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PREFACE

Welcome toPhysical Geograplat College of th&€anyons.

This textbook was designed especially for College of the Canyons stuaematsesource
to instill the knowledge and adventure that the discipline of geography holds for so
many of us.Thefollowingunitswill covera wide array of topicsuch as9 | NIi K Q &
system, rivers, oceans, desertgsicgeology and cartographyThere arethree types of
interactive features in this book to help you, the student, engage withvér@us
concepts and methods involved in studyiplgysical geography

1.

Pin It! Boxes

These boxes refer to informaticor activitiesd K . & 2 dz & K2 dzf R
later. Remembering the information included in pin it boxes will help you bett
understandprevious andollowing textbook material.

Think About IX . 2 ES &

Think about it boxes encourage you to do just that, think about the information
LINE GARSR Ay G(KS 062E FYR T2NXY Ly 2LA&A
ideas @ issues that are controversigbometimes these topics can be difficult to

think about objectively because they are emotionally charged. However, taking

moment to consider your values and beliefs and how they affect your opinions
decision making, produces mental stamina whicansmportant life skill.
Remember, the brain is a muscle too.

a dzf G A YAuRdrd YuTube Channel!

Professor Jeremy Patrich has shared his chapter reviews and course lectures {
YouTube channel. Scan the QR code or visit:
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Figure 11 Lake Sabrina, a inaII fored feature near Bishop, California. Imge b Jerey Patrich is
under a CC BY 4.0 license.

UNIT 1: INTRODUCTION TO
GEOGRAPHY AS A DISCIPLINE

Goals &bjectives of this unit
U Develop an understanding of geographic aatentific knowledge and inquiry.
U Describe the basic model of the scientific method and how scientists use it to understand the

natural world.
U0 Explain the importance of understandifagation, including the latitude & longitude.
0 Compare and contrast the siaus types of geospatial technologies used today.
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SCIENTIFIC & GEOGRAPHIC INQUIRY

Physical Geographg the study of our home planet and all of its components: its lands

(lithosphere), waters (hydrosphere), living organisms (biosphere), atmosphetentenior. In

this book, some chapters are devoted to the processes that shape the lands and impact people.
hiKSNJ OKFLIISNA RSLIAOU (GKS LINRBOS&aasSa 2F GKS i
surface and all our living creatures. For as long apledoave been on the planet, humans have

KFR G2 tA0S 6AGKAY 9FNIKQa o02dzyRFNASad b2g Kdz
with both a positive and negative result. The journey to better understanding Earth begins here

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

study of physical geography.

Scientific hquiry

Sciencas a path to gaining knowledge about the natural world. The study of science also
includes the body of knowledge that hbsen collected througliscientific inquiry. To conduct a
scientific investigation, scientists ask testable questions that can be systematically observed
and carefully evidenced collected. Then they use logical reasoning and some imagination to
develop a tetable idea, called aypothesis, 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 sientific questiormust be testable and supported by
SYLANROIE RFEGFET Ad R2S&a y20 NBfte 2y FLFEAGK 2NJ
processes helpus to answer questions such as, why earthquakes occur whegedo and

what are the consequences of adding excess greenhouse gases into the atmosphere.

Scientific researcimay be done to build knowledge or to solve problems, and leatientific
discoveriesand technological advanceResearcltoften aids in tle development oapplied

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 examplg@esnatural phenomena, such as stories of ghosts,
vampires, or The Yeti, cannot be test&tientists describe what they see, whether in nature or

a laboratory.

Science is the realm of facts and observations, not mjadgments. Scientists increase our
technological knowledge, but science does not determine how or if we use that knowledge.
{OASyGA&aGa €SFENYSR (2 0daAfR Yy FG2YAO 02Y0X 0©
it. Scientists have accumulated data on warming temperatures; their ilsdae/eshown the

likely causes of this warming. But although scientists are largely in agreement on the causes of

3t 260t 6FN¥V¥AYy3IS GKSe& OFyQid F2NOS LRtAGAOAL YA

For science to work, scientists must make saamssumptions. 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 nak can be understood through careful, systematic study.

Scientific ideas can change if we gather new data or learn more. An idea, even one that
isaccepted today, may need to be changed slightly or be entirely replaced if new evidence is
found that contralicts it. Scientific knowledge can withstand the test of time because accepted
ideas in science become more reliable as they survive more tests.

Geographicnquiry
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 cadiéter geographicr spatial inquiry.
Todo this, geographers go through a geographic methodology that is quite similar to the
scientific method, but again with a geographic or spatial emphasis.
1. Ask a geographic questiomsk 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 resourceklentify data and information that you need answer
your question.
3. Explore geographic datalurn the data into maps, talde and graphs, and lod&r
patterns and relationships by utilizing geospatial computer programs and statistics.
4. Analyze geographic informationDetermine what the patterns and relationships mean
concerningyour question. This is where critical thinkiogmes to play; once observing
the results you then begin to develop future work or perhaps ask even more questions.

"Knowing where something, how its location influences its characteristics, and how its
location influenceselationships with other pheomena are the foundation of geographic
thinking. Like otheresearch methods, it also asks you to explore, analyze, and act upon the
things you find. lalso is important to recognize that this is the same method used by
professionals arounthe world woiking to address social, economic, political, environmental
and a range o$cientific issues." (ESRI)
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THE SCIENTIFIC METHOD

You have probably learned that tiseientific methods 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 evae 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 \f@ble conclusions, logical, repeatable steps of the
scientific method must be followed. An example flow chart has been provided below to show

GKS aGSLlda 2F (GKS &a0ASYGATAO YSiK2R® ''a&a +y SEI
wear biggersho&8K 2 K 4 RFGF ¢g2dzZ R 82dz YSSRK | 26 ¢2dz R

would you test your hypothesis?

£ 2

Do Background
Research

+

Construct a +
Hypothesis

+

Test with an
Experiment

+
—
Carefully check
all steps and ¢4
= — 0

Figurel.2 Flow chart of the Scientific Methotinage is in the public domain.
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Scientific Questioning
The most important thing a scientist can do is to astical thinkingquestions.

u  What makes the San AndreRaultdifferent from the HollywoodFault?

i Why does Earth have so many varied life forms but olbealplanets in the solar

system do not?

i What mpacts could a warmer planet have on weather and climate systems?
Geographers can answer testable questions about the natural world, but what makes a
guestion impossible to test? Some untestable questions are whether ghosts exist or whether
there is life dter death. A testable question might be about how to reduce soil erosion on a
FENY® | FENNYSNI KFa KSIF NRI AT | F LM AYViRET | YESAIYKR R
StAYAYIF(GSa GKS ySSR F2NJ LX 24 Ay il farkiy rebluce/ R® ¢ K S
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 andhagazines, 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 nill farming on the Internet, at the library, at the local farmisigpply 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 reducarbon dioxide emissions into the atmosphere,

which helps in the fight against global warming.

g

'}A:" Vi . 3 . 5 $ s}

Figurel.3 Farmers working in a greenhouseageby USDA.go'm the public domain.
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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
guestion and must be testable. Hagia hypothesis guides a scientist in designing experiments
YR AYGSNILINBGAY I RIFEGE D 9EI Y LMl f&ningtwil GecrdabeNdil S NI &
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 &xperimentation

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 anseentific 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 dasethan
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 dasdt tubes, or they may require advanced technologies

like a highpowered 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 rockamples. 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 asliaafesu

G§KS SELISNAYSY(GzZ A& GKS RSLISYRSyild OIFINAlIofSod ¢K
independent variable.

Figurel.4 Example of ndill farming in asoybean fieldlmageby Tim McCabe, USDA Natural Resources
Conservation Service is in the public domain.

