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I-A(11) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
I-A(12) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
I-A(13) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
I-A(14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
I-A(15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
I-A(16) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
I-A(17) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
I-A(18) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
I-A(19) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184


Practice Test A  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .1
Practice Test B  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .1
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Introduction


These practice activities are correlated to the New Mexico Science Assessment Framework 
and are designed to prepare your students to take the New Mexico Grade 11 Standards Based 
Assessment.


In terms of content, the questions reflect the types of science content reflected in the 
curriculum. In terms of style, the practice tests reflect the type of wording likely to be 
encountered on the actual Grade 11 Standards Based Assessment.
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I-A(1)  Physical Science–PROPERTIES OF MATTER


Classify matter in a variety of ways (e.g., element, compound, mixture; solid, liquid, gas; 
acidic, basic, neutral). 


STANDARD REVIEW


Pure water is an extremely weak electrolyte that undergoes self-ionization to produce 
 hydronium ions and hydroxide ions:


H2O(l) + H2O(l) → H3O+(aq) + OH-(aq)


Conductivity measurements show that concentrations of H3O
+ and OH- (written as 


[H3O
+] and [OH-]) in pure water are each only 1.0 × 10-7 mol/L of water at 25°C. The 


 ionization constant of water is expressed as Kw.


Kw = [H3O
+] [OH-]


If  the concentration of one of the ions increases, the concentration of the other ion 
decreases. Solutions in which the [H3O


+] is greater than the [OH-] are acidic. Solutions 
in which the [OH-] is greater than the [H3O


+] are basic. At 25°C, the product of the two 
concentrations is always equal to 1.0 × 10-14 mol2/L2. The pH of a solution is calculated 
using the formula pH = –log[H3O+]. Therefore, the pH of neutral water is calculated as 
follows: 


pH = –(log 1.0 × 10-7) = 7


Acidic substances donate hydrogen ions, which then combine with water molecules to 
form hydronium ions. The increase in hydronium ion concentration lowers the pH of 
the solution. Basic substances generally increase the pH by donating hydroxide ions to 
a solution. When acids and bases react with one another, the hydronium and hydroxide 
ions combine to form two molecules of water. The second product of the neutralization 
reaction of an acid and a base is a salt, an ionic compound made up of the anion from the 
acid and the cation from the base.
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STANDARD PRACTICE


Use the table below to answer questions 1, 
2, and 3. 


The pH Scale


AL
KA


LI
NE


14 Lye
13 Caustic Soda
12 Lime
11 Ammonia
10 Magnesium Oxide
9 Borax
8 Sea Water
7 Deionized Water


AC
ID


6 Milk
5 Cottage Cheese
4 Carrots
3 Vinegar
2 Lemon Juice
1 Battery Acid


1 


 A 1.0 × 10-9 M


 B 5.0 × 10-7 M


 C 1.0 × 10-5 M


 D 5.0 × 10-5 M


2 


 A 2.0 × 10-7 M2


 B 1.0 × 10-2 M2


 C 1.0 × 10-7 M2


 D 1.0 × 10-14 M2


3 The pOH of a solution can be 
calculated from the concentration of 
hydroxide ions in the solution as 
follows:


pOH = –log[OH-]


  
 Based on the information in the 
table, what is the value of [H3O


+] 
in the sample of cottage cheese?


Assuming that the data in the 
table were collected at 25°C, 
calculate the product [H3O


+][OH-] 
for lemon juice.


What is the pOH of the ammonia 
sample shown in the table?
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Identify, measure, and use a variety of physical and chemical properties (e.g., electrical 
conductivity, density, viscosity, chemical reactivity, pH, melting point).


I-A(3) Nature of Science
Use appropriate technologies to collect, analyze, and communicate scientific data (e.g., 
computers, calculators, balances, microscopes)


STANDARD REVIEW


Substances can be identified and classified by their physical and chemical properties. 
Physical properties include shape, color, odor, texture, mass, volume, density, buoyancy, 
solubility, melting point, and boiling point. Chemical properties include flammability and 
reactivity with other substances, which describe how the material combines with other 
materials.


Examples of Physical Properties


Thermal conductivity 
(kahn duhk TIV uh 
tee) is the rate at 
which a substance 
transfers heat. 
Plastic foam is a poor 
conductor.


State is the physical 
form in which a 
substance exists, 
such as a solid, liquid, 
or gas. Ice is water in 
the solid state.


Density is the mass 
per unit volume of 
a substance. Lead 
is very dense, so it 
makes a good sinker 
for a fishing line.


Solubility (sahl yoo 
BIL uh tee) is the 
ability of a substance 
to dissolve in 
another substance. 
Flavored drink mix 
dissolves in water.


Ductility (duhk TIL 
uh tee) is the ability 
of a substance to be 
pulled into a wire. 
Copper is often 
used to make wiring 
because it is ductile.


Malleability (mal ee 
uh BIL uh tee) is the 
ability of a substance 
to be rolled or 
pounded into thin 
sheets. Aluminum 
can be rolled into 
sheets to make foil.


