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1.0 What is Physical Science? 

 

Unless you’re a competitive swimmer like the athletes in the picture, you probably don’t wear a full-
body swimsuit. The swimsuit was designed to help a swimmer glide smoothly through the water 
without restricting body movements. The suit is made of two synthetic fibers: nylon, which is very 
smooth, lightweight, and durable; and spandex, which is very stretchy. This is just one example of the 
many ways that sports gear, equipment, and performance have been improved by physical science. 

 

What Is Physical Science? 
 
Physical science is the study of matter and energy. That 
covers a lot of territory because matter refers to all the 
“stuff” that exists in the universe. It includes everything you 
can see and many things that you cannot see, including the 
air around you. Energy is also universal. It’s what gives 
matter the ability to move and change. Electricity, heat, and 
light are some of the forms that energy can take. 

 
 
Chemistry and Physics 
 
Physical science, in turn, can be divided 
into chemistry and physics. Chemistry is 
the study of matter and energy at the 
scale of atoms and molecules. For 
example, the synthetic fibers in the 
swimmer’s suit were created in labs by 
chemists. Physics is the study of matter 
and energy at all scales—from the 
tiniest particles of matter to the entire 
universe. Knowledge of several 
important physics concepts—such as 
motion and forces—contributed to the 
design of the swimmer’s suit. 
 
Q: It’s not just athletes that depend on physical science. We all do. What might be some ways 
that physical science influences our lives? 
 

Explore More:  https://www.youtube.com/watch?v=0d2YsZnE_mM (1:42) 
 
Watch this video introduction to physical science.  After watching the video link, refer back to the picture above. 
Explain what areas of physical science apply to items shown in the picture.  What questions do you have for 
the physical science world?   
Scope of Physical Science Assessment 

1. Outline the scope of physical science. (DOK2) 
 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Energy-in-Physical-Science
http://www.ck12.org/earth-science/Universe
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/physical-science/Energy-in-Physical-Science
http://www.ck12.org/physical-science/Atoms-in-Physical-Science
http://www.ck12.org/earth-science/Universe
https://www.youtube.com/watch?v=0d2YsZnE_mM
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1.1  Atoms and Their Properties 
This reading supports... 
PS1-1:  Develop models to describe the atomic composition of simple molecules and extended structures 
 

 

What could this hilly blue surface possibly be?  Do you have any idea? The 
answer is a single atom of the element Cobalt. The picture was created 
using a scanning tunneling microscope. No other microscope can make 
images of things as small as atoms. How small are atoms? You will find out 
in this lesson. Watch this video clip:  Just How Small is an Atom?  
 

Atoms 

The basic unit of matter is an atom (see figure to 
right). At the center of an atom is its nucleus. Protons 
are positively charged particles in the nucleus. Also in 
the nucleus are neutrons with no electrical charge. 
Orbiting the nucleus are tiny electrons. Electrons are 
negatively charged particles. An atom with the same 
number of protons and electrons is electrically neutral. 
If the atom has more or less electrons to protons it is 
called an ion . An ion will have positive charge if it has 
more protons than electrons. It will have negative 
charge if it has more electrons than protons.  

 
As this mountain of trash suggests, there are many different kinds of matter. In fact, there are millions of different kinds of matter in the 
universe. Yet all kinds of matter actually consist of relatively few pure substances. 

Pure Substances 
 

Elements and compounds are examples of pure 
substances. An element is a pure substance because 
it cannot be physically separated into any other 
substances. An atom is the smallest unit of an 
element. For example, a single atom of hydrogen has 
all the properties of hydrogen. All atoms of the same 
element have the same number of protons. Currently, 
92 different elements are known to exist in nature, 
although additional elements have been formed in labs. 
All matter consists of one or more of these elements. 
 

Some elements are very common; others are relatively rare. The most common element in the 
universe is hydrogen, which is part of Earth’s atmosphere and a component of water. The most 
common element in Earth’s atmosphere is nitrogen, and the most common element in Earth’s crust is 
oxygen. Consider carbon as an example. Carbon atoms have six protons. They also have six 
electrons. All carbon atoms are the same whether they are found in a lump of coal or a teaspoon of 

http://www.ck12.org/chemistry/Atoms
https://www.youtube.com/watch?v=yQP4UJhNn0I&noredirect=1
http://dictionary.reference.com/browse/atom?s=t
http://dictionary.reference.com/browse/nucleus?&o=100074&s=t
http://dictionary.reference.com/browse/protons?s=t
http://dictionary.reference.com/browse/neutrons?s=t
http://www.ck12.org/chemistry/Electrons
http://dictionary.reference.com/browse/electrons?s=t
http://www.ck12.org/chemistry/Protons
http://www.ck12.org/chemistry/Electrons
http://dictionary.reference.com/browse/ion?s=t
http://dictionary.reference.com/browse/ion?s=t
http://www.ck12.org/chemistry/Protons
http://www.ck12.org/chemistry/Electrons
http://www.ck12.org/earth-science/Universe?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/earth-science/Universe?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/physical-science/Atoms-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Protons-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Electrons-in-Physical-Science?referrer=crossref
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table sugar (figure below ). On the other hand, carbon atoms are different from the atoms of 
hydrogen, which are also found in coal and sugar. Each hydrogen atom has just one proton and one 
electron. Several other elements are described in the musical video: They Might Be 
Giants:  Elements 

 
Carbon is the main element in coal (left). Carbon is also a major component of sugar (right). 

Compounds are also pure substances, but consist of more than one element. They are pure substances 
because they have the same ratio of elements throughout the material. The smallest whole unit of a compound 
is a molecule, which is a particle with more than one atom. For example, water (H2O) is a compound because 
it consists of two elements: hydrogen and oxygen. Each individual molecule of water is always made up of two 
hydrogen atoms and one oxygen atom.   

The First Periodic Table 
 
In the 1860s, a scientist named Dmitri Mendeleev saw the need to organize the elements. He created 
a table in which he arranged all of the elements by increasing atomic mass from left to right across 
each row. When he placed eight elements in each row and then started again in the next row, each 
column of the table contained elements with similar properties. He called the columns of elements 
groups, and he called the rows of elements periods. Mendeleev’s table is called a periodic table 
because the table keeps repeating from row to row, and periodic means “repeating.” 

The Modern Periodic Table 

A periodic table is still used today to organize the elements. The modern table is based on Mendeleev’s table, 
except the modern table arranges the elements by increasing atomic number instead of atomic mass. Atomic 
number is the number of protons in an atom, and this number is unique for each element. Because electrons 
are minuscule compared with protons and neutrons, the number of protons plus neutrons gives the atom its 
mass number. All atoms of a given element always have the same number of protons, but may differ in the 
number of neutrons found in the nucleus, so two atoms that have the same atomic number may have different 
mass numbers. 

The modern table has more elements than Mendeleev’s table because many elements have been 
discovered since Mendeleev’s time. You can explore an interactive version of the modern periodic 
table at this URL: http://www.ptable.com/. In the table on the next page , each element is 
represented by its chemical symbol, which consists of one or two letters. The first letter of the 
symbol is always written in uppercase, and the second letter—if there is one—is always written in 
lowercase. For example, the symbol for copper is Cu. It stands for cuprum , which is the Latin word 
for copper. The number above each symbol in the table is its unique atomic number. Notice how the 
atomic numbers increase from left to right and from top to bottom in the table. 

 

http://www.ck12.org/physical-science/Matter-and-Change-in-Physical-Science/lesson/Elements/#x-ck12-TVMtUFMtY2FyYm9u
http://www.youtube.com/watch?v=d0zION8xjbM
http://www.youtube.com/watch?v=d0zION8xjbM
http://dictionary.reference.com/browse/groups?s=t
http://dictionary.reference.com/browse/periodic%20table?s=t
http://www.ck12.org/physical-science/Atomic-Number-in-Physical-Science
http://dictionary.reference.com/browse/atomic%20number?s=t
http://dictionary.reference.com/browse/atomic%20number?s=t
http://www.ck12.org/physical-science/Protons-in-Physical-Science
http://www.ck12.org/chemistry/Electrons?referrer=crossref
http://www.ck12.org/chemistry/Neutrons?referrer=crossref
http://www.ptable.com/
http://www.ck12.org/physical-science/Modern-Periodic-Table-in-Physical-Science/lesson/Modern-Periodic-Table/?referrer=concept_details#x-ck12-TVNfUFMtUGVyaW9kaWNUYWJsZS1Nb2Rlcm5QVGFibGU.
http://dictionary.reference.com/browse/chemical%20symbol?s=t
http://www.ck12.org/physical-science/Atomic-Number-in-Physical-Science
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Q: Find the symbol for copper in the Periodic Table . What is its atomic number? What does 
this number represent? 

 
Credit: IUPAC 

Elemental Properties 

Each element has a unique set of properties that is different from the set of properties of any other 
element. For example, the element iron is a solid that is attracted by a magnet and can be made into 
a magnet, like the compass needle shown in the figure below. The element neon, on the other hand, 
is a gas that gives off a red glow when electricity flows through it. The lighted sign in the figure below 
contains neon. 

 

 

 

 

 

 

Q: Do you know properties of any other elements? For example, what do you know about 
helium? 

 

Q: Living things, like all matter, are made of elements. Do you know which element is most 
common in living things?  

 

Q: Why do you think coal and sugar are so different from one another when carbon is a major 
component of each substance? 

http://www.ck12.org/physical-science/Modern-Periodic-Table-in-Physical-Science/lesson/Modern-Periodic-Table/?referrer=concept_details#x-ck12-TVNfUFMtUGVyaW9kaWNUYWJsZS1Nb2Rlcm5QVGFibGU.
http://www.ck12.org/physical-science/Atomic-Number-in-Physical-Science
http://www.ck12.org/physical-science/Matter-and-Change-in-Physical-Science/lesson/Elements/#x-ck12-TVNfUFMtQ29tcGFzcw..
http://www.ck12.org/physical-science/Matter-and-Change-in-Physical-Science/lesson/Elements/#x-ck12-TVNfUFMtU2lnbg..
http://www.ck12.org/physical-science/Matter-and-Change-in-Physical-Science/lesson/Elements/#x-ck12-TVNfUFMtU2lnbg..
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Build an Atom:  Click on the “Atomic Animation” to examine how protons, neutrons, and electrons 
affect an atom’s atomic number, mass number and charge.   

Atomic Animation (embedded link) 
1. Enter a symbol into the “build” box to produce any of the first 20 elements.  The first letter of the 

symbol must be capitalized! 
2. Click and drag an electron (lowercase “e” in yellow circle) away from the atomic model.   

a. Does the element’s symbol change?  Did the element’s atomic number (top number on left) 
change? 

b. Does the element’s mass number (bottom number on left) change? 
c. Does the element’s charge change? 

3. Click the trash can.  Enter another symbol into the “build” box.  Remember, it must be from the first 20 
elements on the periodic table. 

4. Click and drag a neutron (lowercase “n” in blue circle) away from the atomic model. 
 . Does the element’s symbol change?  Did the element’s atomic number (top number on left) change? 

a. Does the element’s mass number (bottom number on left) change? 
b. Does the element’s charge change? 

5. Click the trash can.  Enter another symbol into the “build” box.  Remember, it must be from the first 20 
elements on the periodic table. 

6. Click and drag a proton (lowercase “p” in purple circle) away from the atomic model. 
a.       Does the element’s symbol change?  Did the element’s atomic number (top number on left) 

change? 
b. Does the element’s mass number (bottom number on left) change? 
c.     Does the element’s charge change? 

 

Explore More:  http://www.webelements.com/ 

At the URL above, choose any three elements and learn about their properties, history, and uses. 
Then create a table comparing and contrasting the three elements. 
 

Atoms and Pure Substances Assessment 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales using 
models to study systems that are too large or too small. 
 

1. What is an element? (DOK 1)  
2. Compare and contrast atoms and molecules.  (DOK 2) 
3. Why is the modern periodic table organized by atomic number rather than atomic mass? 

Explain. (DOK 3) 
  

Vocabulary: 
 

Atomic number 
Mass number 
Proton 
Electron 
Neutron 
Ion 
Atom 
Element 

http://www.kscience.co.uk/animations/atom.htm
http://www.webelements.com/
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1.2  Atoms Form Molecules 

PS1-1:  Develop models to describe the atomic composition of simple molecules and extended 
structures. 
Do you recognize these magnified crystals? They look a little like snowflakes.  

Compounds & 
Molecules 
 
 
A compound is any 
combination of two or more 
elements. A compound has 
different properties from the 
elements that it contains. A 
molecule is any combination 
of two or more atoms; it is the 
simplest unit of a compound. 

 

Water is probably one of the simplest compounds that you know. A 
water molecule is made of two hydrogen atoms and one oxygen atom 
(figure to the left). All water molecules have the same ratio: two 
hydrogen atom to one oxygen atom. 

Watch: Molecules 

 

The oxygen in the air we breathe is two oxygen atoms connected to 
form O2 , or molecular oxygen. A carbon dioxide molecule is a 
combination of one carbon atom and two oxygen atoms, CO2 .  

Atoms also come together to form compounds much larger than water. It is some of these large 
compounds that come together to form the basis of the cell. So essentially, your cells are made out of 
compounds, which are made out of molecules, which are made out of atoms. 

Watch the following video: From Atoms to Molecules 

Solids Formed From Molecules 

What do you think this picture shows? Could it be a delicate glass sculpture 
created by a talented artist? It’s delicate alright, but it’s not glass, nor was it 
created by an artist. 

A snowflake is made of ice, or water in the solid state. A solid is one of four 
well-known states of matter. The other three states are liquid, gas, and 
plasma. Compared with these other states of matter, solids have particles that 
are much more tightly packed together. The particles are held rigidly in place 
by all the other particles around them so they can’t slip past one another or 
move apart. This gives solids a fixed shape and a fixed volume. 

 

http://www.ck12.org/chemistry/Compounds/
http://dictionary.reference.com/browse/compound?s=t
http://dictionary.reference.com/browse/molecule?s=t
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Compounds
http://www.ck12.org/chemistry/Atoms
http://www.ck12.org/biology/Water-Advanced
https://www.youtube.com/watch?v=H57ZUlBQXGM
https://www.khanacademy.org/partner-content/mit-k12/mit-k12-materials/v/atoms-and-molecules
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Types of Solids 

Not all solids are alike. Some are crystalline solids; others are amorphous solids. Snowflakes are 
crystalline solids. Particles of crystalline solids are arranged in a regular repeating pattern, as you can 
see in the sketch in figure below . The repeating particles form a geometric shape called a crystal. 
You can watch a snowflake crystal forming at the following link: Snowflake Forming.  

 

Another crystalline solid is table salt (sodium chloride). 
Crystals of table salt are pictured in the figure to the left. 

 

 

Explore More:  Learn more about sodium chloride and other ionic compounds at the following 
link:  Sodium Chloride 

Then answer the questions that follow. 

1. Describe a sodium (Na) ion and a chlorine (Cl) ion 
2. When atoms bond together in compounds, the compounds have different chemical properties 

than the lone atoms. Compare the properties of sodium and chlorine alone with the properties 
of the compound sodium chloride.   

3. In general, what are the properties of ionic compounds such as sodium chloride?   
4.  Why is sodium chloride useful for preserving foods?   
5. What role does sodium chloride play in the human body? 
6. Sodium chloride has many other uses. List three of them. 

 
 

Amorphous means “shapeless.” Particles of 
amorphous solids are arranged more-or-less at 
random and do not form crystals, as you can see in the 
figure to the right. An example of an amorphous solid 
is cotton candy, also shown in the figure to the side. 

 

 

Q: Look at the quartz rock and plastic bag pictured in the figure below . Label and explain 
each type of solid. 

 

http://www.ck12.org/physical-science/States-of-Matter-in-Physical-Science/lesson/Solids/#x-ck12-UFNfU2FsdF9Db21wb3NpdGU.
http://www.its.caltech.edu/~atomic/snowcrystals/movies/movies.htm
http://h2g2.com/approved_entry/A49292724
http://www.ck12.org/physical-science/States-of-Matter-in-Physical-Science/lesson/Solids/#x-ck12-UFNfQ3J5c3RhbGxpbmUtdnMtQW1vcnBob3Vz
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Atoms Form Molecules Assessment 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales using 
models to study systems that are too large or too small. 
 

1. What is a molecule?  (DOK 1 
2. Why is water considered a molecule? (DOK 2)   
3. Why does a solid have a fixed shape and fixed volume? (DOK 2 
4. Create a table comparing and contrasting crystalline and amorphous 

solids. Include an example of each type of solid in your table. (DOK 2) 
5. Diamonds like the one pictured in this figure are the hardest of all 

minerals. Is a diamond a crystalline or an amorphous solid? What is your 
evidence? (DOK 4) 

 

 

Explore More 
 

 

Growing Diamonds 

What if you could have an unlimited supply of bling? What if you could grow your own diamond? 

Scientists and entrepreneurs alike are exploring this possibility! Check it out: 

Part 1: https://www.youtube.com/watch?v=021v4BsNyZ4 

Part 2: https://www.youtube.com/watch?v=FglCni2_g1g 

What do you think? Would you care if your diamonds were naturally or synthetically created? Do you 
think that synthetically grown diamonds are the pathway for future electronic development? 

Argumentation in Science with Claims, Evidence, & Reasoning 

One of the concerns that is briefly addressed in the NOVA clip is one of ethics. Should we be creating 
diamonds in a lab or not? On the one hand, while these companies are marking their diamonds so 
that they can be identified, what will happen as this process becomes more widely used? How will we 
be able to distinguish between the natural and the synthetic? What will this do to the value of 
diamonds? On the other hand, it is clearly a potential huge step in the development of new electronic 
technology. Also, there are extreme controversies over the mining process of diamonds being 
extremely dangerous: 

http://americanradioworks.publicradio.org/features/diamonds/sierraleone1.html Research both 
sides of the issue and development a debate strategy for both sides.  

https://www.youtube.com/watch?v=021v4BsNyZ4
https://www.youtube.com/watch?v=FglCni2_g1g
http://americanradioworks.publicradio.org/features/diamonds/sierraleone1.html
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Explore More 2 

Read article about solids at the following URL: Solids.  Answer the questions below. 

1. According to the article, what is the only way the shape of a solid can be changed? Give an 
example.   

2. Describe the analogy in the article in which crystalline and amorphous solids are compared to 
a classroom.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.chemistryexplained.com/Ru-Sp/Solid-State.html
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1.3 Chemical Bonding 
 

By the end of this reading you should be able to… 
PS1-1:  Develop models to describe the atomic composition of simple molecules and extended structures. 

There is an amazing diversity of matter in the universe, but there are only about 100 elements. How 
can this relatively small number of pure substances make up all kinds of matter? 

Elements can combine in many different ways. When they do, they form new substances called 
compounds.  
 
Amazing but True! 

• How many chemical compounds are there? As of 2007, there were 
31 million known chemical compounds! 

• How can there be so many chemical compounds when there are 
fewer than 100 naturally occurring elements? Chemical bonds are 
the answer. Elements can combine in myriad ways by bonding 
together to form unique chemical compounds. 

• Chemical bonds may be covalent or ionic.  

For a video introduction to compounds, go to this URL: Click here to 
watch. 
 

Chemical Compounds 

Water (H2O) is an example of a chemical compound. Like water, all other chemical compounds 
consist of a fixed ratio of elements. It doesn’t matter how much or how little of a compound there is. It 
always has the same composition. 

Look at the example of water in figure below. A water 
molecule consists of two atoms of hydrogen and one 
atom of oxygen. Each hydrogen atom has just one 
electron. The oxygen atom has six valence electrons. 
In a water molecule, two hydrogen atoms share their 
two electrons with the six valence electrons of one 
oxygen atom. By sharing electrons, each atom has 
electrons available to fill its sole or outer energy level. 
This gives it a more stable arrangement of electrons 
that takes less energy to maintain. 

 

Chemical Formulas 

Elements are represented by chemical symbols. Examples are H for hydrogen and O for oxygen. 
Compounds are represented by chemical formulas. You’ve already seen the chemical formula for 
water. It’s H2O. The subscript 2 after the H shows that there are two atoms of hydrogen in a molecule 
of water. The O for oxygen has no subscript. When there is just one atom of an element in a 
molecule, no subscript is used. The table on the following page shows some other examples of 
compounds and their chemical formulas. 
 

http://www.youtube.com/watch?v=-HjMoTthEZ0
http://www.youtube.com/watch?v=-HjMoTthEZ0
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Table of compounds examples and their chemical formulas 

Name of Compound Electron Dot Diagram Numbers of Atoms Chemical Formula 

Hydrogen chloride 
 

H = 1 

Cl = 1 

HCl 

Methane 

 

C = 1 

H = 4 

CH4 

Hydrogen peroxide 
 

H = 2 

O = 2 

H2O2 

Carbon dioxide 
 C = 1 

O = 2 

CO2 

 

Problem Solving 

Problem: A molecule of ammonia consists of one atom of nitrogen (N) and three atoms of hydrogen 
(H). What is its chemical formula? 

Solution: The chemical formula is NH3. 

You Try It! 
Problem: A molecule of nitrogen dioxide consists of one atom of nitrogen (N) and two atoms of 
oxygen (O). What is its chemical formula?   
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Same Elements, Different Compounds 

The same elements may combine in different ratios. If they do, they form different compounds. The 
figure below shows some examples. Both water (H2O) and hydrogen peroxide (H2O2) consist of 
hydrogen and oxygen. However, they have different ratios of the two elements. As a result, water and 
hydrogen peroxide are different compounds with different properties. If you’ve ever used hydrogen 
peroxide to disinfect a cut, then you know that it is very different from water! Both carbon dioxide 
(CO2) and carbon monoxide (CO) consist of carbon and oxygen, but in different ratios. How do their 
properties differ? 

Different compounds may contain the same elements in different ratios. How does this affect their 
properties? 
 

 

Chemical Bonding 

Elements form compounds when they combine chemically. Their atoms join together to form 
molecules, crystals, or other structures. The atoms are held together by chemical bonds. A chemical 
bond is a force of attraction between atoms or ions. It occurs when atoms share or transfer valence 
electrons. Valence electrons are the electrons in the outer energy level of an atom.  

 

 

 

 

http://www.ck12.org/section/Introduction-to-Chemical-Bonds-%3A%3Aof%3A%3A-Chemical-Bonding-%3A%3Aof%3A%3A-CK-12-Physical-Science-For-Middle-School/#x-ck12-UGh5U2NpLTA3MDI.
http://dictionary.reference.com/browse/elements?s=t
http://dictionary.reference.com/browse/valence%20electrons?s=t
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Valence Electrons 
 

 

Did you ever play the card game called go fish? Players try to form groups of 
cards of the same value, such as four sevens, with the cards they are dealt or by 
getting cards from other players or the deck. This give and take of cards is a 
simple analogy for the way atoms give and take valence electrons in chemical 
reactions. 

 

 

 

What Are Valence Electrons? 

Valence electrons are the electrons in the outer energy level of an atom that can participate in 
interactions with other atoms. Valence electrons are generally the electrons that are farthest from the 
nucleus. As a result, they may be attracted as much or more by the nucleus of another atom than 
they are by their own nucleus. 

Electron Dot Diagrams 

Because valence electrons are so important, atoms are often represented by simple diagrams that 
show only their valence electrons. These are called electron dot diagrams, and three are shown 
below. In this type of diagram, an element's chemical symbol is surrounded by dots that represent the 
valence electrons. Typically, the dots are drawn as if there is a square surrounding the element 
symbol with up to two dots per side. An element never has more than eight valence electrons, so 
there can’t be more than eight dots per atom. 

 

 

 

Q: Carbon (C) has four valence electrons. What does an electron dot diagram for this element look 
like?   

 
 

Explore More:  https://www.youtube.com/watch?v=4OKy782ePKM (3:20) 

1. What is the octet rule? What is it based on? 
2. What are two ways atoms can achieve an octet of valence electrons? 

 
 
 

http://dictionary.reference.com/browse/valence%20electrons?s=t
http://www.ck12.org/physical-science/Energy-Level-in-Physical-Science
http://www.ck12.org/physical-science/Atoms-in-Physical-Science
http://www.ck12.org/physical-science/Atoms-in-Physical-Science
https://www.youtube.com/watch?v=4OKy782ePKM
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Valence Electrons and the Periodic Table 

The number of valence electrons in an atom is reflected by its position in the periodic table of the 
elements (see the periodic table in the figure below). Across each row, or period, of the periodic table, 
the number of valence electrons in groups 1–2 and 13–18 increases by one from one element to the 
next. Within each column, or group, of the table, all the elements have the same number of valence 
electrons. This explains why all the elements in the same group have very similar chemical 
properties.   
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Valence Electrons and Reactivity 

The table salt pictured in the figure below contains two elements that are so reactive they are rarely 
found alone in nature. Instead, they undergo chemical reactions with other elements and form 
compounds. Table salt is the compound named sodium chloride (NaCl). It forms when an atom of 
sodium (Na) gives up an electron and an atom of chlorine (Cl) accepts it. When this happens, sodium 
becomes a positively charged ion (Na + ), and chlorine becomes a negatively charged ion (Cl - ). The 
two ions are attracted to each other and join a matrix of interlocking sodium and chloride ions, forming 
a crystal of salt. 

 

Table salt (sodium chloride) 

Q: Why does sodium give up an electron?  

 

 

 

You can see how this happens in the animation at the following URL:  Sodium and Chlorine.   

Q: Why does chlorine accept the electron from sodium?  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.visionlearning.com/img/app/library/objects/Flash/VLObject-1349-030213040210.swf
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Chemical Bonding Assessment 
Essential Skill:  Time, space, and energy phenomena can be observed at various scales using 
models to study systems that are too large or too small. 
 

1. What is a chemical bond and how does it relate to compounds? (DOK 2) 
 

2. Write the chemical formula for sulfur dioxide. (DOK 2)  
 

 
3. What type of bond is pictured below?  Explain how you know (DOK 2) 

 
4. Explain the difference between a covalent bond and an ionic bond? (DOK 2) 

 

 
5. Why does a molecule of water have a more stable arrangement of electrons than do individual 

hydrogen and oxygen atoms? Support your claim with a labeled model to show the molecule’s 
stability.  (DOK 3)  
 

6. Water (H2O) is comprised of two hydrogen atoms and one oxygen atom.  Hydrogen peroxide 
(H2O2) also contains two hydrogen atoms, but contains an additional oxygen atom.  Although 
hydrogen peroxide contains the same elements as water, you would not want to drink a glass 
of it!  Do you think compounds containing fewer oxygen atoms are always safer than 
compounds with more oxygen atoms?  Why or why not? Support your claim with reasoning 
from evidence. (DOK 3) 
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1.4 Physical & Chemical Properties of Matter 
This reading supports… 
PS1-2:  Analyze and interpret data on the properties of substances before and after the substances interact to 
determine if a chemical reaction has occurred. 
 

 
Both of these people are participating in a board sport, but the man on the left is snowboarding in 
Norway while the woman on the right is sandboarding in Dubai. Snow and sand are both kinds of 
matter, but they have different properties. What are some ways snow and sand differ?  

 
Q: What differences between snow and sand can you detect with your senses?  

 

What Are Physical Properties? 

A physical property is a characteristic of a substance that can be observed or measured without 
changing the identity of the substance (without changing it to an entirely different substance). 
Physical properties are typically things you can detect with your senses. For example, they may be 
things that you can see, hear, smell, or feel. 

There are many physical properties of matter.  For example, color, odor, solubility, density, melting 
points, and boiling points are all physical properties of matter.   

Color does not vary much from one element to the next. The vast majority of elements are colorless, 
silver, or gray. Some elements do have distinctive colors: sulfur and chlorine are yellow, copper is (of 
course) copper-colored, and elemental bromine is red. 

 

 

Odor refers to the scent of matter.  The strong smell 
of swimming pool water is the odor of chlorine, which 
is added to the water to kill germs and algae. In 
contrast, bottled spring water, which contains no 
chlorine, does not have an odor.   