»>
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As an @ample: The farmer experimesibn two separate hills. The hills have similar steepness
and receive similar amounts of sunshine. On,dhe farmer uses a traditional farming

technique that includes plowing. On the other, he uses dilhtechnique, spacing plants

farther apart and using specialized equipment for planting. The plants on both hillsides receive
identical amounts of waterrad 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 technigueither traditional or netillt because that

is what isheing 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 whértmer 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 spreadsheé&lharts 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 sé Graphs help scientists to visually understand the relationships between data.
Pictures are created so that otharnerested peoplecan see the relationships easily.

Conclusions

Scientists study graphs, tables, diagrams, images, descriptions, andealbgtilable data to
concludefrom 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
hypothesisand some do not. If a hypothesis is shown todreng, 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 oa ttaditionally farmed hill is 2.2 times
greater than erosion on the nbll hill. The plants on the ndll plots are taller and the soil
moisture is higher. The farmer decides to convert tetildarming for future crops. The farmer
continues researchg 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
hypathesis, 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 {heaiges 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 newkeory.

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 lineviofence 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 exaanx y coordinate on the Earth.
Relative location is the location of something relative to otbmtities. 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 éxalencia BIvdis relative

to the other exit poins. Or if you give directions to your house, you often use relative locations
to help them understand how to get to your house.

Great & SmallQrcles

Much of Earth's grid system is based on the location of the North Pole, South Pole, and the
Equator. The ples 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 circumferenteméqual 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, all lines of longitudée line that divides the earth into day and night

called the circle of illumination, and the plane of the ecliptic, which divides the earth into equal
halves along the equator. Small circles are circles that cut the earth, but not into equal halves.

14| PHYSICAL GEOGRAPHY



small circle

great circle

Fgure 1.4 Great& small circlesimageby Brian Brondeis under a CC BYA 2.5 license.

Latitude & Longitude

Manyassumehat latitude is a line connecting points on the earth and it's hatitudeis an

angular measurement north or south of the equator, 3@ 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, anéd@&fhds (") in a minute. When you

use Google Earth, the coordinate locations are in this degrees/miriut&sp 2 fgriRad a

Latitude varies from 0 degrees (equator) to 90 degrees north and south (the poles).

NorthoPoIe
90

0’ &
South Pole Prime Meridian

Figurel5 Latitude& Longitudelmageby Djexplo has been designated to the public domain und&@GD 1.0
Universal Public Domain Dedication

A line connecting all points of the same latitude is callpalle] because the lines run
parallel to each other. The only parallel that is also a great circle is the equator. All other
parallelsare small circles. The following are thst important parallel lines:
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Equator, O degrees

Tropic of Cancer, 23.5 degrees N

Tropic of Capricorn, 23.5 degrees S

Arctic Circle, 66.5 degrees N

Antarctic Circle, 66.5 degrees S

North Pole, 90 degrees (ifinitely small circle)
South Pole, 90 degrees S (infiniteiyall circle)

c: c: c: c: c: c: c:

Latitude is also sometimes describedzases of latitudeSome oftiese zones of latitude
include:

u Low latitude- generally between the equator and 30 degrees N

Midlatitude - between 30 degrees and 60 degrees N and S

High latitude- latitudes greater than about 60 degrees N and S

Equatorial- within a few degrees of the equator

Tropical- within the tropics (between 23.5 degrees N and 23.5 degrees S
Subtropical- slightly poleward of the tropics, generally around 28 degrees N and S
Polar- within a few degrees of the North or South Pole

cC C oo

Longitude is the angular measurement east and west of the Prime Meridian. Like latitude,
longitude is measured in degrees, minutes, @edonds. 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 pldem 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. wa 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, dagr 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 doaw

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

This is also a good time to take a 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 c8lo the earth

rotates 360 degrees in a 2dbur period, the earth rotates 15 degrees every hour creating 24
time zones. In an ideal world, each time zone would follow lines of longitude every 15 degrees
(7.5°in each direction from the center of the tinmne). 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 smideteenth century as the starting point of time

worldwide. The reason was that at the #@nEngland was the superpower of the time both

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

2NJ GKS LINAYS YSNARAFY® . SOlFdzaS 2F GKS SINIKQa
locations east of the neweridian meant time was ahead while locations west of the meridian

were behind in time in reference to Greenwich, Engldoiimately, 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.

Pin It! Time Zones
Visit thisinteractive Time Zone Major more information on time zones.

STANDARD TIME ZONES OF THE WORLD

|
|
|

- 4
v

s
AUSTRALIA

-

Figurel.6 Global map Bowing time zone distributionmageby MrMingszisin the public domain.
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GEOSPATIAECHNOLOGY
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usetheir card to reduce the costs when you click on a link on Facebook, or yawetdo any

kind of search on a search engine like Google, BingglwodY. It isused by the state

department of transportation when you are driving offraeway, or when you use an app on a
smartphone. Futurists believe that in timear future, face recognition technology will allow a
sales representative to knowhat types of clothes you like to buy based on a database of your
recentpurchases at their store and others.

Now there are two basic types of data you need to know: spatidlnonspatial dataSpatial
data,also calledjeospatial data, idata that can be liked to a specific location on Earth.
Geospatial dataie SO2 YAy 3 aoA3I odzaAySaaé¢ o6SOlFdzasS Al
belocated, tracked, patterned, and modeled based on other geospatial @&lasus
information that is collected every 10 yeassan example of spatial datidon-spatialdatais
data that cannot be specifically traced to a specific locafidns might include the number of
people living in a household, enroliment witharspecific course, or gender information. But
non-spatial dat can easily beconspatial data if it can be linked in some way to a location.
Geospatiatechnology specialists have a method caljEdcodinghat can be used to give nen
spatial data a geographic location. Once data hggadial component associatedt it, the
type of questions that can be askddamatically changes.

Remote &nsing

Remotesensingcanbe defined as the ability to study objects without being in direct
physicalkontact with them.For example, your eyes are a formpmudssiveremote
sensingbecause theyared LI & & dbsodihigléctromagnetic energy within the visible
spectrum from distant objectand yourbrain is processing that energy into information.
Therearea variety of remotesensing platforms or devices, but they can be categorized into
the following that we will look at throughout theourse.Satellite imagerys a type of remotely
sensed imagery taken of the Earth's surface, which is produced from orbiting satellites that
gather data via electromagnetic energy. Nexaasial photography, wich isfilm-based or

digital photographs of the Earth, usually from an airplane or-piboted drone. Images are
either taken from a verticabr oblique positionThe tird isradar, which is an interesting form
of remote sensing technology that uses micesx® pulseso create imagery of features on
Earth. This can be from a satellite imageoyundbasedDopplerradar for

weatherforecasting Finally, a fasgrowing realm of remote sensing is calledht Detection
and Rangingr Lidar, whichs a form ofremote sensing that measures the distance of objects
using laser pulses of light.

18| PHYSICAL GEOGRAPHY

Ady



Figurel.7 Remote sensing of thenvironment. Useith permission fronmisgeography.com

Global Positioning stems

Another type ofgeospatial technology, and a key technology for acquiring accurate control
L2Ayda 2y 9FNIKQa adz2NFI OS> Aa 3Ift20lf LRaraldAzZ2y
of a GP®eceiverom I NIi KQ&a adzNFI OS> | YAYAYdzy 2F F2dzNJ &l
mathematicalprocess calletriangulation. Normally the process of triangulaticequires a

minimum of three transmitters, but because the energy sent from the satellite iglirayat

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

Thus, a minimum of four satellites is often used to reduce this error. This process using the
geometryof triangles to determine location is usedt only in GPS but a variety of other

location needs, like finding the epicenter of earthquakes.

Auser can use a GPS receiver to determine their location on Earth through a dynamic
conversation with satellites in space. Each satellite transmits olbfi@mation called

the ephemerisusing a highly accurate atontgtock along with its orbital position called
the almanac. Theeceiver will use this information to determine its distance from a
singlesatellite using the equation D = rt, where D = distancerate or the speedf light
(299,792,458 meters per second), and t = time using the atomic clock.
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Vegetation data

Integrated data

Source: GAO.
Figure 18 Visual Representation of Themes in a GiSgeis in the public domain.