I-A(2) Physical Science–PROPERTIES OF MATTER
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STANDARD PRACTICE


1 A manufacturer wants to use recycled 
plastic to build playground equipment.


  


 A The color of the plastic


 B Whether the properties change 
when it is exposed to sunlight


 C The cost of the recycled plastic


 D Whether or not children like the 
design


2 Mercury is a metal that is liquid at 
room temperature.


  


 A Both the melting point and the 
boiling point of mercury are 
higher than room temperature.


 B Both the melting point and the 
boiling point of mercury are lower 
than room temperature.


 C The melting point of mercury is 
higher than room temperature, 
and the boiling point of mercury 
is lower than room temperature.


 D The melting point of mercury is 
lower than room temperature, and 
the boiling point of mercury is 
higher than room temperature.


3 


Science Spectrum Stucent Edition 2008 
sp08se_matstp031 
second pass 2/14/06 
Steve Toole 


100 cm3


No rock Rock A Rock B Rock C


150 cm3 120 cm3 130 cm3


  A geologist who is studying rocks 
found on an expedition places three  
25 g graduated cylinders on scales and 
adds 100 cm3 of water to each cylinder. 
Next, the geologist places a rock in 
each of two of the cylinders, one at a 
time, as shown above. 


  


Which of these factors must be 
considered to be sure the equipment 
is safe?


Given this information, which of 
the following must be true?


What is the density of Rock A in 
grams per cubic centimeter (g/cm3)?


I-A(1)  Physical Science
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Know how to use properties to separate mixtures into pure substances (e.g., distillation,  
chromatography, solubility).


STANDARD REVIEW
You can use differences in the solubility of different components of a mixture to separate 
the mixture into pure substances. Even closely related compounds can have very different 
solubilities. Some metal salts dissolve in large amounts in water while others are almost 
insoluble. The solubility of any substance in water depends on the strength of the forces 
acting between particles of the solute and the strength of the forces acting between the 
solute particles and water molecules. So, in a highly soluble substance, the net force 
between solute particles is weaker than the net force between the water molecules and the 
solute particles.


There are several factors that affect the rate at which substances dissolve in water. Small 
pieces of a solid dissolve faster than large pieces of the same substance. Smaller pieces 
have more surface area that is in contact with the solute molecules. As a result, there are 
more collisions between the solvent and solute molecules. So, the solid dissolves faster.


Solid solutes dissolve faster in a hot solvent than in a cold solvent. The kinetic theory 
states that when matter is heated, its particles move faster. As a result of heating, particles 
of solvent run into undissolved solute more often. These collisions also transfer more 
energy than collisions that occur when the solvent is cold. The greater frequency and 
energy of the collisions help “knock” undissolved solute particles away from each other 
and spread them throughout the solution. Other factors that affect solubility include 
pressure, pH, and concentration.


I-A(3)  Physical Science–PROPERTIES OF MATTER
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STANDARD PRACTICE


1 


 A Breaking up the sugar cube 
decreases the sugar’s solubility.


 B Breaking up the sugar cube 
increases the sugar’s surface area 
and therefore increases the rate of 
dissolving.


 C Unless you stir the tea, breaking 
up the sugar cube has no effect on 
how the sugar dissolves.


 D Unless you heat the tea, breaking 
up the sugar cube has no effect on 
how the sugar dissolves.


2 


 A Cooling the mixture 


 B Using larger pieces of table salt


 C Stirring the mixture 


 D Changing the solvent to oil


3 
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How does breaking up a sugar cube 
that sits on the bottom of a glass of 
iced tea affect how the sugar 
dissolves in the tea?


Which of the following will increase 
the rate at which sodium chloride 
dissolves in water?


A According to the graph above, 
how many grams of NaNO3 will 
dissolve in 100 grams of water at 
80ºC?


B How could you use this 
information to separate a mixture of 
NaNO3 and another substance that 
will only dissolve in water that has a 
temperature above 90ºC?


I-A(3)  Physical Science
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I-A(4)  Physical Science–PROPERTIES OF MATTER


Describe trends in properties (e.g., ionization energy or reactivity as a function of location on 
the periodic table, boiling point of organic liquids as a function of molecular weight).


I-A(8)  Physical Science–PROPERTIES OF MATTER
Make predictions about elements using the periodic table (e.g. number of valence electrons, 
metallic character, reactivity, conductivity, type of bond between elements). 


STANDARD REVIEW


The elements are organized into a chart called the periodic table of elements. Each 
horizontal row of elements on the periodic table is called a period. The physical and 
chemical properties of elements in a row follow a repeating pattern across the period. Each 
vertical column of elements on the periodic table is called a group.


Elements in the same group generally have similar chemical and physical properties. 
Elements are classified as metals, nonmetals, and metalloids, according to their properties. 
The zigzag line on the periodic table helps indicate which elements are metals, which are 
nonmetals, and which are metalloids. Metals are found to the left of the zigzag line on the 
periodic table. Atoms of most metals have few electrons in their outer energy level. Most 
metals are solid at room temperature. Nonmetals are found to the right of the zigzag line 
on the periodic table. Atoms of most nonmetals have an almost complete set of electrons in 
their outer level. More than half of the nonmetals are gases at room temperature. Metalloids, 
also called semiconductors, are the elements that border the zigzag line on the periodic table. 
Atoms of metalloids have about half of a complete set of electrons in their outer energy 
level. Metalloids have some properties of metals and some properties of nonmetals.
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18