 

 

What is the appropriate way to determine the odor of a chemical in lab?  

 

http://www.ck12.org/biology/Senses
http://www.thefreedictionary.com/physical+property
http://www.ck12.org/biology/Senses
http://www.ck12.org/physics/Color
http://www.ck12.org/chemistry/Solubility
http://dictionary.reference.com/browse/melting%20points?s=t
http://dictionary.reference.com/browse/melting%20points?s=t
http://dictionary.reference.com/browse/boiling%20points?s=t
http://www.ck12.org/physics/Color
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Solubility is the amount of solute that can dissolve in a given amount of solvent at a given 
temperature. In a solution, the solute is the substance that dissolves, and the solvent is the 
substance that does the dissolving. For a given solvent, some solutes have greater solubility than 
others. For example, sugar is much more soluble in water than is salt. But even sugar has an upper 
limit on how much can dissolve. In a half liter of 20 °C water, the maximum amount is 1000 grams. If 
you add more sugar than this, the extra sugar won’t dissolve. You can compare the solubility of 
sugar, salt, and some other solutes in the table below .   

Solute Grams of Solute that Will Dissolve in 0.5 L  
of Water (20 °C) 

Baking Soda 48 
Epsom salt 125 
Table salt 180 
Table sugar 1000 

 
Rhonda wanted to see if salt or sugar dissolves faster in water. She added the same amount of salt 
and sugar to a half liter of room temperature (20 °C) water in separate glasses. Then she stirred both 
mixtures. All of the sugar dissolved in less than a minute, but after 5 minutes of stirring, some of the 
salt still hadn’t dissolved. Even if she had kept stirring the saltwater mixture all day, the remaining salt 
would not dissolve. Do you know why? Explain your reasoning. 

 
 
Q: How much salt do you think Rhonda added to the half-liter of water in her experiment?   

 

 

 

 

 

 

 

 

 

http://dictionary.reference.com/browse/solubility?s=t
http://www.ck12.org/physical-science/Temperature-in-Physical-Science
http://dictionary.reference.com/browse/solute?s=t
http://dictionary.reference.com/browse/solvent?s=t
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Solubility-in-Physical-Science/lesson/Solubility/?referrer=concept_details#x-ck12-U29sdWJpbGl0eVNvbHV0ZXNpbldhdGVy
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Temperature-in-Physical-Science
http://www.ck12.org/physical-science/Mixtures-in-Physical-Science
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Factors That Affect Solubility 

Certain factors can change the solubility of a solute. Temperature is one such factor. How 
temperature affects solubility depends on the state of the solute, as you can see in the figure below.  

 

Q: Explain the relationship between 
solubility and temperature for a solid or 
liquid.   

 

 

Q: Explain the relationship between 
solubility and temperature for a gas.  

 

 

 

The solubility of gases is also affected by pressure. Pressure is the force pushing against a given 
area. Increasing the pressure on a gas increases its solubility. Did you ever open a can of soda and 
notice how it fizzes out of the can? Soda contains dissolved carbon dioxide. Opening the can reduces 
the pressure on the gas in solution, so it is less soluble. As a result, some of the carbon dioxide 
comes out of solution and rushes into the air. 

Q: Which do you think will fizz more when you open it, a can of warm soda or a can of cold 
soda?  

 
Density can be a very useful parameter for identifying an element. Density is a measure of how 
compact something is. Of the materials that exist as solids at room temperature, iodine has a very low 
density compared to zinc, chromium, and tin. Gold has a very high density, as does platinum. To 
determine density, you need to know not only the mass of an object, but also how much space it 
takes up. Think about holding a ping pong ball in one hand and a golf ball in the other; they both take 
up the same amount of space, but the golf ball is noticeably heavier (or more accurately, the golf ball 
has more mass).  The golf ball is more dense! On the other hand, think about holding a paper clip in 
one hand and a dollar bill in the other; they weigh about the same (have the same amount of mass) 
but take up different amounts of space. The paper clip is denser because it is more compact. What is 
the equation for finding density?  

 

 

Explore More 
Archimedes’ Crown: https://www.youtube.com/watch?v=KMNwXUCXLdk   

How does temperature affect density of liquids? 
  https://www.youtube.com/watch?v=Ak9CBB1bTcc  

http://www.ck12.org/physical-science/Solubility-in-Physical-Science/lesson/Solubility/?referrer=concept_details#x-ck12-TVNfUFMtU29sdWJpbGl0eUN1cnZl
http://www.ck12.org/physical-science/Gases-in-Physical-Science
http://dictionary.reference.com/browse/density?&o=100074&s=t
http://www.ck12.org/chemistry/Solids
http://www.ck12.org/physics/Temperature
https://www.youtube.com/watch?v=KMNwXUCXLdk
https://www.youtube.com/watch?v=Ak9CBB1bTcc
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The melting point is the temperature at which a solid changes into a liquid. As a solid is heated, it 
absorbs kinetic energy and its particles vibrate more rapidly. Eventually, the organization of the 
particles within the solid structure begins to break down and the solid starts to melt. At its melting 
point, the disruptive vibrations of the particles of the solid overcome the attractive forces operating 
within the solid. The melting point of a solid is dependent on the strength of those attractive forces.  

The melting point of a solid is the same as the freezing point of the liquid. At that temperature, the 
solid and liquid states of the substance are in equilibrium. For water, this equilibrium occurs at 0°C. 

Melting and boiling points are somewhat unique identifiers, especially of compounds. In addition to 
giving some idea as to the identity of the compound, important information can be obtained about the 
purity of the material. 

 
Courtesy of dublinschools.net. States of matter. (n.d.) 

 
We tend to think of solids as those materials that are solid at room temperature. However, all 
materials have melting points of some sort. The table below gives the melting points of some 
common materials. 

Substance Melting Point (°C) 
hydrogen -259 
oxygen -219 
diethyl ether -116 
ethanol -114 
water  0 
pure silver 961 
pure gold 1063 
iron 1538 

 
 

 

 

 

http://dictionary.reference.com/browse/melting%20points?s=t
http://www.ck12.org/physics/Temperature
http://www.ck12.org/physical-science/Freezing-in-Physical-Science
http://www.ck12.org/physics/Temperature
http://www.ck12.org/chemistry/Equilibrium
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Boiling
http://www.ck12.org/chemistry/Compounds
http://www.ck12.org/chemistry/Solids
http://www.ck12.org/biology/Water-Advanced
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The boiling point is the temperature at which a substance boils 
and changes to a gas. Boiling point is a physical property of 
matter. The boiling point of pure water is 100°C. Other substances 
may have higher or lower boiling points. Several examples are 
listed in the table below . Pure water is included in the table for 
comparison. 
 
 
 

Q: Assume you want to get the salt (sodium chloride) out of 
salt water. Based on information in the table, how could you 
do it?  

 
 
Q: Oxygen is a gas at room temperature (20°C). What does 
this tell you about its boiling point?  

 
 
 

Additional Physical Properties 

In addition to these properties, other physical properties of matter include the state of matter and 
conduction. States of matter include liquid, solid, and gaseous states. For example, at 20°C, coal 
exists as a solid and water exists as a liquid. 

Q: What state of matter is an odor? Support your claim with reasoning from evidence.  

 

Q: The coolant that is added to a car radiator (picture right) has a lower freezing point than 
water. Why is this physical property useful?  

 

 
Q: Why is the handle made of plastic? (Picture left) 

 

 

 

 
Explore More 

Water is one of the most important substances on Earth, and it has some unique physical properties. 
Read in detail about any one of the physical properties of water at the URL: 
http://ga.water.usgs.gov/edu/waterproperties.html 

 

Substance Boiling Point (°C) 
Hydrogen -253 
Nitrogen -196 
Carbon dioxide -79 
Ammonia -36 
Pure water 100 
Salty ocean water 101 
Petroleum 210 
Olive oil 300 
Sodium chloride 1413 

http://dictionary.reference.com/browse/boiling%20points?s=t
http://www.ck12.org/physical-science/Temperature-in-Physical-Science?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/physical-science/Boiling-in-Physical-Science/lesson/Boiling/?referrer=concept_details#x-ck12-Qm9pbGluZw..
http://www.ck12.org/physical-science/Temperature-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/States-of-Matter-in-Physical-Science
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Freezing-in-Physical-Science
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Substances
http://ga.water.usgs.gov/edu/waterproperties.html
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What are Chemical Properties of Matter? 

 
Look at the two garden trowels pictured here. Both trowels were left outside for several weeks. One 
tool became rusty, but the other did not. The tool that rusted is made of iron, and the other tool is 
made of aluminum. Why do you think this happened?  

What Are Chemical Properties? 

Chemical properties are properties that can be measured or observed only when matter undergoes 
a change to become an entirely different kind of matter. For example, the ability of iron to rust can 
only be observed when iron actually rusts. When it does, it combines with oxygen to become a 
different substance called iron oxide. Iron is very hard and silver in color, whereas iron oxide is flakey 
and reddish brown. Besides the ability to rust, other chemical properties include reactivity and 
flammability. 

Reactivity 

Reactivity is the ability of matter to combine chemically with other substances. Some kinds of matter 
are extremely reactive; others are extremely unreactive. For example, potassium is very reactive, 
even with water. When a pea-sized piece of potassium is added to a small amount of water, it reacts 
explosively. In contrast, noble gases such as helium almost never react with any other substances. 

Watch potassium react with water at the URL below. (Caution: Don’t try this at home!) Click here 
to view this reaction. 

 
Flammability 

Flammability is the ability of matter to burn. When matter 
burns, it combines with oxygen and changes to different 
substances. Wood is an example of flammable matter, as 
seen in figure to the right. 
 
When wood burns, it changes to ashes, carbon dioxide, 
water vapor, and other gases. You can see ashes in the 
wood fire pictured here. The gases are invisible. 
 
Q: How can you tell that wood ashes are a different substance than wood?  

Q: What are some other substances that have the property of flammability?  

 
 
 
 
 

http://dictionary.reference.com/browse/chemical%20property?s=t
https://www.ck12.org/physical-science/Color-in-Physical-Science?referrer=crossref
http://dictionary.reference.com/browse/reactivity?s=t
http://dictionary.reference.com/browse/flammability?s=t
http://dictionary.reference.com/browse/reactivity?s=t
https://www.ck12.org/chemistry/Substances?referrer=crossref
https://www.ck12.org/biology/Water-Advanced?referrer=crossref
https://www.ck12.org/physical-science/Noble-Gases-in-Physical-Science?referrer=crossref
https://www.ck12.org/chemistry/Substances?referrer=crossref
https://www.youtube.com/watch?v=Jy1DC6Euqj4
https://www.youtube.com/watch?v=Jy1DC6Euqj4
http://dictionary.reference.com/browse/flammability?s=t
https://www.ck12.org/chemistry/Substances?referrer=crossref
https://www.ck12.org/physical-science/Chemical-Properties-of-Matter-in-Physical-Science/lesson/Chemical-Properties-of-Matter/?referrer=concept_details#x-ck12-TVNfUFMtRmlyZQ..
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Explore More 
The chart below shows the reactivity of several different metals. The metals range from very reactive 
to very unreactive. Study the chart and then answer the questions below. 

1. What is the most reactive metal in the chart? What is the least reactive metal? (DOK 1)

 
2. Complete this sentence: Only the most reactive metals in the chart react with 

______________.  
3. Is this statement true or false? Explain. Most metals in the chart react with oxygen. Which of 

the following metals reacts with oxygen and acids but not with water? 
a. calcium 
b. magnesium 
c. copper 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ck12.org/physical-science/Metals-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Metals-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Metals-in-Physical-Science?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
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Physical and Chemical Properties Assessment 
Essential Skill:  Macroscopic patterns are related to the nature of microscopic and atomic-level 
structure. 

1. If you know an object’s mass and volume, what other physical property can be determined? 
Explain. (DOK 1)   
 

2.  Explain how one can use physical properties to identify a substance? (DOK 2)  
 
 

3. What conclusions can be drawn from the Solubility of Salt and Sugar graph?  Explain. 
(DOK 3)  

 
 

4. What is a chemical property? (DOK 1)  
 

 
5. Write a paragraph using physical and chemical 

properties as an analogy to appropriately describe 
yourself.  Include at least 3 physical properties and 3 
chemical properties. Underline the property in your 
paragraph and classify.  For example, one might 
consider themselves to have a high boiling point 
(physical property) because they are not easily 
irritated.  (DOK 4)  
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1.5 Chemical Reactions 
By the end of this reading, students should be able to… 

PS1-2:  Analyze and interpret data on the properties of 
substances before and after the substances interact to 
determine if a chemical reaction has occurred. 
 
Do you like to cook? 

Cooking is a valuable skill that everyone should have. 
Whether it is fixing a simple grilled cheese sandwich or 
preparing an elaborate meal, cooking demonstrates some basic ideas in chemistry. When you bake 
bread, you mix some flour, sugar, yeast, and water together. After baking, this mixture has been 
changed to form bread, another substance that has different characteristics and qualities from the 
original materials. The process of baking has produced chemical changes in the ingredients that 
result in bread being made. 

Chemical Change 

Most of the elements we know about do not exist freely in nature. Sodium cannot be found by itself 
(unless we prepare it in the laboratory) because it interacts easily with other materials. On the other 
hand, the element helium does not interact with other elements to any extent. We can isolate helium 
from natural gas during the process of drilling for oil. 

A chemical change produces different materials than the ones we started with. One aspect of the 
science of chemistry is the study of the changes that matter undergoes. If all we had were the 
elements and they did nothing, life would be very boring (in fact, life would not exist since the 
elements are what make up our bodies and sustain us). But the processes of change that take place 
when different chemicals are combined produce all the materials that we use daily. 

One type of chemical change (already mentioned) is when two elements 
combine to form a compound. Another type involves the breakdown of a 
compound to produce the elements that make it up. If we pass an electric 
current through bauxite (aluminum oxide, the raw material for aluminum 
metal), we get metallic aluminum as a product. 
Electrolytic production of aluminum. (Picture left) 

However, the vast majority of chemical changes involve one compound 
being transformed into another compound.  There are literally millions of 
possibilities when we take this approach to chemical change. New 
compounds can be made to produce better fabrics that are easier to 
clean and maintain; they can help preserve food so it doesn’t spoil as 

quickly; and, we can make new medicines to treat diseases – all made possible by studying chemical 
change. 

Practice: Use the link below to answer the following questions. 
http://chemistry.about.com/od/lecturenotesl3/a/chemphyschanges.htm 

1. Where do chemical changes take place? 
2. What does a chemical change produce? 
3. What are physical changes concerned with? 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Elements
http://www.ck12.org/chemistry/Elements
http://www.ck12.org/chemistry/Elements
http://www.ck12.org/physics/Electric-Current
http://www.ck12.org/physics/Electric-Current
http://chemistry.about.com/od/lecturenotesl3/a/chemphyschanges.htm
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Reactants and Products 

 

Did you ever wonder what happens to a candle when it burns? A candle 
burning is a chemical change in matter. In a chemical change, one type of 
matter changes into a different type of matter, with different chemical 
properties. Chemical changes occur because of chemical reactions.  

Watch:  Chemical Reactions 

From Reactants to Products 

All chemical reactions—including a candle burning—involve reactants and products. 
• Reactants are substances that start a chemical reaction. 
• Products are substances that are produced in the reaction. 

 
When a candle burns, the reactants are fuel (the candle wick and wax) and oxygen (in the air). The 
products are carbon dioxide gas and water vapor.  The relationship between reactants and products 
in a chemical reaction can be represented by a chemical equation that has this general form: 

Reactants → Products 
 

The arrow (→) shows the direction in which the reaction occurs. In many reactions, the reaction also 
occurs in the opposite direction. This is represented with another arrow pointing in the opposite 
direction (←). 
 
Q: Write a general chemical equation for the reaction that occurs when a fuel such as candle 
wax burns. 
 

Q: How do the reactants in a chemical reaction turn into the products? 

 

Breaking and Making Chemical Bonds 

 

The reactants and products in a chemical 
reaction contain the same atoms, but they 
are rearranged during the reaction. As a 
result, the atoms end up in different 
combinations in the products. This makes 
the products new substances that are 
chemically different from the reactants. 

Consider the example of water forming from 
hydrogen and oxygen. Both hydrogen and 
oxygen gases exist as diatomic (“two-atom”) 
molecules. These molecules are the 
reactants in the reaction. This figure shows 
that bonds must break to separate the atoms 
in the hydrogen and oxygen molecules. Then new bonds must form between hydrogen and oxygen 
atoms to form water molecules. The water molecules are the products of the reaction. 

http://www.ck12.org/physical-science/Chemical-Change-in-Physical-Science?referrer=crossref
http://www.ck12.org/chemistry/Chemical-Reactions?referrer=crossref
http://www.youtube.com/watch?v=66kuhJkQCVM
http://www.ck12.org/chemistry/Chemical-Reactions?referrer=crossref
http://dictionary.reference.com/browse/reactants?s=t
http://dictionary.reference.com/browse/products?s=t
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/physical-science/Atoms-in-Physical-Science?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/physical-science/Gases-in-Physical-Science?referrer=crossref
http://www.ck12.org/physical-science/Atoms-in-Physical-Science?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
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Explore More 

Do the activities at the following URL for practice with reactants and products: 
http://phet.colorado.edu/en/simulation/reactants-products-and-leftovers 
 

Recognizing Chemical Reactions 

Have you ever cooked a pizza? 

Making a pizza can be as easy as buying a “take and bake” from a 
store and putting it in the oven to mixing up the dough and loading 
it up with your favorite toppings before baking it. How do you know 
when it is done? The most obvious sign is that the crust turns light 
brown. The dough is no longer flexible, but much more solid. 
Maybe the cheese has melted. You want the pizza to be cooked, 
not half-raw. 

Recognizing Chemical Reactions 

How can you tell if a chemical reaction is taking place? There are four visual clues that indicate that 
a chemical reaction is likely occurring. 

1. A change of color occurs during the reaction. 
2. A gas is produced during the reaction. 
3. A solid product called a precipitate is produced in the reaction. 
4. A transfer of energy occurs as a result of the reaction. 

Mercury(II) oxide is a red solid. When it is heated to a temperature above 500°C, it easily 
decomposes into mercury and oxygen gas. The red color of the mercury oxide reactant becomes the 
silver color of mercury. The color change is the sign that the reaction is occurring. 

 
           Mercuric oxide        Mercury metal 

When zinc reacts with hydrochloric acid, the reaction bubbles 
vigorously as hydrogen gas is produced. The production of a gas is 
also an indication that a chemical reaction is occurring. 
 

Zinc reacting with hydrochloric acid produces bubbles of hydrogen gas. 

http://phet.colorado.edu/en/simulation/reactants-products-and-leftovers
http://www.ck12.org/physics/Color?referrer=crossref
http://www.ck12.org/physics/Energy?referrer=crossref
http://www.ck12.org/physics/Temperature?referrer=crossref
http://www.ck12.org/physics/Color?referrer=crossref


32 
 

When a colorless solution of lead(II) nitrate is added to a 
colorless solution of potassium iodide, a yellow solid called 
a precipitate is instantly produced. A precipitate is a solid 
product that forms from a reaction and settles out of a liquid 
mixture. The formation of a precipitate is an indication of a 
chemical reaction. 
A yellow precipitate of solid lead(II) iodide forms immediately when 

solutions of lead(II) nitrate and potassium iodide are mixed. 

All chemical changes involve a transfer of energy. When 
zinc reacts with hydrochloric acid, the test tube becomes 
very warm as energy is released during the reaction. Some 
other reactions absorb energy. While energy changes are a potential sign of a chemical reaction, care 
must be taken to ensure that a chemical reaction is indeed taking place. Physical changes also 
involve a transfer of energy. Melting of a solid absorbs energy, while the condensation of a gas 
releases energy. The only way to be certain that a chemical reaction has taken place is to test the 
composition of the substances after the change has taken place to see if they are different from the 
starting substances.  

Examples of Chemical Reactions 

Look carefully at the figures below. All of the photos demonstrate chemical reactions. For each photo, 
identify a sign that one or more chemical reactions have taken place.  
 

 
A burning campfire can warm you up on a cold day. 

 

 

 

 

 

Dissolving an antacid tablet in water produces a fizzy drink. 

 

 

 

 

Adding acid to milk produces solid curds of cottage cheese. 

 

 

 

 

http://www.ck12.org/physics/Energy?referrer=crossref
http://www.ck12.org/physical-science/Melting-in-Physical-Science?referrer=crossref
http://www.ck12.org/chemistry/Condensation?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/chemistry/Chemical-Reactions?referrer=crossref
http://www.ck12.org/physical-science/Recognizing-Chemical-Reactions-in-Physical-Science/lesson/Recognizing-Chemical-Reactions/?referrer=concept_details#x-ck12-TVNfUFMtQm9uZmlyZS1FdmlkZW5jZUNoUnhu
http://www.ck12.org/chemistry/Chemical-Reactions?referrer=crossref
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Q: Did you ever make a “volcano” by pouring vinegar over a “mountain” of baking soda? If 
you did, you probably saw the mixture bubble up and foam over. Did a chemical reaction 
occur? How do you know?  

 

Practice:  Use the link below to answer the following questions. 
http://www.harpercollege.edu/tm-ps/chm/100/dgodambe/thedisk/chemrxn/signs.htm 

1. What happened when the yellow solution and the clear solution were mixed? 
2. What happened when the chalk was added to the clear liquid? 
3. How much did the temperature change when two liquids were mixed together? 

 

Review 

1. What was the color change when mercury (II) oxide was heated? 
2. What happened when zinc metal reacts with hydrochloric acid? 
3. What happens when lead nitrate and potassium iodide react? 

 

Chemical Reactions Assessment 
Essential Skill:  Macroscopic patterns are related to the nature of microscopic and atomic-level 
structure. 
 

1. What is a chemical change? (DOK 1) 
 

2. List three chemical changes. (DOK 1) 
 

3. Identify the reactants and products in the following chemical reaction: (DOK 1) 
CH 4 + 2O 2 → CO 2 + 2H 2 O 

 

4. What evidence in this picture would you use to determine the 
type of change? (DOK 2) 

 
5. How is a chemical change different from a physical 

change?  Provide an example for each type of change. (DOK 3) 
 

6. Using the pictures below, develop a table showing the physical and chemical properties before 
and after the sugar and sulfuric acid reaction. (DOK 3) 

 

 

 

 
 
 

http://www.harpercollege.edu/tm-ps/chm/100/dgodambe/thedisk/chemrxn/signs.htm
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1.6  Energy 
By the end of this section, you should be able to… 
 

PS3-6:  Construct, use, and present arguments to support the claim that when the kinetic energy of an object 
changes, energy is transferred to or from the object. 
 

These teens are very active. They seem to be brimming with 
energy. You probably know that lots of things have energy—from 
batteries to the sun. But do you know what energy is? Read on to 
find out. 
 

Defining Energy 

Energy is defined in science as the ability to move matter or change matter in some other way. 
Energy can also be defined as the ability to do work, which means 
using force to move an object over a distance. When work is done, 
energy is transferred from one object to another. For example, when 
the boy in the figure below uses force to swing the racket, he 
transfers some of his energy to the racket. You learned in 6th grade 
about the two main types of energy: Potential and Kinetic.  You will 
learn about the forms of potential and kinetic energy and how they 
transfer from one object to another in this section. 

 
Retrieved from:  http://www.napls.us 
 
Q: It takes energy to play tennis. Where does this boy get his energy? 
 
Introducing Forms of Energy 

This musician’s electric guitar wails at a concert, as colored lights wash over the band. It’s hot on 
stage because of the lights, but they really add 
to the show. The fans are thrilled and 
screaming with excitement. The exciting 
concert wouldn’t be possible without several 
different forms of energy. Do you know what 
they are? Energy, or the ability to cause 
changes in matter, can exist in many different 
forms. Energy can also change from one form 
to another. The photo of the guitar player 
represents six forms of energy: mechanical, 
chemical, electrical, light, thermal, and sound 
energy. Another form of energy is nuclear 
energy.    

Can you find the six different forms of energy in the photo of the guitar player? 

 

http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/earth-science/Sun
http://dictionary.reference.com/browse/energy?s=t
http://www.ck12.org/physical-science/Distance-in-Physical-Science
http://www.ck12.org/physical-science/Energy-in-Physical-Science/lesson/Energy/#x-ck12-TVNfUFMtVGVubmlz
http://www.napls.us/
http://www.ck12.org/physics/Energy
http://www.ck12.org/physics/Energy
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Energy Has Many Forms 

If you think about different sources of energy—such as batteries and the sun—you probably realize 
that energy can take different forms. For example, when thinking of the boy swinging his tennis 
racket, the energy of the moving racket is an example of mechanical energy. To move his racket, the 
boy needs energy stored in food, which is an example of chemical energy. Other forms of energy 
include electrical, thermal, light, and sound energy. The different forms of energy can also be 
classified as either kinetic energy or potential energy. Kinetic energy is the energy of moving matter. 
Potential energy is energy that is stored in matter. You can learn more about the different forms of 
energy below. 

Seven Forms of Energy 

The different forms of energy are defined and illustrated in these 
images. 
1. Mechanical energy is the energy of movement. It is found in 

objects that are moving or have the potential to move. 
2. Chemical energy is energy that is stored in the bonds between the 

atoms of compounds. If the bonds are broken, the energy is 
released and can be converted to other forms of energy. 

3. Electrical energy is the energy of moving electrons. Electrons 
flow through wires to create electric current. 

 
4. Electromagnetic energy is energy that travels through space as 

electrical and magnetic waves. The light flooding the stage in 
the Figure above is one type of electromagnetic energy. Other types 
include radio waves, microwaves, X rays, and gamma rays. 

5. Thermal energy is the energy of moving atoms of matter. All matter has 
thermal energy because atoms of all matter are constantly moving. An 
object with more mass has greater thermal energy than an object with 
less mass because it has more atoms. 

6. Sound energy is a form of mechanical energy that starts with a vibration 
in matter. For example, the singer’s voice starts with vibrations of his 
vocal cords, which are folds of tissue in his throat. The vibrations pass to 
surrounding particles of matter and then from one particle to another in 
waves. Sound waves can travel through air, water, and other 
substances, but not through empty space. 

7. Nuclear energy is energy that is stored in the nuclei of atoms 
because of the strong forces that hold the nucleus together. The 
energy can be released in nuclear power plants by splitting nuclei 
apart. It is also released when unstable (radioactive) nuclei break 
down, or decay. 

 

 

http://www.ck12.org/chemistry/Batteries
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/physical-science/Forms-of-Energy-in-Physical-Science
http://www.ck12.org/physical-science/Kinetic-Energy-in-Physical-Science
http://www.ck12.org/physical-science/Potential-Energy-in-Physical-Science
http://www.ck12.org/chemistry/Atoms
http://www.ck12.org/chemistry/Compounds
http://www.ck12.org/chemistry/Electrons
http://www.ck12.org/physics/Electric-Current
http://www.ck12.org/earth-science/Flooding
http://www.ck12.org/physics/Forms-of-Energy/lesson/Forms-of-Energy-MS-PS/?referrer=concept_details#x-ck12-TVNfUFMtRWxlY3RyaWNhbA..
http://www.ck12.org/physical-science/Radio-Waves-in-Physical-Science
http://www.ck12.org/physical-science/Microwaves-in-Physical-Science
http://www.ck12.org/physical-science/X-rays-in-Physical-Science
http://www.ck12.org/physical-science/Gamma-rays-in-Physical-Science
http://www.ck12.org/chemistry/Atoms
http://www.ck12.org/physics/Sound-Waves
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/chemistry/Substances
http://www.ck12.org/chemistry/Atoms
http://www.ck12.org/earth-science/Nuclear-Power
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Energy Conversion         
 

Sari and Daniel are spending a stormy Saturday afternoon with cartons of hot 
popcorn and a spellbinding movie. They are obviously too focused on the movie to 
wonder where all the energy comes from to power their weekend entertainment. 
They’ll give it some thought halfway through the movie when the storm causes the 
power to go out! 
 

