in the public domain. 

 

LƴǎŜǘ ƛƴǘƻ {ƳƛǘƘΩǎ ƎǊŜŀǘ ƎŜƻƭƻƎƛŎŀƭ ƳŀǇ ƛǎ ŀ ǎƳŀƭƭ ŘƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ŀ ǎŎƘŜƳŀǘƛŎ geological cross-

section extending from the Thames estuary of eastern England the west coast of Wales. Smith 

shows the sequence of rocks, from the Paleozoic rocks of Wales and western England, through 

the Mesozoic rocks of central England, to the Cenozoic rocks of the area around London. 

Although Smith did not put any dates on these, ōŜŎŀǳǎŜ ƘŜ ŘƛŘƴΩǘ ƪƴƻǿ ǘƘŜƳ, he was aware of 

the principle of superposition (the idea, developed much earlier by the Danish theologian and 

scientist Nicholas Steno, that young sedimentary rocks form on top of older ones), and so he 

knew that this diagram represented a stratigraphic column. And because almost every period of 

the Phanerozoic is represented along that section through Wales and England, it is a primitive 

geological time scale. 

 

{ƳƛǘƘΩǎ ǿƻǊƪ ǎŜǘ ǘƘŜ ǎǘŀƎŜ ŦƻǊ ǘƘŜ ƴŀƳƛƴƎ ŀƴŘ ƻǊŘŜǊƛƴƎ ƻŦ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ǇŜǊƛƻŘǎΣ ǿƘƛŎƘ ǿŀǎ 

initiated around 1820, first by British geologists, and later by other European geologists. Many 

of the periods are named for places where rocks of that age are found in Europe, such as 

Cambrian for Cambria (Wales), Devonian for Devon in England, Jurassic for the Jura Mountains 

in France and Switzerland, and Permian for the Perm region of Russia. Some are named for the 

type of rock that is common during that age, such as Carboniferous for the coal- and carbonate-

bearing rocks of England, and Cretaceous for the chalks of England and France. 

 

https://courses.lumenlearning.com/physicalgeology/chapter/8-1-the-geological-time-scale/
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The early time scales were only relative because 19th-century geologists did not know the ages 

of the rocks. That information was not available until the development of isotopic dating 

techniques early in the 20th century. 

 

The geological time scale is currently maintained by the International Commission on 

Stratigraphy (ICS), which is part of the International Union of Geological Sciences. The time 

scale is continuously being updated as we learn more about the timing and nature of past 

geological events.  

 

Geological time has been divided into four eons: Hadean, Archean, Proterozoic, and 

PhanerozoiŎΣ ŀƴŘ ŀǎ ǎƘƻǿƴ ōŜƭƻǿΣ ǘƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ƻŦ ǘƘŜǎŜ ǊŜǇǊŜǎŜƴǘ ŀƭƳƻǎǘ фл҈ ƻŦ 9ŀǊǘƘΩǎ 

ƘƛǎǘƻǊȅΦ ¢ƘŜ ƭŀǎǘ ƻƴŜΣ ǘƘŜ tƘŀƴŜǊƻȊƻƛŎ όƳŜŀƴƛƴƎ άǾƛǎƛōƭŜ ƭƛŦŜέύΣ ƛǎ ǘƘŜ ǘƛƳŜ ǘƘŀǘ ǿŜ ŀǊŜ Ƴƻǎǘ 

familiar with because Phanerozoic rocks are the most common on Earth, and they contain 

evidence of life forms that we are all somewhat familiar with. 

 

 
Figure 3.4 The Eons of Earth's History. Image is used under a CC-BY 4.0 license. 

 

The Phanerozoic, ǘƘŜ Ǉŀǎǘ рпл aŀ ƻŦ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅ, is divided into three eras: the Paleozoic 

όάŜŀǊƭȅ ƭƛŦŜέύΣ ǘƘŜ aŜǎƻȊƻƛŎ όάƳƛŘŘƭŜ ƭƛŦŜέύΣ ŀƴŘ ǘƘŜ /ŜƴƻȊƻƛŎ όάƴŜǿ ƭƛŦŜέύΣ ŀƴŘ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ƛǎ 

divided into several periods. Most of the organisms that we share Earth with evolved at various 

times during the Phanerozoic. 

 

 

 
Figure 3.5 The Eras and Periods of the Phanerozoic. Image is used under a CC-BY 4.0 license. 

 

 

https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
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The Cenozoic, which represents the past 65.5 Ma, is divided into three periods: Paleogene, 

Neogene, and Quaternary, and seven epochs. Dinosaurs became extinct at the start of the 

Cenozoic, after which birds and mammals spreadu out to fill the available habitats. Earth was 

very warm during the early Eocene and has steadily cooled ever since. Glaciers first appeared 

on Antarctica in the Oligocene and then on Greenland in the Miocene and covered much of 

North America and Europe by the Pleistocene. The most recent of the Pleistocene glaciations 

ended around 11,700 years ago. The current epoch is known as the Holocene. Epochs are 

further divided into ages or stages. 

 

 

 
Figure 3.6 The Periods and Epochs of the Cenozoic. Image is used under a CC-BY 4.0 license. 

 

Most of the boundaries between the periods and epochs of the geological time scale have been 

fixed based on significant changes in the fossil record. For example, as already noted, the 

boundary between the Cretaceous and the Paleogene coincides exactly with the extinction of 

ǘƘŜ ŘƛƴƻǎŀǳǊǎΦ ¢ƘŀǘΩǎ ƴƻǘ ŀ ŎƻƛƴŎƛŘŜƴŎŜΦ aŀƴȅ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ƻǊƎŀƴƛǎƳǎ ǿŜƴǘ ŜȄǘƛƴŎǘ ŀǘ ǘƘƛǎ 

time, and the boundary between the two periods marks the division between sedimentary 

rocks with older Cretaceous organisms below and younger Paleogene organisms above. 

 

 

 

 

 

 

 

 

 

 

 

 

https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
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GEOLOGIC DATING 
Geological Dating is a technique used in Geology to date a certain type of rock that contains 

radiometric elements and those radiometric elements decay at a constant rate. This unit will 

discuss several different types of dating, both relative and absolute.  

 

 
Figure 3.7 Geological Time Spiral. Image is in the public domain.  

 

Relative Dating 
Relative dating is the process of determining if one rock or geologic event is older than or 

younger than another, without knowing the specific age (e.g., number of years ago the object 

was formed). The principles of relative time are simple, even obvious now, but were not 

generally accepted by scholars until the Scientific Revolution of the 17th and 18th centuries. 

James Hutton realized that geologic processes are slow and his ideas on uniformitarianism (e.g., 

άǘƘŜ ǇǊŜǎŜƴǘ ƛǎ ǘƘŜ ƪŜȅ ǘƻ ǘƘŜ Ǉŀǎǘέύ ǇǊƻǾƛŘŜŘ ŀ ōŀǎƛǎ ŦƻǊ ƛƴǘŜǊǇǊŜǘƛƴƎ ǘƘŜ ǊƻŎƪǎ ƻŦ ǘƘŜ 9ŀǊǘƘ ƛƴ 

terms of scientific principles. 

 

https://en.wikipedia.org/wiki/File:Geological_time_spiral.png
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Stratigraphy is the study of layered sedimentary rocks. Below are a few principles of relative 

time that are used in all of geology, but especially useful in stratigraphy. 

ü Principle of Superposition: In an otherwise undisturbed sequence of sedimentary strata 

(rock layers), the layers on the bottom are the oldest and the layers above are younger. 

ü Principle of Original Horizontality: Layers of rocks deposited from above in a gravity 

field, such as sediments and lava flows, originally were laid down horizontally. This holds 

true except for the margins of basins, where the strata can slope slightly downward into 

the basin. 

ü Principle of Lateral Continuity: Within the depositional basin in which they form, strata 

are continuous in all directions until they thin out at the edge of that basin. Of course, 

all strata eventually end, either by hitting a geographic barrier or by a depositional 

process being too far from its source, either a sediment source or a volcano. Strata that 

are subsequently cut by a canyon remain continuous on both sides of the canyon. 

ü Principle of Fossil Succession: Assemblages of fossils contained in strata are unique to 

the time they lived and can be used to correlate rocks of the same age across a wide 

geographic distribution. Evolution has produced a succession of life whose fossils are 

unique to the units of the Geologic time Scale. 

 

 
Figure 3.8 Example of Superposition, Red Rock Canyon, California. Image by Jeremy Patrich 

 is used under a CC-BY 4.0 license. 

https://creativecommons.org/licenses/by/4.0/
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Figure 3.9 Fossil Succession Showing Correlation Among Strata. Image is used under a CC-BY 4.0 license. 

 

Absolute Dating 
Relative time allows science to tell the story of the Earth, but does not provide specific numeric 

ŀƎŜǎ ƻŦ ŜǾŜƴǘǎΣ ŀƴŘ ǘƘǳǎΣ ǘƘŜ ǊŀǘŜ ŀǘ ǿƘƛŎƘ ƎŜƻƭƻƎƛŎ ǇǊƻŎŜǎǎŜǎ ƻǇŜǊŀǘŜΦ .ŀǎŜŘ ƻƴ IǳǘǘƻƴΩǎ 

Uniformity Principle (Uniformitarianism), early geologists surmised that geological processes 

work slowly and that the Earth is very old. Because science advances as the technology of its 

ǘƻƻƭΩǎ advances, the discovery of radioactivity in the late 1800s provided a new scientific tool by 

which actual ages in years can be assigned to mineral grains within a rock. Later we will identify 

how Earth history is understood using relative dating principles without actually knowing the 

numerical age of events. This was how scientists of that time interpreted Earth history, until the 

end of the 19th-century when radioactivity was discovered. This discovery introduced a new 

dating technology that allows scientists to determine specific numeric ages of some rocks, 

called absolute dating. The next sections discuss this absolute dating system called radio-

isotopic dating. 

 

Radio-Isotopic Dating 
Given a sample of rock, how is the dating procedure carried out? Using chemical analysis, the 

parent elements and daughter products can be separated from the mineral. Remember that 

elements behave chemically due to their atomic number. In the case of uranium, both the 238U 

and 235U isotopes are chemically separated out together, as are the lead isotopes 206Pb and 

207Pb. An instrument called a mass spectrometer then separates the uranium isotopes from 

each other as well as the lead isotopes from each other by passing beams of the isotopes 

through a magnetic field. As these isotopic beams pass through the instrument, the path of the 

heavier isotope is deflected less so the two beams strike a sensor at different places. From the 

http://opengeology.org/textbook/7-geologic-time/
https://creativecommons.org/licenses/by/4.0/
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intensity of each beam, the amount of parent and daughter products is determined, and from 

this ratio, the age can be calculated. 

 

 
Figure 3.10 Graph of the Number of Half-Lives Image is used under a CC-BY 4.0 license 

 

Here is a simple example of age calculation using the ratio of daughter product to parent 

isotope. When the mineral initially forms, there is a 100% parent isotope and 0% daughter and 

the ratio of daughter to parent (D/P) is 0. After one half-life, half the parent has decayed so 

there is 50% parent and 50% daughter. The ratio is then 1. After two half-lives, there is 25% 

parent and 75% daughter, and the ratio is 3. This can be further calculated for a series of half-

lives as shown in the table above. Note that after about ten half-lives, the amount of parent 

remaining is so small that accurate chemical analysis of the parent is difficult, and the accuracy 

of the method is diminished. Ten half-lives are generally considered the upper limit for use of 

an isotope for radio-isotopic dating. Modern applications of this method have achieved 

ǊŜƳŀǊƪŀōƭŜ ŀŎŎǳǊŀŎȅ ƻŦ Ǉƭǳǎ ƻǊ Ƴƛƴǳǎ ǘǿƻ Ƴƛƭƭƛƻƴ ȅŜŀǊǎ ƛƴ нΦр ōƛƭƭƛƻƴ ȅŜŀǊǎ όǘƘŀǘΩǎ ҕлΦлрр҈ύΦ 

Considering the uranium/lead technique, in any given sample analysis, there are two separate 

clocks running at the same time, 238U and 235U. The existence of these two clocks in the same 

sample gives a cross-check on each other. Many geological samples contain multiple 

parent/daughter pairs so cross-checking clocks show radio-isotopic dating to be highly reliable. 