The most reactive metals are found in the first group of the periodic table. These are 
elements that easily lose one electron. The most reactive nonmetals are in group 17. These 
are the elements that easily gain a single electron to fill their outer energy levels. In general, 
reactivity of elements tends to decrease moving inward from these groups toward the 
center of the periodic table—with the exception of group 18. Group 18, the noble gases, 
contains the least reactive elements. These elements have outer energy levels that are 
complete so they tend not to react with other atoms except under extreme conditions.
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STANDARD PRACTICE


1 The graph shows atomic radii as measured in a laboratory experiment.


VACHE04_12_R


ATOMIC RADII OF SOME ELEMENTS IN GROUPS 1, 2, and 13–18


Group Number


A
to


m
ic
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iu
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m
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Period 6
Period 5
Period 4
Period 3
Period 2
Period 1


  


 A Group 1 elements have relatively small radii.


 B Within a group, atomic radii tend to decrease as the mass number increases.


 C Within a period, atomic radii tend to increase with increasing group number.


 D The radii of all Period 4 elements are smaller than those of all Period 5 elements.


2 The alkali metals are in Group 1 in the periodic table. The atoms of alkali metals 
have one electron in their outermost level.


  


 A Alkali metals are very reactive.


 B Alkali metals have high densities.


 C Alkali metals should be stored underwater.


 D Alkali metals are generally found in their uncombined form.


3 


According to the graph, which of these statements is true?


Which of the following statements about alkali metals is true?


Most of the elements found in Group 18 of the periodic table have how many 
valence electrons?


I-A(4), I-A(8) Physical Science
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Understand that matter is made of atoms and that atoms are made of subatomic particles.


STANDARD REVIEW


Matter is made of particles, which we call atoms. An atom is the smallest particle into 
which an element can be divided and still be the same substance. Almost all kinds of atoms 
are made of the same three particles. These particles are protons, neutrons, and electrons. 
Protons are positively charged particles of the nucleus. The mass of a proton is about  
1.7 × 10–24 g. Neutrons are the particles of the nucleus that have no electric charge. 
Neutrons are a little more massive than protons. Protons and neutrons are the most 
massive particles in an atom. The volume of the nucleus is very small. So, the nucleus 
is very dense. If  it were possible to have a nucleus that has the volume of a grape, that 
nucleus would have a mass greater than 9 million metric tons! Therefore, atoms must be 
considered mostly empty space with a tiny part made of highly dense matter. Imagine a 
pinhead sitting in the center of a football stadium. The diameter of a pinhead is 100,000 
times smaller than the diameter of the stadium. The pinhead represents the size of a 
nucleus, and the stadium represents the size of an atom. Electrons are the negatively 
charged particles in atoms. Electrons are found outside the nucleus in electron clouds. 
Compared with protons and neutrons, electrons have a very small mass. It takes more than 
1,800 electrons to equal the mass of 1 proton. The mass of an electron is so small that the 
mass is usually thought of as almost zero.


I-A(5)  Physical Science–PROPERTIES OF MATTER
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1 


 A Protons


 B Neutrons


 C Nuclei


 D Electrons


2 


 A Electrons and neutrons


 B Protons and electrons


 C Protons and neutrons


 D Protons and ions


3 


 A Dense, positively charged


 B Large, positively charged


 C Tiny, negatively charged


 D Dense, negatively charged


4 


What are the particles inside an 
atom that are negatively charged 
called?


Which subatomic particles compose 
the nucleus of an atom?


How would you describe the 
nucleus?


How many protons would make up 
9.435 × 10–22 g?


I-A(5) Physical Science
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I-A(6)  Physical Science–STRUCTURE OF MATTER


Understand atomic structure, including: most space occupied by electrons; nucleus made 
of protons and neutrons; isotopes of an element; masses of proton and neutron 2000 times 
greater than mass of electron; atom held together by proton-electron electrical forces.


STANDARD REVIEW


The basic particles of every element are its atoms. Atoms are composed of three types of 
particles—protons, electrons, and neutrons. Protons are positively charged particles within 
the nucleus. Neutrons are the particles of the nucleus that have no electric charge.  
Neutrons are a little more massive than protons. Protons and neutrons are the most  
massive particles in an atom. The volume of the nucleus is very small, so the nucleus is 
very dense. If  it were possible to have a nucleus that has the volume of a grape, that  
nucleus would have a mass greater than 9 million metric tons!


Electrons are the negatively charged particles in atoms. Electrons are found outside the 
nucleus in electron clouds. Compared with protons and neutrons, electrons have a very 
small mass. It takes more than 1,800 electrons to equal the mass of 1 proton. The mass of 
an electron is so small that the mass is usually thought of as almost zero.


ElEctrons are negatively charged 
particles found in electron clouds outside 
the nucleus. The size of the electron clouds 
determines the size of the atom.


The nuclEus is the small, 
dense, positively charged 
center of the atom. It contains 
most of the atom’s mass.


The diameter of the 
nucleus is 1/100,000 the 
diameter of the atom.


nEutrons are particles 
in the nucleus of an atom 
that have no charge.


Protons are positively  
charged particles in the  
nucleus of an atom.