 

 

Changing Energy 

Watching movies, eating hot popcorn, and many other activities depend 
on electrical energy. Most electrical energy comes from the burning of 
fossil fuels, which contain stored chemical energy. When fossil fuels are 
burned, the chemical energy changes to thermal energy and the thermal 
energy is then used to generate electrical energy. These are all 
examples of energy conversion. Energy conversion is the process in 
which one kind of energy changes into another kind. When energy 
changes in this way, the energy isn’t used up or lost. The same amount 
of energy exists after the conversion as before. Energy conversion obeys the law of conservation of 
energy, which states that energy cannot be created or destroyed. 
 

How Energy Changes Form 
 

Besides electrical, chemical, and thermal energy, some other forms of energy include mechanical and 
sound energy. Any of these forms of energy can change into any other form. Often, one form of 
energy changes into two or more different forms. For example, the popcorn machine shown changes 
electrical energy to thermal energy. The thermal energy, in turn, 
changes to both mechanical energy and sound energy.  
 

Kinetic-Potential Energy Changes 

Mechanical energy commonly changes between kinetic and 
potential energy. Kinetic energy is the energy of moving objects. 
Potential energy is energy that is stored in objects, typically 
because of their position or shape. Kinetic energy can be used to 
change the position or shape of an object, giving it potential energy. Potential energy gives the object 
the potential to move. If it does, the potential energy changes back to kinetic energy. 
 
That’s what happened to Sari. After she and Daniel left the theater, the storm cleared and they went 
for a swim. That’s Sari in the figure showing a girl coming down the water slide. When she was at the 
top of the slide, she had potential energy. Why? She had the potential to slide into the water because 
of the pull of gravity. As she moved down the slide, her potential energy changed to kinetic energy. 
By the time she reached the water, all the potential energy had changed to kinetic energy. 
 
Q: How could Sari regain her potential energy?  

http://www.ck12.org/physical-science/Energy-Conversion-in-Physical-Science/lesson/Energy-Conversion/?referrer=concept_details#x-ck12-TVNfUFMtU2xpZGU.
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
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Moving Matter 

 

Remember, energy is the ability to cause changes in matter. For example, your body uses chemical 
energy when you lift your arm or take a step. In both cases, energy is used to move matter—you. Any 
matter that is moving has energy just because it’s moving. Scientists think that the particles of all 
matter are in constant motion. In other words, the particles of matter have kinetic energy. The theory 
that all matter consists of constantly moving particles is called the kinetic theory of matter.  
 

Conservation of Energy 
 
Energy is conserved in a closed system. That is, if you add up all the energy of an object(s) at one 
time it will equal all the energy of said object(s) at a later time. A closed system is a system where no 
energy is transferred in or out. The total energy of the universe is a constant (i.e. it does not change). 
The problems below do not consider the situation of energy transfer (called work). So friction and 
other sources where energy leaves the system are not present. Thus, one simply adds up all the 
potential energy and kinetic energy before and sets it equal to the addition of the total potential 
energy and kinetic energy after. 
 

Key Equation 
∑Einitial=∑Efinal The total energy does not change in closed systems 

 

SI Unit for Energy 

Because energy is the ability to do work, it is expressed in the same unit that is used for work. The SI 
unit for both work and energy is the joule (J), or Newton • meter (N • m). One joule is the amount of 
energy needed to apply a force of 1 Newton over a distance of 1 meter. For example, suppose the 
boy in the previous figure applies 20 Newtons of force to his tennis racket over a distance of 1 meter. 
The energy needed to do this work is 20 N • m, or 20 J. 
 

Use the diagram to the 
right to support the claim 
that when kinetic energy 
of an object changes, 
energy is transferred to 
or from the object. (Label 
the states of matter and 
phase changes.) 
 

 
 

 

 

 

 

http://www.ck12.org/physical-science/Energy-in-Physical-Science?referrer=crossref
http://www.ck12.org/physics/Energy
http://www.ck12.org/earth-science/Universe
http://www.ck12.org/physics/Friction
http://www.ck12.org/physics/Energy
http://www.ck12.org/physical-science/Distance-in-Physical-Science
http://www.ck12.org/physical-science/Distance-in-Physical-Science
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Energy Assessment 

1. How is energy defined in science? (DOK 1)  
 

2. Name two forms that energy may take. (DOK 1) 
 

 
3. Explain the difference between the type of energy a tennis ball has before it is hit versus after it 

is hit by a racket?  See the picture for an example. (DOK 2) 
  
 

4. How is the heat energy of water related to the temperature of water? (DOK 3)  
 

5. Use evidence to support the following claim:  When the kinetic energy of an object changes, 
energy is transferred to or from the object. (DOK 4) 

• Give at least one example.  
• Describe the type of energy change.  
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1.7 Gravitational Interactions 
 

By the end of this section, you should be able to… 
 

MS-PS2-4:  Construct and present arguments using evidence to 
support the claim that gravitational interactions are attractive and 
depend on the masses of interacting objects. 
 

Force 
Carson has been riding a scooter for almost as long as he 
can remember. As you can see, he’s really good at it. He 
can even do tricks in the air. It takes a lot of practice to be 
able to control a scooter like this. Carson automatically 
applies just the right forces to control his scooter. 

Defining Force 
Force is defined as a push or pull acting on an object. There are several fundamental forces in the 
universe, including the force of gravity, electromagnetic force, and weak and strong nuclear forces. 
When it comes to the motion of everyday objects, however, the forces of interest include mainly 
gravity, friction, and applied force. Applied force is force that a person or thing applies to an object. 

Q : What forces act on Carson’s scooter? 

 

Try this link: http://www.3m.co.uk/intl/uk/3mstreetwise/pupils-force.htm 

 
Gravity: The Force          
 

What do you know about gravity and the planets? 

 

 

 

Defining Gravity 

Gravity has traditionally been defined as a force of attraction between things that have mass. 
According to this conception of gravity, anything that has mass, no matter how small, exerts gravity 
on other matter. Gravity can act between objects that are not even touching. In fact, gravity can act 
over very long distances. However, the farther two objects are from each other, the weaker is the 
force of gravity between them. Less massive objects also have less gravity than more massive 
objects.   

 

http://www.ck12.org/earth-science/Universe?referrer=crossref
http://www.ck12.org/physical-science/Friction-in-Physical-Science?referrer=crossref
http://www.3m.co.uk/intl/uk/3mstreetwise/pupils-force.htm
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The more mass objects have, the greater the force of attraction. The closer they are, the greater the 
force of attraction.  Check out the picture below.   

 
Image retrieved from image.slidesharecdn.com/gravity 

For most objects, you get near every day, the force of attraction is so incredibly small that you would 
never notice the force. Gravity is a very weak force, so between common objects like you and your 
pencil, the force of attraction is very small because your mass and the mass of your pencil are small. 
We only get noticeable amounts of gravity when at least one object is very massive... like a planet. 
The force of attraction between you and the planet Earth is a noticeable force! We call the force of 
attraction between you and the Earth, your weight. Weight is another name for the force of gravity 
pulling down on you or anything else. 
 

Gravity and Weight 

Weight measures the force of gravity pulling downward 
on an object. The SI unit for weight, like other forces, is 
the Newton (N). On Earth, a mass of 1 kilogram has a 
weight of about 10 Newtons because of the pull of 
Earth’s gravity. On the moon, which has less gravity, the 
same mass would weigh less. Weight is measured with a 
scale, like the spring scale shown in this figure. The scale 
measures the force with which gravity pulls an object 
downward.  
 

To delve a little deeper into weight and gravity, watch this video:  Mass and Gravity 

Earth’s Gravity 

You are already very familiar with Earth’s gravity. It constantly pulls you toward the center of the 
planet. It prevents you and everything else on Earth from being flung out into space as the planet 
spins on its axis. It also pulls objects that are above the surface—from meteors to skydivers—down to 
the ground. Gravity between Earth and the moon and between Earth and artificial satellites keeps all 
these objects circling around Earth. Gravity also keeps Earth and the other planets moving around 
the much more massive sun. 

Q: There is a force of gravity between Earth and you and also between you and all the objects around 
you. When you drop a paper clip, why doesn’t it fall toward you instead of toward Earth? 

https://www.youtube.com/watch?v=wumlTLUgPpE
http://www.ck12.org/earth-science/Meteors?referrer=crossref
http://www.ck12.org/earth-science/Sun?referrer=crossref
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Gravitational Interactions Assessment 

1. What is the traditional definition of gravity? (DOK 1) 

 

2. Identify factors that influence the strength of gravity between two objects. (DOK 1) 

 

3. Explain how gravity is related to weight. (DOK 3)    

 

4. Provide evidence to support the following claim:  Gravitational interactions are attractive and 
depend on the masses of interacting objects.  (DOK 4) 

• Give at least one example.    
• Provide a drawing with labels as part of your evidence.  
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2.0  What is Earth Science? 

 
 

Earth Science is all about the Earth: its land, its water, 
its atmosphere. It’s about Earth’s resources and about 
the impacts human activities are having on all of those 
things: the land, water, and atmosphere. So can we 
say Earth Science is about everything? Well, not 
really, but it is a science that encompasses an awful 
lot. 
Note the word science in that last sentence. Earth 
Science is a science, or maybe it’s made up of a lot of 
sciences. But what is science? Most people think of 
science as a bunch of knowledge. And it is. But 
science is also a way of knowing things. It’s different 

from other ways of knowing because it is based on a method that relies on observations and data. 
Science can’t say what Star Wars character you would be because that question can’t be tested. For 
something to be science, it must be testable. And scientists are the people who do those tests. 
Image copyright Vitalez, 2014. www.shutterstock.com. Used under license from Shutterstock.com. 

 
What is Space Science? 

http://www.wallpaperawesome.com/wallpapers-

awesome/wallpapers-planets-stars-galaxies-nebulae-sci-fi-

awesome/wallpaper-all-planets-of-solar-system.jpg 

Space Science is even about the vastness that 
surrounds the planet: the solar system, galaxy, 
and universe. Science gives mankind inspiration 
and aspiration. Space science makes us look outwards from our planet, towards the stars. 

Space science tries to answer the ultimate questions… 

• How does our Earth and solar system change? 
• Where are we in the universe? 
• Where are we going? 
• Are we alone in the universe? 

By studying alien worlds, such as Venus, Mars, or Saturn’s moon Titan, we can place our own in 
context. The exploration of the solar system is focused on understanding Earth’s relationship with the 
other planets, an essential stepping stone for exploring the wider Universe. In the next decade, our 
research will shed new light on planets around other stars. Detailed knowledge of our own solar 
system will be invaluable in the interpretation of these new results. 
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2.1 From Earth to the Universe 

Supports ESS1-2: Develop and use a model to describe the role of gravity in the motions 

within galaxies and the solar system. 
 

 
Picture taken from: http://www.nasa.gov/mission_pages/hubble/science/ngc3344.html 

 

The NASA Hubble Telescope has taken this picture showing the galaxy in a spin. What do you 

think makes the galaxy spin and keeps planets and stars from flying away? Explain your 

thinking. 
 

 

Gravity in the Solar System 
 

 

"I have not as yet been able to discover the reason for these properties of gravity from 

phenomena, and I do not feign hypotheses." - Isaac Newton, in Philosophiae Naturalis 

Principia Mathematica , 1687. 
 

Isaac Newton first described gravity as the force that causes objects to fall to the ground and also the 
force that keeps the Moon circling Earth instead of flying off into space in a straight line. Gravity has 
traditionally been defined as a force of attraction between things that have mass. According to this 
conception of gravity, anything that has mass, no matter how small, exerts gravity on other matter. 
Gravity can act between objects that are not even touching. In fact, gravity can act over very long 
distances. However, the farther two objects are from each other, the weaker is the force of gravity 
between them. Less massive objects also have less gravity than more massive objects. 

 

 

http://www.nasa.gov/mission_pages/hubble/science/ngc3344.html
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Earth’s Shape, Size, and Mass 

As you walk, the ground usually looks pretty flat, even though the Earth is round. How do we know 
this? We have pictures of Earth taken from space that show that Earth is round. Astronauts aboard 
the Apollo 17 shuttle took this one, called “The Blue Marble” (figure below). Earth looks like a giant 
blue and white ball. 

 
This is how the Earth looks from space - like a blue and white marble. 

 

Long before spacecraft took photos of Earth from space, people knew that 
Earth was round. How? One way was to look at ships sailing off into the 
distance. What do you see when you watch a tall ship sail over the horizon 
of the Earth? The bottom part of the ship disappears faster than the top 
part. What would that ship look like if Earth was flat? No part of it would 
disappear before the other. It would all just get smaller as it moved further away. 

The Earth is part of a system.  A system is a group of objects or phenomena that interact or work 
together.  Our solar system includes the Sun and its family of orbiting planets, moons, and other 
objects.  Can you think of any other systems? 

In the solar system, the planets orbit around the Sun. The Sun and each of the planets of our solar 
system are round. Earth is the third planet from the Sun. It is one of the inner planets. Jupiter is an 

outer planet. It is the largest planet 
in the solar system at about 1,000 
times the size of Earth. The Sun is 
about 1,000 times bigger than 
Jupiter! (figure to the left).   

Compare the Sun with the other 
planets and see how the Sun is 
much bigger than all the other 
planets. 

 

 

 

 

Compared to Earth, the solar system is a big place. But galaxies are bigger - a lot bigger. A galaxy is 
a very large group of stars held together by gravity. How enormous a galaxy is and how many stars it 
contains are impossible for us to really understand. A galaxy can contain up to a few billion stars! Our 
solar system is in the Milky Way Galaxy. It is so large that if our solar system were the size of your 
fist, the galaxy’s disk would be wider than the entire United States! There are several different types 
of galaxies, and there are billions of galaxies in the universe. 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/24.1/#x-ck12-TVMtRVMtMjQtMDEtRWFydGg.
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The Milky Way Galaxy 

If you get away from   city 
lights and look up in the 
sky on a very clear night, 
you will see something 
spectacular. A band of 
milky light stretches across 
the sky, as in this figure to 
the right. This band is the 
disk of the Milky Way 
Galaxy. This is the galaxy 
where we all live. The Milky Way Galaxy looks different to us than other galaxies because our view is 
from inside of it!   

 
Shape and Size 

The Milky Way Galaxy is a spiral galaxy that contains about 400 
billion stars. Like other spiral galaxies, it has a disk, a central bulge, 
and spiral arms. The disk is about 100,000 light-years across. It is 
about 3,000 light years thick. A light year is a unit of distance that is 
equivalent to the distance that light travels in one year, which is 
9.4607 x 1012 km (nearly 6 trillion miles).  Most of the galaxy’s gas, 
dust, young stars, and open clusters are in the disk. Some 
astronomers think that there is a gigantic black hole at the center of 
the galaxy. This spiral figure shows what the Milky Way probably 
looks like from the outside. 
 

This is an artist’s rendering of the Milky Way Galaxy seen from above. The Sun and solar system (and you!) are a little 
more than halfway out from the center. 
 

Our solar system is within one of the spiral arms. Most of the stars we see in the sky are relatively 
nearby stars that are also in this spiral arm. We are a little more than halfway out from the center of 
the galaxy (about 26,000 light years) as shown in picture.   

Our solar system orbits the center of the galaxy as the galaxy spins. One orbit of the solar system 
takes about 225 to 250 million years. Scientific evidence supports that the solar system has orbited 
20 to 25 times since it formed 4.6 billion years ago. 

This video describes the solar system in which we live. It is located in an outer edge of the Milky Way 
galaxy, which spans 100,000 light years: http://www.youtube.com/watch?v=0Rt7FevNiRc (5:10). 

http://www.youtube.com/watch?v=0Rt7FevNiRc
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(a) The Sombrero Galaxy is a spiral galaxy that we see from the side so the disk and central bulge are visible. (b) The Pinwheel Galaxy 
is a spiral galaxy that we see face-on so we can see the spiral arms. Because they contain lots of young stars, spiral arms tend to be 
blue. 

The universe is space and all the matter and energy in it. We are always learning more about the 
universe. In the early 20th century, Edwin Hubble used powerful telescopes to show that some distant 
specks of light seen through telescopes are actually other galaxies. (figure below) Hubble discovered 
that the Andromeda Nebula is over 2 million light years away. This is many times farther than the 
farthest distances we had measured before. He realized that galaxies were collections of millions or 
billions of stars. Hubble also measured the distances to hundreds of galaxies. Today, we know that 
the universe contains about a hundred billion galaxies. 

 
Explore More 
Take a trip through the universe with Morgan Freeman. 
https://www.youtube.com/watch?v=qxXf7AJZ73A&index=12&list=PLwx5bFh23wwnE-
vtswociRYLCmyecfrzQ 
 

Determine your galactic address. If you were to write a letter to an alien being on another planet, how 
would you address the envelope? Usually you think of your address as only three or four lines long: 
your name, street, city, and state. But to address a letter to a friend in a distant galaxy, you have to 
specify where you are in a greater span of scales. 
 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/26.3/#x-ck12-TVMtRVMtMjYtMTYtZWR3aW4taHViYmxl
https://www.youtube.com/watch?v=qxXf7AJZ73A&index=12&list=PLwx5bFh23wwnE-vtswociRYLCmyecfrzQ
https://www.youtube.com/watch?v=qxXf7AJZ73A&index=12&list=PLwx5bFh23wwnE-vtswociRYLCmyecfrzQ
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From Earth to the Universe Assessment 
Essential Skill:  Models can be used to represent systems and their interactions-such as inputs, 
processes, and outputs-and energy, matter, and information flows within systems. 
1. Describe the Milky Way Galaxy and Earth's place in it. (DOK 1) 
 
 
  
2. How do astronomers know that we live in a spiral galaxy if we're inside it? (DOK 3) 
 
 

3. Objects in the universe tend to be grouped together. What might cause them to form and stay 
in groups? (DOK 3) 
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2.2 Formation of Solar System 
By the end of this reading, you should be able to... 
MS-ESS1-2: Develop and use a model to describe the role of gravity in the motions within galaxies 
and the solar system. 
 

 
Taken from:http://imagecache.jpl.nasa.gov/images/640x350/spitzerB-20090513-640-640x350.jpg 

 

The Role of Gravity 

Every object is attracted to every other object by gravity. The force of gravity between two objects 
depends on the mass of the objects. It also depends on how far apart the objects are. When you are 
sitting next to your dog, there is a gravitational force between the two of you. That force is far too 
weak for you to notice. You can feel the force of gravity between you and Earth because Earth has a 
lot of mass. The force of gravity between the Sun and planets is also very large. This is because the 
Sun and the planets are very large objects. Gravity is great enough to hold the planets to the Sun 
even though the distances between them are enormous. Gravity also holds moons in orbit around 
planets. 

 
Planets are held in their orbits by the force of gravity. What would happen without gravity? Imagine 
that you are swinging a ball on a string in a circular motion. Now let go of the string. The ball will fly 
away from you in a straight line. It was the string pulling on the ball that kept the ball moving in a 
circle. The motion of a planet is very similar to the ball on a string. The force pulling the planet is the 
pull of gravity between the planet and the Sun. 
 

Formation of the Solar System 

To figure out how the solar system formed, we need to put together what we have learned. There are 
two other important features to consider. First, all the planets orbit in nearly the same flat, disk-like 
region. Second, all the planets orbit in the same direction around the Sun. These two features are 
clues to how the solar system formed. 

 

 

 

 

http://imagecache.jpl.nasa.gov/images/640x350/spitzerB-20090513-640-640x350.jpg


49 
 

A Giant Nebula 

Scientists think the solar system formed from a big cloud of gas and 
dust, called a nebula. This is the solar nebula hypothesis. The nebula 
was made mostly of hydrogen and helium. There were heavier 
elements too. Gravity caused the nebula to contract (see figure to 
right) 

The nebula was drawn together by gravity. 

As the nebula contracted, it started to spin. As it got smaller and 
smaller, it spun faster and faster. This is what happens when an ice 
skater pulls her arms to her sides during a spin move. She spins 
faster. The spinning caused the nebula to form into a disk shape. 

This model explains why all the planets are found in the flat, disk-
shaped region. It also explains why all the planets revolve in the same 
direction. The solar system formed from the nebula about 4.6 billion years ago. 

Formation of the Sun and Planets 

Scientific evidence supports that Sun was the first object to form in the solar system. Gravity pulled 
matter together to the center of the disk. Density and pressure increased tremendously. Nuclear 
fusion reactions begin. In these reactions, the nuclei of atoms come together to form new, heavier 
chemical elements. Fusion reactions release huge amounts of nuclear energy. From these reactions 
a star was born, the Sun. 

Meanwhile, the outer parts of the disk were cooling off. Small pieces of dust started clumping 
together. These clumps collided and combined with other clumps. Larger clumps attracted smaller 
clumps with their gravity. Eventually, all these pieces grew into the planets and moons that we find in 
our solar system today. 

The outer planets — Jupiter, Saturn, Uranus, and Neptune — condensed from lighter materials. 
Hydrogen, helium, water, ammonia, and methane were among them.  The inner planets — Mercury, 
Venus, Earth, and Mars — were formed from denser elements like iron and nickel found in the cores 
of these planets. 
 

Formation of Solar System Assessment 
Essential Skill:  Models can be used to represent systems and their interactions-such as inputs, 
processes, and outputs-and energy, matter, and information flows within systems. 
 

1. The Big Bang theory is currently the most widely accepted scientific theory for how the 
universe formed. What is another explanation of how the universe could have formed? Is your 
explanation one that a scientist would accept? (DOK 3) 

 
2. Draw a picture (a model) with labels that describe the role of gravity in how the solar system 

functions. Why don't the planets fly off into space? Why don't the planets ram into the Sun? 
(DOK 4) 

 

3. Why does the nebular hypothesis explain how the solar system originated? (DOK 2) 
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2.3 Solar System 
By the end of this reading, you should be able to... 
MS-ESS1-3 Analyze and interpret data to determine scale properties of objects in the solar systems. 
 

 
Taken from: http://i.huffpost.com/gen/1555789/thumbs/o-SOLAR-SYSTEM-facebook.jpg 

 

Can you name at least three objects in the solar system? 

We can learn a lot about the universe and about Earth history by studying our nearest neighbors. The 
solar system has planets, asteroids, comets, and even a star for us to see and understand. It's a 
fascinating place to live!  Click here to watch:  How Small are We? 

Changing Views of the Solar System 
 

The Sun and all the objects that are held by the Sun’s gravity are known as the solar system. These 
objects all revolve around the Sun. The ancient Greeks recognized five planets. These lights in the 
night sky changed their position against the background of stars. They appeared to wander. In fact, 
the word “planet” comes from a Greek word meaning “wanderer.” These objects were thought to be 
important, so they named them after gods from their mythology. The names for the planets Mercury, 
Venus, Mars, Jupiter, and Saturn came from the names of gods and a goddess. 
 

What is a Planet? 
In 2006, the International Astronomical Union decided that there were too many questions 
surrounding what could be called a planet, and so refined the definition of a planet. 

According to the new definition, a planet must: 

• Orbit a star 
• Be big enough that its own gravity causes it to be shaped as a sphere 
• Be small enough that it isn’t a star itself 
• Have cleared the area of its orbit of smaller objects 

 

http://i.huffpost.com/gen/1555789/thumbs/o-SOLAR-SYSTEM-facebook.jpg
http://ed.ted.com/lessons/how-small-are-we-in-the-scale-of-the-universe-alex-hofeldt#discussion
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Planets and Their Sizes 

Today we know that we have eight planets, five dwarf planets, over 
165 moons, and many, many asteroids and other small objects in 
our solar system. We also know that the Sun is not the center of the 
universe. But it is the center of the solar system. 
 

This artistic composition shows the eight planets, a comet, and an asteroid. 

Look at the figure of our solar system. The planets are Mercury, 
Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune.  
This table below gives some data on the mass and diameter of the 
Sun and planets relative to Earth. 
 
 

Object Mass (Relative to Earth) Diameter of Planet (Relative to Earth) 
Sun 333,000 Earth's mass 109.2 Earth's diameter 
Mercury 0.06 Earth's mass 0.39 Earth's diameter 
Venus 0.82 Earth's mass 0.95 Earth's diameter 
Earth 1.00 Earth's mass 1.00 Earth's diameter 
Mars 0.11 Earth's mass 0.53 Earth's diameter 
Jupiter 317.8 Earth's mass 11.21 Earth's diameter 
Saturn 95.2 Earth's mass 9.41 Earth's diameter 
Uranus 14.6 Earth's mass 3.98 Earth's diameter 
Neptune 17.2 Earth's mass 3.81 Earth's diameter 

 

 
 

Planets and Their Motions  

The figure to the right shows the Sun and 
planets with the correct sizes. The distances 
between them are way too small. In general, 
the farther away from the Sun, the greater the 
distance from one planet’s orbit to the next. 

 

 

 

 

 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/25.1/#x-ck12-dGFibGU6c29sYXJfc3lzdGVtX3NpemU.
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The figures on the following page show those distances correctly. Examine the orbits of the inner 
planets and the asteroid belt. The asteroid belt is a collection of many small objects between the orbits 
of Mars and Jupiter. The first picture is of the outer planets and the Kuiper belt. The Kuiper belt is a 
group of objects beyond the orbit of Neptune. 
 

In this image, distances are shown to scale. 

In the second figure, you can 
see that the orbits of the planets 
are nearly circular. The shape of 
a planet’s orbit is called an 
ellipse which is a flattened circle 
or oval.  Pluto's orbit is a much 
longer ellipse. Some 
astronomers think Pluto was 
dragged into its orbit by 
Neptune. 

Distances in the solar system are often measured in astronomical units (AU). One astronomical unit is 
defined as the distance from Earth to the Sun. 1 AU equals about 150 million km (93 million miles). 
The following table shows the distance from the Sun to each planet in AU. The table shows how long 
it takes each planet to spin on its axis. Remember this spinning motion is called rotation. The table 
also shows how long it takes each planet to revolve around the Sun.  
 

Notice how slowly Venus rotates! A day on Venus is actually longer than a year on Venus! What else 
do you notice? 
Planet Average Distance from Sun 

(AU) 
Length of Day (In Earth 
Days) 

Length of Year (In Earth 
Years) 

Mercury 0.39 AU 56.84 days 0.24 years 
Venus 0.72 243.02 0.62 
Earth 1.00 1.00 1.00 
Mars 1.52 1.03 1.88 
Jupiter 5.20 0.41 11.86 
Saturn 9.54 0.43 29.46 
Uranus 19.22 0.72 84.01 
Neptune 30.06 0.67 164.8 
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Planets 

The four planets closest to the Sun - Mercury, Venus, Earth, and Mars - are the inner planets. They 
are similar to Earth. All are solid, dense, and rocky. None of the inner planets has rings. Compared to 
the outer planets, the inner planets are small. 
They have shorter orbits around the Sun and 
they spin more slowly. Venus spins backwards 
and spins the slowest of all the planets. 

All of the inner planets were geologically active 
at one time. They are all made of cooled 
igneous rock with inner iron cores. Earth has 
one big, round moon, while Mars has two very 
small, irregular moons. Mercury and Venus do 
not have moons. 

The image above shows the relative sizes of the four inner planets. From left to right, they are 
Mercury, Venus, Earth, and Mars. 
 

Jupiter, Saturn, Uranus, and Neptune are the outer 
planets of our solar system. These are the four 
planets farthest from the Sun. The outer planets are 
much larger than the inner planets. Since they are 
mostly made of gases, they are also called gas 
giants. 
 

This image shows the four outer planets and the Sun, with sizes to 
scale. From left to right, the outer planets are Jupiter, Saturn, Uranus, 
and Neptune. 