 

Carbon Dating 
Another radio-isotopic dating method involves carbon and is useful for dating archaeologically 

important samples containing organic substances like wood, bone or shells. Carbon dating uses 

the unstable isotope carbon-14 (14C) and the stable isotope carbon-12 (12C). Carbon-14 is 

constantly being created in the atmosphere by the interaction of cosmic particles with 

atmospheric nitrogen-14 (14N). The cosmic particles include neutrons that strike the nitrogen 

nucleus kicking out a proton but leaving the neutron in the nucleus. The atomic number is 

http://opengeology.org/textbook/7-geologic-time/
https://creativecommons.org/licenses/by/4.0/
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reduced by one from 7 to 6 forming carbon and the mass number remains the same at 14. The 

14C quickly bonds with oxygen in the atmosphere to form carbon dioxide which mixes with the 

other atmospheric carbon dioxide and is incorporated into living matter. Thus, while an 

ƻǊƎŀƴƛǎƳ ƛǎ ŀƭƛǾŜ ǘƘŜ Ǌŀǘƛƻ ƻŦ мп/κмн/ ƛƴ ƛǘǎ ōƻŘȅ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜ ǎƛƴŎŜ ƛǘ ƛǎ Ŏƻƴǎǘŀƴǘƭȅ 

exchanging with the atmosphere. However, when it dies, the radiocarbon clock starts ticking as 

the 14C decays back to 14N by beta decay with a half-life of 5,730 years. The radiocarbon 

dating technique is thus useful for about ten half-lives back 57,300 years or so. 

 

Since radio-isotopic dating relies on parent and daughter ratios and the amount of parent 14C 

needs to be known, early applications of 14C dating assumed the production and concentration 

of 14C in the atmosphere for the last 50,000 years or so was the same as today. But the 

production of CO2 since the Industrial Revolution by combustion of fossil fuels (in which 14C 

long ago decayed) has diluted 14C in the atmosphere leading to potential errors in this 

assumption. Other factors affecting the estimates of the composition of parent carbon in the 

atmosphere have also been studied. Comparisons of carbon ages with tree ring data and other 

data for known events have allowed calibration for the reliability of the radiocarbon method 

which is primarily used in archaeology and very recent geologic events.  Considering these 

factors, carbon-14 dating is a reliable dating method in this range. 

 

 

UNIT 3 SUMMARY 
All the events of earth history can be placed in sequence using the principles of relative time 

called the five Principles of Stratigraphy. The Geologic Time Scale was completely worked out in 

the 19th Century using these principles and used as a calendar for telling the story of the earth.   

 

IǳǘǘƻƴΩǎ ¦ƴƛŦƻǊƳƛǘȅ tǊƛƴŎƛǇƭŜΣ ƪƴƻǿƛƴƎ Ƙƻǿ ƴŀǘǳǊŀƭ ǇǊƻŎŜǎǎŜǎ ǿƻǊƪ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘ ƛǎ ƪŜȅ to 

understanding the past, provided a means to study and understand the processes involved in 

the events that have shaped the earth to its present form.  

 

The discovery of radioactivity in the late 1800s provided a tool to measure the actual ages of 

the events of earth history. However, certain types of rocks and minerals are better suited for 

dating and certain assumptions about those rocks and minerals require care and precaution in 

interpreting ages. 

 

Geologic time is now known to be vast and to have provided plenty of time for the evolution of 

the planet and life upon it to have taken place to produce the earth as we see it and all the life 

forms on it. 
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Figure 4.1 Lowest Elevation in California, Badwater Basin, -282ft in Death Valley, California. 

Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

UNIT 4: MAPPING E!w¢IΩ{ 

SURFACE  
Goals & Objectives of this unit 

ü Understand a mapΩs scale, projections, and ways of telling the map user what the map is 

ƳŜŀǎǳǊƛƴƎ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  

ü Explore the concepts of scale, resolution, and projection.  

ü Identify contour intervals on basic topographic maps.  

ü Allow students to interpret the distortions of each projection, and to explain how the 

point of tangency creates different styles of maps and presents different information.  

ü Provide students an understanding of latitude and longitude, and how to use this and 

other coordinate systems.  

 

https://creativecommons.org/licenses/by/4.0/
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WHAT IS CARTOGRAPHY? 
Cartography is the study, practice, and interpretation of maps. Combining science, aesthetics, 

and technique, cartography builds on the premise that reality can be modeled in ways that 

communicate spatial information effectively. 

 

The fundamental problems of traditional cartography are to: 

ü Set the mapΩs agenda and select the traits of the object to be mapped. This is the 

concern of map editing. Traits may be physical, such as roads or land masses, or maybe 

abstract, such as typonyms or political boundaries. 

ü Represent the terrain of the mapped object on flat media. This is the concern of map 

projections. 

ü Reduce the complexity of the characteristics that will be mapped. This is also the 

concern of generalization. 

ü Orchestrate the elements of the map to best convey its message to its audience. This is 

the concern of design. 

 

Map Scale 
The EŀǊǘƘΩǎ ǎǳǊŦŀŎŜ Ƙŀǎ ŀƴ ŀǊŜŀ ƻŦ ƻǾŜǊ рлл Ƴƛƭƭƛƻƴ ƪƳ2 and any picture of the earth that you 

can easily carry can only show general outlines of continents and countries. When we visually 

represent a region of the world on a map, we must reduce its size to fit within the boundaries 

of the map. Map scale measures how much the features of the world are reduced to fit on a 

map; or more precisely, map scale shows the proportion of a given distance on a map to the 

corresponding distance on the ground in the real world. The map scale is represented by a 

representative fraction, graphic scale, or verbal description. 

 

Representative Fraction 
The most commonly used measure of map scale is the representative fraction (RF), where a 

map scale is shown as a ratio. With the numerator always set to 1, the denominator represents 

how much greater the distance is in the world. The figure below shows a topographic map with 

an RF of 1:24,000, which means that one unit on the map represents 24,000 units on the 

ground. The representative fraction is accurate regardless of which units are used; the RF can 

be measured as 1 centimeter to 24,000 centimeters, one inch to 24,000 inches, or any other 

unit. 
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Figure 4.2 Representative Fraction & Scale Bars from a USGS Topographic Map. Image is used under a Creative 

Commons by-nc-sa 3.0  license. 

 

Graphic Scale 
Scale bars are graphical representations of distance on a map. The figure has scale bars for 1 

mile, 7000 feet, and 1 kilometer. One important advantage of graphic scales is that they remain 

true when maps are shrunk or magnified. 

 

Verbal Description 
Some maps, especially older ones, use a verbal description of scale. For example, it is common 

ǘƻ ǎŜŜ άƻƴŜ ƛƴŎƘ ǊŜǇǊŜǎŜƴǘǎ ƻƴŜ ƪƛƭƻƳŜǘŜǊέ ƻǊ ǎƻƳŜǘƘƛƴƎ ǎƛƳƛƭŀǊ ǿǊƛǘǘŜƴ ƻƴ ŀ ƳŀǇ ǘƻ ƎƛǾŜ ƳŀǇ 

users an idea of the scale of the map. 

 

Mapmakers use a scale to describe maps as being small-scale or large-scale. This description of 

the map scale as large or small can seem counterintuitive at first. A 3-meter by 5-meter map of 

the United States has a small map scale while a college campus map of the same size is large-

scale. Scale descriptions using the RF provide one way of considering a scale, since 1:1000 is 

larger than 1:1,000,000. Put differently, if we were to change the scale of the map with an RF of 

1:100,000 so that a section of road was reduced from one unit to, say, 0.1 units in length, we 

would have created a smaller-scale map whose representative fraction is 1:1,000,000. In 

general, the larger the map scale, the more detail that is shown 

 

CONTOUR LINES 
Contour lines are the greatest distinguishing feature of a topographic map. Contour lines are 

lines drawn on a map connecting points of equal elevation, meaning if you physically followed a 

contour line, the elevation would remain constant. Contour lines show elevation and the shape 

https://2012books.lardbucket.org/books/geographic-information-system-basics/s06-02-map-scale-coordinate-systems-a.html
http://creativecommons.org/
http://creativecommons.org/
http://creativecommons.org/licenses/by-nc-sa/3.0/
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of the terrain. TheyΩre useful because they illustrate the shape of the land surface (topography) 

on the map. HereΩs an easy way to understand how to interpret contour lines: Take an object 

like a ball or a pile of laundry and shine a red laser pointer along the objectΩs side. The line you 

see will look like a contour line on a topographic map. 

Topographic maps show lines for certain elevations only. These lines are evenly spaced apart. 

We call this spacing the contour interval. For example, if your map uses a 10-foot contour 

interval, you will see contour lines for every 10 feet (3 meters) of elevation lines at 0, 10, 20, 30, 

40, and so on. Different maps use different intervals, depending on the topography. If, for 

example, the general terrain is quite elevated, the map might run at 80- to even 100-foot (24.4- 

to 30.5-meter) intervals. This makes it easier to read the map, as too many contour lines would 

be difficult to work with.  

 

 
Figure 4.3 Mount Fuji with Contour Lines (USGS). Image used with permission.  

 

To make topographic maps easier to read, every fifth contour line is an index contour. Because 

itΩs impractical to mark the elevation of every contour line on the map, the index contour lines 

are the only ones labeled. The index contours are a darker or wider brown line in comparison to 

the regular contour lines. YouΩll see the elevations marked on the index contour lines only. To 

determine elevations, pay attention to the amount of space between lines. If the contours are 

close together, youΩre looking at a steep slope. If the contours have wide spaces in between or 

arenΩt there at all, the terrain is relatively flat. 

 

EXTENT VERSUS RESOLUTION 
The extent of a map describes the area visible on the map, while resolution describes the 

smallest unit that is mapped. You can think of the extent as describing the region to which the 

https://gisgeography.com/contour-lines-topographic-map/
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map is zoomed. The extent of the map below is national as it encompasses the contiguous 

United States, while the resolution is the state because states are the finest level of spatial 

detail that we can see. 

 
Figure 4.4 Map Showing Population Density Over National Extent & State Resolution, Data from US Census. Image 

by Steve Manson is licensed under a CC BY-NC-SA 4.0 license.  

 

We often choose mapping resolutions intentionally to make the map easier to understand. For 

example, if we tried to display a map with a national extent at the resolution of census blocks, 

the level of detail would be so fine, and the boundaries would be so small that it would be 

difficult to understand anything about the map. Balancing extent and resolution are often one 

of the most important and difficult decisions a cartographer must make. The figure below offers 

two more examples of the difference between extent and resolution. 

Coordinated & Projections 
Locations on the EŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀǊŜ ƳŜŀǎǳǊŜŘ ƛƴ ǘŜǊƳǎ ƻŦ coordinates, a set of two or more 

numbers that specify a location to some reference system. The simplest system of this kind is a 

Cartesian coordinate system, named for the 17th -century mathematician and philosopher René 

Descartes. A Cartesian coordinate system, like the one below, is simply a grid formed by putting 

together two measurement scales, one horizontal (x) and one vertical (y). The point at which 

both x and y equal zero is called the origin of the coordinate system. In the figure, the origin 

(0,0) is located at the center of the grid (the intersection of the two bold lines). All other 

positions are specified relative to the origin, as seen with the points at (3, 2) and (-4, -1). 

 

https://open.lib.umn.edu/mapping/chapter/3-scale-and-projections/#footnote-398-3
https://creativecommons.org/licenses/by-nc-sa/4.0/
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Figure 4.5 Sample Coordinate System- EarthΩs Surface is measured in Terms of Coordinates. 

 Image is used under a CC BY-NC-SA 4.0 license. 