There is a technology that is capable of bringing together remote sensing data, GPS data points,
spatial andhon-spatial data, and spatial statistics into a single, dynamic systeanfdysisand

that is ageographic information systef®&IS). A51S is a powerful database system that allows
users to acquire, organize, stomd most importantly analyze information about the physical

and culturalenvironments. A GIS views the world as overlapimgsical or cultural layergach

with quantifiable data that can be analyzed. A single GIS mapati@nal forest could have

layers such as elevation, deciduous tremgrgreens, soil type, soil erosion rates, rivers and
tributaries, major andninor roads, forest health, burn areas, regrowth, restoration, animal
speciedype, trails, and more. Each of these layers would contain a databastohation

specific to thatlayer.

Nearly every disciplineareer path, or academic pursuit uses geograptfiormation systems
because othe vast amount of data and information about the physical and cultural

world. Disciplines and career paths that use BtBudeconservation, ecologylisaster
response and mitigation, business, marketing, engineering, ggigdemography, astronomy,
transportation, health, criminal justice and laamforcement, travel and tourism, news media,
and the list could endlessly gm.
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Now, GIS primarily works frotwo different spatial models: raster and vectétasterbased GIS
models are images much likedaital picture. Each image is broken down into a series of
columns and rows gfixels and each pixel georeferencedo somewhere on Earth's surface
representsa specific numeric valueusually a specific color or wavelghgvithin

the electromagnetic spectrunmMost remote sensing images come into a GIS as a riaster.

The other type of GIS model is called a vector modettorbased GIS models are based on the
concept of points that are again georeferendedy.givenan x, y-, and possibly-2ocation) to
somewhere specific on thground. From points, lines can be created by connecting a series of
points andareas can be created by closing loops of vector lines. For each of these vector layers,
a database of informadn can be attributed to itAs anexample, asector line of rivers could

have a database associated with it such as lengitith, streamflow, government agencies
responsible for it, and anything ellee GIS user wants to tie to it. What these vector migde
represent is also matter of scale. For example, a city can be represented as a point or
apolygon depending on how zoomed in you are to the location. A map of the wor¢tl

show cities as points, whereas a map of a single county may show tfesaifyolygon with

roads, populations, pipes, or grid systems witihin

UNIT1 SUMMARY

Physical geography is the spatial study of our home planet anditdl@mponents: 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 andll spatial scientists require a strong background in understanding the way
humans have partitioned the Earth to determine location. In order to do that, a series of lines
representing angular measurements on the earth was established, known as the gleicgra

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 ddulgland dynamic

technology called geospatial technology. This technology encompasses powerful remote
sensing technology, global positioning systems, and geographic informati@msyst
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Figure2.9 The Milky Way Our Galaxylmageby NASA is in the pblic domain.

' bL¢C HY 9! wel Qf
THE COSMOS

Goals &Objectives of this unit
U Understand the scientific ideas of how the universe formed and is expanding
U Compare and contrast the difference and similarities between dark matter and dark
energy
Describe star systems and the various types of galaxies
Explain the phenomengower within stars
Classifying and measuring distant stars
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INTRODUCTION TO THE UNIVERSE

The Whirlpool Galaxy, also known as M51, is a spiral galaxy about 23 millieyebgbtfrom

Earth. Its interactions with the yellowish dwarf galaxy NGC 5196fanterest to astronomers
because the galaxies are near enough to Earth to bestedlied. Decadeago,astronomers

could not tell if these two galaxies were just passing each other but radio astronomy has
supplied astronomers with important data outlirg 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 mifligears 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.

Astronomerscanlearn about objects unimaginably far away from Earth using telesdba¢s

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 chanthe present

universe. The universe contains all of 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.

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
attached. This idea held for many centuriestinti DI £t Af S2Qa (St Sao02LJS KSftL
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 of those stars were in the Milky Way Galaxy.

In the early 2& certury, an astronomer named Edwin Hubble discovered that what scientists

called the Andromeda Nebula was over two million lighars 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 cloudga$ butwere 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 hurett 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
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Way, Edwin Hubble went on to measure the distance to hundreds of other galaxies. His data
would eentually show how the universe ¢éhanging anavould 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 darkrpbisn lines, astronomers

can determine the composition of elements that make up a distant Jtaeelement 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 difgjht 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 towad 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? Whensironomers 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
redshift, strongly indicating that all galaxies are moving away from each other cahsing t
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 iagses 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.

Pnotan

.

/ 3 _“-\— -
Figure 210 RedshiftDiagram. As aParticle Moves, theNave Frequenciedncreaselmageby NASA is in the public
domain.
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The Expanding Universe

Edwin Hubble combined his measurements of the distancésltof | EA S48 6AGK 2 3G KSNJ
measurements of redshift. From this data, he noticed a relationship, which is now called

| dzo ot SQa [Fgd ¢KS flg adrisSa GKFG GKS FI NI KSN.
us. What this leads to is the hypwsis 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 left 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.

Figure2.11 ShowsSices ofExpansion ofJniverseWithout anInitial Sngularity.Imageby NASA is in the public
domain.

FORMATION OF THE UNIVERSE

Before Hubble, modt A G N2Ry 2 YSNE (GK2dzZa3KO OGKFG GKS dzy A OSNE S
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.

TheBig 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 univeree@rling 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 unsiaraesingle, hot,

chaotic mass. An enormous explosiarbigbang caused the universe to start expanding

rapidly. All the matter and energy in the universe, and even space itself, came out of this
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explosion. What came before the Big Bang? There is no way for scientists to know since there is
no remaining evidence

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Inflation

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

Figure2.12 The Big Bang Theoryleasuring theExpansionOvera Period of 13.7Billion Years.Imageby 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 expandedk, 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 hydrogeihe aergy in the universe was great enough to initiate
nuclearfusion 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 matteribedd

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 fgeeaf 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 itime.
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DarkMatter

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. Astmmers 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 phenmena, 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 litle 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 cjouds b
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 galasiyed black holelsasedon 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.

DarkEnergy

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?
u If yes, then the universe will expand forever, although the expansion wil ddavn
over time.
u 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 pergledw 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 P2of the total energy contenotf the universe.
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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 ctlletlusters. The image

shown here is a famous star cluster classed M45, also known as Pleides, which can be seen with
the naked autumn sky. Although the star humans know best is a single star, manynstags

than half of the bright stars in our galaase 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 onlyhrough a telescope can the pair be distinguished.

Figure2.13 Star Cluster M45Pleidesimageby NASA is in the public domain.

StarSystems

Star clusters are divided into two main types, open clustams, globular clusters. Open clusters
are groups of up to a few thousand stars that are loosely held together by grak@pleiades

is an open cluster that is also called the Seven Sisteen @psters tend to be blue and often
contain glowing gas and dust. Open clusters are made of young stamréfarmed from the
same nebula. The stars may eventually be pulled apart by gravitational attraction to other
objects.
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GlobularQusters

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 clu$terDf 2 6 dzf I NJ Of dza G S NA
dust in themthe 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 visiblthannight sky is part of the Milky Way Galaxy.

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 didlisf 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 egghaped 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 combaity old stars.

Most elliptical galaxies contain very little gas and dust because they had already formed.
However, some elliptical galaxies contain lots of dust.