The gas giants are mostly made of hydrogen and helium. These are the same elements that make up 
most of the Sun. Astronomers think that most of the nebula was hydrogen and helium. The inner 
planets lost these very light gases. Their gravity was too low to keep them and they floated away into 
space. The Sun and the outer planets had enough gravity to keep the hydrogen and helium. All of the 
outer planets have numerous moons. They also have planetary rings made of dust and other small 
particles. Only the rings of Saturn can be easily seen from Earth. 
 

Dwarf Planets 
The dwarf planets of our solar system are exciting proof of how much we are learning about our 
solar system. With the discovery of many new objects in our solar system, astronomers refined the 
definition of a dwarf planet in 2006. 

According to the IAU, a dwarf planet must: 

• Orbit a star. 
• Have enough mass to be nearly spherical. 
• Not have cleared the area around its orbit of smaller objects. 
• Not be a moon. 
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Pluto 

The reclassification of Pluto to the new category dwarf planet stirred up a great deal of controversy. 
How the classification of Pluto has evolved is an interesting story in science. 

From the time it was discovered in 1930 until the early 2000s, Pluto was considered the ninth planet. 
When astronomers first located Pluto, the telescopes were not as good, so Pluto and its moon, 
Charon, were seen as one much larger object (see figure below). With better telescopes, 
astronomers realized that Pluto was much smaller than they had thought. 

 
Pluto and its moon, Charon, are actually two objects. 

Better technology also allowed astronomers to discover 
many smaller objects like Pluto that orbit the Sun. One of 
them, Eris, discovered in 2005, is even larger than Pluto. 

Even when it was considered a planet, Pluto was an 
oddball. Unlike the other outer planets in the solar system, 
which are all gas giants, it is small, icy, and rocky. With a 
diameter of about 2,400 km, it is only about one-fifth the 
mass of Earth’s Moon. Pluto’s orbit is tilted relative to the 
other planets and is shaped like a long, narrow ellipse. 
Pluto’s orbit sometimes even passes inside Neptune’s 
orbit. 

In 1992, Pluto’s orbit was recognized to be part of the Kuiper belt. With more than 200 million Kuiper 
belt objects, Pluto has failed the test of clearing other bodies out its orbit. 

In 2006, NASA launched a space probe named New Horizons to study Pluto.  The probe completed 
the first flyby of Pluto in mid-2015.  This has sparked a new debate as to the status of Pluto.  

From what you’ve read above, do you think Pluto should be called a planet? Why are people hesitant 
to take away Pluto’s planetary status? Is Pluto a dwarf planet? 

 

Asteroids 

Asteroids are very small, irregularly shaped, rocky bodies. Asteroids orbit the Sun, but they are more 
like giant rocks than planets. Since they are small, they do not have enough gravity to become round. 
They are too small to have an atmosphere. With no internal heat, they are not geologically active. An 
asteroid can only change due to a collision. A collision may cause the asteroid to break up. It may 
create craters on the asteroid’s surface. An asteroid may strike a planet if it comes near enough to be 
pulled in by its gravity. The figure below shows a typical asteroid. 

 
Asteroid Ida with its tiny moon Dactyl. The asteroid’s mean radius is 15.7 km. 

 

 

http://www.ck12.org/earth-science/Telescopes
http://www.ck12.org/earth-science/Telescopes
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/earth-science/Neptune
http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/25.4/#x-ck12-TVMtRVMtMjUtMzEtYXN0ZXJvaWQ.
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The Asteroid Belt 

 

Hundreds of thousands of asteroids have been 
found in our solar system. They are still being 
discovered at a rate of about 5,000 new asteroids 
per month! The majority are located in between the 
orbits of Mars and Jupiter. This region is called the 
asteroid belt, as shown in the figure on the 
following page. There are many thousands of 
asteroids in the asteroid belt. Still, their total mass 
adds up to only about 4 percent of Earth’s Moon. 

Asteroids formed at the same time as the rest of 
the solar system. Although there are many in the 
asteroid belt, they were never able to form into a 
planet. Jupiter's gravity kept them apart. 
 

 

The asteroid belt is between Mars and Jupiter. 

 

Solar System Assessment  
Essential Skill:  Time, space, and energy phenomena 
can be observed at various scales using models to 
study systems that are too large or too small. 

1. How are the outer planets different from the 
inner planets? (DOK 1) 

2. If you were given the task of finding life in the 
solar system somewhere besides Earth where 
would you look? (DOK 3) 

Students should ideally narrow down their choices to the inner planets, because they have an 
environment better suited to support life. Students should consider temperature and location to 
the Sun, as well as what is necessary to support life. Goldilocks principle to discuss with 
Honors potentially. 

3. The inner planets are small and rocky, while the outer planets are large and made of gases. 
Why might the planets have formed into these two groups? (DOK 3) 
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4. Look at the Gravity graph to the right. 
Compare the gravity on other planets to that 
on Earth’s. 

o On which planet would you weigh 
the most? On which planet would 
you weigh the least? (DOK 1) 

o Which planets amounts of gravity 
are most similar to Earth’s? Why do 
you think the gravity values are 
similar?  (DOK 2) 

 
 
 
 

5. Look at the Day on Each of the Planets 
graph to the right. Compare the length of 
day on other planets to that on Earth’s. 

o Which planet has the longest day? 
Which planet has the shortest day? 
(DOK 1) 

o The length of day on each planet is 
controlled by what? (DOK 2) Assess 
each planet and determine if your 
age would increase or decrease 
depending on the length of 
day.  (DOK 3) 
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2.4 Patterns and Motion of the Solar System 
Supports MS-ESS1-1 Develop and use a model of the Earth-sun-moon system to describe the cyclic 
patterns of lunar phases, eclipses of the sun and moon, and seasons. 
 

Picture taken from: http://www.cosmicintelligenceagency.com/wp-content/uploads/2013/05/Full-Moon-
Cap.jpg 

What patterns do the sun, moon, and stars use that help sailors 
navigate the oceans? 
 

 

 

Introduction 
 
The Earth, Moon and Sun are linked together in space. Monthly or daily cycles continually remind us 
of these links. Every month, you can see the Moon change. This is due to where it is relative to the 
Sun and Earth. In one phase, the Moon is brightly illuminated - a full moon. In the opposite phase, it is 
completely dark - a new moon. In between, it is partially lit up. When the Moon is in just the right 
position, it causes an eclipse. The daily tides are another reminder of the Moon and Sun. They are 
caused by the pull of the Moon and the Sun on the Earth.  
 

Important Motions 
 

The planets and our Moon rotate on an imaginary line called an axis. Rotation is defined as the 
motion of a body on its axis.  The planets and other bodies in space also revolve.  Revolution is 
defined as the motion of one body around another due to gravity. 

 
http://egloos.zum.com/damulism/v/3392961   

 

Another word scientists use when describing the motion of objects in space is orbit. The word orbit is 
very similar to revolution.   An orbit is what scientists call the path of an object in space as it moves 
around another object due to gravity. 

http://www.cosmicintelligenceagency.com/wp-content/uploads/2013/05/Full-Moon-Cap.jpg
http://www.cosmicintelligenceagency.com/wp-content/uploads/2013/05/Full-Moon-Cap.jpg
http://egloos.zum.com/damulism/v/3392961
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Lunar Characteristics 

The Moon is Earth’s only natural satellite. The Moon is about one-fourth the size of Earth, 3,476 
kilometers in diameter. Gravity on the Moon is only one-sixth as strong as it is on Earth. If you weigh 
120 pounds on Earth, you would only weigh 20 pounds on the Moon. You can jump six times as high 
on the Moon as you can on Earth. The Moon makes no light of its own. Like every other body in the 

solar system, it only reflects light from the Sun. 

The Moon rotates on its axis once for every orbit it 
makes around the Earth. What does this mean? This 
means that the same side of the Moon always faces 
Earth. The side of the Moon that always faces Earth 
is called the near side. The side of the Moon that 
always faces away from Earth is called the far side 
(figure to the right). All people for all time have only 
seen the Moon's near side. The far side has only 
been seen by spacecraft. 

The Mare Moscoviense is one of the few maria, or dark, flat areas, on 
the far side. 

The Phases of the Moon 

The Moon does not produce any light of its own. It 
only reflects light from the Sun. As the Moon moves 
around the Earth, we see different parts of the Moon 
lit up by the Sun. This causes the phases of the 
Moon. As the Moon revolves around Earth, it 
changes from fully lit to completely dark and back 
again. 

A full moon occurs when the whole side facing Earth 
is lit. This happens when Earth is between the Moon 
and the Sun. About one week later, the Moon enters 
the quarter-moon phase. Only half of the Moon’s lit 
surface is visible from Earth, so it appears as a half 
circle. When the Moon moves between Earth and 
the Sun, the side facing Earth is completely dark. 
This is called the new moon phase. Sometimes you 
can just barely make out the outline of the new moon 
in the sky. This is because some sunlight reflects off 
the Earth and hits the Moon.  

Before and after the quarter-moon phases are the 
gibbous and crescent phases. During the crescent 
moon phase, the Moon is less than half lit. It is seen 
as only a sliver or crescent shape. During the 
gibbous moon phase, the Moon is more than half lit. 
It is not full. The Moon undergoes a complete cycle 
of phases about every 29.5 days. 
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The Tides 

Tides are the daily rise and fall of sea level at any given place. The pull of the Moon’s gravity on 
Earth is the primary cause of tides and the pull of the Sun’s gravity on Earth is the secondary cause. 
The Moon has a greater effect because, although it is much smaller than the Sun, it is much closer. 
The Moon’s pull is about twice that of the Sun’s. 

To understand the tides, it is easiest to start with the effect of the Moon on Earth. As the Moon 
revolves around our planet, its gravity pulls Earth toward it. The lithosphere is unable to move much, 
but the water is pulled by the gravity and a bulge is created. This bulge is the high tide beneath the 
Moon. On the other side of the Earth, a high tide is produced where the Moon’s pull is weakest. 
These two water bulges on opposite sides of the Earth aligned with the Moon are the high tides. The 
places directly in between the high tides are low tides. As the Earth rotates beneath the Moon, a 
single spot will experience two high tides and two low tides approximately every day. 

 

High tides occur about every 12 
hours and 25 minutes. The reason 
is that the Moon takes 24 hours and 
50 minutes to rotate once around 
the Earth, so the Moon is over the 
same location every 24 hours and 
50 minutes. Since high tides occur 
twice a day, one arrives each 12 
hours and 25 minutes. What is the 
time between a high tide and the 
next low tide? 

The gravity of the Sun also pulls 
Earth’s water towards it. Because 
the Sun is so far away, its pull is 
smaller than the Moon’s.  Some 

coastal areas do not follow this pattern at all. These coastal areas may have one high and one low 
tide per day or a different amount of time between two high tides. These differences are often 
because of local conditions, such as the shape of the coastline that the tide is entering. 

 

Tidal Range 

The tidal range is the difference between 
the ocean level at high tide and the ocean 
level at low tide (figure to the right). The 
tidal range in a location depends on a 
number of factors, including the slope of 
the seafloor. Water appears to move a 
greater distance on a gentle slope than on 
a steep slope. 
 

http://www.ck12.org/earth-science/Sun
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Seafloor
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Distance-in-Physical-Science
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Monthly Tidal Patterns 

If you look at the diagram of high and low tides on a circular 
Earth, you’ll see that tides are waves. So, when the Sun and 
Moon are aligned, what do you expect the tides to look like? 

Waves are additive, so when the gravitational pull of both 
bodies is in the same direction, the high tides are higher and the 
low tides lower than at other times through the month. These 
more extreme tides, with a greater tidal range, are called spring 
tides. Spring tides don't just occur in the spring; they occur 
whenever the Moon is in a new-moon or full-moon phase, about 
every 14 days. 
 
A spring tide occurs when the gravitational pull of both Moon and the Sun is in the 
same direction, making high tides higher and low tides lower and creating a large tidal 
range. 

 

Neap tides are tides that have the smallest tidal range, 
and they occur when the Earth, the Moon, and the Sun 
form a 90o angle. They occur exactly halfway between 
the spring tides, when the Moon is at first or last quarter. 
How do the tides add up to create neap tides? The 
Moon's high tide occurs in the same place as the Sun's 
low tide and the Moon's low tide in the same place as 
the Sun's high tide. At neap tides, the tidal range is 
relatively small. 
A neap tide occurs when the high tide of the Sun adds to the low tide of 
the Moon and vice versa, so the tidal range is relatively small. 

With the link below, learn more about the Bay of Fundy. 
Then answer the following questions. 
 

Real World Application Video  

1. What causes high, high tides and low, low tides?  
2. What exaggerates the tides effects in the Bay of Fundy?  
3. What determines the speed of seiching in a basin What is 
the speed in the Bay of Fundy? What does this coincide with?  
4. Why does the Bay of Fundy have such extreme tides? How 
does the topography influence the tides?  
5. How do existing tidal power plants work?  
6. What will the next generation of tidal power plants look like in 
the Bay of Fundy? What is the advantage of this?  

 

 

 

 

https://www.youtube.com/watch?v=l85Dk9LpIEs&list=UUZYTClx2T1of7BRZ86-8fow
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Patterns and Motion of the Solar System Assessment 
Essential Skill:  Patterns can be used to identify cause and effect relationships. 

1. Where are the stars in a constellation located relative to each other? Are they always near 
each other? Are they always far from each other? (DOK 1) 

 
2. If you are standing on the shore and it is high tide, what are the two possible locations for the 

moon relative to where you are? (DOK 2)  
 

 
3. If the Moon rotates on its axis twice as fast as it does now, would we see anything different 

than we do now?  Why or why not? (DOK 3)  

4. The same side of the Moon always faces Earth. What would Earth be like if its same side 
always faced the Sun? (DOK 4) 

5. Why is it good that the moon is not closer to the Earth? (DOK 3) 
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2.5 Eclipses of the Moon and Sun 
Supports MS-ESS1-1: Develop and use a model of the Earth-Sun-Moon system to describe the cyclic 
patterns of lunar phases, eclipses of the sun and moon, and seasons. 
 
 

Explain what you think is happening in this picture. 
 

 

 

 

 

 

 

Solar Eclipses 

An eclipse is where one object in space casts a shadow onto another.  When a new moon passes 
directly between the Earth and the Sun, it causes a solar eclipse. The Moon casts a shadow on the 
Earth and blocks our view of the Sun. This happens only when all three are lined up and in the same 
plane. This plane is called the ecliptic. The ecliptic is the plane of Earth’s orbit around the Sun. 

The Moon’s shadow has two distinct parts. The umbra is the inner, cone-shaped part of the shadow. 
It is the part in which all of the light has been blocked. The penumbra is the outer part of Moon’s 
shadow. It is where the light is only partially blocked. 
During a solar eclipse, the Moon 
casts a shadow on the Earth. The 
shadow is made up of two parts: 
the darker umbra and the lighter 
penumbra. 

When the Moon's shadow 
completely blocks the Sun, 
it is a total solar eclipse. If 
only part of the Sun is out 
of view, it is a partial solar 
eclipse. Solar eclipses are 
rare events. They usually 
only last a few minutes. 
That is because the 
Moon’s shadow only 
covers a very small area 
on Earth and Earth is turning very rapidly. 
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Solar eclipses are amazing to experience. It appears a bit like 
night. Birds may sing as they do at dusk. Stars become visible in 
the sky and it gets colder outside. Unlike at night, the Sun is out. 
So during a solar eclipse, it's easy to see the Sun's corona and 
solar prominences. This NASA page will inform you on when 
solar eclipses are expected: 
http://eclipse.gsfc.nasa.gov/solar.html 

 

 
 

A Lunar Eclipse 
 

A lunar eclipse occurs when the full moon moves through 
Earth’s shadow, which only happens when Earth is between 
the Moon and the Sun and all three are lined up in the same 
plane, called the ecliptic (figure right ). In an eclipse, Earth’s 
shadow has two distinct parts: the umbra and the penumbra. 
The umbra is the inner, cone-shaped part of the shadow, in 
which all of the light has been blocked. The penumbra is the 
outer part of Earth’s shadow where only part of the light is 
blocked. In the penumbra, the light is dimmed but not totally 
absent 

During a total lunar eclipse, the Moon travels completely in 
Earth’s umbra. During a partial lunar eclipse, only a portion of 

the Moon enters Earth’s umbra. When the Moon passes through Earth’s penumbra, it is a 
penumbral eclipse. Since Earth’s shadow is large, a lunar eclipse lasts for hours. Anyone with a view 
of the Moon can see a lunar eclipse. 

Partial lunar eclipses occur at least twice a year, but total lunar eclipses are less common. The Moon 
glows with a dull red coloring during a total lunar eclipse. 

 
A lunar eclipse is shown in a series of pictures. 

http://eclipse.gsfc.nasa.gov/solar.html
http://www.ck12.org/earth-science/Eclipses/lesson/Eclipses/?referrer=concept_details#x-ck12-SFMtRVMtMjQtMjgtTHVuYXItZWNsaXBzZQ..
http://eclipse.gsfc.nasa.gov/solar.html
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Explore More 

• To see a solar eclipse, watch the following link: 
https://www.youtube.com/watch?v=eOvWioz4PoQ 

• To see a lunar eclipse, watch the following link: 
https://www.youtube.com/watch?v=2dk--
lPAi04&index=6&list=PLwx5bFh23wwnE-
vtswociRYLCmyecfrzQ 

 

Eclipses of the Moon and Sun Assessment 
Essential Skill:  Patterns can be used to identify cause and effect relationships. 

1. Why don't eclipses occur every single month at the full and new moons? (DOK 2) 

2. Venus comes between the Earth and the Sun. Why don't we see an eclipse when this 
happens? (DOK 3) 

3. Why do lunar eclipses happen more often and last longer than solar eclipses? (DOK 3) 

4. If eclipses lasted longer than a few hours, say for days, what effects might that have on plants 
and wildlife? (DOK 4) 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=eOvWioz4PoQ
https://www.youtube.com/watch?v=2dk--lPAi04&index=6&list=PLwx5bFh23wwnE-vtswociRYLCmyecfrzQ
https://www.youtube.com/watch?v=2dk--lPAi04&index=6&list=PLwx5bFh23wwnE-vtswociRYLCmyecfrzQ
https://www.youtube.com/watch?v=2dk--lPAi04&index=6&list=PLwx5bFh23wwnE-vtswociRYLCmyecfrzQ
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2.6 Earth’s Axis and Seasons 
By the end of this section, you should be able to... 
MS-ESS1-1: Develop and use a model of the Earth-Sun-Moon system to describe the cyclic patterns 
of lunar phases, eclipses of the sun and moon, and seasons. 

 
Taken from:http://blogs.discovery.com/.a/6a00d8341bf67c53ef015438a46e3d970c-500wi 

 

In the graphic above, would America be experiencing winter or summer? Explain why. 

Revisiting Earth’s Rotation 

Imagine a line passing through the center of Earth that goes through both the North Pole and the 
South Pole. This imaginary line is called an axis. Earth spins around its axis, just as a top spins 
around its spindle. This spinning movement is called Earth’s rotation. 

An observer in space will see that Earth requires 23 hours, 59 minutes, and 4 seconds to make one 
complete rotation on its axis. But because Earth moves around the Sun at the same time that it is 
rotating, the planet must turn just a little bit more to reach the same place relative to the Sun. Hence 
the length of a day on Earth is actually 24 hours. 

At the Equator, the Earth rotates at a speed of about 1,700 km per hour, 
but at the poles the movement speed is nearly nothing. 

In 1851, a French scientist named Léon Foucault took an iron sphere and 
hung it from a wire. He pulled the sphere to one side and then released it, 
as a pendulum. The weight swung back and forth in a straight line. If 
Earth did not rotate, the pendulum would not change direction as it was 

swinging. But it did, or at least it appeared 
to. The direction of the pendulum appeared 
to change because Earth rotates beneath it. 
People at that time already knew that Earth 
rotated on its axis, but Foucault's experiment was nice confirmation.  

 

Foucault's Pendulum is at the Pantheon in Paris, France. 
 

http://blogs.discovery.com/.a/6a00d8341bf67c53ef015438a46e3d970c-500wi
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/physics/Pendulum
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Earth’s Day and Night 

How long does it take Earth to spin once on its axis? One rotation is 24 hours. That rotation is the 
length of a day! Whatever time it is, the side of Earth facing the Sun has daylight. The side facing 
away from the Sun is dark. If you look at Earth from the North Pole, the planet spins 
counterclockwise. As the Earth rotates, you see the Sun moving across the sky from east to west. We 
often say that the Sun is “rising” or “setting.” The Sun rises in the east and sets in the west. Actually, it 
is the Earth’s rotation that makes it appear that way. The Moon and the stars at night also seem to 
rise in the east and set in the west. Earth’s rotation is also responsible for this too. As Earth turns, the 
Moon and stars change position in the sky. 

Revisiting Earth’s Revolution 
Earth’s revolution around the Sun takes 365.24 days. That is equal to one year. The Earth stays in 
orbit around the Sun because of the Sun's gravity. Remember, Earth's orbit is not a circle. It is 
somewhat elliptical.  

Animation of How Earth Works and Introduction to the Seasons 
 

 

Earth and the other planets in the solar system make elliptical orbits around the Sun. 
 

The distance between the Earth and the Sun is about 150 million kilometers. Earth revolves around 
the Sun at an average speed of about 27 kilometers (17 miles) per second. Mercury and Venus are 
closer to the Sun, so they take shorter times to make one orbit. Mercury takes only about 88 Earth 
days to make one trip around the Sun. All of the other planets take longer amounts of time. The exact 
amount depends on the planet's distance from the Sun. Saturn takes more than 29 Earth years to 
make one revolution around the Sun. 

Earth’s Seasons 
Most locations on Earth experience seasons.  Seasons are yearly patterns of temperature changes 
and weather trends caused by Earth’s tilted axis and orbit around the Sun. Some people have the 
misconception that Earth is closer to the Sun in the summer and farther away from the Sun in the 
winter. But that's not true! Why can't that be true? Because when it's summer in one hemisphere, it's 
winter in the other. So, what does cause the seasons? The seasons are caused by the 23.5° tilt of 
Earth’s axis as it revolves around the Sun. One hemisphere points more directly toward the Sun than 
the other hemisphere. As Earth orbits the Sun, the tilt of Earth's axis stays pointed in the same 
direction in space, pointing toward the North Star. 

. 

https://www.youtube.com/watch?v=JaG70cJ8vDE
http://www.ck12.org/earth-science/Sun?referrer=crossref
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Solstices and Equinoxes 

Because the tilt is always pointed in the same direction, as 
the Earth travels around the Sun, the area of sunlight in each 
hemisphere changes. There are two times during the year 
when the sunlight is at its maximum in one hemisphere and 
minimum in the other.  When this happens, it is called a 
solstice.  There is a June Solstice and a December Solstice. 
These days are often referred to as the first day of summer 
and the first day of winter.  There are two times during the 
year when the sunlight shines equally on the northern and 
southern hemispheres.  When this happens, it is called an 
equinox. There is a March Equinox and a September 
Equinox.  These days are often referred to as the first day of 
spring and the first day of fall. 
 

Northern Hemisphere  
 
Summer 

 

During summer in the Northern 
Hemisphere, the North Pole is tilted 
toward the Sun. The Sun's rays strike the 
Northern Hemisphere more directly 
(figure left). The region gets a lot of 
sunlight. The summer solstice is June 
21 or 22. At that time, the Sun's rays hit 
directly at the Tropic of Cancer (23.5°N). 
This is the farthest north that the Sun will 
be directly overhead. Summer solstice in 
the Northern Hemisphere is winter 
solstice in the Southern Hemisphere. 

 
Winter 

Winter solstice for the Northern 
Hemisphere happens on December 
21 or 22. The North Pole of Earth's 
axis points away from the Sun (figure 
right). Light from the Sun is spread 
out over a larger area. With fewer 
daylight hours in winter, there is also 
less time for the Sun to warm the 
area. When it is winter in the Northern 
Hemisphere, it is summer in the 
Southern Hemisphere. 
 

 

 

http://www.ck12.org/earth-science/Sun?referrer=crossref
http://www.ck12.org/life-science/Cancer-in-Life-Science?referrer=crossref
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Spring and Fall 
 

Halfway between the two solstices, the Sun's rays shine most directly at the Equator, called an 
equinox. The daylight and nighttime hours are exactly equal on an equinox. The autumnal, or fall 
equinox happens on September 22 or 23.  This day marks the beginning of fall in the Northern 
Hemisphere.  The vernal, or spring, equinox happens March 21 or 22.  This day marks the beginning 
of spring in the Northern Hemisphere.  What season begins in the Southern Hemisphere in 
March?  What season begins in the Southern Hemisphere in September? 

 

 
 

Can you label the Northern Hemisphere’s spring and fall on the diagram above? 

What causes Earth’s Seasons https://www.youtube.com/watch?v=iXY79qBxovE (2:18) 

Bill Nye Seasons:  https://www.youtube.com/watch?v=KUU7IyfR34o (4:45) 

 

Where sunlight reaches on spring equinox, summer solstice, vernal equinox, 
and winter solstice. The time is 9:00 p.m. Universal Time, at Greenwich, 
England. 
 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=iXY79qBxovE
https://www.youtube.com/watch?v=KUU7IyfR34o
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Earth’s Axis and Seasons Assessment 
Essential Skill:  Patterns can be used to identify cause and effect relationships. 

1. Describe Earth’s rotation. Describe Earth's revolution. (DOK 1) 

2. Even though Earth is closest to the Sun in January, people in the Northern Hemisphere 
experience winter weather. Why do you think people in the Northern Hemisphere have 
winter in January? (DOK 2) 

3. If Earth suddenly increased in mass, what might happen to its orbit around the Sun? (DOK 
3) 

4. Since the Sun is up for months during the summer at the north pole, why is it that the 
Equator actually gets the most solar radiation over the course of a year? (DOK 3) 
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2.7 Roles of Water in Earth’s Surface Processes 
Supports MS-ESS2-6: Develop and use a model to describe how unequal heating and rotation of the 
earth causes patterns of atmospheric and oceanic circulation that determine regional climates. 
 

What do you get when you evaporate seawater? 

 

 

 

Composition of Ocean Water 

 

 

Water (H2O) is a polar molecule, so it can dissolve many substances. Salts, sugars, acids, bases, and organic 
molecules can all dissolve in water.  Ocean water is composed of many substances, many of them salts such 
as sodium, magnesium, and calcium chloride. 

 

 

 

 

 

 

http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/chemistry/Substances?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
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How Salty Is Ocean Water? 

Have you ever gone swimming in the ocean? If you have, then you probably tasted the salts in the 
water. By mass, salts make up about 3.5% of ocean water. The table on the following page shows the 
most common minerals in ocean water. The main components are sodium and chloride. Together 
they form the salt known as sodium chloride. You may know the compound as table salt or the 
mineral halite. 

Element Percent 

Oxygen 85.84 

Hydrogen 10.82 

Chloride 1.94 

Sodium 1.08 

Magnesium 0.1292 

Sulfur 0.091 

Calcium 0.04 

Potassium 0.04 

Bromine 0.0067 

Carbon 0.0028 

The amount of salts in ocean water varies from place to place. For example, near the mouth of a 
river, ocean water may be less salty. That’s because river water contains less salt than ocean water. 
Where the ocean is warm, the water may be saltier. Can you explain why? (Hint: More water 
evaporates when the water is warm.) 

Why Is Ocean Water Salty? 

Ocean water is salty because water dissolves minerals out of rocks. The ions enter the water. This 
happens whenever water flows over or through rocks. Much of this water and its minerals end up in 
the oceans. Minerals dissolved in water form salts. When the water evaporates, it leaves the salts 
behind. As a result, ocean water is much saltier than other water on Earth. 

What would the salinity be like in an estuary? Where seawater mixes with fresh water, salinity is lower 
than average. 

http://www.ck12.org/earth-science/Minerals
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/earth-science/Minerals
http://www.ck12.org/earth-science/Rocks
http://www.ck12.org/chemistry/Ions
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What would the salinity be like where there is lots of evaporation? Where there is lots of evaporation 
but little circulation of water, salinity can be much higher. The Dead Sea has 30% salinity — nearly 
nine times the average salinity of ocean water (Figure below ). Why do you think this water body is 
called the Dead Sea? 