 

The ƎŜƻƎǊŀǇƘƛŎ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳ ƛǎ ŘŜǎƛƎƴŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ ŘŜŦƛƴŜ Ǉƻǎƛǘƛƻƴǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ 

roughly spherical surface. Instead of the two linear measurement scales x and y, as with a 

Cartesian grid, the geographic coordinate system uses an east-west scale, called longitude that 

ranges from +180° to -180°. Because the Earth is round, +180° (or 180° E) and -180° (or 180° W) 

are the same grid line, termed the International Date Line. Opposite the International Date Line 

is the prime meridian, the line of longitude defined as 0°. The north-south scale, called latitude, 

ranges from +90° (or 90° N) at the North Pole to -90° (or 90° S) at the South Pole. In simple 

terms, longitude specifies positions east and west and latitude specify positions north and 

south. At higher latitudes, the length of parallels decreases to zero at 90° North and South. 

Lines of longitude are not parallel but converge toward the poles. Thus, while a degree of 

longitude at the equator is equal to a distance of about 111 kilometers, or about 69 mi, that 

distance decreases to zero at the poles. 

 

Projection is the process of making a two-dimensional map from a three-dimensional globe. We 

can think of the earth as a sphere. In reality, it is more of an ellipsoid with a few bulges, but it is 

fine to think of it as a sphere. To get a sense of how difficult this process can be, imagine 

peeling the skin from an orange and trying to lay the skin flat. 

 

 
Figure 4.6 Flattened Orange Peel Representing Earth as a Flat Surface. Image is used under a CC BY-NC-SA 3.0. 

https://www.e-education.psu.edu/geog160/node/1914
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-8
https://creativecommons.org/licenses/by-nc-sa/3.0/
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As you peel and flatten the skin, you will encounter several problems: 

ü Shearing ς stretching the skin in one or more directions. 

ü Tearing ς causing the skin to separate. 

ü Compressing ς forcing the skin to bunch up and condense. 

 

Cartographers face the same three issues when they try to transform the three-dimensional 

globe into a two-dimensional map. If you had a globe made of paper, you could carefully try to 

ΨǇŜŜƭΩ it into a flat piece of paper, but you would have a big mess on your hands. Instead, 

cartographers use projections to create useable two-dimensional maps. 

 
Figure 4.7 Shearing, Compression & Tension Distortion of a Globe (Steve Manson). 

 Image is used under a CC BY-NC-SA 4.0 license. 

 

 

PROJECTION MECHANICS 
The tŜǊƳ άƳŀǇ ǇǊƻƧŜŎǘƛƻƴέ ǊŜŦŜǊǎ ǘƻ ōƻǘƘ ǘƘŜ ǇǊƻŎŜǎǎ ŀƴŘ ǇǊƻŘǳŎǘ ƻŦ ǘǊŀƴǎŦƻǊƳƛƴƎ ǎǇŀǘƛŀƭ 

coordinates on a three-dimensional sphere to a two-dimensional plane. In terms of actual 

mechanics, most projections use mathematical functions that take as inputs locations on the 

sphere and translate them into locations on a two-dimensional surface. 

 

It is helpful to think about projections in physical terms. If you had a clear globe the size of a 

beach ball and placed a light inside this globe, it would cast shadows onto a surrounding 

surface. If this surface were a piece of paper that you wrapped around the globe, you could 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-9
https://creativecommons.org/licenses/by-nc-sa/4.0/
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carefully trace these shadows onto the paper, then flatten out this piece of paper and have 

your projection! 

 

aƻǎǘ ǇǊƻƧŜŎǘƛƻƴǎ ǘǊŀƴǎŦƻǊƳ ǇŀǊǘ ƻŦ ǘƘŜ ƎƭƻōŜ ǘƻ ƻƴŜ ƻŦ ǘƘǊŜŜ άŘŜǾŜƭƻǇŀōƭŜέ ǎǳǊŦŀŎŜǎΣ ǎƻ-called 

because they are flat or can be made flat: plane, cone, and cylinder. The resulting projections 

are called planar, conical, and cylindrical. We use developable surfaces because they eliminate 

tearing, although they will produce shearing and compression. Of these three problems, tearing 

is seen as the worst because you would be making maps with all sorts of holes in them. As we 

see below, however, there are times when you can create maps with tearing, and they are 

quite useful. 

 
Figure 4.8 Red Lines or Dots Mark the Tangent Line or Point Respectively. The Flat Surface Touches the Globe & it is 

The Point on the Projected Map Which Has the Least Distortion. Image is in the public domain. 

 

The place where the developable surface touches the globe is known as the tangent point or 

tangent line. Maps will most accurately represent objects on the globe at these tangent points 

or lines, with distortion increasing as you move farther away due to shearing and compression. 

It is for this reason that cylinders are often used for areas near the equator (great circles), cones 

used to map the mid-latitudes (small circles), and planes used for Polar Regions (points). 

 

CƻǊ ōŜƎƛƴƴƛƴƎ ƳŀǇƳŀƪŜǊǎΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜȄŀŎǘ ƳŜŎƘŀƴƛŎǎ ƻŦ ǇǊƻƧŜŎǘƛƻƴǎ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ŀǎ 

much as knowing which map properties are maintained or lost with the choice of projection. 

 

Projections must distort features on the surface of the globe during the process of making them 

flat because projection involves shearing, tearing, and compression. Since no projection can 

preserve all properties, it is up to the mapmaker to know which properties are most important 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-11
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for their purpose and to choose an appropriate projection. The properties we will focus on are 

shape, area, and distance. 

 

Note that distortion is not necessarily tied to the type of developable surface but rather to the 

way the transformation is done with that surface. It is possible to preserve any one of the three 

properties using any of the developable surfaces. One way of looking at the problem is with 

distortion ellipses. These help us to visualize what type of distortion a map projection has 

caused, how much distortion has occurred, and where it has occurred. The ellipses show how 

imaginary circles on the globe are deformed because of a projection. If no distortion had 

occurred in projecting a map, all the ellipses would be the same size and circular. 

Conformal 
 
Conformal projections preserve shape and angle, but strongly distorts area in the process. For 

example, with the Mercator projection, the shapes of coastlines are accurate on all parts of the 

map, but countries near the poles appear much larger relative to countries near the equator 

than they are. For example, Greenland is only 7% of the land area of Africa, but it appears to be 

just as large. 

 
Figure 4.9 The Mercator Projection. Image is used under a CC BY-SA 3.0. 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
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Conformal projections should be used if the main purpose of the map involves measuring 

angles or representing the shapes of features. They are very useful for navigation, topography 

(elevation), and weather maps. 

 

A conformal projection will have distortion ellipses that vary substantially in size but are all the 

same circular shape. The consistent shapes indicate that conformal projections (like this 

Mercator projection of the world) preserve shapes and angles. This useful property accounts for 

the fact that conformal projections are almost always used as the basis for large scale surveying 

and mapping. 

 

 
Figure 4.10 The Mercator Projection- Preserves Shape & Angle but Distorts Area. 

 Image is used under a CC BY-SA 3.0. license. 

Equal Area 
For equal-area projections, the size of any area on the map is in true proportion to its size on 

ǘƘŜ ŜŀǊǘƘΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ŎƻǳƴǘǊƛŜǎΩ ǎƘŀǇŜǎ Ƴŀȅ ŀǇǇŜŀǊ ǘƻ ōŜ ǎǉǳƛǎƘŜŘ ƻǊ ǎǘǊŜǘŎƘŜŘ ŎƻƳǇŀǊŜŘ 

to what they look like on a globe, but their land area will be accurate relative to other 

landmasses. For example, in the Gall-Peters projection, the shape of Greenland is significantly 

altered, but the size of its area is correct in comparison to Africa. This type of projection is 

important for quantitative thematic data, especially in mapping density (an attribute over an 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
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area). For example, it would be useful in comparing the density of Syrian refugees in the Middle 

East or the amount of cropland in production. 

 

 
Figure 4.11 Galls-Peter Projection. Image is used under a CC BY-SA 3.0. 

 

As we can see with an equal-area projection, however, the ellipses maintain the correct 

proportions in the sizes of areas on the globe but that their shapes are distorted. Equal-area 

projections are preferred for small-scale thematic mapping, especially when map users are 

expected to compare sizes of area features like countries and continents. 

 

 
Figure 4.12 Gall-Peters Projection- Area is Preserved, But Shapes Are Heavily Distorted. 

 Image is used under a CC BY-SA 3.0. 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
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Equidistant 
Equidistant projections, as the name suggests, preserve distance. This is a bit misleading 

because no projection can maintain relative distance between all places on the map. 

Equidistant maps are able, however, to preserve distances along a few specified lines. For 

example, on the Azimuthal Equidistant projection, all points are the proportionally correct 

distance and direction from the center point. This type of projection would be useful visualizing 

airplane flight paths from one city to several other cities or in mapping an earthquake 

epicenter. Azimuthal projections preserve distance at the cost of distorting shape and area to 

some extent.  The flag of the United Nations contains an example of a polar azimuthal 

equidistant projection. 

 

 
Figure 4.13 Azimuthal Equidistant Projection- All Points are the Proportionally Correct Distances from a Central 

Point. Image is used under a CC BY-SA 3.0. 

 

Compromise, Interrupted, & Artistic Projections 
Some projections, including the Robinson projection, strike a balance between the different 

map properties. In other words, instead of preserving the shape, area, or distance, they try to 

avoid extreme distortion of any of these properties. This type of projection would be useful for 

a general-purpose world map. 

 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
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Figure 4.14 Robinson Projection of the World. Image is used under a CC BY-SA 3.0. 

 

Compromise projections preserve not one property but instead seek a compromise that 

minimizes distortion of all kinds, as with the Robinson projection, which is often used for small-

scale thematic maps of the world. 

 

Other projections deal with the challenge of making the 3D globe flat by tearing the earth in 

strategic places. Interrupted projections such as the interrupted Goode Homolosine projection 

represent the earth in lobes, reducing the amount of shape and area distortion near the poles. 

The projection was developed in 1923 by John Paul Goode to provide an alternative to the 

Mercator projection for portraying global areal relationships. The Interrupted Goode 

Homolosine preserves area (so it is equal-area or equivalent) but does not preserve shape (it is 

not conformal). 

 

 
Figure 4.15 The Goodes Homolosine Projection of the World. Image is used under a CC BY-SA 3.0. 

 

 

https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
https://geo.libretexts.org/Bookshelves/Geography_(Physical)/Book%3A_Mapping%2C_Society%2C_and_Technology_(Manson)/03%3A_Scale_and_Projections#footnote-398-12
https://creativecommons.org/licenses/by-sa/3.0/us/
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PUBLIC LAND SURVEY 
The combination of a topographic map and this system can be used to locate features within a 

few acres and is a primary means of subdividing tracts of land for sale. The organization of the 

township-section system is based on the definition of baselines and principal meridians. The 

position of a baseline and meridian within a region may or may not coincide with latitude and 

longitude.  

 

Townships are areas of 6 miles on a side (36 sq. mi), bordered on the east and west by range 

lines and the north and south by township lines. Each township is subdivided into 36 sections of 

1 mile on each side. 

 

When is it broken down even smaller into quadrants, which are where we come across ¼ mile 

increments, otherwise known as 40-acres. Ultimately this system was designed when man 

headed west, and each person was allotted a 40-acre parcel of land, and this was the best way 

to divide up the land since surveying at that time was too slow and expensive to complete.  

 

 
Figure 4.16 The Public Land Survey (USGS). Image is in the public domain. 

https://www.uta.edu/paleomap/homepage/Geoscience/PhysGeolLab/township.htm
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Check It Out! Public Land Survey 
Need to see the Public Land Survey in action? Then check out this video that 
explains and provides examples of how this system works! 
https://youtu.be/MrSYkVi5tNA   (Video Length: 10min) 

 

 

UNIT 4 SUMMARY 
Students explored the concepts of scale, resolution, and projection. All maps also use a 

projection that can be formed from a developable surface and can preserve one or two 

properties at most. 