Figure2.14: The Andromeda Galaxynageby NASA is in the public domain.
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Irreqular & DwarfGalaxies

Galaxies that are not elliptical galaxies or spiral galaxies are irregular galaxies. Most irregular
galaxies were once spiral or ellipticmlaxies 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
commontypeini KS dzy A GSNES® | 2456SOSNE 06SOFdzasS GKSe@
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 atttime picthe 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 rigli the center. Dwarf galaxies are often found

near larger galaxies. They sometimes collide with and merge into their larger neighbors

Figure2.15 AnlrregularlyShapedGalaxy.Imageby NASA is in the public domain.
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THE MILKY WAY GALAXY

On a dark, clear night, yatansee a milky band of light stretching assothe sky. This band is
the disk of a galaxy, the Milky Way Gglaxour galaxy and is made of millions 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 itr@sbmers have identified it as a typical spiral galaxy
containing about 10 billion to 400 billion stars.

Figure2.16 Artist'sConception of theSpiral Sructure of the Milky Waylimageby 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 infrarednages 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
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Like other spiral galaxies, our galaxy has a disk, a central bulge, and spiral arms. The disk is
about 100,000 lighyears across and 3,000 ligatS+ NA G KA Ol ® az2aid 2F GKS
young stars, and open clusters are in the disk. What dateeartence do astronomers find

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

U The shape of the galaxy as we see it.
U The velocities of stars and gas in the galaxy show a rotational motion.
U The gases, color, and dust are typical of spiral galaxies.

The central bulge is about 12,000 to 16,000 hgbars wideand 6,000 to 10,000 lightears

thick. The central bulge contains mostly older stars and globular clusters. Some recent evidence
suggests the bulge might not be spherical but is instead shalped bar. The bar might be as

long as 27,000 lightears long. 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 centef the galaxy.

Figure2.17 Grid Added toAnnotated Milky Waylmageby NASA is in the public domain.
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The Milky Way Galaxy isagnificant 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 spirdtauntm is

about 26,000 lighyyears 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 systakes 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 &lack hole cannot be seen.

STAR ENERGY: NUCLEAR FUSION

A solar flarealso known aa coronajsa long filament of solar material, erupting out from the

ddzy Ayia2 aLIl OSd® ¢KS {dzy A& 91 NIKQA YI 22NJ a2 dzN.
portion of its energy and the Sun is just an ordinary star. Many stars produce much more

energy than tle Sun. The energy source for all stars is nuclear fusion. Stars are made mostly of
KERNRBIASY YR KSftAdzY 6KAOK I NB LI O1SR a2 RSya
pressure is great enough to initiate nuclear fusion reactions. In a nuclear fgsiotian, 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.

Figurel8 Solar Flare or Coronalmageby NASA is in the public domain.
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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,ghergy from fusion reactions in the
core pushes outward to balance the inward pull of gravity. This energy moves outward through

GKS fl1&@8SNER 2F GKS adGFNIdzydAt AdG FAylLrfte NBIOK

glows brightly, sendinghe energy out into space as electromagnetic radiation, including visible
light, heat, ultraviolet light, and radio waves.

In particle accelerators, subatomic particles are propelled until they have attained almost the
same amount of energy as found in tbere of a star. When these patrticles collide hesx

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 praduced 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 heailistart to glow a dull red. With more hedhe

coll turns a brighter red, then orange. At extremely high temperatures the coil will turn yellow
white, oreven blueg KA 10S 0 A ( Q& th&flarheRon yio @ stoveyettiri khst Sot). A
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red, warmer stars are orange or yellow, and extremely hot stars are blue omiflite. Color is

the most common way to classify stars. The table below shows the classifisgstem. The

class of a star is given by a letter. Each letter corresponds to a color, and also to a range of
GSYLISNI Gdz2NBa® b2GS GKIG GKSasS tSGGSNAR R2yQi
older system that is no longer used. For moststéhe surface temperature is also related to

size. Bigger stars produce more energy, so their surfaces are hotter. These stars tend toward
bluishwhite. Smaller stars produce less energy. Their surfaces are less hot and so they tend to
be yellowish.
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Figure2.19 Relativedzes of thePlanets in theSolar System andSeveralWell-known Sars. Imageby NASA is used
under aAttribution-Share Alike 3.0 Unportdigense.

TheMain Sequence

C2NJ Y2ad 2F I adlNRa tAFSTI ydzOft SI NJ FdzaAz2y Ay
stage is a mahsequence star. This term comes from the tdsprungRussell diagram shown

here. For stars in the main sequence, the temperature is directly related to brightness. A star is
on the main sequence as long asanbalance the inward force of gravity with the outward

force of nuclear fusion in its cer 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 mairsequence star for about 5 billion years and will continue on 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
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Figure2.20 Main Sequence of &tarslife. Imageby NASAS in the public domain.

RedGants & 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 longestrgsavity and it starts to

collapse inward. The outer layers of the star grow outward and cool. The larger, cooler star
turnsred and so is called a red giant. Eventually, a red giant burns up all of the helium in its
core. What happens next depends orvihnassive the star is. A typical star, such as the Sun,

aG2LJa FdzaA2y O2YLX SGSted DNIYGAOGFGAZ2Y !

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

A star that runs out of helium will end its life much more dramatically. When very massive stars
leave the main sequence, they becomeel supergiantsUnlike a red giant, when all the helium

in a red supergiant is gone, fusion continues. Lighatems 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 sucmbs to gravity and collapses, creating a violent 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 arentire galaxy for a short time. All elements with an atomic number greater than that of
lithium were created by nuclear fusion in stars.

Figure2.21Image of the Crab Nebulamageby NASAs in the public domain.

Neutron Sars & Black Holes

After a supernova explosion, the leftover material in the core is extremely dense. If the core is
less than about four timedhe 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 then8un, t
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
identified by the effect that it has on objects around it, and agliation that leaks out around

its edges.
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Figure2.22: Simulatedview of aBlackHole inFront of theLarge Magellanic Cloudmageby NASAS in the public
domain.

UNIT2 SUMMARY

Astronomy is one of the oldest sciences, and early civilizations performed methodical
observations of the night sky, amdtronomical 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 cosmolegiaianation 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 Image result for
milky way summary

The Milky Wayontains over 200 billion stars, and enough dust and gas to make billions more.
The solar system lies about 30,000 ligktrs from the galactic center and about 20 ligkars
above the plane of the galaxy. More than half the stars found in the Milkyahéaglder than

the 4.5billion-yearold sun.
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FlgureB 1 Studenf at Ubehebe Crater in Death Valley, Callformage by Jeremr?atrlchls
used under &£CBY 4.0icense.

UNIT 3: INTRODUCTION TO
GEOLOGY & GEOLOGIC TIME

Goals &Objectives of this unit

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

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

0 Use thenotation 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 & rock
Explain the difference between relative and absolute-dgéng techniques
Summarize the history of the geological time scale and the relationships between eons,
eras, periods, and epochs
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WHAT IS GEOLOGY?

In its broadest sense, geology is the stofiffarthA 1 Qa4 A Y GSNA2NI FyR A (&
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 surfaaad 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 methodsutederstand geological problems. It is, arguably,

the most integrated of all of the sciences because it involves the understanding and application
of all of the other sciences: physics, chemistry, biology, mathematics, astronomy, and others.
But unlike mosbf the other sciences, geology has an extra dimension, that of, tieep 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 thousanasisndhd even
billions of years in the past. Those were processes that took place at incrediblsasésyw
millimetersper year to centimeters per yeaout because of the amount of time available, they
produced massive results.

The Sierra Nevada is a orain range in the Western United States, between the Central
Valley of California and the Great Basin. The vast majority of the range lies in the state of

SE

California, although the Carson Range spur lies primarily in Nevada. The Sierra Nevada is part of

the American Cordillera, a chain of mountain ranges that consists of an almost continuous
sequence of such ranges that form the western "backbone" of North America, Central America,
South Americgand Antarctica.