Parts of an Atom


The strong nuclear force holds together the protons and neutrons in the nuclei of atoms 
and is the strongest of all the forces. However, it is negligible over distances greater than 
the size of an atomic nucleus. Within the nucleus though, this force is strong enough to 
keep protons bound tightly together by overcoming their electrical repulsions. The weak 
nuclear force acts over even smaller distances, about the diameter of a proton. It is about 
one-millionth as strong as the strong force. The weak force is important because it is 
involved in the nuclear decay of atoms. It is also important in the nuclear reactions that 
provide heat and light from the Sun.
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1 


 A Atom


 B Electron


 C Neutron


 D Proton


2 


 A They are attracted to one another 
by electrical forces.


 B Neutrons bond with protons, 
holding the protons together.


 C The attraction between electrons 
and protons holds the nucleus 
together.


 D The strong nuclear force 
overcomes the repulsive electrical 
force of protons.


3 


 A Electrons only


 B Protons and electrons only


 C Protons and neutrons only


 D Protons, electrons, and neutrons


4 


Which of the following particles has 
a positive electrical charge?


What keeps the protons in an 
atomic nucleus from flying away 
from one another?


Which particles of an atom are 
affected by electrical forces?


Describe the relationship—in terms 
of charge, size, and location—of the 
three basic particles that make up 
an atom.


I-A(6)  Physical Science
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Explain how electrons determine the properties of substances by: interactions between atoms 
through transferring or sharing valence electrons; ionic and covalent bonds; the ability of 
carbon to form a diverse array of organic structures.


STANDARD REVIEW


Some elements react very easily with other elements. For example, because magnesium is 
very reactive, it is used to make emergency flares. Reactive elements are usually found as 
compounds in nature. Other elements, such as gold, are much less reactive. These elements 
are often found uncombined. Light bulbs are filled with argon gas because the gas is not 
very reactive. These properties are examples of chemical properties. A chemical property 
describes how a substance changes into a new substance, either by combining with other 
elements or by breaking apart into new substances. Chemical properties are related to the 
specific elements that make up substances.


The number of valence electrons determines many of the chemical properties of an 
element. The diagrams below show atoms of two elements from Group 1 of the periodic 
table: lithium and sodium. Because they each have one valence electron, lithium and 
sodium have similar chemical properties. In general, elements in a group have chemical and 
physical properties in common because they have the same number of valence electrons. 
Of course, elements in a group are not exactly alike. They differ in numbers of protons in 
their nuclei and in numbers of electrons in their filled inner energy levels. Although these 
inner electrons are not involved in chemical bonds, they do affect the outer electrons. As a 
result, the properties of elements in a group are not exactly the same.


Valence
electron
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electron


Atoms with filled outer electron orbitals are the most stable. Atoms whose outermost 
orbitals are not filled may undergo ionization. That is, such atoms may gain or lose valence 
electrons so that they have a filled outermost orbital. If  an atom gains or loses electrons, 
it no longer has an equal number of electrons and protons. Because the charges do not 
cancel completely, the atom has a net electric charge. A charged atom is called an ion. 
Atoms can also share electrons to fill their outer orbitals.


I-A(7)  Physical Science–STRUCTURE OF MATTER
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STANDARD PRACTICE


1 


 A By gaining one electron


 B By gaining two electrons


 C By losing one electron


 D By losing two electrons


2 


 A Calcium


 B Lithium


 C Nitrogen


 D Xenon


3 


 A Argon 


 B Chlorine


 C Gold 


 D Nitrogen


4 


How does a fluorine atom (atomic 
number = 9) form an ion?


Which of these elements is most 
likely to form compounds by 
sharing electrons?


Which of the following elements is 
the least reactive?


A sulfur atom generally forms ions 
with a charge of –2. How many 
valence electrons does a neutral 
sulfur atom have?


I-A(7)  Physical Science


The chemical properties of elements depend on how many electrons they gain or lose 
to form ions and whether they tend to share electrons to fill their orbitals. In general, 
elements with 3 or fewer electrons lose electrons, forming positive ions. Elements with 6 or 
7 electrons either gain electrons, forming negative ions or fill their outer orbitals by sharing 
electrons in covalent bonds. Nonmetal elements with 4 or 5 electrons generally do not form 
ions. Instead they form covalent bonds with other atoms.
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Understand how the type and arrangement of atoms and their bonds determine macroscopic 
properties (e.g., boiling point, electrical conductivity, hardness of minerals).


STANDARD REVIEW


The properties of materials are determined by the types of bonds that hold atoms 
together. The common properties of metals, such as electrical and thermal conductivity, 
malleability, and ductility, all come from a bond type shared by all metals. The metallic 
crystal  structure consists of metal cations surrounded by a sea of delocalized valence 
electrons. The  electrons come from the metal atoms, but they belong to the crystal as a 
whole. The freedom of these delocalized electrons to move throughout the crystal explains 
the properties of metals.


Metals, such as copper, are very good electric conductors in the solid state. Because the 
electrons in a metallic bond are not held tightly by any single atom’s nucleus, they move 
freely throughout the entire substance. When a negative charge is applied to one part of 
the metal, free electrons immediately move away from the negative charge due to  electrical 
repulsion. The movement of each electron pushes other electrons, creating a current of 
moving negative charges. Thermal conductivity is also caused by the free movement of 
electrons. As the electrons gain energy, they are able to transfer it rapidly to other  electrons 
moving through the metal and to move toward areas where there is less energy. In  general, 
metals are solids at room temperature. Because the electrons move freely  throughout 
a piece of metal, there is no directional component to the metallic bonds. Particles are 
 simultaneously attracted to oppositely charged particles in every direction. That is why 
metals are malleable and ductile. That is, they can be easily pounded or pulled into 
 different shapes.