 

In cartography, a map projection is a way to flatten a globe's surface into a plane to make a 

map. This requires a systematic transformation of the latitudes and longitudes of locations from 

the surface of the globe into locations on a plane. All projections of a sphere on a plane 

necessarily distort the surface in some way and to some extent. Depending on the purpose of 

the map, some distortions are acceptable, and others are not; therefore, different map 

projections exist to preserve some properties of the sphere-like body at the expense of other 

properties. 

 

Latitude and longitude coordinates specify point locations within a coordinate system grid that 

is fitted to sphere or ellipsoid that approximates the Earth's shape and size. To display extensive 

geographic areas on a page or computer screen, as well as to calculate distances, areas, and 

other quantities most efficiently, it is necessary to flatten the Earth. 

 

 
Figure 5.23 Fall Colors at Lake Sabrina in Bishop, California. Image by Jeremy Patrich is under a 

CC-BY 4.0 license. 

https://youtu.be/MrSYkVi5tNA
https://creativecommons.org/licenses/by/4.0/
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UNIT 5: EARTH-SUN 

RELATIONSHIPS: REASONS FOR 

THE SEASONS 
Goals & Objectives of this unit 

ü 5ŜǎŎǊƛōŜ Ƙƻǿ 9ŀǊǘƘΩǎ ƳƻǾŜƳŜƴǘǎ ŀŦŦŜŎǘ ǎŜŀǎƻƴǎ ŀƴŘ ŎŀǳǎŜ day and night. 

ü Identify the relationships between latitude, length of daylight, or night, as it pertains to 

incipient solar angles.  

ü Explain and identify the similarities and differences between solar and lunar eclipses. 

ü Describe the phases of the Moon and explain why they occur. 

ü 9ȄǇƭŀƛƴ Ƙƻǿ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ 9ŀǊǘƘ ŀƴŘ aƻƻƴ ŀŦŦŜŎǘ 9ŀǊǘƘΩǎ ǘƛŘŜǎΦ 

 

 

THE SUN AND THE EARTH SYSTEM 
The solar system is made up of the Sun, the planets that orbit the Sun, their satellites, dwarf 

planets, and many, many small objects, like asteroids and comets. All of these objects move, 

and we can see these movements. We notice the Sun rises in the eastern sky in the morning 

and sets in the western sky in the evening. We observe different stars in the sky at different 

times of the year. When ancient people made these observations, they imagined that the sky 

was moving while the Earth stood still. In 1543, Nicolaus Copernicus proposed a radically 

different idea: The Earth and the other planets make regular revolutions around the Sun. He 

ŀƭǎƻ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘŜ 9ŀǊǘƘ ǊƻǘŀǘŜǎ ƻƴŎŜ ŀ Řŀȅ ƻƴ ƛǘǎ ŀȄƛǎΦ /ƻǇŜǊƴƛŎǳǎΩ ƛŘŜŀ ǎƭƻǿƭȅ ƎŀƛƴŜŘ 

acceptance and today we base our view of motions in the solar system on his work. We also 

now know that everything in the universe is moving. 

 

Positions & Movements 
The Earth rotates once on its axis about every 24 hours. If you were to look at Earth from the 

North Pole, it would be spinning counterclockwise. As the Earth rotates, observers on Earth see 

the Sun moving across the sky from east to west with the beginning of each new day. We often 

ǎŀȅ ǘƘŀǘ ǘƘŜ {ǳƴ ƛǎ άǊƛǎƛƴƎέ ƻǊ άǎŜǘǘƛƴƎέΣ ōǳǘ ƛǘ ƛǎ ǘƘŜ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ǘƘŀǘ ƎƛǾŜǎ ǳǎ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ 

of the Sun rising or setting over the horizon. When we look at the Moon or the stars at night, 

they also seem to rise in ǘƘŜ Ŝŀǎǘ ŀƴŘ ǎŜǘ ƛƴ ǘƘŜ ǿŜǎǘΦ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ƛǎ ŀƭǎƻ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 

this. As Earth turns, the Moon and stars change position in our sky. 
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!ƴƻǘƘŜǊ ŜŦŦŜŎǘ ƻŦ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ƛǎ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ ŎȅŎƭŜ ƻŦ ŘŀȅƭƛƎƘǘ ŀƴŘ ŘŀǊƪƴŜǎǎ 

approximately every 24 hours. This is called a day. As Earth rotates, the side of Earth facing the 

Sun experiences daylight, and the opposite side (facing away from the Sun) experiences 

darkness or nighttime. Since the Earth completes one rotation in about 24 hours, this is the 

time it takes to complete one day-night cycle. As the Earth rotates, different places on Earth 

experience sunset and sunrise at a different time. As you move towards the poles, summer and 

winter days have different amounts of daylight hours in a day. For example, in the Northern 

Hemisphere, we begin summer on or around June 21stΦ !ǘ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ 9ŀǊǘƘΩǎ bƻǊǘƘ tƻƭŜ ƛǎ 

pointed directly toward the Sun. Therefore, areas north of the equator experience longer days 

and shorter nights because the northern half of the Earth is pointed toward the Sun. Since the 

southern half of the Earth is pointed away from the Sun at that point, they have the opposite 

effect, longer nights and shorter days. 

 

For people in the Northern Hemisphere, winter begins on or around December 21st. At this 

ǇƻƛƴǘΣ ƛǘ ƛǎ 9ŀǊǘƘΩǎ {ƻǳǘƘ tƻƭŜ ǘƘŀǘ ƛǎ ǘƛƭǘŜŘ ǘƻǿŀǊŘ ǘƘŜ {ǳƴΣ ŀƴŘ ǎƻ ǘƘŜǊŜ ŀǊŜ ǎƘƻǊǘŜǊ Řŀȅǎ ŀƴŘ 

longer nights for those who are north of the equator. 

 

 
Figure 5.24 ¢ƘŜ 9ŀǊǘƘΩǎ Tilt on its Axis Leads to One Hemisphere Facing the Sun More Than the Other Hemisphere 

and Gives Rise to the Seasons. Image is under a Creative Commons Attribution-Share Alike 3.0 Unported license.  

 

Energy from the Sun 
The earth constantly tries to maintain an energy balance with the atmosphere. Most of the 

ŜƴŜǊƎȅ ǘƘŀǘ ǊŜŀŎƘŜǎ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ {ǳƴΦ About 44% of solar radiation is in 

the visible light wavelengths, but the Sun also emits infrared, ultraviolet, and other 

https://commons.wikimedia.org/wiki/File:Oblique_rays_03_Pengo.svg
https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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wavelengths. When viewed together, all of the wavelengths of visible light appear white. But a 

prism or water droplets can break the white light into different wavelengths so that separate 

colors appear. 

 
Figure 5.25 Diagram Showing the Three Types of Ultra Violet Light Emitted from the Sun. Image by Trudi Radtke 

team is used under a CC BY 4.0 license. 

Of the solar energy that reaches the outer atmosphere, UV wavelengths have the greatest 

energy. Only about 7% of solar radiation is in the UV wavelengths. The three types are: 

ü ¦±/Υ ǘƘŜ ƘƛƎƘŜǎǘ ŜƴŜǊƎȅ ǳƭǘǊŀǾƛƻƭŜǘΣ ŘƻŜǎ ƴƻǘ ǊŜŀŎƘ ǘƘŜ ǇƭŀƴŜǘΩǎ ǎǳǊŦŀŎŜ ŀǘ ŀƭƭΦ 

ü UVB: the second-highest energy, is also mostly stopped in the atmosphere. 

ü UVA: the lowest energy, travels through the atmosphere to the ground. 

 

The remaining solar radiation is the longest wavelength, infrared. Most objects radiate infrared 

energy, which we feel as heat. Some of the wavelengths of solar radiation traveling through the 

atmosphere may be lost because they are absorbed by various gases. Ozone completely 

removes UVC, most UVB and some UVA from incoming sunlight. Oxygen, carbon dioxide, and 

water vapor also filter out some wavelengths. 

THE GREENHOUSE EFFECT 
The ŜȄŎŜǇǘƛƻƴ ǘƻ 9ŀǊǘƘΩǎ ǘŜƳǇŜǊŀǘǳǊŜ ōŜƛƴƎ ƛƴ ōŀƭŀƴŎŜ ƛǎ ŎŀǳǎŜŘ ōȅ ƎǊŜŜƴƘƻǳǎŜ Ǝases. But first, 

the role of greenhouse gases in the atmosphere must be explained. Greenhouse gases warm 

the atmosphere by trapping heat. Some of the heat radiation out from the ground is trapped by 

greenhouse gases in the troposphere. Like a blanket on a sleeping person, greenhouse gases act 

as insulation for the planet. The warming of the atmosphere because of insulation by 

greenhouse gases is called the greenhouse effect. Greenhouse gases are the component of the 

ŀǘƳƻǎǇƘŜǊŜ ǘƘŀǘ ƳƻŘŜǊŀǘŜ 9ŀǊǘƘΩǎ ǘŜƳǇŜǊŀǘures.  

 

https://creativecommons.org/licenses/by/4.0/
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Figure 5.26 The Greenhouse Effect (NASA).Image is in the public domain. 

Greenhouse gases include CO2, H2O, methane, O3, nitrous oxides (NO and NO2), and 

chlorofluorocarbons (CFCs). All are a normal part of the atmosphere except CFCs. The table 

below shows how each greenhouse gas naturally enters the atmosphere. 

 

Different greenhouse gases have different abilities to trap heat. For example, one methane 

molecule traps 23 times as much heat as one CO2 molecule. One CFC-12 molecule (a type of 

CFC) traps 10,600 times as much heat as one CO2. Still, CO2 is a very important greenhouse gas 

because it is much more abundant in the atmosphere. Human activity has significantly raised 

the levels of many greenhouse gases in the atmosphere. Methane levels are about 2 ½ times 

higher as a result of human activity. Carbon dioxide has increased by more than 35%. CFCs have 

only recently existed. 

 

What do you think happens as atmospheric greenhouse gas levels increase? More greenhouse 

gases trap more heat and warm the atmosphere. The increase or decrease of greenhouse gases 

in the atmosphere affect climate and weather the world over. 

 

 

 

 

https://tropicsu.org/video-greenhouse-effect/
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9!w¢IΩ{ {9!{hb{ 
It is a common misconception that summer is warm, and winter is cold because the Sun is 

closer to Earth in the summer and farther away from it during the winter. Remember that 

seasons are caused by the 23.5° ǘƛƭǘ ƻŦ 9ŀǊǘƘΩǎ ŀȄƛǎ ƻŦ Ǌƻǘŀǘƛƻƴ ŀƴŘ 9ŀǊǘƘΩǎ ȅŜŀǊƭȅ ǊŜǾƻƭǳǘƛƻƴ 

around the Sun. This results in one part of the Earth being more directly exposed to rays from 

the Sun than the other part. The part tilted away from the Sun experiences a cool season, while 

the part tilted toward the Sun experiences a warm season. Seasons change as the Earth 

continues its revolution, causing the hemisphere tilted away from or towards the Sun to change 

accordingly. When it is winter in the Northern Hemisphere, it is summer in the Southern 

Hemisphere, and vice versa.  

 
Figure 5.27 Seasons Diagram, Note the Tilt and Circle of Illumination for Each Season. Image is in the public 

domain. 

 

Northern Hemisphere Summer 
The bƻǊǘƘ tƻƭŜ ƛǎ ǘƛƭǘŜŘ ǘƻǿŀǊŘǎ ǘƘŜ {ǳƴ ŀƴŘ ǘƘŜ {ǳƴΩǎ Ǌŀȅǎ ǎǘǊƛƪŜ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ 

more directly in summer. At the summer solstice, which is around June 21st or 22ndΣ ǘƘŜ {ǳƴΩǎ 

rays hit the Earth most directly along the Tropic of Cancer (23.5° N); that is, the angle of 

ƛƴŎƛŘŜƴŎŜ ƻŦ ǘƘŜ ǎǳƴΩǎ Ǌŀȅǎ ǘƘŜǊŜ ƛǎ ȊŜǊƻ όǘƘŜ ŀƴƎƭŜ ƻŦ ƛƴŎƛŘŜƴŎŜ ƛǎ ǘƘŜ ŘŜǾƛŀǘƛƻƴ ƛƴ ǘƘŜ ŀƴƎƭŜ ƻŦ 

an incoming ray from straight on). When it is the summer solstice in the Northern Hemisphere, 

it is the winter solstice in the Southern Hemisphere.  