The Sierra runs 400 miles (640 km) nedlksouth and is approximately 70 miles (110 km)

across easto-west. Notable Sierra features includee General Sherman, the largest tree in

the world by volume; Lake Tahoe, the largest alpine lake in North America; Mount Whitney at
14,508 ft (4,422 m), thhighest point in the contiguous United States; and Yosemite Valley
sculpted by glaciers from oAsundredmillion-yearold granite, containing high waterfalls. The
Sierra is home to three national parks, twenty wilderness areas, and two national monuments.
These areas include Yosemite, Sequoia, and Kings Canyon National Parks; and Devils Postpile
National Monument.

Geology is also about understanding the evolution of life on Earth; about discovering resources
such as metals and energy; about recognizing) @mimizing 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.
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What Do GeologistsDo?

Geologists are involved in a range of widedyying occupations with one thing in common: the
privilege of studying this fascinating planktanygeologists work in the resource industries,
including mineral exploration and mining and energy exploration and extraction. Other major
areas where geolasts 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
constructon projects such as highways, tunnels, and bridges. Most geologists are employed in
the private sector, but many work for governmefninded geological organizations, such as the
United States Geological Survey, (USGS).

e ;'f/, fl v.
o 1 % AR ==
Figure 32 FacultyExplainingPhysicalWeathering ofRockMaterial. Image by Jeremy Patrich
is used under &CBY 4.dicense.

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 atsampleted backn offices olaboratories.

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 demded 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 (1-2839), working with the strata ohe
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English coal mines, noticed that strata and their sequence were consistent throughout the

region and eventually produced the first national geologic map of Britain becoming known as
GOGKS CFHOKSNI 2F 9y3afAakK DS2f 2ikestae wasdldvglapedini Sy 2 Q
the nineteenth century with names derived from areas studied and characteristics of the rocks

in those areas. The figure below shows the names applied to units and subunits of the Geologic
Time Scale. Using this time scale aalardar, all events of Earth history can be placed in order

without ever knowing the numerical age

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 4G4 (billion yees ago)would be represented by
January 1, and the present year would be represented by the last tiny fraction of a second on
bS¢ ,SINRa 90Se® !'(i GKAAa a0FftSz SIOK RIFIed 2F (K
represents about 500,000 years; eatimute represents 8,694 years, and each second
NBLINSASyGa mnp @8SINAR® {2YS aA3ayAFAOlIYyG S@Syia
are summarized in the table below.

Table 3.X5eological Events

Geologic Event Approximate Date  Calendar EquiViant
Formation of oceans and continents 4.54.4 Ga Januarylst

Evolution of the first primitive life forms 3.8 Ga Early March
{GNRYI (2t A0GSa 9 (GUKS35Ga April 1t

Oxygen

Ediacaran Fauna 600 Ma November 1™
CambrianExplosion 545Ma November 16

Animals first crawled onto land 360 Ma December 1

Extinction of the nonavian dinosaurs 65 Ma December 28

Beginning of the Pleistocene ice age 1 Ma or 200 ka 8:00pm on December 31
Native Americans made the Channel 10 ka 11:59pm on December 31

Islands their home.

The arival of the first Europeans on the 250 years ago Two seconds before midnight
northern west coast ofNorth America on December 31
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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 roickee 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 a@nith is credited with formulating the principle of

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 andVales, published in 1815.
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Figure332 Af £ A 'Y { YA (i Kxéessioq dprata ah&Thed RelativeiBtudes. Imageby
NASA is in the public domain.
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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 rocke @&rtka around London

Although Smith did not put any dates onthegeS O dza S KS RARyaQawarkgiz g G K S
the principle of superposition (the idea, developed much earlier by the Danish theologian and
scientist Nicholas Steno, that young sedimentargks 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.

{YAGKQA ¢2N] aSd GKS adr3asS F2N) dKS yFYAy3a |yR
initiated around 1820, first by British geologists, and later by other European geologists. Many
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of the periods are named for places where rocks of that ageared 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 ageick as Carboniferous for the ceahd carbonate
bearing rocks of England, and Cretaceous for the chalks of England and France.

The early time scales were only relative because tethtury geologists did not know the ages
of the rocks. That information & not available until the development of isotopic dating
techniques early in the 20century.

The geological time scale is currently maintained by the International Commission on
Stratigraphy (ICS), which is part of the International Union of Geol&gtahces. 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

Phanerozoic, and as shown below, the filsk NES 2F (GKS&aS NBLINBaSyd £
KAaG2NEd ¢KS f1ad 2ySs (KS tKIFIYSNRT2A0 0YSIE YA
familiar with because Phanerozoic rocks are the most common on Earth, and they contain

evidence of life forms thatwve are all somewhat familiar with.

4570 Ma
3850 Ma
2500 Ma

540 Ma

Eons

Eras

Il Wl
Periods ] I “I
Figure3.4 TheEkons of Earth'$istory. Imageis used under £CBY 4.(0icense.

The Phanerozojéi KS LJ- &G pnn  alis digided idtd tinde Kr@sathekPaleozn NEB
6aSINIe fAFSEVE GKS aSaz2l2A0 o0dYacRitthBeis A TSe 03
divided intoseveralperiods. Most of the organisms that we share Earth with evolved at various

times during the Phanerozoic.
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Figure3.5 TheBEas andPeriods of the Phanerozoitnageis used under £CBY 4.0icense.

540 Ma
488 Ma
444 Ma

Phanerozoic

Permian)| Triassic

416 Ma
359 Ma
299 Ma
251 Ma
202 Ma

Mesozoic

Jurassic

146 Ma

Cretaceous

Quaternary

65.5Ma

23.0Ma

2.6 Ma

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 radiated to fill the available hebiarth 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 inNhecene andcovered 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.

Era Cenozoic
. Quat-
Periods Paleogene Neogene ernary
Epochs Paleocene Eocene Oligocene Miocene aEa
65.5 Ma 55.8 Ma 33.9Ma 23.0 Ma 5.3 Ma / 23

Pliocene © =
o~ i
Pleistocene —

Figure3.6 ThePeriods andEpochs of the Cenozoiecnageis used under £CBY 4.dicense.

Holocene

Most of the boundaries beteen the periods and epochs of the geological time scale have been
fixed based orsignificant changes in the fossil record. For example, as already noted, the
boundary between the Cretaceous and the Paleogene coincides exactly with the extinction of
thedy 2 al dzNA® ¢KIFGQa y2G | O2AYyOARSYyOS® alye
time, and the boundary between the two periods marks the division between sedimentary
rocks with Cretaceous organisms below and Paleogene organisms above.
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GEOLOGICADING

GeologicaDating 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.
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Figue 3.7 Geologicallime Siral. Imageis in the public domain.

Relative Dating

Relativedating is the process of determining if one rock or geologic event is older than or

younge than another, without knowing the specific aged, 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 theadd 18" centuries.

James Hutton realized that geologic processes are slow and his ideas on uniformitar@agism (
GOKS LINBaSyd Aa 0KS (S@& (2 GKS LI adéovo LINPBOARS
terms of scientific principles.

46| PHYSICAL GEOGRAPHY


https://en.wikipedia.org/wiki/File:Geological_time_spiral.png

Stratigraphy is the study of layered sedimentary rocks. Below are a few principles of relative
time that are used in all of geologyut especially useful in stratigraphy.

U Principle of Superpositiontn an otherwise undisturbed sequence of sedimentarytatra
(rock layers), the layers on the bottom are the oldest and the layers above are younger.

U Principle of Original Horizontalitytayers 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.

U Principle ofLateral 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 either side of the canyon.

U Principle of Fossil Successiohssemblages of fossils contained in strata are untque
the time they lived and can be used to correlate rocks of the same age aonode
geographic distribution. Evolution has produced a succession of life whose fossils are
unique to the units of the Geologic time Scale.

& e o SN, Lﬁa- _&~ e -\uﬁ
Flgure3 8 Example oﬁjperposmon Red Rock Canyon, California. Image by Jeremy Patrich
is used under £CBY 4.dicense.
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Figure3.9 FossiBuccessiorghowing Gorrelation Among Srata. Imageis used under &CBY 4.dicense.