Because of the increased salinity, the water in the Dead Sea is very 
dense, it has such high salinity that people can easily float in it! 

In some areas, dense salt water and less dense fresh water mix, and 
they form an immiscible layer, just like oil and water. One such place is 
a "cenote", or underground cave, very common in certain parts of 
Central America. Check out the video below: 

http://www.youtube.com/watch?v=dHn80f3lAUs 

Interactive ocean maps can show salinity, temperature, nutrients, and other characteristics: 
http://earthguide.ucsd.edu/earthguide/diagrams/levitus/index.html . 

 

 

Density 

Seawater has lots of salts in it. This 
increases its density (mass per volume) 
over fresh water. Temperature and pressure 
also affect density. 

Water density increases as: 

• salinity increases. 
• temperature decreases. 
• pressure increases. 

Currents also flow deep below the surface of the ocean. Deep currents are caused by differences in 
density at the top and bottom. More dense water takes up less space than less dense water. It has 

the same mass but less volume. Water that is more 
dense sinks. Less dense water rises.  

Water becomes more dense when it is colder and 
when it has more salt. In the North Atlantic Ocean, 
cold winds chill the water at the surface. Sea ice 
grows in this cold water, but ice is created from 
fresh water. The salt is left behind in the seawater. 
This cold, salty water is very dense, so it sinks to 
the bottom of the North Atlantic. When water sinks, 
it pushes deep water along at the bottom of the 
ocean. This water circulates through all of the ocean 
basins in deep currents 

Deep currents flow because of differences in density of ocean water. 

. 
 

http://www.ck12.org/chemistry/Evaporation?referrer=crossref
http://www.ck12.org/book/CK-12-Earth-Science-Concepts-For-High-School/section/8.11/#x-ck12-SFMtRVMtUmV2LTE0LWRlYWQtc2VhLXNhbGluaXR5
http://www.youtube.com/watch?v=dHn80f3lAUs
http://www.ck12.org/earth-science/Maps?referrer=crossref
http://www.ck12.org/physics/Temperature?referrer=crossref
http://earthguide.ucsd.edu/earthguide/diagrams/levitus/index.html
http://www.ck12.org/physics/Temperature
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/biology/Water-Advanced


73 
 

Surface Currents 

Ocean water moves in predictable ways along the ocean surface. Surface currents can flow for 
thousands of kilometers and can reach depths of hundreds of meters. These surface currents do not 
depend on weather; they remain unchanged even in large storms because they depend on factors 
that do not change. 

Surface currents are created by three things: 
• global wind patterns 
• the rotation of the Earth 
• the shape of the ocean basins 

Surface currents are extremely important because they distribute heat around the planet and are a 
major factor influencing climate around the globe. 

Shape of the Ocean Basins 

When a surface current collides with land, the current must change direction. In the figure below , 
the Atlantic South Equatorial Current travels westward along the Equator until it reaches South 
America. At Brazil, some of it goes north and some goes south. Because of Coriolis effect (which will 
be discussed in later sections), the water goes right in the Northern Hemisphere and left in the 
Southern Hemisphere. 

 

The major surface 
ocean currents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/book/CK-12-Earth-Science-Concepts-For-High-School/section/8.15/#x-ck12-RVMtb2NlYW4tY3VycmVudHM.
http://www.ck12.org/earth-science/Coriolis-Effect
http://www.ck12.org/biology/Water-Advanced
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Explore More  

 

With the links below, learn more about changing 
ocean salinity. Then answer the following 
questions. 

http://www.youtube.com/watch?v=rLro_IaxZvM 

 

NASA Science, Earth, Salinity (webpage): 
http://science.nasa.gov/earth-
science/oceanography/physical-
ocean/salinity/ 

 

1. What are some reasons that the salinity of seawater could be increasing in some regions? 
2. What are some reasons that the salinity of seawater could be decreasing in some regions? 
3. What would happen to seawater density if global warming causes sea surface temperatures to 

rise? What if global warming increases evaporation? What is the net result? 

Roles of Water in Earth’s Surface Processes Assessment 

Essential Skill:  Models can be used to represent systems and their interactions-such as inputs, 
processes, and outputs - and energy, matter, and information flows within systems.   
 

1. What is salinity? (DOK 1) 
 

2. Answer and explain the following: If evaporation is high, what happens to seawater density? If 
freshwater is added to a region, what happens to seawater density? If seawater gets very cold, 
what happens to its density? (DOK 2) 

 

3. Streams aren't salty, so why is the ocean salty? (DOK 3) 
 

4. What would Earth be like if ocean water did not move?   Explain.  (DOK 4) 

 

5. What would currents look like if there were no continents?  Explain. (DOK 4) 

 

 

 

http://www.youtube.com/watch?v=rLro_IaxZvM
http://science.nasa.gov/earth-science/oceanography/physical-ocean/salinity/
http://science.nasa.gov/earth-science/oceanography/physical-ocean/salinity/
http://science.nasa.gov/earth-science/oceanography/physical-ocean/salinity/
http://www.ck12.org/chemistry/Evaporation
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2.8 Weather and Climate Influences 
Supports MS-ESS2-6: Develop and use a model to describe how unequal heating and rotation of the 
Earth causes patterns of atmospheric and oceanic circulation that determine regional climates. 

 

 

Taken from:https://patcegan.files.wordpress.com/2011/09/rain-in-jungle.jpg & http://i2.mirror.co.uk/incoming/article3062274.ece/alternates/s615/Coire-
Cas-in-the-Cairngorms.jpg 
 

Compare and contrast the various causes of why the jungle is receiving rain and the mountains 
receiving snow? 
 

What Is Weather? 

What do temperature, clouds, winds, and rain have in common? 
They are all part of weather. Weather refers to the conditions of the 
atmosphere at a given time and place. 
What's the weather like? If someone across country asks you what 
the weather is like today, you need to consider several factors. Air 
temperature, humidity, wind speed, the amount and types of clouds, 

and precipitation are all part of a thorough weather report.  All weather takes place in the atmosphere, 
virtually all of it in the lower atmosphere. Weather describes what the atmosphere is like at a specific 
time and place. A location’s weather depends on: 

• air temperature 
• air pressure 
• fog 
• humidity 
• cloud cover 
• precipitation 
• wind speed and direction 

All of these characteristics are directly related to the amount of energy that is in the system and 
where that energy is. The ultimate source of this energy is the Sun. Weather is the change we 
experience from day to day. Weather can change rapidly. 

 

https://patcegan.files.wordpress.com/2011/09/rain-in-jungle.jpg
http://i2.mirror.co.uk/incoming/article3062274.ece/alternates/s615/Coire-Cas-in-the-Cairngorms.jpg
http://i2.mirror.co.uk/incoming/article3062274.ece/alternates/s615/Coire-Cas-in-the-Cairngorms.jpg
http://www.ck12.org/physics/Temperature
http://www.ck12.org/earth-science/Humidity
http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/earth-science/Clouds
http://www.ck12.org/earth-science/Precipitation
http://www.ck12.org/physics/Temperature
http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/physics/Energy
http://www.ck12.org/earth-science/Sun
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What is Climate? 

Although almost anything can happen with the weather, climate is more predictable. The weather on 
a particular winter day in San Diego may be colder than on the same day in Lake Tahoe, but, on 
average, Tahoe’s winter climate is significantly colder than San Diego’s (figure below). 

 

Winter weather at Lake Tahoe doesn't much resemble winter weather in San Diego even though they're both in California. 

Climate is the long-term average of weather in a particular spot. Good climate is why we choose to 
vacation in Hawaii in February, even though the weather is not guaranteed to be good! A location’s 
climate can be described by its air temperature, humidity, wind speed and direction, and the type, 
quantity, and frequency of precipitation. 

The climate for a particular place is steady, and changes only very slowly. Climate is determined by 
many factors, including the angle of the Sun, the likelihood of cloud cover, and the air pressure. All of 
these factors are related to the amount of energy that is found in that location over time. The climate 
of a region depends on its position relative to many things. These factors are described in the next 
sections. 
 

Why the Atmosphere Is Important 

Why is Earth the only planet in the solar system known to have life? The main reason is Earth’s 
atmosphere. The atmosphere is a mixture of gases that surrounds the planet. We also call it air. The 
gases in the air include nitrogen, oxygen, and carbon dioxide. Along with water vapor, air allows life to 
survive. Without it, Earth would be a harsh, barren world. 

We are lucky to have an atmosphere on Earth. The atmosphere supports life, and is also needed for 
several cycles and weather.  

The Atmosphere and Living Things 

Most of the atmosphere is nitrogen.  Carbon dioxide and oxygen are the gases in the atmosphere that 
are needed for life. 

• Plants need carbon dioxide for photosynthesis. They use sunlight to change carbon dioxide and 
water into food. The process releases oxygen. Without photosynthesis, there would be very little 
oxygen in the air. 

• Other living things depend on plants for food. These organisms need the oxygen plants release 
to get energy out of the food. Even plants need oxygen for this purpose. 

http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/earth-science/Precipitation
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/physics/Energy
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The Atmosphere and the Sun’s Rays 

The atmosphere protects living things from the Sun’s most 
harmful rays. Gases reflect or absorb the strongest rays of 
sunlight. This figure models this role of the atmosphere. 
 

The atmosphere shields Earth from harmful solar rays. 

 

Radiation, Conduction, and Convection 

Radiation is the transfer of energy by waves. Energy can travel as waves through air or empty 
space. The Sun's energy travels through space by radiation. After sunlight heats the planet's surface, 
some heat radiates back into the atmosphere. 

In conduction, heat is transferred from molecule to molecule by contact. Warmer molecules vibrate 
faster than cooler ones. They bump into the cooler molecules. When they do they transfer some of 
their energy. Conduction happens mainly in the lower atmosphere. Can you explain why? 

Convection is the transfer of heat by a current. Convection happens in a liquid or a gas. Air near the 
ground is warmed by heat radiating from Earth's surface. The warm air is less dense, so it rises. As it 
rises, it cools. The cool air is dense, so it sinks to the surface. Convection is the most important way 
that heat travels in the atmosphere. 

The Atmosphere and Earth’s Temperature 

Gases in the atmosphere surround Earth like a blanket. They keep the temperature in a range that 
can support life. The gases keep out some of the Sun’s scorching heat during the day. At night, they 
hold the heat close to the surface, so it doesn’t radiate out into space. 

The Greenhouse Effect 

When sunlight heats Earth’s surface, some of the heat radiates back into the atmosphere. Some of 
this heat is absorbed by gases in the atmosphere. This is the greenhouse effect, and it helps to 
keep Earth warm. The greenhouse effect allows Earth to have temperatures that can support life. 
Gases that absorb heat in the atmosphere are called greenhouse gases. They include carbon 
dioxide and water vapor. Human actions have increased the levels of greenhouse gases in the 
atmosphere. This is shown in the figure below. The added gases have caused a greater greenhouse 
effect. How do you think this affects Earth’s temperature? 

 
Human actions have increased the natural greenhouse effect. 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/15.2/#x-ck12-TVMtRVMtMTUtMTEtR3JlZW5ob3VzZS1lZmZlY3Rz
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Where Will All the Water Go? 

• Glaciers all over Earth are melting. The polar ice caps are melting as well. In fact, they are melting 
at the alarming rate of 9 percent per decade. Since the 1960s, the thickness of Arctic ice has 
decreased by 40 percent. 

• Why is all this melting going on? Ice all over Earth is gaining thermal energy and changing from 
the solid to liquid state. The increased thermal energy is due to the effects of increasing amounts 
of greenhouse gases. 

• Where will all that liquid water go? It will go into the ocean and raise sea levels. You can use the 
interactive map at the following URL to see how sea levels are changing around the world: 
http://tidesandcurrents.noaa.gov/sltrends/. Click on some of the arrows on the map and then on 
the linear trend. On each graph, look for the linear mean sea level trend.  

•  
 

The islands of the Maldives in the Indian ocean are slowly 
being eroded by the rising seas. 

 

 

 

 
 

Mountains and Climate 

Did you ever hike or drive up a mountain? Did you notice that it was cooler near the top? Climate is 
not just different on a mountain. Just having a mountain range nearby can affect the climate.  The 
atmosphere has different properties at different elevations above sea level, or altitudes. 
 

Density 

The air density (the number of molecules in a given volume) decreases with increasing altitude. This 
is why people who climb tall mountains, such as Mt. Everest, have to set up camp at different 
elevations to let their bodies get used to the decreased air density  

Why does air density decrease with altitude? Gravity pulls the gas molecules towards Earth’s center. 
The pull of gravity is stronger closer to the center, at sea level. Air is denser at 
sea level, where the gravitational pull is greater. 

Pressure 

Gases at sea level are also compressed by the weight of the atmosphere above 
them. The force of the air weighing down over a unit of area is known as its 
atmospheric pressure, or air pressure. Why are we not crushed? The molecules 
inside our bodies are pushing outward to compensate. Air pressure is felt from all 
directions, not just from above. 
This bottle was closed at an altitude of 3,000 meters where air pressure is lower. When it was brought down 
to sea level, the higher air pressure caused the bottle to collapse. 
 

http://tidesandcurrents.noaa.gov/sltrends/
http://www.ck12.org/chemistry/Gases
http://www.ck12.org/chemistry/Atmospheric-Pressure
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At higher altitudes, the atmospheric pressure is lower and the air is less dense than at lower altitudes. 
That's what makes your ears pop when you change altitude. Gas molecules are found inside and 
outside your ears. When you change altitude quickly, like when an airplane is descending, your inner 
ear keeps the density of molecules at the original altitude. Eventually the air molecules inside your 
ear suddenly move through a small tube in your ear to equalize the pressure. This sudden rush of air 
is felt as a popping sensation. 

https://youtu.be/7_yf-iRf8Vc 

Mountains and Precipitation 

Mountains can also affect precipitation. Mountains and mountain ranges can cast a rain shadow. As 
winds rise up a mountain range the air cools and precipitation falls. On the other side of the range the 
air is dry and it sinks. So, there is very little precipitation on the far (leeward) side of a mountain 
range. The figure below shows how this happens. 

 
What role do prevailing winds play in a rain shadow? 

Energy and Latitude 

Different parts of Earth’s surface receive different amounts of sunlight. You can see this in the figure 
below. The Sun’s rays strike Earth’s surface most directly at the equator. This focuses the rays on a 
small area. Near the poles, the Sun’s rays strike the surface at a slant. This spreads the rays over a 
wide area. The more focused the rays are, the more energy an area receives and the warmer it is. 

 
The lowest latitudes get the most energy from the Sun. The highest latitudes get the least. 

http://www.ck12.org/chemistry/Atmospheric-Pressure
https://youtu.be/7_yf-iRf8Vc
http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/17.1/#x-ck12-TVMtRVMtMTctMDgtUmFpbi1zaGFkb3c.
http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/15.2/#x-ck12-TVMgRVMtMTUtMTAtU3VuLXJheXMtYW5kLWxhdGl0dWRl
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How do the differences in energy striking different latitudes affect Earth? The planet is much warmer 
at the equator than at the poles. In the atmosphere, the differences in heat energy cause winds and 
weather. On the surface, the differences cause ocean currents. Can you explain how? 

Why Air Moves 

Air movement takes place in the troposphere. This is the lowest layer of the atmosphere. Air moves 
because of differences in heating. These differences create convection currents and winds. This 
figure shows how this happens. 

Air in the troposphere is warmer near the 
ground. The warm air rises because it is light. 
The light, rising air creates an area of low air 
pressure at the surface.  The rising air cools as 
it reaches the top of the troposphere. The air 
gets denser, so it sinks to the surface. The 
sinking, heavy air creates an area of high air 
pressure near the ground. 

Air always flows from an area of higher pressure to an 
area of lower pressure. Air flowing over Earth’s surface is 
called wind. The greater the difference in pressure, the 
stronger the wind blows. 

 

Latitude and Prevailing Winds 

Global air currents cause global winds. The figure 
below shows the direction that these winds blow. 
Global winds are the prevailing, or usual, winds at 
a given latitude. The winds move air masses, 
which causes weather. 
The direction of prevailing winds determines which 
type of air mass usually moves over an area. For 
example, a west wind might bring warm moist air 
from over an ocean. An east wind might bring cold 
dry air from over a mountain range. Which wind 
prevails has a big effect on the climate. What if the 
prevailing winds are westerlies? What would the 
climate be like? 
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Latitude and Precipitation 

Global air currents affect precipitation. How they affect it varies with latitude. You can see why in 
figure above. 

Latitude and Climate 
Latitude is the distance north or south of the equator. 
It’s measured in degrees, from 0° to 90°. Several 
climate factors vary with latitude. 
 
Latitude and Temperature 

Temperature changes with latitude. You can see how 
in the figure to the right. 
• At the equator, the Sun’s rays are most direct. 

Temperatures are highest. 
• At higher latitudes, the Sun’s rays are less direct. 

The farther an area is from the equator, the lower 
is its temperature. 

• At the poles, the Sun’s rays are least direct. Much of the area is covered with ice and snow, which 
reflect a lot of sunlight. Temperatures are lowest here. 
 

Find the cool spot in Asia at 30° north latitude. Why is it cool for its latitude?  
(Hint: What else might influence temperature?) 
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Altitude and Temperature 

 

 

Air temperature falls at higher altitudes. You can see this in 
the “Air Temperature vs. Height” graph. Why does this 
happen? Since air is less dense at higher altitude (stated 
earlier in this section), its molecules are spread farther 
apart than they are at sea level. These molecules have 
fewer collisions, so they produce less heat. 

Air temperature drops as you go higher. 

 

 

 

Look at the mountain on the horizon in the figure 
shown to left. The peak of Mount Kilimanjaro, 
Tanzania (Africa, 3° south latitude) is 6 kilometers (4 
miles) above sea level. At 3°S it’s very close to the 
equator. At the bottom of the mountain, the 
temperature is high year-round. How can you tell 
that it’s much cooler at the top? 
 

 

 

 

 

Air temperature changes as altitude increases. In 
some layers of the atmosphere, the temperature 
decreases. In other layers, it increases. You can see 
this in the “Layers of Atmosphere” graph.  
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Weather and Climate Assessment 

Essential Skill:  Models can be used to represent systems and their interactions-such as inputs, 
processes, and outputs - and energy, matter, and information flows within systems. 

1. Create a graph that shows how air pressure changes with altitude. Use the data in the table 
below as a guide. (DOK 2) 

Air Pressure (atm) Altitude (m) Altitude (ft) 

1 0 0 

3/4 2,750 7,902 

1/2 5,486 18,000 

1/3 8,376 27,480 

1/10 16,132 52,926 

1/100 30,901 101,381 

1/1,000 48,467 159,013 

1/10,000 69,464 227,899 

1/100,000 86,282 283,076 

 
2. How does the atmosphere keep Earth warm at night? (DOK 3) 

 

3.  Why is Earth colder at the poles than the equator? (DOK 2) 

4. Look at the picture below and explain how this explains the cause of wind. (DOK 3) 

 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/15.1/#x-ck12-dGFibGU6YWNfNg..
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2.9 Oceanic Influence on Weather 
By the end of this reading, you should be able to... 
MS-ESS2-6: Develop and use a model to describe how unequal heating and rotation of the Earth causes 
patterns of atmospheric and oceanic circulation that determine regional climates. 

 
Taken from: http://apps.startribune.com/blogs/user_images/earth_lighting_equinox_300_1.jpg 

 

What is happening to the water in this picture at the equator due to the sun's rays versus what is 
happening to the water at the poles due to the sun's rays? 
 
Oceans Moderate Climate 

The oceans, along with the atmosphere, keep temperatures fairly constant worldwide. While some 
places on Earth get as cold as -70 o C and others as hot as 55 o C, the range is only 125 o C. On 
Mercury temperatures go from -180 o C to 430 oC, a range of 610 o C. 
 

The oceans, along with the atmosphere, distribute heat around the planet. The oceans absorb heat 
near the Equator and then move that solar energy to more polar regions. The oceans also moderate 
climate within a region. At the same latitude, the temperature range is smaller in lands nearer the 
oceans than away from the oceans. Summer temperatures are not as hot, and winter temperatures 
are not as cold, because water takes a long time to heat up or cool down. 
 

Water Cycle 

The oceans are an essential part of Earth’s water cycle. Since they cover so much of the planet, most 
evaporation comes from oceans and most precipitation falls on oceans. 
 

Effect on Global Climate 

Surface currents play an enormous role in Earth’s climate. Even though the Equator and poles have 
very different climates, these regions would have more extremely different climates if ocean currents 
did not transfer heat from the equatorial regions to the higher latitudes. 

The Gulf Stream is a river of warm water in the Atlantic Ocean, about 160 kilometers wide and about 
a kilometer deep. Water that enters the Gulf Stream is heated as it travels along the Equator. The 
warm water then flows up the east coast of North America and across the Atlantic Ocean to Europe 
(see opening image). The energy the Gulf Stream transfers is enormous: more than 100 times the 
world's energy demand. 

http://apps.startribune.com/blogs/user_images/earth_lighting_equinox_300_1.jpg
http://www.ck12.org/physical-science/Heat-in-Physical-Science?referrer=crossref
http://www.ck12.org/physics/Energy?referrer=crossref
http://www.ck12.org/physics/Temperature?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/chemistry/Evaporation?referrer=crossref
http://www.ck12.org/earth-science/Precipitation?referrer=crossref
http://www.ck12.org/physical-science/Heat-in-Physical-Science?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/physics/Energy?referrer=crossref
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The Gulf Stream's warm waters raise temperatures in the North Sea, which raises the air 
temperatures over land between 3 to 6°C (5 to 11°F). London, U.K., for example, is at about six 
degrees further south than Quebec, Canada. However, London’s average January temperature is 
3.8°C (38°F), while Quebec’s is only -12°C (10°F). Because air traveling over the warm water in the 
Gulf Stream picks up a lot of water, London gets a lot of rain. In contrast, Quebec is much drier and 
receives its precipitation as snow. 

 
London, England in winter.  Quebec City, Quebec in winter. 

 

Global Wind Patterns 

Winds on Earth are either global or local. Global 
winds blow in the same directions all the time and are 
related to the unequal heating of Earth by the Sun — 
that is, more solar radiation strikes the Equator than 
the polar regions — and the rotation of the Earth — 
that is, the Coriolis effect.  
 

Water in the surface currents is pushed in the direction of 
the major wind belts: 

• trade winds: east to west between the 
Equator and 30 o N and 30 o S 

• westerlies: west 
to east in the 
middle latitudes 

• polar easterlies: 
east to west 
between 50 o and 
60 o north and 
south of the 
Equator and the 
north and south 
pole 

 

 

http://www.ck12.org/physics/Temperature?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/earth-science/Precipitation?referrer=crossref
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/biology/Water-Advanced
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El Niño 

During an El Niño, the 
western Pacific Ocean is 
warmer than usual. This 
causes the trade winds to 
change direction. The winds 
blow from west to east 
instead of east to west. This 
is shown in the figure 
below. The warm water 
travels east across the 
equator, too. Warm water 
piles up along the western 
coast of South America. 
This prevents upwelling. 
Why do you think this is 
true? 

 
These changes in water temperature, winds, and currents affect climates worldwide. The changes 
usually last a year or two. Some places get more rain than normal. Other places get less. In many 
locations, the weather is more severe. 

How do you think El Niño affects climate on the western coast of South America? 

 
La Niña 

La Niña generally follows El Niño. It 
occurs when the Pacific Ocean is 
cooler than normal. The figure below 
shows what happens. The trade winds 
are like they are in a normal year. They 
blow from east to west. But in a La 
Niña the winds are stronger than usual. 
More cool water builds up in the 
western Pacific. These changes can 
also affect climates worldwide. 
 

How do you think La Niña affects 
climate on the western coast of 
South America? 

 

This video shows the surface ocean currents set by global wind belts: 
http://www.youtube.com/watch?v=Hu_Ga0JYFNg .  
 

 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/17.3/#x-ck12-TVMtRVMtMTctMjUtRWwtTmlubw..
http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/17.3/#x-ck12-TVMtRVMtMTctMjYtTGEtTmluYQ..
http://www.ck12.org/earth-science/Global-Wind-Belts
http://www.youtube.com/watch?v=Hu_Ga0JYFNg
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Oceanic Influence on Water Assessment 

Essential Skill:  Models can be used to represent systems and their interactions-such as inputs, 
processes, and outputs - and energy, matter, and information flows within systems. 

1. Where else do you think ocean currents might moderate global climate? (DOK 2) 

 

2. What would Earth be like if ocean water did not move? (DOK 3) 

 

 

3. Nearly all scientists are united in saying that human activities are causing much of the warming 
we see. Why do you think politicians are reluctant to believe them? Why is the public reluctant 
to believe them? (DOK 3) 
 
 
 

   
4. Design a diagram that connects why England is relatively mild and rainy in winter but central 

Canada, at the same latitude and during the same season, is dry and frigid.  Include arrows 
with labels in your explanation. (DOK 4) 
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2.10 Weather Pattern Predictions 
At the end of this reading, you should be able to... 
MS-ESS2-5 Collect data to provide evidence for how the motions and complex interactions of air 
masses results in changes in weather conditions. 
 

 
Taken from: http://cimss.ssec.wisc.edu/satmet/modules/8_wild_weather/ww-1.html 

If someone in a distant place were to ask what your weather is like today, what would you say? How 
would you describe the weather right now where you are? Is it warm or cold? Sunny or cloudy? Calm 
or windy? Clear or rainy? What features of weather are important to mention? 

What Is Weather? 

What do temperature, clouds, winds, and rain have in common? They are all part of weather. 
Weather refers to the conditions of the atmosphere at a given time and place. 

What Causes Weather? 

Weather occurs because of unequal heating of the atmosphere. The source of heat is the Sun. The 
general principles behind weather can be stated simply: 

• The Sun heats Earth’s surface more in some places than others. 
• Where it is warm, heat from the Sun warms the air close to the surface. If there is water at the 

surface, it may cause some of the water to evaporate. 
• Warm air is less dense, so it rises. When this happens, more dense air flows in to take its place. 

The flowing surface air is wind. 
• The rising air cools as it goes higher in the atmosphere. If it is moist, the water vapor may 

condense. Clouds may form, and precipitation may fall. 

Weather and the Water Cycle 

The water cycle plays an important role in weather. When liquid water evaporates, it causes humidity. 
When water vapor condenses, it forms clouds and precipitation. Humidity, clouds, and precipitation 
are all important weather factors. 

http://cimss.ssec.wisc.edu/satmet/modules/8_wild_weather/ww-1.html
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Humidity 
 

Humidity is the amount of water 
vapor in the air. High humidity 
increases the chances of clouds and 
precipitation. 
 
Humidity and Heat 

People often say, “it’s not the heat but 
the humidity.” Humidity can make a 
hot day feel even hotter. When sweat 
evaporates, it cools your body. But 
sweat can’t evaporate when the air 
already contains as much water vapor 
as it can hold. The heat index is a 
measure of what the temperature feels 
like because of the humidity. You can 
see the heat index in the Relative 
Humidity graph. 

How hot does it feel when the air temperature is 90°F? It depends on the humidity. 
 

You’ve probably noticed dew on the grass on a summer morning. Why does dew form? Remember 
that the land heats up and cools down fairly readily. So, when night comes, the land cools. Air that 
was warm and humid in the daytime also cools overnight. As the air cools, it can hold less water 
vapor. Some of the water vapor condenses on the cool surfaces, such as blades of grass. The 
temperature at which water vapor condenses is called the dew point. If this temperature is below 

freezing, ice crystals of frost form 
instead of dew (figure below). The 
dew point occurs at 100 percent 
relative humidity. Can you explain 
why? 
The grass on the left is covered with dew. The 
grass on the right is covered with frost. The 
difference is the temperature of the grass. 

 

Clouds 
Clouds form when air in the atmosphere reaches the dew point. Clouds may form anywhere in the 
troposphere. Clouds that form on the ground are called fog. 
 