 

https://www.washingtonpost.com/news/capital-weather-gang/wp/2013/12/20/winter-solstice-2013-shortest-day-of-the-year-but-sunset-already-creeping-later/
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Northern Hemisphere Winter 
The Winter solstice for the Northern Hemisphere happens on or around December 21st or the 

22ndΦ ¢ƘŜ ǘƛƭǘ ƻŦ 9ŀǊǘƘΩǎ ŀȄƛǎ Ǉƻƛƴǘǎ ŀǿŀȅ ŦǊƻƳ ǘƘŜ {ǳƴΦ [ƛƎƘǘ ŦǊƻƳ ǘƘŜ {ǳƴ ƛǎ ǎǇǊŜŀŘ ƻǳǘ ƻǾŜǊ ŀ 

ƭŀǊƎŜǊ ŀǊŜŀΣ ǎƻ ǘƘŀǘ ŀǊŜŀ ƛǎƴΩǘ heated as much. With fewer daylight hours in winter, there is also 

less time for the Sun to warm the area. When it is winter in the Northern Hemisphere, it is 

summer in the Southern Hemisphere. 

 

 

Equinox 
IŀƭŦǿŀȅ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǎƻƭǎǘƛŎŜǎΣ ǘƘŜ {ǳƴΩǎ Ǌŀȅǎ ǎhine most directly at the equator, called an 

άequinoxΦέ ¢ƘŜ ŘŀȅƭƛƎƘǘ ŀƴŘ ƴƛƎƘǘǘƛƳŜ ƘƻǳǊǎ ŀǊŜ ŜȄŀŎǘƭȅ Ŝǉǳŀƭ ƻƴ ŀƴ ŜǉǳƛƴƻȄΦ ¢ƘŜ ŀǳǘǳƳƴŀƭ 

equinox happens on or around September 22nd or the 23rd and the vernal or spring equinox 

happens on or around March 21st or 22nd in the Northern Hemisphere. 

 

Analemma 
In astronomy, an analemma is a diagram showing the position of the Sun in the sky, as seen 

from a fixed location on Earth at the same mean solar time, as that position varies over the 

course of a year. The north-south component of the analemma results from the change in the 

Sun's declination due to the tilt of Earth's axis of rotation. The east-west component results 

from the nonuniform rate of change of the Sun's right ascension, governed by combined effects 

of Earth's axial tilt and orbital eccentricity. 

 

An analemma can be traced by plotting the position of the Sun as viewed from a fixed position 

on Earth at the same clock time every day for an entire year, or by plotting a graph of the Sun's 

declination against the equation of time. The resulting curve resembles a long, slender figure-

eight with one lobe much larger than the other. This curve is commonly printed on terrestrial 

globes, usually in the eastern Pacific Ocean, the only large tropical region with very little land. It 

is possible, though challenging, to photograph the analemma, by leaving the camera in a fixed 

position for an entire year and snapping images on 24-hour intervals. 

 

The long axis of the figure, the line segment joining the northernmost point on the analemma 

to the southernmost, is bisected by the celestial equator, to which it is approximately 

perpendicular, and has a "length" of twice the obliquity of the ecliptic, e.g., about 47°. The 

component along this axis of the Sun's apparent motion is a result of the familiar seasonal 

variation of the declination of the Sun through the year. The "width" of the figure is due to the 

equation of time, and its angular extent is the difference between the greatest positive and 
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negative deviations of local solar time from the local mean time when this time-difference is 

related to the angle at the rate of 15° per hour, e.g., 360° in 24 hours. The difference in the size 

of the lobes of the figure-eight form arises mainly from the fact that the perihelion and 

aphelion occur far from equinoxes. They also occur a mere couple of weeks after solstices, 

which in turn causes a slight tilt of the figure eight and its minor lateral asymmetry. 

 
 

Figure 5.28 Diagram or Earth during the Aphelion (Away) & Perihelion (Near). Image by Trudi Radtke is used under 

a CC-BY 4.0 license. 

 
Three parameters affect the size and shape of the analemma, which are eccentricity, obliquity, 

and the angle between the apse line and the line of solstices. Viewed from an object with a 

perfectly circular orbit and no axial tilt, the Sun would always appear at the same point in the 

sky at the same time of day throughout the year and the analemma would be a dot. For an 

object with a circular orbit but significant axial tilt, the analemma would be a figure eight with 

northern and southern lobes equal in size. For an object with an eccentric orbit but no axial tilt, 

the analemma would be a straight east-west line along the celestial equator. 

 

 
Figure 5.29 The Three Variation of Analemmas, Eccentricity, Obliquity & Combined. Image by Anthony Flores is used 

under a CC-BY-4.0 license.  

https://creativecommons.org/licenses/by/4.0/
https://anthonyjflores.com/graphic-design
https://creativecommons.org/licenses/by/4.0/
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The north-south component of the analemma shows the Sun's declination, its latitude on the 

celestial sphere, or the latitude on the Earth at which the Sun is directly overhead. The east-

west component shows the equation of time or the difference between solar time and local 

meantime. This can be interpreted as how "fast" or "slow" the Sun (or a sundial) is compared to 

clock time. It also shows how far west or east the Sun is, compared with its mean position. The 

analemma can be considered as a graph in which the Sun's declination and the equation of time 

are plotted against each other. In many diagrams of the analemma, a third dimension, that of 

time, is also included, shown by marks that represent the position of the Sun at various, closely 

spaced, dates throughout the year. 
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Figure 5.30 The Analemma. Image by Jeremy Patrich is used under a CC-BY-4.0 license.  
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UNIT 5 SUMMARY 
As the Earth rotates on its axis and revolves around the Sun, several different effects are 

produced. 

 

The summer solstice is the longest day of the year, and the winter solstice is the shortest. The 

equinox is the time when the day and night are the same numbers of hours.  

 

The reasons for the seasons are beyond the length of daylight, it also includes the intensity and 

ŘǳǊŀǘƛƻƴ ƻŦ ŘŀȅƭƛƎƘǘΣ ŀǎ ǿŜƭƭ ŀǎ 9ŀǊǘƘΩǎ ǇƘȅǎƛŎŀƭ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ {ǳƴΦ 

 

The analemma is caused by the tilt of the Earth's axis as it rotates and the elliptical shape of 

Earth's orbit around the Sun. 

 

There are measurable distances between the Earth and Sun throughout the year, identified as 

the perihelion and aphelion.  
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Figure 6.31 At 12,200ft in the Ancient Bristlecone Pine Forest. The White Mountains, California. 

Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

¦bL¢ сΥ 9!w¢IΩ{ !¢ah{tI9w9 
Goals & Objectives of this unit 

ü Understand the significance of the atmosphere. 

ü Describe the composition of the atmospheric gasses. 

ü Explain the major layers of the atmosphere and their importance. 

ü Analyze the relationships between energy, temperature, and heat. 

ü LŘŜƴǘƛŦȅ ŀƴŘ ŜȄǇƭƻǊŜ ǘƘŜ 9ŀǊǘƘΩǎ ǎƻƭŀǊ budget and identify the values of albedo. 

ü Describe how heat is transferred around the planet. 

 

 

 

 

THE SIGNIFICANCE OF THE ATMOSPHERE 
9ŀǊǘƘΩǎ atmosphere is a thin blanket of gases and tiny particles called air. We are most aware of 

air when it moves and creates wind. All living things need some of the gases in the air for life 

ǎǳǇǇƻǊǘΦ ²ƛǘƘƻǳǘ ŀƴ ŀǘƳƻǎǇƘŜǊŜΣ 9ŀǊǘƘ ǿƻǳƭŘ ƭƛƪŜƭȅ ōŜ Ƨǳǎǘ ŀƴƻǘƘŜǊ ƭƛŦŜƭŜǎǎ ǊƻŎƪΦ 9ŀǊǘƘΩǎ 

aǘƳƻǎǇƘŜǊŜΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ŀōǳƴŘŀƴǘ ƭƛǉǳƛŘ ǿŀǘŜǊ ŀǘ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ is ǘƘŜ ƪŜȅǎ ǘƻ ƻǳǊ ǇƭŀƴŜǘΩǎ 

unique place in the solar system. Much of what makes Earth exceptional depends on the 

ŀǘƳƻǎǇƘŜǊŜΦ [ŜǘΩǎ ŎƻƴǎƛŘŜǊ ǎƻƳŜ ƻŦ ǘƘŜ ǊŜŀǎƻƴǎ ǿŜ ŀǊŜ ƭǳŎƪȅ ǘƻ ƘŀǾŜ ŀƴ ŀǘƳosphere. 

https://creativecommons.org/licenses/by/4.0/
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Indispensable for Life on Earth 
Without the atmosphere, Earth would look a lot more like the Moon. Atmospheric gases, 

especially carbon dioxide (CO2) and oxygen (O2) are extremely important for living organisms. 

How does the atmosphere make life possible? How does life alter the atmosphere? 

 

In photosynthesis, plants use CO2 and create O2. Photosynthesis is responsible for nearly all the 

oxygen currently found in the atmosphere. By creating oxygen and food, plants have made an 

environment that is favorable for animals. In respiration, animals use oxygen to convert sugar 

into food energy they can use. Plants also go through respiration and consume some of the 

sugars they produce. 

 

Along with the oceans, the atmosphere ƪŜŜǇǎ 9ŀǊǘƘΩǎ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƛǘƘƛƴ ŀƴ ŀŎŎŜǇǘŀōƭŜ 

range. Greenhouse gases trap heat in the atmosphere so they help to moderate global 

temperatures. Without an atmosphere witƘ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΣ 9ŀǊǘƘΩǎ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƻǳƭŘ ōŜ 

frigid at night and scorching during the day. Important greenhouse gases include carbon 

dioxide, methane, water vapor, and ozone. 

 

 

 

 

ATMOSPHERIC GASSES 
Nitrogen and oxygen together make up 99% ƻŦ ǘƘŜ ǇƭŀƴŜǘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ ¢ƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ƎŀǎŜǎ 

are minor components but are sometimes very important. Humidity is the amount of water 

vapor in the air. Humidity varies from place to place and season to season. This fact is obvious if 

you compare a summer day in Atlanta, Georgia, where humidity is high, with a winter day in 

Phoenix, Arizona, where humidity is low. When the air is very humid, it feels heavy or sticky. 

Dry air usually feels more comfortable. Higher humidity is found around the equatorial regions 

because air temperatures are higher and warm air can hold more moisture than cooler air. Of 

course, humidity is lower near the Polar Regions because the air temperature is lower.   