Absolute Dating

Relativetime allows science to tell the story of the Earth, but does not provide specific numeric

F3Sa 2F S@Syidas FyR (Kdzasx GKS NIXdS G 6KAOK 3

Uniformity Principle (Uniformitarianism), early geologists surmised that geological processes
work slowly and that the Earth is very old. Because science advanttestashnology of its

0 2 2afivantes, 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 prinsiplgthout actually knowing the
numerical age of events. This was how scientists of that time interpreted Earth history, until the
end of the 19'-century when radioactivity was discovered. This discovery introduced a new
dating technology that allows scitsts to determine specific numeric ages of some rocks,

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

Radialsotopic Dating

Givena sample of rock, how is the dating procedure carried out?dJsiemical analysis, the

parent elements and daughter products can be separditech 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 tbge as are the 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 beamags through the instrument, the path of the heavier isotope is
deflected less so the two beams strike a sensor at different places. From the intensity of each
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beam, the amount of parent and daughter products is determined, and from this ratio, the age
canbe calculated.

1.0

1/

0 ! 2 3 4
Figure3.10 Graph ofthe Numberof Half-LivesImageis used under CBY 4.0dicense

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

isotope. When the mineral initially forms, theread00% parent isotope and 0% daughter and

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

there is 50% parent and 50% daughter. The ratio is then 1. After twdivedf there is 25%

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

lives as shown in the table below. Note thétiea about ten halflives, the amount of parent
remaining is so small that accurate chemical analysis of the pardiifi¢csilt, and the accuracy

of the method is diminished. Ten hdifesare generally considered the upper limit for use of

an isotope fo radio-isotopic dating. Modern applications of this method have achieved
NBYFNJIFofS OOdzN» O 27F L) dza 2NJ YAydza (G662 YAff
Considering the uranium/lead technique, in any given sample analysis, there are twatsepa
clocks running at the same time, 238U and 235U. The existence of these two clocks in the same
sample gives a crosheck on each other. Many geological samples contain multiple
parent/daughter pairs so crosshecking clocks show radisotopic datingo be highly reliable.

CarbonDating

Anotherradio-isotopic dating method involves carbon and is useful for dating archaeologically
important samples containing organic substances like wood or bone. Carbon dating uses the
unstable isotope carbcoti4 (14Chand the stable isotope carbeh2 (12C). Carbeid is

constantly being created in the atmosphere by the interaction of cosmic particles with
atmospheric nitrogefil4 (14N). The cosmic particles include neutrons that strike the nitrogen
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nucleus kicking out proton but leaving the neutron in the nucleus. The atomic number is

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

2NBI YAAY A& FEAGS GKS NIGA2 2F wmn/ kmu/ Ay Ala
exchanging with the atmosphere. However, when it dies, the radiocarbon clock st&itgytas

the 14C decays back to 14N by beta decay with alifi@léf 5,730 years. The radiocarbon

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

Since radidsotopic 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 garnuelay. Buthe

production ofCQ 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 a# tomposition 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 archa®gy and very recent geologic evenigaking into account

these factors, carboii4 datingisa reliable dating method in this range.

UNIT3 SUMMARY

Allthe events of earth history can be placed in sequence using the principles of relative time
calledthe five Principles of Stratigraphy. The Geologic Time Scale was completely worked out in
the 19" Century using these principles and used as a calendar for telling the story of the earth.
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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 meaberadtual 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 toe 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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Flgure4 1 Lowest EIevatlon in Callfornla BadwaBaxsh—ZSth in Death Valley, Callfornla
Image by Jeremiatrichis used under &CBY 4.(icense.
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SURFACE

Goals &Objectives of this unit

U Understand a mag scale, mjections, and ways of telling the map user what the map is
YSIFaAdzZNAYy3I 2y 91 NIKQ&a &adz2NFIF OSo
Explore the concepts of scale, resolution, and projection.
Identify contour intervals on basic topographic maps.

U Allow students to interpret the distortions of elgrojection, and to explain how the
point of tangency creates different styles of maps and presents different information.

U Provide studentainunderstanding of latitude and longitude, and how to use this and
other coordinate systems.
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WHAT IRARTOGRAPHY?

Cartographys the study, practice, and interpretation of ma@ombiningscience, aesthetics,
and technique, cartography builds on the premise that reality can be modeled in ways that
communicate spatial information effectively.

Thefundamental problems of traditional cartography are to:

u Setthe ma@® 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 agyponyms orpolitical boundaries.

i Represent the terrain of the mapped object on flat media. This is the concenaf
projections.

i Reduce the complexity of the characteristics that will be mapped. This is also the
concern of generalization.

i Orchestrate the elementsfahe map to best convey its message to its audience. This is
the concern ofdesign.

Map Scale

TheB NIIKQ& &dz2NFI OS KI & I 3andlaN®Pitture2offithezatStNdGtyoun 1 YA £ f
can easily carry can only show general outlines of continents amatices. 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 pineportion of a given distance on a map to the
corresponding distance on the ground in the real woflde map scale is represented by a
representative fraction, graphic scale, or verbal description.

RepresentativeHaction

Themost commonly used measurd 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:£2,000, 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, athany o

unit.
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Figure 4.2 Representative Fraction & Scale Bars from a USGS Topographicadajs. used under &reative

Common$y-nc-sa 3.0license.

GraphicXale

Scale bars are graphical representations of distance on a map.

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

true when maps are shrunk or magnified.

VerbalDescription

The fagusedde bars for 1

Somemaps, especially older ones, use a verbal description of scalex&mple, it is common

G2 aSS a2yS AyOK NBLINBaSyiGa
users an idea of the scale of the map.
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Mapmakers us@a scale to describe maps as being srsahle or largescale. Thislescription of
the map scale as large or small can seem counterintuitive at firsitna&t8r by 5meter map of
the United States hassamallmap scale while a college campus map of the same dares
scale. Scale descriptions using the RF provide @yeofvconsidering 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 amallerscalemap whose representative fraction is 1:1,000,000. In

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

CONTOUR LINES

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

lines drawn ora 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

of the terrain. The@e useful because they illustrate the shape of the landastef(topography)
on the map. Her@ an easy way to understand how to interpret contour lines: Take an object
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like a ball or a pile daundry andshine a red laser pointer along the obj@cside. The line you

see will look like a contour line on a topoghac 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 usesoatl€ontour

interval, you will see contour lines for every 10 feet (3 emns} 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@6ven 106foot (24.4

to 30.5meter) intervalsThis makes it easier to read the mastoo many contour lines would

be difficult to work with.

Figure 4.3 Mount Fuji with Contour Lines (USG8)eused with permission.

Tomake topographic maps easier to read, every fifth contour line is an index contour. Because
it@ 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 \wigevn line in comparison to

the regular contour lines. Ydlusee 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, yo@e looking at asteep slope. If the contours have wide spaces in between or
aren@there at all the terrain is relatively flat.

EXTENT VERSUS RESOLUTION

Theextent of a map describes the area visible on the map, while resolution describes the
smallest unit that is mappk You can think of the extent as describing the region to which the
map is zoomed. The extent of the map below is national as it encompasses the contiguous
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United States, while the resolution is the state because states are the finest level of spatial
detail that we can see.
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Figure4.4Map Showind?opulation Density Ovétational Extent & State Resolution, Data from US Cenhsuasie
by Steve Manson ixénsed under £C BYCSA 4.0dicense

We often choose mapping resolutions intentionally to make the map easier to understand. For
example, if we tried to display a map with a nationsiest 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 diicult decisions a cartographer must make. The figure below offers
two more examples of the difference between extent and resolution.