How Clouds Form 

Clouds form when water vapor condenses around particles in the air. The particles are specks of 
matter, such as dust or smoke. Billions of these tiny water droplets come together to make up a 
cloud. If the air is very cold, ice crystals form instead of liquid water. 
 

 

 

http://www.ck12.org/physical-science/Freezing-in-Physical-Science
http://www.ck12.org/earth-science/Humidity/lesson/Humidity-MS-ES/#x-ck12-Qy1NUy1FUy1HcmFzc1dpdGhEZXdGcm9zdENvbXBvc2l0ZQ..
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Clouds and Temperature 

Clouds can affect the temperature on Earth’s surface. During the day, thick clouds block some of the 
Sun’s rays. This keeps the surface from heating up as much as it would on a clear day. At night, thick 
clouds prevent heat from radiating out into space. This keeps the surface warmer than it would be on 
a clear night. 

Precipitation 

Clouds are needed for precipitation. This may fall as liquid water, or it may fall as frozen water, such 
as snow. 

Why Precipitation Falls 
 
Millions of water molecules in a cloud must condense to make a single raindrop or snowflake. The 
drop or flake falls when it becomes too heavy for updrafts to keep it aloft. As a drop or flake falls, it 
may collect more water and get larger. 
 
Types of Precipitation 

Why does it snow instead of rain? Air temperature determines which type of precipitation falls. Rain 
falls if the air temperature is above freezing (0° C or 32° F). Frozen precipitation falls if the air or 
ground is below freezing. Frozen precipitation may fall as snow, sleet, or freezing rain. You can see 
how the different types form in figure below. 

 

 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/16.1/#x-ck12-TVMtRVMtMTYtMDQtRnJvemVuLXByZWNpcGl0YXRpb25z
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Snow falls when water vapor condenses as ice crystals. The air temperature is below freezing all the 
way to the ground, so the ice crystals remain frozen. They fall as flakes. Sleet forms when snow 
melts as it falls through a layer of warm air and then refreezes. It turns into small, clear ice pellets as 
it passes through a cold layer near the ground. Freezing rain falls as liquid water. It freezes on 
contact with cold surfaces near the ground. It may cover everything with a glaze of ice. If the ice is 
thick, its weight may break tree branches and pull down power lines. Hail is another type of frozen 
precipitation. Hail forms in thunderstorms when strong updrafts carry rain high into the troposphere. 
The rain freezes into balls of ice called hailstones. This may happen over and over again until the 
hailstones are as big as baseballs. Hail forms only in cumulonimbus clouds. 

Changing Weather 

Weather is always changing. One day might be cold and cloudy. The next day might be warm and 
sunny. Even on the same day, the weather can change a lot. A beautiful morning might be followed 
by a stormy afternoon. Why does weather change? The main reason is moving air masses. 
 

Air Masses 
 

An air mass is a large body of air that has about the same conditions throughout. For example, an air 
mass might have cold dry air. Another air mass might have warm moist air. The conditions in an air 
mass depend on where the air mass formed. 
 
Formation of Air Masses 

Most air masses form over polar or tropical regions. They may form over continents or oceans. Air 
masses are moist if they form over oceans. They are dry if they form over continents. Air masses that 
form over oceans are called maritime air masses. Those that form over continents are called 
continental air masses. The figure below shows air masses that form over or near North America. 

 
North American air masses. 

An air mass takes on the conditions of the area where it forms. For example, a continental polar air 
mass has cold dry air. A maritime polar air mass has cold moist air. Which air masses have warm 
moist air? Where do they form? 
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Movement of Air Masses 

When a new air mass goes over a 
region it brings its characteristics to 
the region. This may change the 
area's temperature and humidity. 
Moving air masses cause the 
weather to change when they contact 
different conditions. For example, a 
warm air mass moving over cold 
ground may cause an inversion. 
Why do air masses move? Winds 
and jet streams push them along. 
Cold air masses tend to move toward 
the equator. Warm air masses tend 
to move toward the poles. Coriolis 

effect causes them to move on a diagonal. Many air masses move toward the northeast over the U.S. 
This is the same direction that global winds blow. 

Fronts 

When cold air masses move south from the poles, they run into warm air masses moving north from 
the tropics. The boundary between two air masses is called a front. Air masses usually don’t mix at a 
front. The differences in temperature and pressure cause clouds and precipitation. Types of fronts 
include cold, warm, occluded, and stationary fronts. 

Cold Fronts 

 
A cold front occurs when a cold air 
mass runs into a warm air mass. This is 
shown in the Cold Front figure. The cold 
air mass moves faster than the warm 
air mass and lifts the warm air mass out 
of its way. As the warm air rises, its 
water vapor condenses. Clouds form, 
and precipitation falls. If the warm air is 
very humid, precipitation can be heavy. 
Temperature and pressure differences 
between the two air masses cause 
winds. Winds may be very strong along 
a cold front.    
         Cold fronts often bring stormy weather. 

As the fast-moving cold air mass keeps advancing, so does the cold front. Cold fronts often bring 
sudden changes in the weather. There may be a thin line of storms right at the front that moves as it 
moves. The weather at a cold front varies with the season. 
• Spring and summer: the air is unstable so thunderstorms or tornadoes may form. 
• Spring: if the temperature gradient is high, strong winds blow. 
• Autumn: strong rains fall over a large area. 
• Winter: the cold air mass is likely to have formed in the frigid arctic, so there are frigid 

temperatures and heavy snows 

http://www.ck12.org/earth-science/Thunderstorms
http://www.ck12.org/earth-science/Tornadoes
http://www.ck12.org/physics/Temperature


93 
 

Warm Fronts 
 
When a warm air mass runs into a cold air 
mass it creates a warm front. This is 
shown in figure below. The warm air mass 
is moving faster than the cold air mass, so 
it flows up over the cold air mass. As the 
warm air rises, it cools, resulting in clouds 
and sometimes light precipitation. Warm 
fronts move slowly and cover a wide area. 
After a warm front passes, the warm air 
mass behind it brings warmer 
temperatures. The warm air is also likely to 
be more humid.  Warm fronts generally 
bring cloudy weather. 

Occluded Fronts 

With an occluded front, a warm air mass 
becomes trapped between two cold air 
masses. The warm air is lifted up above 
the cold air as shown in the Occluded 
Front figure. Cloudy weather and 
precipitation along the front are typical. An 
occluded front usually forms around a 
low-pressure system. The occlusion starts 
when a cold front catches up to a warm 
front. The air masses, in order from front 
to back, are cold, warm, and then cold 
again.  How does an occluded front differ 
from a warm or cold front? 
 

Stationary Fronts 

Sometimes two air masses stop moving 
when they meet. These stalled air 
masses create a stationary front. A 
front may become stationary if an air 
mass is stopped by a barrier, such as a 
mountain range. A stationary front may 
bring days of rain, drizzle, and fog. 
Winds usually blow parallel to the front, 
but in opposite directions. After several 
days, the front will likely break apart. 

 
http://differentfronts.weebly.com/stationary-front.html 

 
 
 
 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/16.2/#x-ck12-TVMtRVMtMTYtMDgtV2FybS1mcm9udA..
http://www.ck12.org/earth-science/Fog
http://differentfronts.weebly.com/stationary-front.html
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Predicting the Weather 
 

Weather is very difficult to predict. That’s because it’s very complex and many factors are involved. 
Slight changes in even one factor can cause a big change in the weather. Still, certain “rules of 
thumb” generally apply. These “rules” help meteorologists forecast the weather. For example, low 
pressure is likely to bring stormy weather. So, if a center of low pressure is moving your way, you can 
expect a storm. 
 

Technology and Computers 

Predicting the weather requires a lot of weather data. Technology is used to gather the data and 
computers are used to analyze the data. Using this information gives meteorologists the best chance 
of predicting the weather. 

 

Weather Instruments 

Weather instruments measure weather conditions. One of the most important 
conditions is air pressure, which is measured with a barometer. The figure to 
the right shows how a barometer works. There are also a number of other 
commonly used weather instruments (see the Weather Instruments figure on 
the following page): 

• A thermometer measures temperature. 
• An anemometer measures wind speed. 
• A rain gauge measures the amount of rain. 
• A hygrometer measures humidity. 
• A wind vane shows wind direction. 
• A snow gauge measures the amount of snow. 

The greater the air pressure outside the tube, the higher the mercury rises inside the tube. Mercury 
can rise in the tube because there’s no air pressing down on it. 
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Some of the most commonly used weather instruments. (a) Thermometer: temperature, (b) Anemometer: wind speed, (c) Rain 
gauge: amount of rain, (d) Hygrometer: humidity, (e) Wind vane: wind direction, (f) Snow gauge: amount of snow. 

 

Collecting Data 

Weather instruments collect data from all 
over the world at thousands of weather 
stations. Many are on land but some float 
in the oceans on buoys. You can see 
what a weather station looks like in figure 
below. There’s probably at least one 
weather station near you. 

Other weather devices are needed to 
collect weather data in the atmosphere. 
They include weather balloons, satellites, 
and radar. You can read about them in 
figure to the right. 

Weather stations collect data on land and sea. 
Weather balloons, satellites, and radar collect data 

in the atmosphere. 

Weather stations contain many 
instruments for measuring weather 
conditions. The weather balloon shown 
in the figure will rise into the atmosphere 
until it bursts. As it rises, it will gather 
weather data and send it to the surface.  

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/16.4/#x-ck12-TVMtRVMtMTYtMjctV2VhdGhlci1kYXRhLWNvbGxlY3Rpbmc.
http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/16.4/#x-ck12-TVMtRVMtMTYtMjctV2VhdGhlci1kYXRhLWNvbGxlY3Rpbmc.
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Many weather satellites orbit Earth. They constantly collect and transmit weather data from high 
above the surface. A radar device sends out radio waves in all directions. The waves bounce off 
water in the atmosphere and then return to the sender. The radar data shows where precipitation is 
falling. It’s raining in the orange-shaded area shown on the figure at the bottom of the preceding 
page. 
 

Using Computers 

What do meteorologists do with all that weather data? They use it in weather models. The models 
analyze the data and predict the weather. The models require computers. That’s because so many 
measurements and calculations are involved. 
 

Weather Maps 

You may have seen weather maps like the one in figure below. A weather map shows weather 
conditions for a certain area. The map may show the actual weather on a given day or it may show 
the predicted weather for some time in the future. Some weather maps show many weather 
conditions. Others show a single condition. 
 

This weather map shows air pressure contours. Which state has the lowest air pressure shown on the map? 

Air Pressure Maps 

The weather map shown in 
the figure to right shows air 
pressure. The lines on the 
map connect places that 
have the same air pressure. 
Air pressure is measured in 
a unit called the millibar. 
Isobars are the lines that 
connect the points with the 
same air pressure. The map 
also shows low- and high-
pressure centers and fronts. 
Find the cold front on the 
map. This cold front is likely 
to move toward the northeast 
over the next couple of days. 
How could you use this 
information to predict what 
the weather will be on the 
East Coast? 
 

 

 

 

http://www.ck12.org/book/CK-12-Earth-Science-For-Middle-School/section/16.4/#x-ck12-TVMtRVMtMTYtMjgtV2VhdGhlci1tYXA.
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Other Weather Maps 

Instead of air pressure, weather maps may show other weather conditions. For example, a 
temperature map might show the high and low temperatures of major cities. The map may have 
isotherms, lines that connect places with the same temperature. 

Weather Pattern Predictions Assessment 

Essential Skill:  Cause and effect relationships may be used to predict phenomena in natural or 
designed systems.  

1. You are lying in your sleeping bag on a cold morning. Your sleeping bag is wet with water. You 
know it didn't rain last night. What happened? (DOK 1)  

 

 

2. How does climate differ from weather? (DOK 2) 

 

 

3. Construct an explanation for what causes weather to change. (DOK 3) 

 

 

4. The weather report states that your town is under a stationary front. You look out the window 
and see rain. Predict what the weather will be like tomorrow. Explain your prediction. (DOK 3) 
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3.0 What is Life Science? 
 

Life science is the study of life and living things. Living things are 
also called organisms. Life science is often referred to as 
biology. Life scientists work in many different settings, from 
classrooms to labs to natural habitats. They work with both plants 
and animals.  Dr. Katherine Smith, who is pictured is a life 
scientist who works for NOAA (National Oceanic and 
Atmospheric Administration). She studies freshwater shrimp and 
fish in their natural habitats. 

During the study of the life sciences this year, you will study cell biology, genetics, molecular biology, 
botany (plants), microbiology(microorganisms), zoology(plants), evolution, ecology(environment), and 
physiology (how structures function together). Cell biology is the study of cellular structure and 
function. Genetics is the study of heredity, which is the passing of traits from one generation to the 
next. Molecular biology is the study of molecules, such as DNA and proteins.    
 

Basic and Applied Science 

Science can be "basic" or "applied." The goal of basic science is to understand how things work—
whether it is a single cell, an organism made of trillions of cells, or a whole ecosystem. Scientists 
working on basic science questions are simply looking to increase human knowledge of nature and 
the world around us. The knowledge obtained through the study of the subspecialties of the life 
sciences is mostly basic science. Basic science is the source of most scientific theories. For 
example, a scientist that tries to figure out how the body makes cholesterol is performing basic 
science. This is also known as basic research. 
 

The study of the cell (cell biology), the study of inheritance (genetics), 
the study of molecules (molecular biology), the study of 
microorganisms and viruses (microbiology and virology), the study of 
tissues and organs (physiology) have all generated lots of information 
that is applied to humans and human health. Applied science is using 
scientific discoveries to solve practical problems. For example, 
medicine, and all that is known about how to treat patients, is applied 
science based on basic research (figure right). A doctor administering 
a drug to lower a person's cholesterol is an example of applied 
science.  
 

Applied science also creates new technologies based on basic science. For 
example, designing windmills to capture wind energy is applied science 
(figure left). This technology relies, however, on basic science. Studies of 
wind patterns and bird migration routes help determine the best placement 
for the windmills.  

http://www.ck12.org/life-science/Cell-Biology-in-Life-Science
http://www.ck12.org/biology/DNA
http://www.ck12.org/biology/Proteins
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Cell-Biology-in-Life-Science
http://www.ck12.org/life-science/Viruses-in-Life-Science
http://www.ck12.org/physics/Energy
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Some life scientists mainly do lab research. Other life 
scientists, like the botanist in (figure right), work in natural 
settings. This is called fieldwork. Whether in the lab or the 
field, research in life science can be dangerous. 
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3.1 Introduction to Living Organisms 
 

What does it mean to be alive? 

Scientifically, there is an actual definition of living. 
Living organisms must have certain characteristics. If 
they do not have these characteristics, are they living? 
This butterfly, like all other insects, animals, plants, and 
every other living organism, shares common 
characteristics with all life. What exactly does it mean 
to be alive? This chapter will answer this question. 
These concepts will serve as an introduction to life 
science, discussing the basics of studying the life sciences and addressing the question, "What is a 
living organism?" 

Five characteristics are used to define life. All living things share 
these characteristics. All living things: 

1. are made of one or more cells. 
2. need energy to stay alive. 
3. respond to stimuli in their environment. 
4. maintain a stable internal environment. 
5. grow and reproduce. 
 
How can you distinguish between nonliving and living things?  For 
example, fire can grow. Fire needs fuel and oxygen. But fire is not 
a form of life, why? 

 

Living Things Are Made of Cells 
If you zoom in very close on a leaf of a plant, or on the skin 
on your hand, or a drop of blood, you will find cells.  Cells are 
the smallest structural and functional unit of living organisms. 
Most cells are so small that they are usually visible only 
through a microscope. Some organisms, like bacteria, 
plankton that live in the ocean, or the Paramecium shown in 
figure left are made of just one cell. Other organisms have 
millions, billions, or trillions of cells. 
 
All cells have at least some structures in common. The nucleus is the main distinguishing feature 
between the two general categories of cell. Although the cells of different organisms are built 
differently, they all have certain general functions. Every cell must get energy from food, be able to 
grow and divide, and respond to its environment. More about cell structure and function will be 
discussed in additional concepts.    
 

Cells have a life cycle just like all living organisms.  Click the following link to view the cell cycle. 
Explanation of the Cell Cycle 

 
 

http://www.ck12.org/biology/Cells
http://www.ck12.org/book/CK-12-Life-Science-Concepts-For-Middle-School/section/1.8/#x-ck12-TVNMUy0wMi0wMy1wYXJhbWVjaXVt
http://www.ck12.org/biology/Cell-Cycle-Mitosis-and-Meiosis/enrichment/The-Cell-Cycle-Overview/?referrer=featured_content
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Mitosis 
 

Mitosis is a small part of the cell cycle and is responsible for cell growth and repair.  Mitosis creates 
two cells (daughter cells) that are genetically identical to the original cell (parent cell). The genetic 
information of the cell, or DNA, is stored in the nucleus. During mitosis, two nuclei (plural for nucleus) 
must form, so that one nucleus can be in each of the new cells after the cell divides. In order to 
create two genetically identical nuclei, DNA inside of the nucleus must be copied or replicated. This 
occurs during the S phase of 
the cell cycle. During mitosis, 
the copied DNA is divided into 
two complete sets, so that after 
cytokinesis, each cell has a 
complete set of genetic 
instructions. 
 

Four Phases of Mitosis 

This is a precise process that 
has four individual phases to it. 
Through this process, each 
daughter cell receives one copy 
of each chromosome. The four 
phases of mitosis are 
prophase, metaphase, 
anaphase and telophase. 

1. Prophase: The 
chromatin, which is unwound DNA, condenses forming chromosomes. The DNA becomes 
so tightly wound that you can see them under a microscope. The membrane around the 
nucleus, called the nuclear envelope, disappears. Spindles also form and attach to 
chromosomes to help them move. 

2. Metaphase: The chromosomes line up in the center, or the equator, of the cell. The 
chromosomes line up in a row, one on top of the next. 

3. Anaphase: The two sister chromatids of each chromosome separate as the spindles pull 
the chromatids apart, resulting in two sets of identical chromosomes. 

4. Telophase: The spindle dissolves and the nuclear envelopes form around the 
chromosomes in both cells. 

 
After telophase, each new nucleus contains the exact same 
number and type of chromosomes as the original cell. The cell 
is now ready for cytokinesis, which literally means "cell 
movement." During cytokinesis, the cytoplasm divides and the 
parent cell separates, producing two genetically identical cells, 
each with its own nucleus. A new cell membrane forms and in 
plant cells, a cell wall forms as well.  This is a representation of 
dividing plant cells (figure right). 

 
This is a representation of dividing plant cells. Cell division in plant cells differs slightly from animal cells as a cell wall must form. Note 
that most of the cells are in interphase. Can you find examples of the different stages of mitosis? 

http://www.ck12.org/biology/DNA
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Cell-Cycle-in-Life-Science
http://www.ck12.org/biology/Chromosomes
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Cell-Membrane-in-Life-Science
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Living Things Need Resources and Energy 
 
Why do you eat every day? To get energy. Energy is the ability to do work. Without energy, you 
could not do any "work." Though not doing any "work" may sound nice, the "work" fueled by energy 
includes everyday activities, such as walking, writing, and thinking. But you are not the only one who 
needs energy. In order to grow and reproduce and carry out the other process of life, all living 
organisms need energy. But where does this energy come from? 
 

The source of energy differs for each type of living thing. In your body, the source of energy is the 
food you eat. Here is how animals, plants, and fungi obtain their energy: 

• All animals must eat in order to obtain energy. Animals also eat to obtain building materials. 
• Plants don’t eat. Instead, they use energy from the sun to make their "food" through the 

process of photosynthesis. 
• Mushrooms and other fungi obtain energy from other organisms. That’s why you often see 

fungi growing on a fallen tree; the rotting tree is their source of energy.  
 

Since plants harvest energy from the sun and other organisms get their energy from plants, nearly all 
the energy of living things initially comes from the sun. 

Living Things Respond to their Environment 

When a living thing responds to its environment, it is responding to a stimulus. A stimulus (stimuli, 
plural) is something in the environment that causes a reaction in an organism. The reaction a 
stimulus produces is called a response. 
 

Imagine how you would respond to the following stimuli: 
• You’re about to cross a street when the walk light turns red. 
• You hear a smoke alarm go off in the kitchen. 
• You step on an upturned tack with a bare foot. 
• You smell the aroma of your favorite food. 
• You taste something really sour. 

It doesn’t take much imagination to realize that responding appropriately to such stimuli might help 
keep you safe. It might even help you survive. 

Like you, all other living things sense and respond to stimuli in their environment. In general, their 
responses help them survive or reproduce. Watch this amazing time-lapse video to see how a plant 
responds to the stimuli of light and gravity as it grows. Why do you think it is important for a plant to 
respond appropriately to these stimuli for proper growth? 
 

Phototropism vs Gravitropism 
 

 

 

 

 

http://www.ck12.org/physics/Energy
http://www.ck12.org/physics/Energy
http://www.ck12.org/life-science/Fungi-in-Life-Science
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/life-science/Fungi-in-Life-Science
https://www.youtube.com/watch?v=RzD4skFeJ7Y
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Living Things Maintain a Stable Internal Environment 

The tennis player in the figure has really worked up a sweat. 
Do you know why we sweat? Sweating helps to keep us cool. 
When sweat evaporates from the skin, it uses up some of the 
body’s heat energy. Sweating is one of the ways that the 
body maintains a stable internal environment. It helps keep 
the body’s internal temperature constant. When the body’s 
internal environment is stable, the condition is called 
homeostasis. 
 

 

 

All living organisms have ways of maintaining homeostasis. They have mechanisms for controlling 
such factors as their internal temperature, water balance, and acidity. Homeostasis is necessary for 
normal life processes that take place inside cells. If an organism can’t maintain homeostasis, normal 
life processes are disrupted. Disease or even death may result. 

Living Things Grow and Reproduce 

All living things reproduce to make offspring or young. Organisms that do not reproduce will go 
extinct. As a result, there are no species that do not reproduce. In fact, scientists use the term 
species to describe a group of similar organisms capable of interbreeding and producing fertile 
offspring. For example, some organisms reproduce asexually (asexual reproduction), especially 
single-celled organisms, and make identical copies of themselves. Other organisms reproduce 
sexually (sexual reproduction), combining genetic information from two parents to make genetically 
unique offspring. 
 

 

 

 

 

 

 

 

 

 

 

 

 



104 
 

Introduction to Living Organisms Assessment 

1. Can you recall the five characteristics used to define life? List them.  (DOK1) 

 

 

 

 
2. How are all living things alike? How are they different? (DOK2) 

 
 
 
 

3. Predict what would happen to all life if the sun ran out of energy. Support your claim with 
evidence-based reasoning. (DOK3) 

 

 

 

 

4. Explain the concept of homeostasis. Give an example not shown in this reading text. (DOK3) 

 

 

 

 

 

5. Explain the importance of mitosis in the cell cycle.  (DOK3) 

 

 

 

 

 

 

 

 

 

 

http://www.ck12.org/life-science/Homeostasis-in-Life-Science
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3.2 Asexual and Sexual Reproduction 
By the end of this reading, you should be able to… 

LS3-2 Develop and use a model to describe why asexual reproduction results in offspring with 
identical genetic information and sexual reproduction results in offspring with genetic variation.  

Introduction 

Reproduction is how organisms produce offspring. The ability to reproduce is a characteristic of all 
living things. In some species, all the offspring are genetically identical to the parent. In other species, 
each offspring is genetically unique. Look at the kittens this figure. They are brothers and sisters, but 
they are all different from each other. Why does this happen in some species but not others? 

It’s because there are two types of reproduction. 
Reproduction can be sexual or asexual. 

1. Asexual reproduction, the process of forming a 
new individual from a single parent. 

2. Sexual reproduction, the process of forming a 
new individual from two parents. 

There are advantages and disadvantages to each 
method, but the result is always the same: a new life 
begins. 

Asexual Reproduction 

Asexual reproduction is simpler than 
sexual reproduction. It involves just 
one parent. The offspring are 
genetically identical to each other 
and to the parent. All prokaryotes 
(do not have a nucleus) and some 
eukaryotes (have a nucleus) 
reproduce this way. There are 
several different methods of asexual 
reproduction. They include binary 
fission, fragmentation/regeneration, 
and budding. 

Binary Fission 

Binary fission occurs when a parent 
cell simply splits into two daughter cells. The cell simply splits into two equal halves. Binary fission 
occurs in bacteria and other prokaryotes. It takes place in three continuous steps: 

1. The cell’s chromosome is copied to form two identical chromosomes. This is DNA replication. 
2. The copies of the chromosome separate from each other. They move to opposite poles, or 

ends, of the cell. This is called chromosome segregation. 
3. The cell wall grows toward the center of the cell. The cytoplasm splits apart, and the cell 

pinches in two. This is called cytokinesis. 
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Fragmentation/Regeneration 

 

Fragmentation occurs when a piece breaks off from a parent organism. 
Then the piece develops into a new organism. Sea stars, like the shown in 
the figure, can reproduce this way. In fact, a new sea star can form from a 
single “arm.” 
 

Budding 

Budding occurs when a parent cell forms a bubble-like bud. The bud 
stays attached to the parent while it grows and develops. It breaks away 
from the parent only after it is fully formed. Yeasts can reproduce this 
way. You can see two yeast cells budding in figure to the right. 

Sexual Reproduction 

Sexual reproduction is more complicated. It involves two parents. Special 
cells called gametes are produced by the parents. A gamete produced by 
a female parent is generally called an egg. A gamete produced by a male 
parent is usually called a sperm. An offspring forms when two gametes 
unite.  
 

The union of the two gametes is called fertilization. You can see a human 
sperm and egg uniting in this figure to the left. The initial cell that forms when two gametes unite is 
called a zygote.  Let's explore how animals, plants, and fungi reproduce sexually: 

Animals often have gonads, organs that produce eggs or sperm. The male gonads are the testes, 
and the female gonads are the ovaries. Testes produce sperm; ovaries produce eggs. Sperm and 
egg, the two sex cells, are known as gametes, and can combine two different ways, both of which 
combine the genetic material from the two parents. Gametes have half the amount of the genetic 
material of a regular body cell. In humans, gametes have one set of 23 chromosomes. Gametes are 
produced through a special type of cell division known as meiosis. 

Fish and other aquatic animals release their gametes in the water, which is called 
external fertilization. These gametes will combine by chance. Animals that live on 
land (reptiles, birds, and mammals) reproduce by internal fertilization. 

Plants can also reproduce sexually, but their reproductive organs are different from 
animals’ gonads. Plants that have flowers have their reproductive parts in the 
flower. The sperm is contained in the pollen, while the egg is contained in the 
ovary, deep within the flower. The sperm can reach the egg two different ways: 

1. In self-pollination, the egg is fertilized by the pollen of the same flower. 
2. In cross-pollination, sperm from the pollen of one flower fertilizes the egg of another flower. 

Like other types of sexual reproduction, cross-pollination allows new combinations of traits. 
Cross-pollination occurs when pollen is carried by the wind to another flower. It can also occur 
when animal pollinators, like honey bees or butterflies (figure left), carry the pollen from flower 
to flower. 

http://www.ck12.org/life-science/Fungi-in-Life-Science?referrer=crossref
http://www.ck12.org/biology/Cells?referrer=crossref
http://www.ck12.org/biology/Chromosomes?referrer=crossref
http://www.ck12.org/life-science/Cell-Division-in-Life-Science?referrer=crossref
http://www.ck12.org/life-science/Fish-in-Life-Science?referrer=crossref
http://www.ck12.org/biology/Water-Advanced?referrer=crossref
http://www.ck12.org/life-science/Reptiles-in-Life-Science?referrer=crossref
http://www.ck12.org/life-science/Birds-in-Life-Science?referrer=crossref
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Sexual Reproduction in Humans 

Human beings have 23 different chromosomes. Each body cell 
contains two of each chromosome, for a total of 46 
chromosomes. You can see the 23 pairs of human 
chromosomes in Figure right. The number of different types of 
chromosomes is called the haploid number. In humans, the 
haploid number is 23. The number of chromosomes in normal 
body cells is called the diploid number. The diploid number is 
twice the haploid number. In humans, the diploid number is two 
times 23, or 46. 