Some of what are in the atmosphere is not gas. Particles of dust, soil, fecal matter, metals, salt, 

smoke, ash, and other solids make up a small percentage of the atmosphere. Particles provide 

starting points (or nuclei) for water vapor to condense on and form raindrops.  
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Table 6.1 Showing Atmospheric Gasses as a Percent by Volume 

Gas Symbol Volume (%) 

Nitrogen .  78.0840 

Oxygen /  20.9480 

Argon A 0.9340 

Carbon Dioxide #/ 0.0314 

Neon Ne 0.0018 

Helium He 0.0005 

Hydrogen  (  <0.0001 

 

Atmospheric Pressure & Density 
The atmosphere has different properties at different elevations above sea level or altitudes. 
The air density (the number of molecules in a given volume) decreases with increasing altitude. 
Therefore, people who climb tall mountains, such as Mt. Everest, must set up camp at different 
elevations to let their bodies get used to the decreased air. Why does air density decrease with 
ŀƭǘƛǘǳŘŜΚ DǊŀǾƛǘȅ Ǉǳƭƭǎ ǘƘŜ Ǝŀǎ ƳƻƭŜŎǳƭŜǎ ǘƻǿŀǊŘǎ 9ŀǊǘƘΩǎ ŎŜƴǘŜǊΦ ¢ƘŜ Ǉǳƭƭ ƻŦ ƎǊŀǾƛǘȅ ƛǎ ǎǘǊƻƴƎŜǊ 
closer to the center at sea level. Air is denser at sea level where the gravitational pull is greater. 
Gases at sea level are also compressed by the weight of the atmosphere above them. The force 
of the air weighing down over a unit of area is known as its atmospheric pressure. The reason 
why we are not crushed by this weight is that the molecules inside our bodies are pushing 
outward to compensate. Atmospheric pressure is felt from all directions, not just from above. 
 

 
Figure 6.2 Diagram Explaining how Atmospheric Pressure Changes with Altitude. Image has been designated to the 

public domain under a  CC0 1.0 Universal Public Domain Dedication. 

https://commons.wikimedia.org/wiki/File:Atmospheric_Pressure_vs._Altitude.png
https://creativecommons.org/publicdomain/zero/1.0/deed.en
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At higher altitudes, the atmospheric pressure is lower, and the air is less dense than at higher 

altitudesΦ LŦ ȅƻǳǊ ŜŀǊǎ ƘŀǾŜ ŜǾŜǊ άǇƻǇǇŜŘέΣ ȅƻǳ ƘŀǾŜ ŜȄǇŜǊƛŜƴŎŜŘ ŀ ŎƘŀƴƎŜ ƛƴ ŀƛǊ ǇǊŜǎǎǳǊŜΦ Dŀǎ 

molecules are found inside and outside your ears. When you change altitude quickly, like when 

an airplane is descending, your inner ear keeps the density of molecules at the original altitude. 

Eventually, the air molecules inside your ear suddenly move through a small tube in your ear to 

equalize the pressure. This sudden rush of air is felt as a popping sensation. 

 

Although the density of the atmosphere changes with altitude, the composition stays the same 

with altitude, with one exception. In the ozone layer, at about 20 km to 40 km above the 

surface, there is a greater concentration of ozone molecules than in other portions of the 

atmosphere. 

 

LAYERS OF THE ATMOSPHERE 
The atmosphere is ƭŀȅŜǊŜŘΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǿƛǘƘ Ƙƻǿ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΩǎ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ 

with altitude. By understanding the way temperature changes with altitude, we can learn a lot 

about how the atmosphere works. While weather takes place in the lower atmosphere, 

interesting things, such as the beautiful aurora, happen higher in the atmosphere. Why does 

warm air rise? Gas molecules can move freely and if they are uncontained, as they are in the 

atmosphere, they can take up either, more or less space. 

ü When gas molecules are cool, they are sluggish and do not take up as much space. With 

the same number of molecules in less space, both air density and air pressure are 

higher. 

ü When gas molecules are warm, they move vigorously and take up more space. Air 

density and air pressure are lower. 

 

Warmer, lighter air is more buoyant than the cooler air above it, so it rises. The cooler air then 

sinks, because it is denser than the air beneath it.  

 

The property that changes most strikingly with altitude is air temperature. Unlike the change in 

pressure and density, which decreases with altitude, changes in air temperature are not 

regular. A change in temperature with distance is called a temperature gradient. 

 

The atmosphere is divided into layers based on how the temperature in that layer changes with 

ŀƭǘƛǘǳŘŜΣ ǘƘŜ ƭŀȅŜǊΩǎ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘΦ ¢ƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘ ƻŦ ŜŀŎƘ ƭŀȅŜǊ ƛǎ ŘƛŦŦŜǊŜƴǘΦ 

In some layers, temperature increases with altitude, and others, it decreases. The temperature 

gradient in each layer is determined by the heat source of the layer. Most of the important 
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processes of the atmosphere take place in the lowest two layers: the troposphere and the 

stratosphere. 

 

 
Figure 6.3 Layers of Earth's Atmosphere & Temperature Gradient. Image is in the public domain. 

 

Troposphere 
The temperature of the troposphere is highest near the surface of the Earth and decreases with 

altitude. On average, the temperature gradient of the troposphere is 6.5°C per 1,000 m (3.6°F 

ǇŜǊ мΣллл ŦǘΦύ ƻŦ ŀƭǘƛǘǳŘŜΦ ²Ƙŀǘ ƛǎ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ƘŜŀǘ ŦƻǊ ǘƘŜ ǘǊƻǇƻǎǇƘŜǊŜΚ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ ŀ 

major source of heat for the troposphere, although nearly all of that heat comes from the Sun. 

wƻŎƪΣ ǎƻƛƭΣ ŀƴŘ ǿŀǘŜǊ ƻƴ 9ŀǊǘƘ ŀōǎƻǊō ǘƘŜ {ǳƴΩǎ ƭƛƎƘǘ ŀƴŘ ǊŀŘƛŀǘŜ ƛǘ ōŀŎƪ ƛƴǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ŀǎ 

heat. The temperature is also higher near the surface because of the greater density of gases. 

The higher gravity causes the temperature to rise. Notice that in the troposphere warmer air is 

beneath cooler air. What do you think the consequence of this is? This condition is unstable. 

The warm air near the surface rises and cool air higher in the troposphere sinks. The air in the 

troposphere does a lot of mixing. This mixing causes the temperature gradient to vary with time 

ŀƴŘ ǇƭŀŎŜΦ ¢ƘŜ ǊƛǎƛƴƎ ŀƴŘ ǎƛƴƪƛƴƎ ƻŦ ŀƛǊ ƛƴ ǘƘŜ ǘǊƻǇƻǎǇƘŜǊŜ ƳŜŀƴ ǘƘŀǘ ŀƭƭ ƻŦ ǘƘŜ ǇƭŀƴŜǘΩǎ ǿŜŀǘƘŜǊ 

takes place in the troposphere. 

 

http://kejian1.cmatc.cn/vod/comet/instrumentation/temperature/media_gallery.php.htm


82 | P H Y S I C A L  G E O G R A P H Y   
 

Sometimes there is a temperature inversion, air temperature in the troposphere increases with 

altitude and warm air sits over cold air. Inversions are very stable and may last for several days 

or even weeks. They form: 

ü Overland at night or in winter when the ground is cold. The cold ground cools the air 

that sits above it, making this low layer of air denser than the air above it. 

ü Near the coast where cold seawater cools the air above it. When that denser air moves 

inland, it slides beneath the warmer air over the land. 

 

Stratosphere 
Ash and gas from a large volcanic eruption may burst into the stratosphere, the layer above the 

troposphere. Once in the stratosphere, it remains suspended there for many years because 

there is so little mixing between the two layers. Pilots like to fly in the lower portions of the 

stratosphere because there is little air turbulence. In the stratosphere, temperature increases 

with altitude. What is the heat source for the stratosphere? The direct heat source for the 

stratosphere is the Sun. The air in the stratosphere is stable because warmer, less dense air sits 

over cooler, denser air. As a result, there is little mixing of air within the layer. The ozone 

layer is found within the stratosphere between 15 to 30 km (9 to 19 miles) altitudes. The 

thickness of the ozone layer varies by the season and by latitude. 

 

The ozone layer is extremely important because ozone gas in the stratosphere absorbs most of 

ǘƘŜ {ǳƴΩǎ ƘŀǊƳŦǳƭ ǳƭǘǊŀǾƛƻƭŜǘ ό¦±ύ ǊŀŘƛŀǘƛƻƴΦ .ŜŎŀǳǎŜ ƻŦ ǘƘƛǎΣ ǘƘŜ ƻȊƻƴŜ ƭŀȅŜǊ ǇǊƻǘŜŎǘǎ ƭƛŦŜ on 

Earth. The high-energy UV light penetrates cells and damages DNA, leading to cell death (which 

we know as a bad sunburn). Organisms on Earth are not adapted to heavy UV exposure, which 

kills or damages them. Without the ozone layer to reflect UVC and UVB radiation, the most 

complex life on Earth would not survive long. 

 

Mesosphere 
Temperatures in the mesosphere decrease with altitude. Because there are few gas molecules 

ƛƴ ǘƘŜ ƳŜǎƻǎǇƘŜǊŜ ǘƻ ŀōǎƻǊō ǘƘŜ {ǳƴΩǎ ǊŀŘƛŀǘƛƻƴΣ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜ ƛǎ ǘƘŜ ǎǘǊŀǘƻǎǇƘŜǊŜ below. The 

mesosphere is extremely cold, especially at its top, about -90° C (-130° F). 

 

The air in the mesosphere has extremely low density: 99.9% of the mass of the atmosphere is 

below the mesosphere. As a result, air pressure is very low. A person traveling through the 

mesosphere would experience severe burns from ultraviolet light since the ozone layer which 

provides UV protection is in the stratosphere below. There would be almost no oxygen for 

ōǊŜŀǘƘƛƴƎΦ {ǘǊŀƴƎŜǊ ȅŜǘΣ ŀƴ ǳƴǇǊƻǘŜŎǘŜŘ ǘǊŀǾŜƭŜǊΩǎ ōƭƻƻŘ ǿould boil at normal body 

temperature because the pressure is so low. 
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Thermosphere 
The density of molecules is so low in the thermosphere that one gas molecule can go about 1 

km before it collides with another molecule. Since so little energy is transferred, the air feels 

very cold. Within the thermosphere is the ionosphere. The ionosphere gets its name from the 

solar radiation that ionizes gas molecules to create a positively charged ion and one or more 

negatively charged electrons. The freed electrons travel within the ionosphere as electric 

currents. Because of the free ions, the ionosphere has many interesting characteristics. At 

night, radio waves bounce off the ionosphere and back to Earth. This is why you can often pick 

up an AM radio station far from its source at night. The Van Allen radiation belts are two 

doughnut-shaped zones of highly charged particles that are located beyond the atmosphere in 

the magnetosphere. The particles originate in solar flares and fly to Earth on the solar wind. 

Once trappŜŘ ōȅ 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΣ ǘƘŜȅ Ŧƻƭƭƻǿ ŀƭƻƴƎ ǘƘŜ ŦƛŜƭŘΩǎ ƳŀƎƴŜǘƛŎ ƭƛƴŜǎ ƻŦ ŦƻǊŎŜΦ 

These lines extend from above the equator to the North Pole and to the South Pole then return 

to the equator. 

 

When massive solar storms cause the Van Allen belts to become overloaded with particles, the 

result is the most spectacular feature of the ionosphere or the nighttime aurora. The particles 

spiral along magnetic field lines toward the poles. The charged particles energize oxygen and 

nitrogen gas molecules, causing them to light up. Each gas emits a particular color of light. 

 

 

ATMOSPHERIC HEAT, ENERGY & MOTION 
Energy travels through space or material. This is obvious when you stand near a fire and feel its 

warmth or when you pick up the handle of a metal pot even though the handle is not sitting 

directly on the hot stove. Invisible energy waves can travel through air, glass, and even the 

vacuum of outer space. These waves have electrical and magnetic properties, so they are called 

electromagnetic waves. The transfer of energy from one object to another through 

electromagnetic waves is known as radiation. Different wavelengths of energy create different 

types of electromagnetic waves. 

ü ¢ƘŜ ǿŀǾŜƭŜƴƎǘƘǎ ƘǳƳŀƴǎ Ŏŀƴ ǎŜŜ ŀǊŜ ƪƴƻǿƴ ŀǎ άǾƛǎƛōƭŜ ƭƛƎƘǘΦέ ¢ƘŜǎŜ ǿŀǾŜƭŜƴƎǘƘǎ 

appear to us as the colors of the rainbow. What objects can you think of that radiate 

visible light? Two include the Sun and a light bulb. 