I-A(9)  Physical Science–STRUCTURE OF MATTER
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STANDARD PRACTICE


1 


 A Metallic bonds are very weak.


 B The bonds between metals are 
easily broken by heat.


 C Metal atoms do not ionize when 
they form metallic bonds.


 D The bonding is the same in all 
directions throughout the metal.


2 


 A Sodium and chlorine


 B Magnesium and sulfur


 C Copper and zinc


 D Lead and nitrogen


3 


 A Solubility in water


 B Electrical conductivity


 C Low melting point


 D Brittleness


4 The electron structure of aluminum is 
1s22s22p63s23p1.


  


Metals are malleable and ductile. 
What do these properties indicate 
about the bonds that hold metal 
atoms together?


Which of the following pairs of 
elements would form a substance 
that is held together by metallic 
bonds? 


What physical property of materials 
depends on the ability of electrons 
to move easily?


How many electrons does each 
aluminum atom contribute to the 
metallic bonds in a piece of 
aluminum foil?
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I-A(10) Physical Science–STRUCTURE OF MATTER


Know that states of matter (i.e., solid, liquid, gas) depend on the arrangement of atoms and 
molecules and on their freedom of motion.


STANDARD REVIEW


Matter is generally found in three different states. The kinetic molecular theory is based on 
the idea that particles of matter are always in motion. The theory can be used to explain 
the properties of solids, liquids, and gases in terms of the energy of particles and the forces 
that act between them.


Gases do not have a definite shape or a definite volume. They completely fill any container 
in which they are enclosed, and they take its shape. A gas transferred from a one-liter 
vessel to a two-liter vessel will quickly expand to fill the entire two-liter volume. Gas 
particles move rapidly in all directions without significant attraction between them so, gas 
particles glide easily past one another. The density of a gaseous substance at atmospheric 
pressure is about 1/1000 the density of the same substance in the liquid or solid state 
because the particles are so much farther apart. Gases are compressible, which means the 
volume of a given sample of a gas can be greatly decreased by increasing the pressure, 
or forcing the particles closer together. Gases spread out and mix with one another, even 
without being stirred due to the random and continuous motion of atoms or molecules. 
This mixing process is called diffusion.


A liquid has a definite volume and takes the shape of its container. As in a gas, particles 
in a liquid are in constant motion, but the particles in a liquid are closer together than 
the particles in a gas. Attractive forces between particles in a liquid are more effective 
than those between particles in a gas. This attraction between liquid particles is caused by 
intermolecular forces: dipole-dipole forces, London dispersion forces, and hydrogen bonding. 
Liquids are more ordered than gases because of the stronger intermolecular forces and the 
lower mobility of the liquid particles. The particles are not bound together in fixed positions 
so they move about constantly. Liquids are much denser than gases because of the close 
arrangement of liquid particles. Liquids are much less compressible than gases because liquid 
particles are more closely packed together. The constant, random motion of particles causes 
diffusion in liquids, as it does in gases, but at a much slower rate.


The particles of a solid are more closely packed than those of a gas, and usually, than 
those of a liquid. Intermolecular forces such as dipole-dipole attractions, London 
dispersion forces, and hydrogen bonding exert stronger effects in solids than in the 
corresponding liquids or gases. These attractive forces tend to hold the particles of a solid 
in relatively fixed positions, with only vibrational movement around fixed points. Because 
the motions of the particles are restricted in this way, solids are more ordered than liquids 
and are much more ordered than gases. Unlike liquids and gases, solids can maintain a 
definite shape without a container. Solids have definite volume because their particles are 
packed closely together. For practical purposes, solids can be considered incompressible.
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STANDARD PRACTICE


1 


 A Removing energy from the 
molecules


 B Reducing the pressure on its 
molecules


 C Increasing the distance between 
molecules


 D Increasing the temperature of the 
molecules


2 


 A Gold


 B Oxygen


 C Salt


 D Water


3 


 A Nitrogen and oxygen mix to form 
air.


 B Hydrogen and nitrogen form 
ammonia.


 C Salt dissolves in a glass of water.


 D A liquid changes into a gas when 
it is heated.


4 


Which process could cause a 
material to change state from gas to 
liquid?


Which of these substances is a 
liquid at room temperature?


In the figure of molecules below, 
what is occurring?


About how many times as much 
volume does a gas occupy compared 
to the same substance as a liquid or 
solid under normal conditions?


I-A(10) Physical Science
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I-A(11)  Physical Science–STRUCTURE OF MATTER


Know that some atomic nuclei can change, including: spontaneous decay; half-life of isotopes; 
fission; fusion (e.g., the sun); alpha, beta, and gamma radiation.


STANDARD REVIEW


A nuclear reaction does not involve bonds between atoms. Instead, unstable nuclei undergo 
spontaneous changes that change their number of protons and neutrons. In this process, 
they give off  large amounts of energy and increase their stability. The table shows four 
kinds of radiation that can be emitted during nuclear decay.