 

Homologous Chromosomes 

The two members of a given pair of chromosomes are called homologous chromosomes. We get one 
of each homologous pair, or 23 chromosomes, from our father. We get the other one of each pair, or 
23 chromosomes, from our mother. A gamete must have the haploid number of chromosomes. That 
way, when two gametes unite, the zygote will have the diploid number. How are haploid cells 
produced?  

Meiosis is a special type of cell division. It produces haploid daughter cells. It occurs when an 
organism makes gametes. Meiosis is basically mitosis times two. The original diploid cell divides 
twice. The first time is called meiosis I. The second time is called meiosis II. However, the DNA 
replicates only once. It replicates before meiosis I but not before meiosis II. This results in four 
haploid daughter cells. 

Meiosis I and meiosis II occurs 
in the same four phases as 
mitosis. The phases are 
prophase, metaphase, 
anaphase, and telophase. 
Cytokinesis follows telophase 
each time. However, meiosis I 
has an important difference. In 
meiosis I, homologous 
chromosomes pair up and then 
separate. As a result, each 
daughter cell has only one 
chromosome from each 
homologous pair. 

This figure shows a simple 
model of meiosis. It shows both 
meiosis I and II.  You can also 
learn more about them by 
watching these videos: 

http://www.youtube.com/watch?v=toWK0fIyFlY 

http://www.youtube.com/watch?v=rB_8dTuh73c  

http://www.youtube.com/watch?v=toWK0fIyFlY
http://www.youtube.com/watch?v=rB_8dTuh73c
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Asexual and Sexual Reproduction Assessment 

Essential Skill:  Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. 
1. What are three methods of asexual reproduction? For each method, give an example of an 

organism that can reproduce that way. (DOK 1) 

 

2. Define meiosis. Explain the outcome of meiosis. (DOK 2) 

 

 

3. What can be a negative effect of asexual reproduction? Is this more applicable to the individual 
or the population?  Explain. (DOK 3)  
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3.3 Genetics 
By the end of this reading, you should be able to… 
 

MS-LS3-2 Develop and use a model to describe why asexual reproduction results in offspring with identical 
genetic information and sexual reproduction results in offspring with genetic variation.  
 

Introduction 

Why do you look like your family?  For a long time, people understood that traits are 
passed down through families. The rules of how this worked were unclear, however. The 
work of Gregor Mendel was crucial in explaining how traits are passed down to each 
generation. 

 

Mendel's Experiments 

All living organisms have certain traits that make them unique.  A trait is a 
distinguishing characteristic or quality.  Some traits are learned during a 
lifetime.  However, many traits are inherited. What does the word "inherit" 
mean? You may have inherited something of value from a grandparent or 
another family member. To inherit is to receive something from someone 
who came before you. You can inherit objects, but you can also inherit 
traits. An inherited trait is a trait that is passed down from parents to their 
offspring.  For example, you can inherit a parent's eye color, hair color, or 
even the shape of your nose and ears! 
 

Genetics is the study of inheritance. The field of genetics seeks to explain how traits are passed on 
from one generation to the next. Remember, a generation is a group of organisms who are born and 
live around the same time. In the late 1850s, an Austrian monk named Gregor Mendel (figure above) 
performed the first genetics experiments. 
 

To study genetics, Mendel 
chose to work with pea 
plants because they have 
easily identifiable traits 
(see figure to right). For 
example, pea plants are 
either tall or short, which is 
an easy trait to observe. 
Furthermore, pea plants 
grow quickly, so he could 
complete many 
experiments in a short 
period of time.   
 
 

http://www.ck12.org/physics/Color
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Mendel also used pea plants because they can either self-pollinate or be cross-pollinated. Cross 
pollination is done by hand by moving pollen from one flower to the stigma of another. As a result, 
one plant's sex cells combine with another plant's sex cells. This is called a "cross." These crosses 
produce offspring (or "children"). Since Mendel could move pollen between plants, he could carefully 
control and then observe the results of crosses between two different types of plants.  
 

He studied the inheritance patterns for many different traits in peas, including round seeds versus 
wrinkled seeds, white flowers versus purple flowers, and tall plants versus short plants. Because of 
his work, Mendel is considered the "Father of Genetics." 

Mendel's Experiments and Laws of Heredity 

At first, Mendel studied one trait at a time. This was his first set of experiments. These experiments 
led to his first law, the law of segregation. Then Mendel studied two traits at a time. This was his 
second set of experiments. These experiments led to his second law, the law of independent 
assortment. 

Mendel's First Set of Experiments 

An example of Mendel's first set of experiments is his research on flower color. He transferred pollen 
from a plant with white flowers to a plant with violet flowers. Then 
Mendel observed flower color in their offspring. The offspring 
formed the first generation (F1). You can see the outcome of this 
experiment in figure to left. 
 
All of the F1 plants had violet flowers. Mendel wondered, "What 
happened to the white form of the trait?" "Did it disappear?" If so, 
the F1 plants should have only violet-flowered offspring. Mendel 
let the F1 plants pollinate themselves. This is called self-
pollination. Then, he observed flower color in their offspring. 
These offspring formed the second generation (F2). Surprisingly, 
the trait of white flowers showed up in the F2 plants. One out of 
every four F2 plants had white flowers. The other three out of 
four had violet flowers. In other words, F2 plants with violet 
flowers and F2 plants with white flowers had a 3:1 ratio.  Mendel 
repeated this experiment with each of the other traits. For each 

trait, he got the same results. One form of the trait seemed to disappear in the F1 plants. Then, it 
showed up again in the F2 plants. Moreover, the two forms of the trait always showed up in the F2 
plants in the same 3:1 ratio. 

Results:  Law of Segregation 

Based on these results, Mendel concluded that each trait is controlled by two factors. He also 
concluded that one of the factors for each trait dominates the other. He described the dominating 
factor as dominant. He used the term recessive to describe the other factor. If both factors are 
present in an individual, only the dominant factor is expressed. This explains why one form of a trait 
always seems to disappear in the F1 plants. These plants inherit both factors for the trait, but only the 
dominant factor shows up. The recessive factor is hidden.  When F1 plants reproduce, the two factors 
separate and go to different gametes. This is Mendel's first law, the law of segregation. It explains 
why both forms of the trait show up again in the F2 plants. One out of four F2 plants inherits two of 
the recessive factors for the trait. In these plants, the recessive form of the trait is expressed. 

http://www.ck12.org/biology/Cells
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Mendel’s Second Set of Experiments 

Mendel wondered whether different traits are inherited together. 
For example, are seed form and seed color passed together 
from parents to offspring? Or do the two traits split up in the 
offspring? To answer these questions, Mendel studied two traits 
at a time. For example, he crossed plants that had round, yellow 
seeds with plants that had wrinkled, green seeds. Then he 
observed how the two traits showed up in their offspring (F1). 
You can see the results of this cross in figure below. All of the 
F1 plants had round, yellow seeds. The wrinkled and green 
forms of the traits seemed to disappear in the F1 plants. 
 

This cross represents parents with round, yellow seeds and 
parents with wrinkled, green seeds. The factors controlling these 
traits are represented by letters as follows: 

 

Seed form: A =yellow (dominant); 
a = green (recessive) 
 

Seed color: B = round (dominant);  
b = wrinkled (recessive) 
 

Then, Mendel let the F1 plants self-pollinate. 
Their offspring, the F2 plants, had all possible 
combinations of the two traits. For example, 
there were plants that had round, green 
seeds, as well as plants that had wrinkled, 
yellow seeds. In this case the ratios were 
9:3:3:1. The ratios are shown across the 
bottom of the figure to the right.  
 

 

 

 

Mendel repeated this experiment with other combinations of two traits. In each case, he got the same 
results. One form of each trait seemed to disappear in the F1 plants. Then these forms re-appeared 
in the F2 plants in all possible combinations. Moreover, the different combinations of traits always 
occurred in the same 9:3:3:1 ratio. 

Results:  Law of Independent Assortment 

The results of Mendel's two-trait experiments led to the law of independent assortment. This law 
states that factors controlling different traits go to gametes independently of each other. This explains 
why F2 plants have all possible combinations of the two traits. 
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Mendel's Legacy 

You might think that Mendel's discoveries would have made him an instant science rock star. He'd 
found the answers to age-old questions about heredity. In fact, Mendel's work was largely ignored 
until 1900. That's when three other scientists independently arrived at Mendel's laws. Only then did 
people appreciate what a great contribution to science Mendel had made. Mendel's discoveries form 
the basis of the modern science of genetics. 
 

Watch this entertaining, upbeat video for an excellent review of Mendel's life and work. It's also a 
good introduction to the next lesson. 
http://www.youtube.com/watch?v=GTiOETaZg4w 
 

Genes and Alleles 

Today we know that the traits of organisms are controlled by genes on chromosomes. A gene can be 
defined as a section of a chromosome that contains the genetic code for a particular protein. A 
protein is a very important molecule that actually makes up the traits of the body and perform many 
functions of living things.  The position of a gene on a chromosome is called its locus. Each gene may 
have different versions. The different versions are called alleles. The figure below shows an example 
in pea plants. It shows the gene for flower color. The gene has two alleles. There is a purple-flower 
allele and a white-flower allele. Different alleles account for most of the variation in the traits of 
organisms within a species. 

 
In sexually reproducing species, chromosomes are present in cells in pairs. Chromosomes in the 
same pair are called homologous chromosomes. They have the same genes at the same loci. These 
may be the same or different alleles. During meiosis, when gametes are produced, homologous 
chromosomes separate. They go to different gametes. Thus, the alleles for each gene also go to 
different gametes, 
 

 

 

 

http://www.youtube.com/watch?v=GTiOETaZg4w
http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/6.2/#x-ck12-TVMtTFMtU0UtMDYtMDYtQWxsZWxlcy1HZW5lcw..
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Genotype and Phenotype 

When gametes unite during fertilization, the resulting zygote inherits two alleles for each gene. One 
allele comes from each parent. 

The two alleles that an individual inherits make up the individual's genotype. The two alleles may be 
the same or different. Look at table below. It shows alleles for the flower-color gene in peas. The 
alleles are represented by the letters B (purple flowers) and b (white flowers). A plant with two alleles 
of the same type (BB or bb) is called a homozygote. A plant with two different alleles (Bb) is called a 
heterozygote. 
 

Genotypes Phenotypes 

BB (homozygote) purple flowers 

Bb (heterozygote) purple flowers 

bb (homozygote) white flowers 

The expression of an organism's genotype is called its phenotype. The phenotype refers to the 
organism's traits, such as purple or white flowers. Different genotypes may produce the same 
phenotype. This will be the case if one allele is dominant to the other. Both BB and Bb genotypes 
have purple flowers. That's because the B allele is dominant to the b allele, which is recessive. The 
terms dominant and recessive are the terms Mendel used to describe his "factors." Today we use 
them to describe alleles. In a Bb, which is heterozygous, only the dominant B allele is expressed. The 
recessive b allele is expressed only in the bb genotype.  In other words, the dominant trait needs 
only one dominant allele to be expressed and the recessive trait needs both recessive alleles to be 
expressed. 

Predicting Alleles in Gametes 

Consider a purple-flowered pea plant with the genotype 
Bb. Half the gametes produced by this parent will have a B 
allele. The other half will have a b allele. You can see this 
in the figure to the right. This is similar to tossing a coin. 
There is a 50 percent chance of a head and a 50 percent 
chance of a tail. Like a head or tail, there is a 50 percent 
chance that any gamete from this parent will have the B 
allele.  There is also a 50 percent chance that any gamete 
will have the b allele. 

Now let's see what happens if two parent pea plants have 
the Bb genotype. What genotypes are possible for their 
offspring? And what ratio of genotypes would you expect? 
The easiest way to find the answer to these questions is with a Punnett square. 

 

http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/6.2/#x-ck12-dGFibGU6MDYtMDEtR2Vub3R5cGUtUGhlbm90eXBl
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A Punnett square is a chart that makes it easy to find the possible genotypes in offspring of two 
parents. A Punnett square and the ratios they show express probability; the likelihood or chance of 
an event occurring.  The ratios determined from a Punnett square tell you the probability of any one 
offspring getting certain genes and expressing certain traits.  The figure below shows a Punnett 
square for the two parent pea plants. The gametes produced by the male parent are at the top of the 
chart. The gametes produced by the female parent are along the left side of the chart. The different 
possible combinations of alleles in their offspring can be found by filling in the cells of the chart. 

 

If the parents had four offspring, their most 
likely genotypes would be one BB, two Bb, 
and one bb. But the genotype ratios of their 
actual offspring may differ. That's because 
which gametes happen to unite is a matter of 
chance, like a coin toss. The Punnett square 
just shows the possible genotypes and their 
most likely ratios. 
 

To see steps on how to complete a 
monohybrid cross click this 
link:  http://www.wikihow.com/Use-a-
Punnett-Square-to-Do-a-Monohybrid-
Cross  

 

Predicting Phenotype Ratios 

You know that the B allele is dominant to the b allele. Therefore, you can also use the Punnett square 
in the figure above to predict the most likely offspring phenotypes. If the parents had four offspring, 
their most likely phenotypes would be three with purple flowers (1 BB + 2 Bb) and one with white 
flowers (1 bb). 

 
 

 

 

 

 

 

http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/6.2/#x-ck12-TVMtTFMtU0UtMDYtMDgtUHVubmV0dC1TcXVhcmU.
http://www.wikihow.com/Use-a-Punnett-Square-to-Do-a-Monohybrid-Cross
http://www.wikihow.com/Use-a-Punnett-Square-to-Do-a-Monohybrid-Cross
http://www.wikihow.com/Use-a-Punnett-Square-to-Do-a-Monohybrid-Cross
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Genetics Assessment:  

Essential Skill: Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. 

1. Use a Punnett square to determine which set of F2 offspring will have the most genetic 
diversity. Determine the possible offspring genotypes of parents with the genotypes aa and aa 
and the possible offspring genotypes of parents with the genotypes Aa and Aa. (DOK 3)  

 

 

2. Use a Punnett square to determine the possible offspring genotypes of parents with the 
genotypes Bb and bb. Assume that B is the dominant allele for violet flower color in peas and b 
is the recessive allele for white flower color. What is the expected ratio of violet-flowered to 
white-flowered offspring based on your Punnett square? (DOK 3)  

 

 

3. Write a short paragraph or draw a concept map in which you correctly use the concepts 
chromosome, gene, allele, locus, and trait and explain how they relate to one another. (DOK 
3) 
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3.4 Genetic Mutations 

By the end of this reading, you should be able to… 
MS-LS3-1 Develop and use a model to describe why structural changes to genes (mutations) located on 
chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and 
function of the organism. 

What is DNA? 

DNA is the material that makes up our chromosomes and stores our 
genetic information. A chromosome carries genetic information. 
When you build a house, you need a blueprint, a set of instructions 
that tells you how to build. The DNA is like the blueprint for living 
organisms. The genetic information is a set of instructions that tell 
your cells what to do. 

DNA is an abbreviation for deoxyribonucleic acid. The deoxyribo- part of the name refers to the 
name of the sugar that is contained in DNA, deoxyribose. DNA may provide the instructions to make 
up all living things, but it is actually a very simple molecule. DNA is made of a very long chain of 
nucleotides. In fact, in you, the smallest DNA molecule has well over 20 million nucleotides. 
  

Nucleotides are composed of three main parts: 

1. a phosphate group. 
2. a 5-carbon sugar (deoxyribose in DNA). 
3. a nitrogen-containing base. 

The only difference between each nucleotide is the identity of the base. There are only four possible 
bases that make up each DNA nucleotide: adenine (A), guanine (G), thymine (T), and cytosine (C). 
 

The various sequences of the four nucleotide bases make up the genetic code of your cells. It may 
seem strange that there are only four letters in the “alphabet” of DNA. But since your chromosomes 
contain millions of nucleotides, there are many, many different combinations possible with those four 
letters.  
 

But how do all these pieces fit together? James Watson and Francis Crick 
won the Nobel Prize in 1962 for piecing together the structure of DNA. 
Together with the work of Rosalind Franklin and Maurice Wilkins, they 
determined that DNA is made of two strands of nucleotides formed into a 
double helix, or a two-stranded spiral, with the sugar and phosphate groups 
on the outside, and the paired bases connecting the two strands on the 
inside of the helix (figure to the left). 
 

 

 

http://www.ck12.org/biology/Chromosomes?referrer=crossref
http://www.ck12.org/biology/Cells?referrer=crossref
http://www.ck12.org/biology/Genetic-Code?referrer=crossref
http://www.ck12.org/biology/Cells?referrer=crossref
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Base-Pairing 

The bases in DNA do not pair randomly. When Erwin Chargaff looked closely at the bases in DNA, he 
noticed that the percentage of adenine (A) in the DNA always equaled the percentage of thymine (T), 
and the percentage of guanine (G) always equaled the percentage of cytosine (C). Watson and 
Crick’s model explained this result by suggesting that A always pairs with T, and G always pairs with 
C in the DNA helix. Therefore, A and T, and G and C, are "complementary bases," or bases that 
always pair together, known as a base-pair.  

 

 

a) Nucleotides consist of a sugar molecule, a phosphate molecule, and one of four nitrogen 
molecules. (b) The four nucleotides fit together like a lock and key, with guanine pairing with cytosine, 
and adenine pairing with thymine. 

Check out this 8-minute video about the structure and function of the DNA molecule. 
 

Why are these combinations of the DNA bases so important? How is it all possible?  It’s all about 
proteins.  DNA contains the instructions to create proteins.  Your body needs proteins to create 
muscles, regulate chemical reactions, transport oxygen, and perform other important tasks in your 
body. But how are these proteins built? They are made up of units called amino acids. Just like there 
are only a few types of blocks in a set, there are a limited number of amino acids. But there are many 
ways in which they can be combined.  Amino acids are the building blocks of a protein. The DNA 
sequence contains the instructions to place amino acids into a specific order, which produces a 
particular protein.  In short, DNA contains the instructions to create proteins, and the units of DNA 
that contain the code for the creation of a protein are called genes.  A gene is a segment or a region 
of DNA that codes for a specific trait. What a gene really codes for, however, is a specific protein 
molecule, and protein molecules are the basis for traits.  

The following video shows how proteins are made using the DNA sequence. 
 

The process of DNA replication is not always 100% accurate. Sometimes the wrong base is inserted 
in the new strand of DNA. This wrong base could become permanent. A permanent change in the 
sequence of DNA is known as a mutation. Small changes in the DNA sequence is usually point 
mutations, which is a change in a single nucleotide. 

https://www.youtube.com/watch?v=_POdWsii7AI&list=PLwL0Myd7Dk1HK8gH2XIafNgQJD1dMX2aW
http://www.ck12.org/biology/DNA
http://www.ck12.org/biology/Proteins
http://www.ck12.org/chemistry/Chemical-Reactions
http://www.ck12.org/biology/DNA
http://www.ck12.org/biology/DNA
https://www.youtube.com/watch?v=h5mJbP23Buo
http://www.ck12.org/biology/DNA
http://www.ck12.org/biology/DNA
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A mutation may have no effect. However, sometimes a mutation can cause a protein to be made 
incorrectly. A defect in the protein can affect how well the protein works, or whether it works at all. 
Usually the loss of a protein function is detrimental to the organism. 
In rare circumstances, though, the mutation can be beneficial. For example, suppose a mutation in an 
animal’s DNA causes the loss of an enzyme that makes a dark pigment in the animal’s skin. If the 
population of animals has moved to a light-colored environment, the animals with the mutant gene 
would have a lighter skin color and be better camouflaged. So, in this case, the mutation is beneficial. 

Disorders Caused by Single Gene Mutations 

The table below lists some genetic disorders caused by mutations in just one gene. It also includes 
dominant and recessive disorders. 

Genetic 
Disorder 

Effect of Mutation Signs of the Disorder 

Marfan 
syndrome 

Defective protein in tissues such as cartilage 
and bone 

Heart and bone defects; unusually long 
limbs 

Cystic fibrosis Defective protein needed to make mucus Unusually thick mucus that clogs airways in 
lungs and ducts in other organs 

Sickle Cell 
Anemia 

Defective hemoglobin protein that is needed to 
transport oxygen in red blood cells 

Sickle-shaped red blood cells that block 
blood vessels and interrupt blood flow 

Hemophilia A Reduced activity of a protein needed for blood 
to clot 

Excessive bleeding that is difficult to control 

Relatively few genetic disorders are caused by dominant alleles. A dominant allele is expressed in 
everybody who inherits even one copy of it. If it causes a serious disorder, affected people may die 
young and fail to reproduce. They won't pass the allele to the next generation. As a result, the allele 
may die out of the population.  

Recessive disorders are more common than dominant ones. Why? A recessive allele is not 
expressed in heterozygotes. These people are called carriers. They don't have the genetic disorder 
but they carry the recessive allele. They can also pass this allele to their offspring. A recessive allele 
is more likely than a dominant allele to pass to the next generation rather than die out. 

 

 

 

 

 

http://www.ck12.org/biology/DNA
http://www.ck12.org/physics/Color
http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/6.3/#x-ck12-dGFibGU6Ni0zLVNpbmdsZS1HZW5lLURpc29yZGVycw..
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Chromosomal Disorders 

In the process of meiosis, paired chromosomes normally separate from each other. They end up in 
different gametes. Sometimes, however, errors occur. The paired chromosomes fail to separate. 
When this happens, some gametes get an extra copy of a chromosome. Other gametes are missing 
a chromosome. If one of these gametes is fertilized and survives, a chromosomal disorder results. 
You can see examples of such disorders in table below. 
 

Genetic 
Disorder 

Genotype Phenotypic Effects 

Down syndrome Extra copy (complete or partial) of 
chromosome 21 

Developmental delays, distinctive facial 
appearance, and other abnormalities 

Turner's 
syndrome 

One X chromosome and no other sex 
chromosome (XO) 

Female with short height and inability to 
reproduce 

Klinefelter's 
syndrome 

One Y chromosome and two or more 
X chromosomes (XXY, XXXY) 

Male with abnormal sexual development 
and reduced level of male sex hormone 

Most chromosomal disorders involve the sex chromosomes. Can you guess why? The X and Y 
chromosomes are very different in size. The X is much larger than the Y. This difference in size 
creates problems. It increases the chances that the two chromosomes will fail to separate properly 
during meiosis. 
 

Causes of Mutations 

Many mutations are not caused by errors in replication. Mutations can happen spontaneously, and 
they can be caused by mutagens in the environment. Some chemicals, such as those found in 
tobacco smoke, can be mutagens. Sometimes mutagens can also cause cancer. Tobacco smoke, for 
example, is often linked to lung cancer. 
 

Genetic Mutations Assessment: 

1. What is a genetic mutation? (DOK1) 

2. Why are mutations so important to living organisms? Support your reasoning with evidence. (DOK 3) 

 

 

 

 

 

http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/6.3/#x-ck12-dGFibGU6MDYtMDQtUG9seXBsb2lkeS1EaXNvcmRlcnM.
http://www.ck12.org/life-science/Cancer-in-Life-Science
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3.5 Common Ancestry and Diversity 
By the end of this reading, you should be able to… 
MS-LS4-3:  Analyze displays of pictorial data to compare patterns of 
similarities in the embryological development across multiple species 
to identify relationships not evident in the fully formed anatomy.  
 

If you look closely at a skeleton, you might notice a triangular bone 
at the end of the spinal column. This is your tailbone. Why would you 
have a tailbone when you don't have a tail 
 

Introduction 

Even though two different species may not look similar, they may 
have similar internal structures that suggest they have a common 
ancestor. That means both transformed from the same ancestral 
organism a long time ago. Common ancestry can also be 
determined by looking at the structure of the organism as it first 
develops. 
 

Vestigial Structures 
 

Some of the most interesting kinds of adaptations are body parts that have lost their use through 
time. These are called vestigial structures. For example, most birds need their wings to fly. But the 
wings of an ostrich have lost their original use. Structures that have lost their use and are called 
vestigial structures. Vestigial structures suggest that an organism changed from using the structure to 
not using the structure, or using it for a different purpose. Penguins also do not use their wings, 
known as flippers, to fly in the air. However, they do use them to move in the water. A whale’s pelvic 
bones, which were once attached to legs, are also vestigial structures. Whales are descended from 
land-dwelling ancestors that had legs.  
 

Similar Embryos 

Embryology is the study of how organisms develop. An embryo is an animal or plant in its earliest 
stages of development. This means looking at a plant or animal before it is born or hatched. 
Centuries ago, people recognized that the embryos of many different species have similar 
appearances. The embryos of some species are even difficult to tell apart. Many of these animals do 
not differ much in appearance until they develop further. 

Some unexpected traits can appear in animal embryos. For example, human embryos have gill slits 
just like fish! In fish they develop into gills, but in humans they disappear before birth. The presence 
of the gill slits suggests that a long time ago humans and fish shared a common ancestor. 
Look at the drawings of embryos in figure below. They represent very early life stages of a chicken, turtle, pig, 
and human being. The embryos look so 
similar that it’s hard to tell them apart. Such 
similarities provide evidence that all four 
types of animals are related.  Go to this 
interactive link:  “Guess the Embryo” 

  From left to right, embryos of a chicken, turtle, 
pig, and human being 

http://www.ck12.org/life-science/Birds-in-Life-Science
http://www.ck12.org/biology/Water-Advanced
http://www.ck12.org/life-science/Fish-in-Life-Science
http://www.ck12.org/book/CK-12-Life-Science-For-Middle-School/section/7.2/#x-ck12-TVMtTFMtU0UtMDctMTEtRW1icnlvcw..
http://www.pbs.org/wgbh/nova/evolution/guess-embryo.html
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Similar Body Parts 

Comparing body parts of different species may reveal surprising similarities. For example, all 
mammals have front limbs that look quite different and are used for different purposes. Bats use their 
front limbs to fly, whales use them to swim, and cats use them to run and climb. However, the front 
limbs of all three animals—as well as humans—have the same basic underlying bone structure. You 
can see this in the figure. The similar bones provide evidence that all four animals share a common 
ancestor.  Similar structures among different species are called homologous structures. 

 
 

Understanding Relationships 

 
 
There are many ways to tell how closely related organisms 
may be to one another.  One method used is with a graphic 
called an evolutionary tree.  There are many different kinds 
of tree graphics, but an example of a basic tree is shown in 
this figure to the left. 
 

 

 

 

So, to find the most recent common ancestor on a tree, follow each 
lineage towards the base of the tree until they meet at a point.  For 
example, the two-lineage designated in the figure above meet at a 
point and that is their most recent common ancestor.  Another 
example is shown to the right.  It is the first point where the lines 
intersect that indicates the most recent common ancestor. 
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Common Ancestry and Diversity Assessment 
Essential Skill:  Graphs, charts, and images can be used to identify patterns in data. 

1. Given an example of a structure that is present in human embryos, but has disappeared by 
birth. (DOK1)  

 

2. What are vestigial structures? Give an example. (DOK 1) 

3. Compare and contrast the front limb bones of a human and a bat. (DOK 2) 
 
 
 
4. Below are some vestigial structures found in humans. For each, hypothesize what its function 

may have been.  Explain your reasoning. (DOK 3) 
 
 

5. Use the tree diagram and points 1, 2, and 3 to identify the most 
recent common ancestors for the following (DOK 2):  

 
 

a. Identify the most recent common ancestor for the 
triangle and square.  

b. Identify the most recent common ancestor for the 
triangle and star. 

c. Identify the most recent common ancestor for the 
triangle and oval. 