ü The longest wavelengths of visible light appear red. Infrared wavelengths are longer 

than visible red. Snakes can see infrared energy. We feel infrared energy as heat. 

ü Wavelengths that are shorter than violet are called ultraviolet. 
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Can you think of some objects that appear to radiate visible light, but do not? The moon and 

the planets do not emit light of their own; they reflect the light of the Sun. Reflection is when 

light (or another wave) bounces back from a surface. Albedo is a measure of how well a surface 

reflects light. A surface with high albedo reflects a large percentage of light. A snowfield has a 

high albedo. 

 

One important fact to remember is that energy cannot be created or destroyed, it can only be 

changed from one form to another. This is such a fundamental fact of nature that it is a law: the 

law of conservation of energy. 

 

In photosynthesis, for example, plants convert solar energy into chemical energy that they can 

use. They do not create new energy. When energy is transformed, some nearly always becomes 

heat. Heat transfers between materials easily, from warmer objects to cooler ones. If no more 

heat is added, eventually all the material will reach the same temperature. 

 

Temperature 
Temperature is a measure of how fast the atoms in a material are vibrating. High-temperature 

particles vibrate faster than lo- temperature particles. Rapidly vibrating atoms smash together, 

which generates heat. As a material cools down, the atoms vibrate more slowly and collide less 

frequently. As a result, they emit less heat. What is the difference between heat and 

temperature? 

ü ¢ŜƳǇŜǊŀǘǳǊŜ ƳŜŀǎǳǊŜǎ Ƙƻǿ Ŧŀǎǘ ŀ ƳŀǘŜǊƛŀƭΩǎ ŀtoms are vibrating. 

ü IŜŀǘ ƳŜŀǎǳǊŜǎ ǘƘŜ ƳŀǘŜǊƛŀƭΩǎ ǘƻǘŀƭ ŜƴŜǊƎȅΦ 

Which has higher heat, and which has a higher temperature: a candle flame or a bathtub full of 

hot water? 

ü The flame has a higher temperature, but less heat, because the hot region is very small. 

ü The bathtub has a lower temperature but contains much more heat because it has many 

more vibrating atoms. The bathtub has greater total energy. 

 

Heat 
Heat is taken in or released when an object changes phase, or changes from a gas to a liquid, or 

a liquid to a solid. This heat is called latent heat. When a substance changes state, latent heat is 

released or absorbed. A substance that is changing its state of matter does not change 

temperature. All the energy ǘƘŀǘ ƛǎ ǊŜƭŜŀǎŜŘ ƻǊ ŀōǎƻǊōŜŘ ƎƻŜǎ ǘƻǿŀǊŘ ŎƘŀƴƎƛƴƎ ǘƘŜ ƳŀǘŜǊƛŀƭΩǎ 

state. 
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For example, imagine a pot of boiling water on a stove burner: that water is at 100° C (212° F). If 

you increase the temperature of the burner, more heat enters the water. The water remains at 

its boiling temperature, but the additional energy goes into changing the water from liquid to 

gas. With more heat, the water evaporates more rapidly. When water changes from a liquid to 

a gas it takes in heat. Since evaporation takes in heat, this is called evaporative cooling. 

Evaporative cooling is an inexpensive way to cool homes in hot, dry areas. As an example, when 

water changes from gas (vapor) to a liquid, condensation occursτbecause latent heat is being 

released 

 

Substances also differ in their specific heat, the amount of energy needed to raise the 

temperature of one gram of the material by 1.0° C (1.8° F). Water has a very high specific heat, 

ǿƘƛŎƘ ƳŜŀƴǎ ƛǘ ǘŀƪŜǎ ŀ ƭƻǘ ƻŦ ŜƴŜǊƎȅ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǿŀǘŜǊΦ [ŜǘΩǎ ŎƻƳǇŀǊŜ ŀ 

puddle and asphalt, for example. If you are walking barefoot on a sunny day, which would you 

rather walk across, the shallow puddle, or an asphalt parking lot? Because of its high specific 

heat, the water stays cooler than the asphalt, even though it receives the same amount of solar 

radiation. 

 

Atmospheric Pressures & Winds 
A few basic principles go a long way toward explaining how and why air moves: Warm air rising 

creates a low-pressure zone at the ground. Air from the surrounding area is sucked into the 

space left by the rising air. Air flows horizontally at top of the troposphere; horizontal flow is 

called advection. The air cools until it descends. As the air approaches the ground, it creates a 

high-pressure zone. Air flowing from areas of high pressure to low pressure creates winds. 

Warm air can hold more moisture than cold air. Air moving at the bases of the three major 

convection cells in each hemisphere north and south of the equator creates the global wind 

belts. 

 

Within the troposphere are convection cells. Air that moves horizontally between high- and 

low-pressure zones makes wind. The greater the pressure difference between the pressure 

ȊƻƴŜǎ ǘƘŜ ŦŀǎǘŜǊ ǘƘŜ ǿƛƴŘ ŦƭƻǿΦ /ƻƴǾŜŎǘƛƻƴ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ŎǊŜŀǘŜǎ ǘƘŜ ǇƭŀƴŜǘΩǎ ǿŜŀǘƘŜǊΦ 

When warm air rises and cools in a low-pressure zone (vertical convection), it may not be able 

to hold all the water it contains as vapor. Some water vapor may condense to form clouds or 

precipitation. When cool air descends, it warms. Since it can then hold more moisture, the 

descending air will evaporate water on the ground. Air moving between large high- and low-

pressure systems create the global wind belts that profoundly affect regional climate. Smaller 

pressure systems create localized winds that affect the weather and climate of a local area. 
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Figure 6.4 Diagram Explaining Both Low & High Pressure in the Northern Hemisphere. Image by COC OER team is 

used under a CC-BY-4.0 license.  

 

Local Winds 
Local winds result from air moving between small low and high-pressure systems. High- and 

low-pressure cells are created by a variety of conditions. Some local winds have very important 

effects on the weather and climate of some regions. 

 

Land & Sea Breezes 
Since water has a very high specific heat, it maintains its temperature well. However, when 

water is heated, it will cool more slowly than land. If there is a large temperature difference 

between the surface of the sea (or a large lake) and the land next to it, high- and low-pressure 

regions form. This creates local winds. Sea breezes blow from the cooler ocean over the 

warmer land in summer. Where is the high-pressure zone and where is the low-pressure 

zone? Sea breezes blow at about 10 to 20 km (6 to 12 miles) per hour and lower air 

temperature much as 5° to 10° C (9 to 18°F). 

 

https://creativecommons.org/licenses/by/4.0/
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Figure 32.5 Land & Sea Breezes. Image by Encyclopedia Britannica used appropriately under Encyclopedia 

Britannica non-commercial terms of use. 

 

Monsoonal Winds 
Monsoon winds are larger-scale versions of land and sea breezes; they blow from the sea onto 

the land in summer and from the land onto the sea in winter. A monsoon is traditionally a 

seasonal reversing wind accompanied by corresponding changes in precipitation but is now 

used to describe seasonal changes in atmospheric circulation and precipitation associated with 

annual latitudinal oscillation of the Intertropical Convergence Zone (ITCZ) between its limits to 

the north and south of the equator. Usually, the term monsoon is used to refer to the rainy 

phase of a seasonally changing pattern, although technically there is also a dry phase. The term 

is also sometimes used to describe locally heavy but short-term rains. 

 

The most important monsoon in the world occurs each year over the Indian subcontinent. 

More than two billion residents of India and southeastern Asia depend on monsoon rains for 

their drinking and irrigation water. Back in the days of sailing ships, seasonal shifts in the 

monsoon winds carried goods back and forth between India and Africa. 

 

https://www.britannica.com/science/sea-and-land-breeze
https://corporate.britannica.com/termsofuse.html
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Mountain & Valley Breezes 
Temperature differences between mountains and valleys create mountain and valley breezes. 

During the day, air on mountain slopes is heated more than air at the same elevation over an 

adjacent valley. As the day progresses, warm air rises and draws the cool air up from the valley, 

creating a valley breeze. At night the mountain slopes cool more quickly than the nearby valley, 

which causes a mountain breeze to flow downhill. 

 
Figure 6.6 Mountain & Valley Breezes. Image is in the public domain. 

 

 

Katabatic Winds 
Katabatic winds move up and down slopes, but they are stronger mountain and valley breezes. 

Katabatic winds form over a high land area, like a high plateau. The plateau is usually 

surrounded on almost all sides by mountains. In winter, the plateau grows cold. The air above 

the plateau grows cold and sinks from the plateau through gaps in the mountains. Wind speeds 

depend on the difference in air pressure over the plateau and the surroundings. Katabatic 

winds form over many continental areas. Extremely cold katabatic winds blow off the 

Antarctica and Greenland ice sheets. 

 

https://commons.wikimedia.org/wiki/File:Diurnal_mountain_winds_variation.jpg
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Figure 6.7 Katabatic Winds. Image is used under a  Attribution-Share Alike 4.0 International license. 

 

Chinook Winds 
Chinook winds develop when air is forced up over a mountain range. This takes place, for 

example, when the westerly winds bring air from the Pacific Ocean over the San Bernardino and 

Sierra Nevada Mountains in California. As the relatively warm, moist air rises over the 

windward side of the mountains, it cools and contracts. If the air is humid, it may form clouds 

and drop rain or snow (orographic precipitation). When the air sinks on the leeward side of the 

mountains, it forms a high-pressure zone. The windward side of a mountain range is the side 

that receives the wind; the leeward side is the side where air sinks. The descending air warms 

and creates strong, dry winds. Chinook winds can raise temperatures more than 20°C (36°F) in 

an hour and they rapidly decrease humidity. This can rapidly melt snow on the ground. If 

precipitation falls as the air rises over the mountains, the air will be dry as it sinks on the 

leeward side. This dry, sinking air causes a rain shadow effect, which creates many of the 

ǿƻǊƭŘΩǎ ŘŜǎŜǊǘǎΦ 

 
Figure 6.8 Rainshadow Effect. Image by Anders Einar Hilden has been released in the public domain. 

https://commons.wikimedia.org/wiki/File:Katabatic-winds-antarctica.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://commons.wikimedia.org/wiki/File:Rain_shadow.svg
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Santa Ana Winds 
The Santa Ana winds (sometimes devil winds) are strong, extremely dry downslope winds that 

originate inland and affect coastal Southern California and northern Baja California. They 

originate from cool, dry high-pressure air masses in the Great Basin. The high-pressure forces 

the winds downhill and in a clockwise direction in the Northern Hemisphere (because of the 

Coriolis effect). The air pressure rises, so temperature rises and humidity falls. The winds blow 

across the Southwestern deserts and then race downhill and westward toward the ocean. Air is 

forced through canyons cutting the San Gabriel and San Bernardino mountains. The Santa Ana 

ǿƛƴŘǎ ƻŦǘŜƴ ŀǊǊƛǾŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ƭƻƴƎ ǎǳƳƳŜǊ ŘǊƻǳƎƘǘ ǎŜŀǎƻƴΦ ¢ƘŜ ƘƻǘΣ ŘǊȅ ǿƛƴŘǎ 

dry out the landscape even more. If a fire starts, it can spread quickly, causing large-scale 

devastation. 

 

 
Figure 6.9 The Santa Ana Winds-- Note the Direction of Flow Being Eastward. 

 Image by NASA is in the public domain. 

Desert Winds 
High summer temperatures on the desert create high winds. Desert winds pick up dust because 

there is not as much vegetation to hold down the dirt and sand. A haboob forms in the 

downdrafts on the front of a thunderstorm, as the ground becomes so hot that the air above it 

heats and rises. Air flows into the low pressure and begins to spin. Dust devils are small and 

short-lived, but they may cause damage. 

 

https://photojournal.jpl.nasa.gov/catalog/PIA03445
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Figure 6.10 A Haboob in Texas in 1935. Image is in the public domain. 

 

 

  

 

GLOBAL ATMOSPHERIC CIRCULATIONS 
Because more solar energy hits the equator, the air warms and forms a low-pressure zone. At 

the top of the troposphere, half moves toward the North Pole and half toward the South Pole. 