Coordinated & Projections

LocationontheB NI K Q& & dzNF I OS | NdrdivatsaselzdiBvR or ingte (1 S NJIY &
numbers that specify a location to some reference system. The simplest system of this kind is a
Cartesian coordinate system, named for thé"*Zentury mathematician and philosopher René
Descartes. A Cartesian coordinate system, like the one belemisdy 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 tbegin of the coordinate system. In the figure, the origin

(0,0) is located at the center die 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)éand)(
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Figure4.5 Sample Coordinate Systefarth@ Surface is measured iarfins ofCoordinates
Imageis used under £C BYCSA 4.0icense.

Thegeographic coordinate system is designed gp@cA OF f f @ (2 RSFAYS L2 &aAd7
roughly spherical surface. Instead of the two linear measurement scales x and y, as with a
Cartesian grid, the geographic coordinate system uses arnaastscale, called longitude that
ranges from +180° tel 80°. Because the Earth is round, +180° (or 180° E}18af (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 nsadilth scale, calttlatitude,
ranges from +90° (or 90° N) at the North Pole30° (or 90° S) at the South Pole. In simple

terms, longitude specifies positions east and west and latiscifypositions north and

south. At higher latitudes, the length of parallels decesto 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 kilometsrapout 69 mithat

distance decreases to zero at theles.

Projection is the process of making a tdimensional map from a thredimensional 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 hovicditfthis process can be, imagine

peeling the skin from an orange and trying to lay the skin flat.

Figured.6 Flattened Orange Peel Representing Eag a Flat Surfacénageis used under &C BYXGSA 3.0.
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As you peel and flatten the skin, you will encounteveral problems:
i Shearing; stretching the skin in one or more directians
i Tearingg causing the skin to separate
i Compressing forcing the skin to bunch up and condense

Cartographers face the same three issues when they try to transform the-thireensional

globe into a twedimensional map. If you had a globe made of paper, you could carefully try to
WSSt Q AG Ayida2 | Fild LASOS 2F LI LISNE 6 dzi
cartographers use projections to create useable fmensiondmaps.

Figure4.7 Shearing, Compression & Tension Distortion of a Globe (Steve Manson).
Imageis used under £C BYCGSA 4.0icense

PROJECTION MECHANICS
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coordinates on a threglimensional sphere to a twdimensional 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 tdionensional 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 arthandlobe, you could
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carefully trace these shadows onto the paper, then flatten out this piece of paper and have
your projection!

azald LINRP2SOGA2Yya OGONIXyaF2N) LI NI 27F G-éafed 3t 2
because they are flat or cdre 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 problemsgtearin
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 mapsteatifing,and they are

quite useful.
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Figure4.8 Red Lines or Dots Mark the Tangent Line antFRéspectively. The Flat Surface Touches the Glihe &
The Point on the Projected M&jhich Has the Least Distortidmageis in the public domain.

Theplace 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 ta@ggent 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 eq(gtteat circles)cones
used to map the midatitudes(small circle and planes used for Polar Regigpsints)
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much as knowing which map properties are maintained or lost with the choice of projection

Projectionamustdistort 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 imorta
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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 doneitt 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
causel, how much distortion has occurred, and where it has occurred. The ellipses show how
imaginary circles on the globe are deformed as a result of a particular projection. If no
distortion had occurred in projecting a map, all of the ellipses would be tivee saze and

circular

Conformal

Conformal projectionpreserve shape and angle, but strongly dist@rtea 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 padeappear much larger relative to countries near the equator
than they are. For example, Greenland is orfyof the land area of Africa, but it appears to be
just as large.

Figure4.9 The Mercator Projectianmageis used under £C B¥SA 3.0.
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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 dppwpgr
(elevation), and weather maps.

A conformal projection will have distortion ellipses that vary substantialbyzie butare 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 dises the basis for large scale surveying
and mapping.
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Figure4.10The Mercator ProjectiorPreserves Shapef&ngle butDistorts Area
Imageis used under &C BA 3.0license.

Equal Area

Forequalarea projectionsthe size of any area on the map idtine proportion to its size on

GKS SINIK® LY 20KSNJ g2NRaAX O2dzy GNAS&aQ akl LISa
to what they look like on a globe, but their land area will be accurate relative to other

landmasses. For example, in the G¥dters 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

area). Foexample, it would be useful in comparing the density of Syrian refugees in the Middle
East or the amount of cropland in production.
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Figure4.11GallsPeter Projectionmageis used under £C B¥XA 3.0.

As we can see with an equalea projection, however, thellgpses maintain the correct
proportions in the sizes of areas on the globe but that their shapes are distorted -&gaal
projections are preferred for smadicale thematic mapping, especially when map users are
expected to compare sizes of area featulike countries and continents.

Figured.12GallPeters Projectiomrea is Preserved, But Shapes Are Heavily Distorted
Imageis used under &C BYSA 3.0.

61| PHYSICAL GEOGRAPHY


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/

Equidistant

Equidistantprojections,as the name suggests, presenistance. This is a bit misleading

because no projection can maintain relative distance between all places on the map.
Equidistant maps are able, however, to presedistances 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 patls 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
equidigant projection.

Figure4.13Azimuthal Equidistant ProjectioAll Points are the Proportionally Correct Distances from a Central
Point Imageis used under &C B¥A 3.0.

Compromise, Interupted, & Artistic Projections

Someprojections, including th&obinson 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 enerakpurpose world map.
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Figure4.14Robinson Projection of the Worldnageis used under £C BA 3.0.

Compromise projectiongreserve not one property but instead seek a compromise that
minimizes distortion of all kinds, as with the Robinson projectioncivis 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 relationshipge Interruptel Goode

Homolosine preserves area (so it is eqaida or equivalent) but does not preserve shape (it is
not conformal).

Figure4.15The Goodes Homolosine Projectionhaf World Imageis used under &C BXA 3.0.
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PUBLIC LAND SURVEY

Thecombination 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 syem 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 theneéaseat by range
lines and the north and south by township lines. Each township is subdivided into 36 sections of
1 mile oneachside.

When is it broken down even smaller into quadrants, which are where we come across % mile
increments otherwiseknown as 4€acres. Ultimately this system was designed when man
headed west, and each person was allotted aadfe parcel of land, and this was the best way

to divide up the langince surveying at that time was too slow and expensive to complete.
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Figure 4.16 The Public Land Survey (US@Sjeis in the public domain.
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UNIT4 SUMMARY

Studentsexplored the concepts of scale, resolution, and projectionmalbs 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 transf@tion of the latitudes and longitudes of locations from
the surface of the globe into locations on a plaA#.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 ditortions are acceptable, and others are not; therefore, different map
projections exist to preserve some properties of the spHeéte body at the expense of other
properties.

Latitude and longitude coordinates specify point locations within a coordisyggem 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 nessary to flatten the Earth.
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UNIT 5: EARTHUN
RELATIONSHIPS: REASONS FOR
THE SEASONS

Goals &Dbjectives of this unit
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Figure5.23 Fall Col
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u ldentify therelationships between latitude, length of dayligbt night, as it pertains to
incipient solar angles.

u Explainand identify the similarities and differences betweswiar and lunar eclipses.

u Describe the phases of the Moon and explain why they occur.
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THE SUN AND THE EARTH SYSTEM

Thesolar 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 conftof 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 nethese 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

also suggested thatthd ENII K NR G S8 2y 0SS || RIFLé& 2y AG& | EA&
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

TheEarth rotates oncen 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 daftewe o

are dKFrd GKS {dzy Aa aNRaAy3I¢eé 2N aaStidAy3aeés odz
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 the east and setintheiivegs 9 I NIl KQa NRGOGlF GA2Y A& |
this. As Earth turns, the Moon and stars change position in our sky.