PROPERTIES OF NUCLEAR RADIATION


Radiation
type


Symbol


2
4He


¯1
0e


0
1n


Alpha particle


Beta particle


Gamma ray


Neutron


Mass
(kg)


Charge
(electronic
charge)


+2


-1


0


0


6.646 x 10-27


9.109 x 10-31


none


1.675 x 10-27


MISPE03_107


In equations representing nuclear reactions, the total of the atomic numbers and the total of 
the mass numbers must be equal on both sides of the equation. An example is shown below.


   4  
9 Be +   2  


4 He →     6  
12 C +   0  


1 n


The process of splitting heavier nuclei into lighter nuclei is called fission. When the nucleus 
splits, both neutrons and energy are released. A released neutron can cause another 
nucleus to split. One reaction triggers another fission reaction, causing a nuclear chain 
reaction. Nuclear reactors use the energy produced by nuclear chain reactions and are used 
in dozens of countries to generate electricity.


The Sun uses the nuclear fusion of hydrogen atoms into helium atoms to produce energy. 
Hydrogen nuclei come together to form a helium nucleus and release large amounts of 
energy. Because fusion requires that the electric repulsion between protons be overcome, 
these reactions are difficult to produce in the laboratory. However, scientists are 
conducting many experiments in the United States, Japan, and Europe to learn how people 
can exploit fusion to create a clean source of power that uses fuels extracted from ordinary 
water. Some scientists estimate that 1 kg of hydrogen in a fusion reactor could release as 
much energy as 16 million kg of burning coal. The fusion reaction itself  releases very little 
waste or pollution.
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1 


 A An atom is radioactive if  it has an 
unstable nucleus.


 B An atom is radioactive if  it has a 
net positive charge.


 C An atom is radioactive if  it has 
more protons than other isotopes 
of the element.


 D An atom is radioactive if  its 
radius is much greater than a 
nonradioactive atom of the 
element.


2 


 A Mass is converted to energy as the 
uranium nucleus and the neutron 
combine.


 B Energy is released as heat because 
the products have more particles 
than the reactants.


 C Protons and electrons release 
energy as they come together to 
form the three neutrons.


 D Due to the mass defect, the 
reactants have more mass than the 
products, and the difference is 
converted to energy.


3 


What makes an atom radioactive? What is the source of the energy 
produced by the fission of uranium 
in a nuclear power plant?


How many neutrons are produced 
in the fission reaction below?


 235
   92 U +  1   0 n →  93


   36 Kr +  140
   56 He + ? 1n


   0 


I-A(11)  Physical Science


Radioactive isotopes, or radioisotopes, are also widely used in medicine. They are used to 
diagnose and treat certain conditions. A radioisotope that has been injected into the body 
emits small amounts of radiation. A special camera detects the radiation. A computer uses 
the information from the camera to create the image. The image is often interpreted by a 
radiologist, a doctor who specializes in imaging technologies. Radioisotopes are also used 
to study organ metabolisms and to identify and treat cancer.
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Know that chemical reactions involve the rearrangement of atoms, and that they occur on 
many timescales (e.g., picoseconds to millennia).


STANDARD REVIEW


Chemical changes happen when bonds between atoms are broken or when new bonds 
are formed to make new substances. These changes are also called chemical reactions. 
A variety of clues indicate chemical changes. A change in color or the production of 
heat, sound, or light may indicate a chemical change. For example, fizzing and foaming 
signal that a chemical change is occurring when vinegar and baking soda are mixed. New 
substances, including carbon dioxide gas, form. Another example is the burning of wood, 
which has the chemical property of flammability. As wood and oxygen react, they change 
into new substances having different properties from the original wood and oxygen.


Atoms bond when their valence electrons interact. Generally, atoms join to form bonds 
so that each atom has a stable electron configuration. When this happens, each atom 
has an electronic structure similar to that of a noble gas. There are two basic kinds of 
chemical bonding: ionic bonding and covalent bonding. The way that a compound bonds 
determines many of the properties of that compound.


Ionic bonds are formed by the transfer of electrons. One of the atoms gains the electrons 
that the other one loses. The result is a positive ion and a negative ion. Each positive sodium 
ion attracts several negative chloride ions. These negative chloride ions attract positive 
sodium ions, and so on. A crystal of table salt is made of a large network of oppositely 
charged ions. Two atoms tend to form an ionic bond when one atom has more attraction for 
electrons than the other. Chlorine has much more attraction for electrons than sodium. So, 
neutral chlorine atoms react with neutral sodium atoms to form sodium chloride. 


1e–


8e–


2e–


7e–


8e–


2e–


Sodium atom


Electron 
transferred


Chlorine atom
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Negative chloride ion


2e–


8e–


2e–


8e–


8e–


Attraction


Atoms joined by covalent bonds share electrons. Compounds that are networks of bonded 
atoms, such as silicon dioxide, are also covalently bonded. Covalent bonds usually form 
between non-metal atoms. The diagram below shows how two chlorine atoms bond to 
form a chlorine molecule. Before bonding, each atom has seven electrons in its outermost 
energy level. If  each atom shares one electron with the other atom, then both atoms have a 
full outermost energy level. That is, both atoms have eight valence electrons.