As it moves along the top of the troposphere it cools. The cool air is dense and when it reaches 

a high-pressure zone it sinks to the ground. The air is sucked back toward the low pressure at 

the equator. This describes the convection cells north and south of the equator. If the Earth did 

not rotate, there would be one convection cell in the Northern Hemisphere and one in the 

south with the rising air at the equator and the sinking air at each pole. But because the planet 

ŘƻŜǎ ǊƻǘŀǘŜΣ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ƛǎ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘΦ ¢ƘŜ ǇƭŀƴŜǘΩǎ Ǌƻǘŀǘƛƻƴ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ /ƻǊƛƻƭƛǎ 

effect must be consideredΦ [ŜǘΩǎ ƭƻƻƪ ŀǘ ŀǘƳƻǎǇƘŜǊƛŎ ŎƛǊŎǳƭŀǘƛƻƴ ƛƴ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ 

because of the Coriolis effect. Air rises at the equator, but as it moves toward the pole at the 

top of the troposphere, it deflects to the right. Remember that it just appears to deflect to the 

right because the ground beneath it moves. At about 30°N latitude, the air from the equator 

meets air flowing toward the equator from the higher latitudes. This air is cool because it has 

come from higher latitudes. Both batches of air descend, creating a high-pressure zone. Once 

on the ground, the air returns to the equator. This convection cell is called the Hadley Cell and 

is found between 0° and 30° N. 

 

https://commons.wikimedia.org/wiki/File:DustStormInSpearmanTexas19350414.jpg
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Figure 6.11 The Three Cell Model or Atmospheric Circulation. 

 Image by Anthony Flores is used under a CC-BY-4.0 license.  

 

There are two more convection cells in the Northern Hemisphere. The Ferrel cell is between 

30°N and 50° to 60°N. This cell shares its southern, descending side with the Hadley cell to its 

south. Its northern rising limb is shared with the Polar cell located between 50° N to 60° N and 

the North Pole, where cold air descends. 

 

There are three mirror image circulation cells in the Southern Hemisphere. In that hemisphere, 

the Coriolis Effect makes objects appear to deflect to the left. Ultimately, because there are 

three large-scale convection cells in the Northern Hemisphere and are repeated in the Southern 

Hemisphere, the model to understand these patterns is called the three-cell model. 

 

Global Wind Patterns 
Global winds blow in belts encircling the planet. The global wind belts are enormous, and the 

winds are relatively steady. These winds are the result of air movement at the bottom of the 

major atmospheric circulation cells, where the air moves horizontally from high to low 

pressure. Technology today allows anyone to see global wind patterns in real-time, such as 

the Earth Wind Map. Look at the Earth Wind Map and determine what patterns you can see 

occurring in the atmosphere in real-time. Are low-pressure systems rotating counterclockwise 

in the Northern Hemisphere? Are high-pressure systems rotating clockwise in the Northern 

Hemisphere? Can you see the global wind patterns over the Atlantic and Pacific Oceans? Also, 

notice how the winds flow faster over water than over continents because of land friction. 

 

https://anthonyjflores.com/graphic-design
https://creativecommons.org/licenses/by/4.0/
http://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-98.17,38.05,1024
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In the Hadley cell, air should move north to south, but it is deflected to the right by the Coriolis 

effect. So, the air blows from northeast to southwest. This belt is the trade winds, so-called 

because at the time of sailing ships they were good for trade. 

 

 

Pin It! Earth-Wind Map 
So, what do wind patterns look like today? Check out the Earth Wind Map link 
below to find out! 
https://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-
98.17,38.05,1024 

 

 

 
Figure 6.12 Global Winds & Atmospheric Circulation Model. Image is used under a Attribution-Share Alike 3.0 

Unported license. 

 

In the Ferrel cell, air should move south to north, but the winds blow from the southwest. This 

belt is the westerly winds or westerlies. Why do you think a flight across the United States from 

https://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-98.17,38.05,1024
https://earth.nullschool.net/#current/wind/isobaric/1000hPa/orthographic=-98.17,38.05,1024
https://commons.wikimedia.org/wiki/File:Earth_Global_Circulation_-_en.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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San Francisco to New York City takes less time than the reverse trip? 

 

Finally, in the Polar cell, the winds travel from the northeast and are called the polar 

easterlies. The wind belts are named for the directions from which the winds come. The 

westerly winds, for example, blow from west to east. These names hold for the winds in the 

wind belts of the Southern Hemisphere as well. 

 

The Polar Fronts & Jet Streams 
The polar front is the junction between the Ferrel and Polar cells. At this low-pressure zone, 

relatively warm, moist air of the Ferrel Cell runs into relatively cold, dry air of the Polar cell. The 

weather where these two meets is extremely variable, typical of much of North America and 

Europe. 

 

The polar jet stream is found high up in the atmosphere where the two cells come together. A 

jet stream is a fast-flowing river of air at the boundary between the troposphere and the 

stratosphere. Jet streams form where there is a large temperature difference between two air 

masses. 

 

 
Figure 6.13 Global Circulation Pattern with Jet Streams. Image is used under an 

 Attribution-Share Alike 4.0 International license. 

 

¢Ƙƛǎ ŜȄǇƭŀƛƴǎ ǿƘȅ ǘƘŜ ǇƻƭŀǊ ƧŜǘ ǎǘǊŜŀƳ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇƻǿŜǊŦǳƭΦ Jet streams move 

seasonally just as the angle of the Sun in the sky migrates north and south. The polar jet stream, 

known as the jet stream, moves south in the winter and north in the summer. 

One factor that contributes to the creation of a concentrated polar jet is the undercutting of 

sub-tropical air masses by the denser polar air masses at the polar front. This causes a sharp 

north-south pressure (south-north potential vorticity) gradient in the horizontal plane, an effect 

https://commons.wikimedia.org/wiki/File:Jetcrosssection.svg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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which is most significant during double Rossby wave breaking events. At high altitudes, lack of 

friction allows air to respond freely to the steep pressure gradient with low pressure at high 

altitude over the pole. This results in the formation of planetary wind circulations that 

experience a strong Coriolis deflection and thus can be considered 'quasi-geostrophic'. The 

polar front jet stream is closely linked to the frontogenesis process in midlatitudes, as the 

acceleration/deceleration of the air flow induces areas of low/high pressure respectively, which 

link to the formation of cyclones and anticyclones along the polar front in a relatively narrow 

region. 

 

A second factor which contributes to a concentrated jet is more applicable to the subtropical jet 

which forms at the poleward limit of the tropical Hadley cell, and to first order this circulation is 

symmetric with respect to longitude. Tropical air rises to the tropopause, and moves poleward 

before sinking; this is the Hadley cell circulation. As it does so it tends to conserve angular 

momentum, since friction with the ground is slight. Air masses that begin moving poleward are 

deflected eastward by the Coriolis force (true for either hemisphere), which for poleward 

moving air implies an increased westerly component of the winds (note that deflection is 

leftward in the southern hemisphere). 

 

 

UNIT 6 SUMMARY 
The atmosphere is a mixture of nitrogen (78%), oxygen (21%), and other gases (1%) that 

surround Earth. High above the planet, the atmosphere becomes thinner until it gradually 

reaches space. It is divided into four layers, based on temperature, and two based on density. 

Most of the weather and clouds are found in the first layer. 

 

The atmosphere is an important part of what makes Earth livable. It blocks some of the Sun's 

dangerous rays from reaching Earth. It traps heat, making Earth a comfortable temperature. 

And the oxygen within our atmosphere is essential for life. 

 

Global and local winds are identified based on which direction the air comes from. Because of 

rising warm air at specific lines of latitude, warm air can ƳƛȄ ǿƛǘƘ Ŏƻƻƭ ŀƛǊΣ ŘǊƛǾƛƴƎ 9ŀǊǘƘΩǎ 

weather.  
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Figure 7.33 Mammatus Clouds near Lone Pine, California. Image by Jeremy Patrich is used under 

a CC-BY 4.0 license. 

UNIT 7: ELEMENTS OF WEATHER & 

CLIMATE 
Goals & Objectives of this unit 

ü Describe the various aspects and elements of weather and atmospheric water. 

ü Explain how air masses and weather fronts together form mid-latitude cyclones and 

describe the three phases a thunderstorm goes through in its life cycle. 

ü Differentiate between weather and climate and explain their interrelationships. 

ü Characterize the five general types of climate as defined by the Köppen climate 

classification. 
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WEATHER & ATMOSPHERIC MOISTURE 
If someone across the country asks you what the weather is like today, you need to consider 

several factors. Air temperature, humidity, wind speed, the amount and types of clouds, and 

precipitation are all part of a thorough weather report. In this unit, you will learn about many of 

these features in more detail. Weather is what is going on in the atmosphere at a place at a 

time. Weather can ŎƘŀƴƎŜ ǊŀǇƛŘƭȅΦ ! ƭƻŎŀǘƛƻƴΩǎ ǿŜŀǘƘŜǊ ŘŜǇŜƴŘǎ ƻƴ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜΤ ŀƛǊ 

pressure; fog; humidity; cloud cover; precipitation; wind speed and direction. All of these are 

directly related to the amount of energy that is in the system and where that energy is. The 

ultimate source of this energy is the sun. Climate ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ ŀ ǊŜƎƛƻƴΩǎ ǿŜŀǘƘŜǊ ƻǾŜǊ ǘƛƳŜΦ 

The climate for a place is steady and changes only very slowly. Climate is determined by many 

factors, including the angle of the Sun, the likelihood of cloud cover, and the air pressure. All 

these factors are related to the amount of energy that is found in that location over time most 

meteorologists use data spanning nearly 30 years to identify a regionΩs climate. 

 

Humidity 
Humidity is the amount of water vapor in the air in a parcel of air. We usually use the term to 

mean relative humidity, the percentage of water vapor a certain volume of air is holding 

relative to the maximum amount it can contain. If the humidity today is 80%, it means that the 

air contains 80% of the total amount of water it can hold at that temperature. What will happen 

if the humidity increases to more than 100%? The excess water condenses and forms 

precipitation. This is a simplistic look at this topic, because depending on the temperature of 

the air, the capacity of water content per kilogram of air changes. Warm air can hold more 

water vapor than cool air, so ǊŀƛǎƛƴƎ ƻǊ ƭƻǿŜǊƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ Ŏŀƴ ŎƘŀƴƎŜ ǘƘŜ ŀƛǊΩǎ ǊŜƭŀǘƛǾŜ 

humidity. The temperature at which air saturated air can condense is called the dew point. This 

term makes sense, because the water condenses from the air as the dew. A smaller scale 

example of this would be a cup full of ice water. Depending on the temperature and humidity 

levels for the day, if the contents in the cup are cooler than the surrounding air, the glass will 

cause the moisture in the air around the cup to condense along the glass surface.  

 

The image below shows the relationship between relative humidity, dew point and overall air 

temperature.  
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Figure 7.34 Diagram Explaining the Calculation of Relative Humidity. 

 Image is used under a  Attribution-Share Alike 3.0 Unported license.  

 

Clouds 
Clouds have a big influence on weather by preventing solar radiation from reaching the ground; 

absorbing warmth that is re-emitted from the ground; and as the source of precipitation. When 

there are no clouds, there is less insulation. As a result, cloudless days can be extremely hot, 

and cloudless nights can be very cold. For this reason, cloudy days tend to have a lower range of 

temperatures than clear days. 

 

There are a variety of conditions needed for clouds to form. First, clouds form when air reaches 

its dew point. This can happen in two ways:   

ü Air temperature stays the same but humidity increases. This is common in locations that 

are warm and humid.  

ü Humidity can remain the same, but temperature decreases. When the air cools enough 

to reach 100% humidity, water droplets form. The air cools when it meets a cold surface 

or when it rises. 

 

https://commons.wikimedia.org/wiki/File:Relative_Humidity.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en

















































































































































































































































































































































































