' Yy20KSNI STFFSOUO 2F 9IFNIKQa NRGIGAZ2Y Aa OGKFG 6S
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 theeSueriences

darkness or nighttime. Since the Earth completes one rotation in about 24 hours, this is the

time it takes to complete one dayight cycle. As the Earth rotates, different places on Earth
experience sunset and sunrise at a different timey#&s move towards the poles, summer and

winter days have different amounts of daylight hours in a day. For example, Mdttbern
Hemispherewe begin summer oar aroundJune 2%® ! i GKA & LRAYyGEI GKS 91
pointed directly toward the Suherefore, 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

effed, longer nights and shorter days.
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For people in theNorthern Hemisphergwinter begins oror aroundDecember 2%. At this
LR2AYyGZ AG A& 9FNIKQa {2dziK t2ftS (GKIFIG Aa GATGS
longer nights for those who are b of the equator.

sun's rays

Figure524¢ K S 9 Tilt\ediits ARiaLeads toOne HemisphereFacing the SuMore Than theOther Hemisphere
and GvesRse tothe Rasonslmageis under eCreative Commonttribution-Share Alike 3.0 Unportdidense.

Energyfrom the Sun

Theearth constantly tries to maintain an energy balandgéh the atmosphere. Most of the

SySNHe& (KIG NBFOKSa GKS 9 NI Kfbasobt daliblion 98 O2 Y Sa
the visible light wavelengths, but the Sun also emits infrared, ultraviolet, and other
wavelengthsWhen viewed together, all of the wavelengths of visible light appear white. But a

prism or water droplets can break the white light irddferent wavelengths so that separate
colors appear.

WAVELENGTHS

SUN
uvc
100-290 nm
UVB
UVC uvB UVA 290-320 nm
cw“‘"ﬂ
UVA
- 320-400 nm

Figure5.25 Diagram Showing the Three Types of Ultra Violet Ligtitt&d from the Sun. Image Byrudi Radtke
team is used under @C BY 4 license.
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Of the solar energy that reaches the outer atmosphere, UV wavelengths have the greatest
energy. Only about%of solar radiation is in the UV wavelengths. The three types are:

i
i

i

UV Y GKS KAIKSad SySNHe dzf G NI OA2f

Siz R2Sa

UVB: the secontlighest energy, is also mostly stopped in the atmosphere.

UVA: the lowest energy, travels through the atmosphere to the ground.

Theremaining solar radiation ihe longest wavelength, infrared. Most objects radiate infrared
energy, which we feel as he&@ome of the wavelengths of solar radiation traveling through the
atmosphere may be lost because they are absorbed by various gases. Ozone completely
removes UVQOmost UVB and some UVA from incoming sunlight. Oxygen, carbon dioxide, and
water vapor also filter out some wavelengths.

THEGREENHOUSEFECT

TheSEOSLIIAZ2Y (2 91 NIKQa GSYLISNI GdzNB
the role of greehouse 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, greenhousetgases
as insulation for the planet. The warming of the atmosphere because of insulation by
greenhouse gases is called thieeenhouse effect. Greenhouse gases are the component of the
FGY2ALKSNE GKFG Y2RSNI GS 9F NI KQa GSYLISNI GdzNE a

The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation
4 Earth and the passes through the atmosphere.
‘ | atmosphere. Some is absorbed and re-emitted
' in all directions by greenhouse
" gas molecules. The effect of this
is to warm the Earth’s surface
> _and the lower atmosphere.

Most radiation is absofbed
by the Earth’s surface = o ... Atmosphere

! Infrared radiation
and warmes it.

- Earth’s surface is emitted by the
J‘" ; L ~_Earth’s surface.
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Figure5.26 The Greenhouse Effect (NA8AYgeis in the public domain.
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Greenhousegases include GOHO, methane, @ nitrous oxides (NO and NQand
chlorofluorocarbons (CFLAIl are a normal part of the atmosphere except CFCs. The table
belowshows 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 amuch heat as one Gnolecule. One CF2 molecule (a type of

CFC) traps 10,600 times as much heat as onre &, CQis a very important greenhouse gas
because it is much more abundant in the atmosphere. Human activity has significantly raised
the lewels of many greenhouse gases in the atmosphere. Methane levels are about 2 %2 times
higher as a result of human activity. Carbon dioxide has increased by more t#aBEs have
only recently existed.

What do you think happens as atmospheric greenhousel@eels 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.

90l wel Qf {9!'{hb{

It isa common misconception that summenigirm, 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 bythe 23B6A f 1 2F 9 NI KQ&a | EA devduion NR Gl GA2Y
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 seasteasons 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 tHéorthern Hemisphergit is summer in thé&outhern

Hemisphereand vice versa.
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September 22-23

Autumnal Equinox

RT3

December 21-22
Winter Solstice

June 20-22

Summer Solstice

March 20-21

Vernal Equinox
Figureb.27 Seasons Diagram, Note the Tilt and Circle of lllumindtioBach Seasoimageis in the public
domain.

Northern Hemisphere Summer

Theb 2 NIIK t2tS A& GAfGSR 26F NRa GKS {dzy YR (K¢
more directly in summer. At theummer solsticewhich is aroundlune 2ftor 2299 G KS { dzy Qa
rays hit the Earth most directly along the Tropic of Cancer {2B,5hat is, the angle of
AYOARSYOS 2F GKS adzyQa Nrea GKSNB Aa I SN o6GK
an incoming ray from straight on). When it is the summer solstice in the Northern Hemisphere,

it is the winter solstice in the Sthern Hemisphere

Northern Hemisphere Winter

TheWinter solsticefor the Northern Hemisphere happens onaroundDecember 2% or the

227dp ¢ KS GAfG 2F 9FNIKQA [EA& LRAyGa lgle& FTNRY
larger area, sothat &l A a4y Qi KSFGSR Ia YdzOK® 2 A0K FSESNJI |
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

| Lt Fol & 06SG6SSyYy (K Sraysshife nmiog diractly/atdHe &quatoi, Eafled 4ndzy” Q a
Gequinoxpé ¢KS RIFI&@fAIAKEG YR YAIKIGAYS K2dzNB | NB S
equinox happens oor aroundSeptember 2% or the 239 and the vernal or spring equinox

happenson or aroundVlarch21stor 22'9in the Northern Hemisphere.
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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. Theorth-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-e&st component results

from the nonuniform rate of change of the Sun's right ascension, governed by combineis effec
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
declinationagainst 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 redioxesy 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 o#adr intervals.

The long axis of the figuréhe line segment joining the northernost point on the analemma

to the southernmost,s bisected by the celestial equator, to which it is approximately
perpendicular, and has a "length" of twice the obliquity of the ecligtig, about 47°. The
component along this axis of the Sun's appanaation 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
negative deviationsf local solar time fronthe local mean time when this timdifference is
related tothe angle at the rate of 15° per how,g, 360° in 24 hours. The difference in the size
of the lobes of the figureight form arises mainly from the fact that the perliosm 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.

January July
Perihelion Aphelion

\
147.1 million km 152.1 million km

94.1 million mi 94.5 million mi

Figure5.28 Diagram or Earth during the Apheliofway) & Perihelion (Near). Image by Trudi Radtke is used under
a CCBY 4.dicense.
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Threeparameters affect the size and shape of the analeanmhich aresccentricity, 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 theay 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 analemmavould be a straight eastwest line along the celestial equator.

Eccentricity. Obliquity. Combined.
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Figure5.29 The Thre&/ariationof AnalemmaskEccentricity Obliquity & Combinedmage byAnthonyFloress used
under aCCBY¥4.0license.
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The northsouth component of the analemma shows the Sun's declination, its latitude on the
celestial sphere, or the latitude on the Earth at which 8wn 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 steor 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, isalso included, shown by marks that represent the position of the Sun at various, fairly
closely spaced, dates throughout the year.
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Figure5.30 The Analemmalmage byAnthony Floreds used under &CBY¥4.0license.
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