I-A(12)  Physical Science–CHEMICAL REACTIONS
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STANDARD PRACTICE


1 


 A  A change in odor when two 
substances are mixed


 B  A change in temperature when a 
hot substance is left standing in 
air


 C  A change in volume as a 
substance is heated


 D  The disappearance of a liquid as it 
boils


2 


 A  Wood burning


 B  Photosynthesis


 C  Adding baking soda to vinegar


 D  Separating a solution of saltwater


3 


 A  A change in malleability


 B  A change in the total volume of 
material


 C  A change of state from a solid or 
liquid to a gas


 D  A change that forms a new 
substance with different properties


4 The diagram below shows a 
magnesium atom and an oxygen atom.


12p
12n 8p


8n
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e-
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e-


e-


e-


e-


e-


e-


e-


e-


e-


e-


e-


Magnesium atom Oxygen atom


  


Which of these observations would 
likely be an indication of a chemical 
change?


Which of the following is not an 
example of a chemical change?


What evidence indicates that a 
change is chemical rather than 
physical?


How many electrons will the 
magnesium donate to the oxygen 
atom when MgO forms?


I-A(12)  Physical Science
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Two of the electrons are in 
the shared electron cloud.
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Understand types of chemical reactions (e.g., synthesis, decomposition, combustion, redox, 
neutralization) and identify them as exothermic or endothermic.


STANDARD REVIEW


Energy that is stored in the form of chemical bonds is called chemical energy. During a 
chemical change, energy can be absorbed or released as the bonds change. 


Molecules of hydrocarbons and oxygen have stored chemical energy. When a hydrocarbon 
burns, the chemical energy changes form, but the total amount of energy of the reactants 
always equals the total amount of energy of the products and their surroundings. This 
reaction is an exothermic reaction, a chemical reaction in which energy is released to 
the surroundings as heat. The released energy comes from the chemical-bond energy of 
the reactants. The energy that is released as the products form is greater than the energy 
absorbed to break the bonds in the reactants. In all exothermic reactions, the products have 
less energy than the reactants. Energy is often released as heat, but exothermic reactions 
can produce other forms of energy, such as light or electrical energy.


If you put hydrated barium hydroxide and ammonium nitrate in a flask, the reaction 
between them takes so much energy from the surroundings that water in the air will condense 
and then freeze on the surface of the flask. This reaction is an endothermic reaction, a 
chemical reaction in which more energy is needed to break the bonds in the reactants than 
is given off by forming bonds in the products. When an endothermic reaction happens, you 
may be able to notice a drop in temperature. Sometimes, endothermic reactions need more 
energy than they can get from their surroundings. In those cases, energy must be added to 
cause the reaction to take place. Usually, the energy is added as heat, but some reactions use 
other forms of energy. For example, light energy is absorbed during photosynthesis.
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STANDARD PRACTICE


1 


 A  Energy is created.


 B  Energy is released.


 C  Energy is absorbed.


 D  Energy is destroyed.


2 Look at the graph below. 
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 A  There are more reactants than 
products.


 B  There are more products than 
reactants.


 C  The reactants have more energy 
than the products.


 D  The products have more energy 
than the reactants.


3 A scientist carries out a reaction in a 
test tube. After the bubbling stops, she 
notices that the test tube is very warm. 


  


 A  No reaction took place.


 B  The reaction was exothermic.


 C  The reaction was endothermic.


 D  The reaction happened very 
quickly.


4 


Which change occurs during an 
endothermic chemical reaction?


What can you conclude about the 
reactants and products described in 
the graph?


What might she conclude about the 
reaction?


If a chemical reaction releases 2450 
joules (J) of energy, how much 
energy in joules (J) must the 
surrounding environment gain?


I-A(13)  Physical Science
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Know how to express chemical reactions with balanced equations that show: conservation of 
mass; products of common reactions.


I-A(10) Science and Society
Describe major historical changes in scientific perspectives (e.g., atomic theory, germs, 
 cosmology, relativity, plate tectonics, evolution) and the experimental observations that  
triggered them. 


STANDARD REVIEW


Atoms are never lost or gained in a chemical reaction. They are just rearranged. Every 
atom in the reactants becomes part of the products. When writing a chemical equation, the 
total number of atoms of each element in the reactants should equal the total number of 
atoms of that element in the products. This process is called balancing the equation.


Balancing equations comes from the work of a French chemist, Antoine Lavoisier. In the 
1700s, Lavoisier found that the total mass of the reactants was always the same as the total 
mass of the products. Lavoisier’s work led to the law of conservation of mass. This law 
states that matter is neither created nor destroyed in chemical and physical changes. This 
means that the total mass of the reactants is the same as the total mass of the products. 
Also, because the number of atoms is not changed by the reaction, the total mass of each 
element is the same in the products as in the reactants. So, a chemical equation must show 
the same numbers and kinds of atoms on both sides of the equation’s arrow even though 
the atoms are rearranged.


Florida Holt Science & Technology FCAT Workbook, Level Blue 27


Name ________________________________ Class _________________________ Date ______________


Which of the following is an example of a chemical change?


A. water freezing into ice
B. ice melting into water
C. butter softening into a liquid
D. meat spoiling and changing color


Look at the equations below. Which of the following statements is true?