 
 
 
6.  Use the diagram to the right to answer the following (DOK 3) 
 

a. Which organisms are most closely related?  Explain. 
 
 
b. Which organisms are most distantly related?  Explain. 
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3.6 Natural Selection 
By the end of this reading, you should be able to… 

MS-LS4-4: Construct an explanation based on 
evidence that describes how genetic variations of 
traits in a population increase some individuals’ 
probability of surviving and reproducing in a 
specific environment. 
 

MS-LS4-6: Use mathematical representations to 
support explanations of how natural selection 
may lead to increase and decrease of specific 
traits in populations over time.  
 

How is this deer mouse well adapted for life 
in the forest? 
 
Notice in the figure to the right how the deer mouse’s dark coloring would allow it to easily hide from 
predators on the darkened forest floor. On the other hand, deer mice that live in the nearby Sand Hills are a 
lighter, sand-like color. What caused the deer mice to be so well adapted to their unique environments?   

Natural Selection 

Natural selection occurs when there are differences in fitness among members of a population. As a 
result, some individuals pass more genes to the next generation. This causes allele frequencies to 
change. 

Good traits become more common in a population. Bad traits become less common. The deer 
mouse, species Peromyscus maniculatus gives an example of natural selection. In Nebraska, this 
mouse is typically brown. But in places where glaciers dropped lighter sand over the darker soil, the 
mice are light. Why? Because predators could more easily spot the dark mice on light sand. The 
lighter mice were more likely to survive and have offspring. Natural selection favored the light mice. 
Over time, the population became light colored. Enough changes may take place over time that the 
two types of mice become different species. 

This story is covered in more detail here:  http://news.harvard.edu/gazette/story/2009/08/mice-
living-in-sand-hills-quickly-evolved-lighter-coloration/. 

 

Natural selection explains how organisms in a population develop traits that allow them to survive and 
reproduce. Natural selection means that traits that offer an advantage will most likely be passed on to 
offspring; individuals with those traits have a better chance of surviving. Evolution occurs by natural 
selection. 

 

Take the giant tortoises on the Galápagos Islands as an example. If a short-necked tortoise lives on 
an island with fruit located at a high level, will the short-necked tortoise survive? No, it will not, 
because it will not be able to reach the food it needs to survive. If all of the short-necked tortoises die, 
and the long-necked tortoises survive, then, over time, only the long-necked trait will be passed down 
to offspring. All of the tortoises with long-necks will be "naturally selected" to survive. Organisms that 

http://www.ck12.org/physics/Color?referrer=crossref
http://www.ck12.org/biology/Natural-Selection
http://www.ck12.org/earth-science/Glaciers
http://news.harvard.edu/gazette/story/2009/08/mice-living-in-sand-hills-quickly-evolved-lighter-coloration/
http://news.harvard.edu/gazette/story/2009/08/mice-living-in-sand-hills-quickly-evolved-lighter-coloration/


124 
 

are not well-adapted, for whatever reason, to their environment, will naturally have less of a chance of 
surviving and reproducing. 

Every plant and animal depends on its traits to survive. Survival may include getting food, building 
homes, and attracting mates. Traits that allow a plant, animal, or other organism to survive and 
reproduce in its environment are called adaptations. 

Natural selection occurs when: 

1. There is some variation in the inherited traits of organisms within a species. Without this 
variation, natural selection would not be possible. 

2. Some of these traits will give individuals an advantage over others in surviving and 
reproducing. 

3. These individuals will be likely to have more offspring. 

Imagine how in the Arctic, dark fur makes a rabbit easy for foxes 
to spot and catch in the snow. Therefore, white fur is a beneficial 
trait that improves the chance that a rabbit will survive, 
reproduce, and pass the trait of white fur onto its offspring. 
Through this process of natural selection, dark fur rabbits will 
become uncommon over time. Rabbits will adapt to have white 
fur. In essence, the selection of rabbits with white fur - the 
beneficial trait - is a natural process. 

 

The white fur of the Arctic hares may make it more difficult for fox and other predators to locate hares against the white snow. 
 

Why So Many Species? 

Scientists estimate that there are between 5 million 
and 30 million species on the planet. But why are 
there so many? Different species are well-adapted to 
live and survive in many different types of 
environments. As environments change over time, 
organisms must constantly adapt to those 
environments. Diversity of species increases the 
chance that at least some organisms adapt and 
survive any major changes in the environment. For 
example, if a natural disaster kills all of the large 
organisms on the planet, then the small organisms 
will continue to survive. 

The biogeography of islands yields some of the best 
evidence for evolution. Consider the birds called 
finches that Darwin studied on the Galápagos Islands 
(see “Darwin’s Finches” picture). All of the finches 
probably descended from one bird that arrived on the islands from South America. Until the first bird 
arrived, there had never been birds on the islands. The first bird was a seed eater. It evolved into 
many finch species. Each species was adapted for a different type of food.  

http://www.ck12.org/biology/Evidence-for-Evolution
http://www.ck12.org/biology/Birds
http://www.ck12.org/biology/Birds
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In the 1970s, biologists Peter and Rosemary Grant went to the Galápagos Islands. They wanted to 
re-study Darwin’s finches. They spent more than 30 years on the project. Their efforts paid off. They 
were able to observe evolution by natural selection actually taking place. 

While the Grants were on the Galápagos, a drought occurred. As a result, fewer seeds were available 
for finches to eat. Birds with smaller beaks could crack open and eat only the smaller seeds. Birds 
with bigger beaks could crack and eat seeds of all sizes. As a result, many of the small-beaked birds 
died in the drought. Birds with bigger beaks survived and reproduced (see graphs). Within 2 years, 
the average beak size in the finch population increased! Evolution by natural selection had occurred. 

 

 

 

Evolution of Beak Size in Galápagos 
Finches. The top graph shows the beak 
sizes of the entire finch population 
studied by the Grants in 1976. The bottom 
graph shows the beak sizes of the 
survivors in 1978. In just 2 years, beak 
size increased. 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ck12.org/biology/Natural-Selection
http://www.ck12.org/biology/Birds
http://www.ck12.org/biology/Natural-Selection
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Natural Selection Assessment 
Essential Skill:  Phenomena may have more than one cause, and some cause and effect 
relationships in systems can only be described using probability. 
 

1. How do changes in an ecosystem influence populations of a specific species?  What happens 
if the species cannot adapt to these changes? (DOK 2) 
 

2. How do adaptations enhance the survival of a particular species? (DOK 2) 
 
3. Present day giraffes are believed to have evolved from ancestors who resembled 

horses.  There have been different theories about how this could have occurred.  The two main 
ideas are listed below: 

 

a. One proposed explanation is that the giraffes wanted to reach the leaves higher up on the 
trees, possibly because they were greener or no other species could eat them, so the 
short-necked ancestors stretched their necks trying to reach the high leaves, causing their 
necks to become longer.  Over many generations of stretching their necks the giraffes’ 
neck became longer and longer until they became the current long-necked species. 

b. Another explanation is that some ancestors of modern day giraffes had slightly longer 
necks than others.  These giraffes were able to reach more food, allowing them to 
become stronger, live longer, and have more offspring.  Over time the giraffes with slightly 
longer necks became the more prevalent group and when these giraffes had offspring, 
their offspring had even slightly longer necks, and so on until the current long-necked 
species came about. 

 

Which of these theories do you agree with the most?  Explain your position in as much detail 
as possible. (DOK 3) 
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3.7 Reproductive Success of Animals & Plants 

By the end of this reading, you should be able to… 

MS-LS1-4: Use arguments based on empirical evidence and scientific reasoning to support an 
explanation for how characteristic animal behaviors and specialized plant structures affect the 
probability of successful reproduction of animals and plants respectively. 

MS-LS1-5:  Construct a scientific explanation based on evidence for how environmental and genetic 
factors influence the growth of organisms. 
 

Introduction 

There are many factors that affect the propagation of a species.  The adaptations that result from the 
natural selection process exist due to the reproductive success of the organisms.  For example, some 
prey animals travel in herds for protection, some organisms build nests to protect their young, some 
organisms are brightly colored to either attract a mate or to warn predators they are poisonous. Plants 
can also have traits favorable 
for survival, such as brightly 
colored flowers to attract 
pollinators or thorns for 
protection. 
 

Let’s look at some animal 
behaviors and plant structures 
that support successful 
reproduction.  We will also 
consider how environmental 
conditions can affect a 
species. 

These pictures show 
examples of animal 
behaviors. Why do you think 
the animals behave these 
ways? 
 

Reproductive Success of Animals 

Why do animals behave the way they do? The answer to this question depends on what the behavior 
is. A cat chases a mouse to catch it. A mother dog nurses her puppies to feed them. All of these 
behaviors have the same purpose: getting or providing food. All animals need food for energy. They 
need energy to move around. In fact, they need energy just to stay alive. Energy allows all the 
processes inside cells to occur. Baby animals also need energy to grow and develop. 

Birds and wasps build nests to have a safe place to store their eggs and raise their young. Many 
other animals build nests for the same reason. Animals protect their young in other ways, as well. For 
example, a mother dog not only nurses her puppies. She also washes them with her tongue and 

http://www.ck12.org/physics/Energy
http://www.ck12.org/biology/Cells
http://www.ck12.org/life-science/Birds-in-Life-Science
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protects them from strange people or other animals. All of these behaviors help the young survive 
and grow up to be adults. 

Rabbits run away from foxes and other predators to stay alive. Their speed is their best defense. 
Lizards sun themselves on rocks to get warm because they cannot produce their own body heat. 
When they are warmer, they can move faster and be more alert. This helps them escape from 
predators and also find food. 

All of these animal behaviors are important. They help the animals get food for energy, make sure 
their young survive, or ensure that they, themselves, survive. Behaviors that help animals or their 
young survive increase their fitness. Animals with higher fitness have a better chance of passing their 
genes on to the next generation. A generation is a group of organisms who are born and live around 
the same time.  If genes control behaviors that increase fitness, the behaviors become more common 
in the species. This occurs through the process of natural selection. 

Learn more about the various types of animal behaviors and how they affect survival at this 
URL:  http://www.youtube.com/watch?v=6hREwakXmAo (9:52) 

Innate Behavior 

Many animal behaviors are ways that animals act, naturally. They don’t 
have to learn how to behave in these ways. Cats are natural-born hunters. 
They don’t need to learn how to hunt. Spiders spin their complex webs 
without learning how to do it from other spiders. Birds and wasps know 
how to build nests without being taught. These behaviors are called innate. 

An innate behavior is any behavior that occurs naturally in all animals of a 
given species. An innate behavior is also called an instinct. The first time 
an animal performs an innate behavior, the animal does it well. The animal 

does not have to practice the behavior in order to get it right or become better at it. Innate behaviors 
are also predictable. All members of a species perform an innate behavior in the same way. Innate 
behaviors usually involve important actions, like eating and caring for the young.  Innate behaviors 
support the survival of a species. 

There are many examples of innate behaviors. For example, did you know that honeybees dance? 
The honeybee pictured here has 
found a source of food. When the 
bee returns to its hive, it will do a 
dance. This dance is called the 
waggle dance. The way the bee 
moves during its dance tells other 
bees in the hive where to find the 
food. Honeybees can do the waggle 
dance without learning it from other 
bees, so it is an innate behavior. 

Besides building nests, birds have other innate behaviors. One example occurs in gulls, which are 
pictured below; one of the chicks is pecking at a red spot on the mother’s beak. This innate behavior 
causes the mother to feed the chick. In many other species of birds, the chicks open their mouths 
wide whenever the mother returns to the nest. This innate behavior, called gaping, causes the mother 
to feed them. 

http://www.ck12.org/physical-science/Speed-in-Physical-Science
http://www.ck12.org/earth-science/Sun
http://www.ck12.org/earth-science/Rocks
http://www.ck12.org/physical-science/Heat-in-Physical-Science
http://www.ck12.org/physics/Energy
http://www.ck12.org/life-science/Natural-Selection-in-Life-Science
http://www.youtube.com/watch?v=6hREwakXmAo
http://www.ck12.org/life-science/Birds-in-Life-Science
http://www.ck12.org/life-science/Birds-in-Life-Science
http://www.ck12.org/life-science/Birds-in-Life-Science
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Innate Behavior in Human Beings 

All animals have innate behaviors, even human beings. Can you think 
of human behaviors that do not have to be learned? Chances are, you 
will have a hard time thinking of any. The only truly innate behaviors in 
humans are called reflex behaviors. They occur mainly in babies. Like 
innate behaviors in other animals, reflex behaviors in human babies 
may help them survive. An example of a reflex behavior in babies is the 
sucking reflex.  It increases the chances of a baby feeding and 
surviving. Another example of a reflex behavior in babies is the grasp 
reflex (figure right). Babies instinctively grasp an object placed in the 
palm of their hand. Their grip may be surprisingly strong. How do you 
think this behavior might increase a baby’s chances of surviving? 

Mating Behavior and Defending Territory 

Some of the most important animal behaviors involve mating. Mating is the pairing of an adult male 
and female to produce young. Adults that are most successful at attracting a mate are most likely to 
have offspring. Traits that help animals attract a mate and have offspring increase their fitness. As the 
genes that encode these traits are passed to the next generation, the traits will become more 
common in the population. 

Courtship Behaviors 

In many species, females choose the male they will mate with. For their part, males try to be chosen 
as mates. They show females that they would be a better mate than the other males. To be chosen 
as a mate, males may perform courtship behaviors. These are special behaviors that help attract a 
mate. Male courtship behaviors get the attention of females and show off a male’s traits. 

Different species have different courtship behaviors. One example is a peacock raising his tail 
feathers. The colorful peacock is trying to impress females of his species with his beautiful feathers. 
Courtship behaviors occur in many other species. For example, males in some species of whales 
have special mating songs to attract females as mates. Frogs croak for the same reason. Male deer 
clash antlers to court females. Male jumping spiders jump from side to side to attract mates. 

Courtship behaviors are one type of display behavior. A display behavior is 
a fixed set of actions that carries a specific message. Although many 
display behaviors are used to attract mates, some display behaviors have 
other purposes. For example, display behaviors may be used to warn other 
animals to stay away, as you will read below. 

Caring for the Young 

In most species of birds and mammals, one or both parents care for 
their offspring. Caring for the young may include making a nest or 
other shelter. It may also include feeding the young and protecting them from predators. Caring for 
offspring increases their chances of surviving. Birds called killdeers have an interesting way of 
protecting their chicks. When a predator gets too close to her nest, a mother killdeer pretends to have 
a broken wing. The mother walks away from the nest holding her wing as though it were injured (see 
figure). The predator thinks she is injured and will be easy prey. The mother leads the predator away 
from the nest and then flies away. 
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Defending Territory 

Some species of animals are territorial. This means that they defend their area. The area they 
defend usually contains their nest and enough food for themselves and their offspring. A species is 
more likely to be territorial if there is not very much food in their area. Animals generally do not defend 
their territory by fighting. Instead, they are more likely to use display behavior. The behavior tells 
other animals to stay away. It gets the message across without the need for fighting. Display behavior 
is generally safer and uses less energy than fighting. Male gorillas use display behavior to defend 
their territory. They pound on their chests and thump the ground with their hands to warn other male 
gorillas to keep away from their area. Defending territory supports the survival of a species because 
they have their own space to live and reproduce. 

Forms of Communication 

How do monkeys communicate? 

You won't find a monkey texting a friend. They make noises. 
They make faces. They even use scents to pass along a 
message. Just because monkeys don't talk like you and me 
doesn't mean that they don't communicate! 

What does the word "communication" make you think of? Talking 
on a cell phone? Texting? Writing? Those are just a few of the ways in which human beings 
communicate. Most other animals also communicate. Communication is any way in which animals 
share information, and they do this in many different ways. 

Do all animals talk to each other? Probably not, but many do communicate. Like human beings, many 
other animals live together in groups. Some insects, including ants and bees, are well known for living 
in groups. In order for animals to live together in groups, they must be able to communicate with each 
other. 

Animal communication, like most other animal behaviors, increases the ability to survive and have 
offspring. This is known as fitness. Communication increases fitness by helping animals find food, 
defend themselves from predators, mate, and care for offspring. 
 

Communication with Sound 

Some animals communicate with sound. Most birds communicate this way. Birds use different calls to 
warn other birds of danger, or to tell them to flock together. Many other animals also use sound to 
communicate. For example, monkeys use warning cries to tell other monkeys in their troop that a 
predator is near. Frogs croak to attract female frogs as mates. Gibbons use calls to tell other gibbons 
to stay away from their area. 

Communication with Sight 

Another way some animals communicate is with sight. By moving 
in certain ways or by “making faces,” they show other animals 
what they mean. Most primates communicate in this way. For 
example, a male chimpanzee may raise his arms and stare at 
another male chimpanzee. This warns the other chimpanzee to 
keep his distance. The chimpanzee pictured may look like he is 
smiling, but he is really showing fear (figure right). He is 
communicating to other chimpanzees that he will not challenge 
them. 

http://www.ck12.org/life-science/Insects-in-Life-Science
http://www.ck12.org/life-science/Animal-Behaviors-in-Life-Science
http://www.ck12.org/life-science/Birds-in-Life-Science
http://www.ck12.org/life-science/Primates-in-Life-Science
http://www.ck12.org/physical-science/Distance-in-Physical-Science
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Look at the peacock (figure left). Why is he raising his beautiful tail feathers? He 
is also communicating. He is showing females of his species that he would be a 
good mate. Learn more about peacock plumage at this URL: 

http://news.nationalgeographic.com/news/2003/10/1016_031017_peacockcolors.html 
 

Communication with Scent 

Some animals communicate with scent. They release chemicals 
that other animals of their species can smell or detect in some 
other way. Ants release many different chemicals. Other ants 
detect the chemicals with their antennae. This explains how ants 
are able to work together. The different chemicals that ants 
produce have different meanings. Some of the chemicals signal 
to all of the ants in a group to come together. Other chemicals 
warn of danger. Still other chemicals mark trails to food sources. 
When an ant finds food, it marks the trail back to the nest by 
leaving behind a chemical on the ground. Other ants follow the chemical trail to the food. 
 

Many other animals also use chemicals to communicate. You have probably seen male dogs raise 
their leg to urinate on a fire hydrant or other object. Did you know that the dogs were communicating? 
They mark their area with a chemical in their urine. Other dogs can smell the chemical. The scent of 
the chemical tells other dogs to stay away. How might this support a dog’s reproductive success? 
 

Structures that affect the Reproductive Success of Plants 

 

Plants have many structures that allow for reproductive success.  

The ability to produce a produce seed, make flowers and fruit are a few examples of beneficial 
adaptations that allow plants 
to be very successful. 
The Parts of a Flower 

Flowering plants are called 
angiosperms. Even though 
flowers may look very 
different from each other, 
they do have some 
structures in common. The 
structures are explained in 
flower diagram 
A complete flower has sepals, 

petals, stamens, and one or more carpels 

http://news.nationalgeographic.com/news/2003/10/1016_031017_peacockcolors.html
http://www.ck12.org/biology/Seed-Plants
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• The green outside of a flower that often looks like a leaf is called the sepal. All of the sepals 
together are called the calyx, which is usually green and protects the flower before it 
opens. 

• All of the petals together are called the corolla. They are bright and colorful to attract a 
particular pollinator, an animal that carries pollen from one flower to another. This 
promotes the reproductive success of these plants.  Examples of pollinators include birds 
and insects. 

• The next structure is the stamen, consisting of the stalk-like filament that holds up the 
anther, or pollen sac. The pollen is the male gametophyte. 

• At the very center is the carpel, which is divided into three different parts: (1) the sticky 
stigma, where the pollen lands, (2) the tube of the style, and (3) the large, bottom part, 
known as the ovary.  Why would the stigma, where the pollen lands, need to be sticky? 

The ovary holds the ovules, the female gametophytes. When the ovules are fertilized, the ovule 
becomes the seed and the ovary becomes the fruit. 
Why do plants make fruit? 

Berries, citrus fruits, cherries, apples, and a variety of other types of 
fruits are all adapted to be attractive to animals, so the animals will 
eat them and disperse the seed.   For example, when this bird eats 
a berry, it also consumes the seeds contained inside. The bird may 
fly for many miles before digestion is complete and the seeds are 
excreted. This allows the plant to spread its seeds to a new 
location. Some non-fleshy fruits are specially adapted for animals to 
carry them on their fur. You might have returned from a walk in the 
woods to find burrs stuck to your socks. These burrs are actually 
specialized fruits designed to carry seeds to a new location. For this reason, plants that make fruits 
have been very successful. 

What are some other ways that seeds are dispersed? How would different seed dispersal methods 
increase reproductive success? 

 

How Do Flowering Plants Reproduce? 

Flowering plants can reproduce two different ways: 

1. Self-pollination: Pollen falls on the stigma of the same flower. This 
way, a seed will be produced that can turn into a genetically identical 
plant. 

2. Cross-fertilization: Pollen from one flower travels to a stigma of a 
flower on another plant. Pollen travels from flower to flower by wind or by 
animals. Flowers that are pollinated by animals such as birds, butterflies, 
or bees are often colorful and provide nectar, a sugary reward, for their 
animal pollinators. 
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Why Are Flowering Plants Important to Humans? 

Angiosperms are important to humans in many ways, but the most significant role of angiosperms is 
as food. Wheat, rye, corn, and other grains are all harvested from flowering plants. Starchy foods, 
such as potatoes, and legumes, such as beans, are also angiosperms. And, as mentioned previously, 
fruits are a product of angiosperms that increase seed dispersal and are nutritious. 

There are also many non-food uses of angiosperms that are important to society. For example, cotton 
and other plants are used to make cloth, and hardwood trees are used for lumber. 

Do all plants have flowers? 

No, plants do not all have flowers. For example, the mosses 
and ferns pictured here are both types of plants. However, 
they never produce flowers. They don't produce seeds, 
either. They do, however, make tiny spores to reproduce. 

The spores are very lightweight (unlike many seeds), which 
allows for their easy dispersion in the wind and for the plants 
to spread to new habitats. Although seedless vascular plants 
have evolved to spread to all types of habitats, they still 
depend on water during fertilization, as the sperm must 
swim on a layer of moisture to reach the egg. This step in 
reproduction explains why ferns and their relatives are more 
abundant in damp environments, including marshes and 
rainforests.  

 

Environmental Conditions that Affect Growth of a Species 

What happens when there are not resources to support the growth of a species?  
 
 
For animals and plants to be healthy, factors such as food, nutrients, water and space, must be 
available. Other limiting factors include light, minerals, oxygen, the ability of an ecosystem to recycle 
nutrients and/or waste, disease and/or parasites, temperature, space, and predation. Can you think of 
some other factors that limit growth?   
 

Weather can also be a limiting factor. Whereas most plants like rain, an individual cactus-like Agave 
americana plant actually likes to grow when it is dry. Rainfall limits reproduction of this plant which, in 
turn, limits growth rate. Human activities can also limit the growth of populations for animals and 
plants. Such activities include use of pesticides, such as DDT, use of herbicides, and habitat 
destruction.  Can you think of any ways to reduce the negative effects of human activity on the growth 
of a species?  
 

 

 

 

http://www.ck12.org/biology/Ferns
https://www.boundless.com/biology/definition/fertilization/
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Reproductive Success of Animals & Plants 
Essential Skill:  Phenomena may have more than one cause, and some cause and effect 
relationships in systems can only be described using probability. 

1. What are some ways animals communicate? (DOK 1) 
 

2. Is there a relationship between genes and fitness? Explain your answer with evidence-based 
reasoning. (DOK 2) 

 
 

3. Why does providing care for offspring increase the reproductive fitness of adult animals? Be 
sure to use evidence to support your claim. (DOK 2) 

 
 

4. Why do animals communicate? How might it help them survive and have offspring? (DOK 2) 
 
 
 

5. Identify three different plant structures that promote reproductive success and cite the 
evidence that supports this claim. (DOK 2)  

 
 
 
 
 

6.  Since 2006, honey bee numbers have been reducing.  This is related to Colony Collapse 
Disorder or CCD.  The syndrome is defined as a colony with no adult bees, but with a live 
queen and immature bees still present.   
a. What do you think are some possible environmental causes contributing to 

CCD?  Provide evidence to support your claim. (DOK 3) 
b. How might the reproductive success of some plant species be affected by the reduction 

in the number of honey bees?  Explain. (DOK 3) 
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3.8:  Artificial Selection, Biotechnology, & Genetically 
Modified Organisms (GMOs) 

By the end of this reading you should be able to... 
MS-LS4-5:  Gather and synthesize information about the technologies that have changed the way 
humans influence the inheritance of desired traits in organisms. 
 

Artificial Selection 

Artificial selection occurs when humans 
select which plants or animals to breed in 
order to pass on specific traits to the next 
generation. For example, a farmer may 
choose to breed only cows that produce the 
best milk. Farmers would also avoid breeding 
cows that produce less milk. In this way, 
selective breeding of the cows would increase 
milk quality and quantity.   

 

Artificial Selection: Humans used artificial selection to 
create these different breeds. Both dog breeds are 
descended from the same wolves, and their genes are 
almost identical. 

 

To learn more about artificial selection, try to breed a certain type of border collie puppy by selecting 
parents with the desirable traits by playing this game.  Click here to 
access:  http://pbskids.org/dragonflytv/games/game_dogbreeding.html  

Biotechnology 

Biotechnology is the use of technology to change the genetic makeup of living things for human 
purposes. It's also called genetic engineering.  Treating genetic disorders is one use of biotechnology. 
Besides treating genetic disorders, biotechnology is used to change organisms so they are more 
useful to people. 

• treat genetic disorders. For example, copies of a normal gene might be inserted into a patient 
with a defective gene. This is called gene therapy. Ideally, it can cure a genetic disorder. 

• create genetically modified organisms (GMOs). Many GMOs are food crops such as corn. 
Genes are inserted into plants to give them desirable traits. This might be the ability to get by 
with little water. Or it might be the ability to resist insect pests. The modified plants are likely to 
be healthier and produce more food. They may also need less pesticide. 

• produce human proteins. Insulin is one example. This protein is needed to treat diabetes. The 
human insulin gene is inserted into bacteria. The bacteria reproduce rapidly. They can produce 
large quantities of the human protein.  

 

http://pbskids.org/dragonflytv/games/game_dogbreeding.html
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Concerns about Biotechnology 

Biotechnology has many benefits. Its pros are obvious. It helps solve human problems. However, 
biotechnology also raises many concerns. For example, some people worry about eating foods that 
contain GMOs. They wonder if GMOs might cause health problems. Another concern about 
biotechnology is how it may affect the environment. Negative effects on the environment have already 
occurred because of some GMOs. For example, corn has been created that has a gene for a 
pesticide. The corn plants have accidentally cross-pollinated nearby milkweeds. Monarch butterfly 
larvae depend on milkweeds for food. When they eat milkweeds with the pesticide gene, they are 
poisoned. This may threaten the survival of the monarch species as well as other species that eat 
monarchs. Do the benefits of the genetically modified corn outweigh the risks? What do you think? 
 

Explore More: 

To learn about cloning go to this interactive URL: Click and Clone at 
http://learn.genetics.utah.edu/content/cloning/clickandclone/ 

Artificial Selection, Biotechnology, & GMOs Assessment 

Essential Skill:  Phenomena may have more than one cause, and some cause and effect 
relationships in systems can only be described using probability. 

1. List the benefits and concerns regarding the applications of biotechnology. (DOK 1) 

2. Explain how artificial selection is different from natural selection. (DOK 2) 

2. What is the difference between artificial selection and biotechnology? Explain.  (DOK 2) 

4. Do you think it is ever “ok” to cross ethical lines for the greater good? (Is it ok to do something 
that would be considered wrong by society if you think ultimately it saves society?)  Observe 
some students’ responses at these following links before answering.  Be sure to explain your 
position. (DOK 4) 

 Video 1:  Crossing Ethical Lines for the Greater Good (1:24) 

 Video 2:  Crossing Ethical Lines for the Greater Good 2 (1:12) 
 

http://learn.genetics.utah.edu/content/cloning/clickandclone/
https://youtu.be/CNpMdlxlN3Y
https://youtu.be/s5MJUecSAhQ
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