F. Equation 1 is an endothermic reaction.
G. Equation 2 is an endothermic reaction.
H. Both equations 1 and 2 are exothermic reactions.
I. It is not possible to determine the type of reaction. 


The drawing below shows the atoms before and after a chemical reaction. 


Which of the following is true for the number of atoms involved in this reaction?


A. There must be more atoms before the reaction than after the reaction.
B. There must be more atoms after the reaction than before the reaction.
C. The number of atoms at the start of the reaction must equal the number 


of atoms at the end of the reaction.
D. Atoms at the beginning of the reaction must be used up and not exist at the 


end of the reaction. 


A scientist carries out a reaction in a test tube. After the bubbling stops, she notices
that the test tube is very warm. What might she conclude about the reaction? 


F. The reaction happened very quickly.
G. The reaction is endothermic.
H. The reaction is exothermic.
I. No reaction took place.


4


2H2 +  O2


O
HH HH


O


2H2O


O
HH


O
HH


3


 methane + oxygen ➞ carbon dioxide + water + energy
 CH4          + 2O2       ➞ CO2                             + 2H2O  + energy


nitrogen + oxygen + energy ➞ nitrogen oxide
N2            + O2         + energy ➞ 2NO


1


2


2


1
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The mole is the SI unit for the amount of a substance containing as many particles as there 
are atoms in exactly 12 grams of carbon-12. The mole is a counting unit, just like a dozen. 
An alternative definition of mole is the “amount of a substance that contains Avogadro’s 
number of particles.” The mass of one mole of a pure substance is called the molar mass 
of that substance. Molar mass is usually written in units of g/mol. The molar mass of 
an element is numerically equal to the atomic mass of the element in atomic mass units. 
Because of the law of conservation of mass, you can calculate the number of moles of a 
particular type of atom in the products if  you know how many moles of that atom were in 
the reactants. You can use the molar mass to determine the number of grams if  you know 
the number of moles.
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STANDARD PRACTICE


1 


 A Atoms are rearranged in a 
chemical reaction, and some join 
to form new molecules.


 B Two compounds combine to form 
a new compound with different 
properties.


 C Mass cannot be created or 
destroyed in a chemical reaction.


 D Energy is neither created nor 
destroyed in a chemical reaction.


2 


 A C5H12 + O2 → CO2 + H2O


 B C5H12 + 8O2 → 5CO2 + 3H2O


 C C5H12 + 8O2 → 5CO2 + 6H2O


 D C5H12 + 16O2 → 3CO2 + 4H2O


3 Sodium reacts with chlorine to form 
sodium chloride according to the 
following reaction:


2Na + Cl2 → 2NaCl


  


 A 1 mol


 B 50 mol


 C 100 mol


 D 200 mol


4 Study the chemical equation and mass 
amounts below. 


A + B → C + D


A = 4.6 g, B = 7.3 g, C = 9.2 g, D = ?


  


Which of the following states the 
law of conservation of mass?


Which chemical equation below 
correctly shows the conservation of 
matter?


How many moles of Cl2 react with 
100 moles of sodium to form 
sodium chloride?


How many grams (g) of substance 
D were produced in the reaction 
above?


I-A(14)  Physical Science
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I-A(15) Physical Science–CHEMICAL REACTIONS


Describe how the rate of chemical reactions depends on many factors that include 
 temperature, concentration, and the presence of catalysts.


STANDARD REVIEW


Scientists have observed chemical reactions, and their data show that the rate at which a 
reaction occurs can be affected by several factors, including temperature, surface area,  
concentration, and pressure. Kinetic theory can explain why the rate changes. Anything 
that increases contact between particles will increase the rate of a reaction.


Most reactions go faster at higher temperatures. Heating food starts the chemical reactions 
that occur in cooking. Cooking at higher temperatures cooks food faster. Particles move 
faster at higher temperatures. Faster-moving particles collide more often, so there are more 
chances for the particles to react. Therefore, reactions are faster at higher temperatures.


A large surface area speeds up reactions. When a whole potato is placed in boiling water, 
only its surface touches the boiling water. The energy from the water has to go all the way 
through the potato. Cutting a potato into pieces exposes inner parts of the potato.  
Increasing the surface area of a reactant in this way speeds up a reaction.


Higher concentrations of reactants react faster. Reactions can only occur when atoms and 
molecules come together. If  the concentration of the reactants is increased, the number 
of collisions will increase. When there are more collisions, the reaction proceeds faster. 
Reactions are faster at higher pressure. The concentration of a gas is the number of 
particles in a certain volume. A gas at high pressure has a higher concentration than the 
same amount of the gas at a low pressure. Gases react faster at higher pressures. When 
the particles of a gas have less space in which to move, they have more collisions and thus 
more reactions.


A substance that changes the rate of a reaction is called a catalyst. Catalysts change the 
rate of a reaction. A catalyst speeds up or slows down a reaction but is not changed by  
the reaction. Substances that slow reactions are also called inhibitors.
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STANDARD PRACTICE


1 


 A Reaction rate is independent of 
concentration.


 B Increasing the concentration of 
products increases the reaction 
rate.


 C Increasing the concentration of 
reactants increases the reaction 
rate.


 D Decreasing the concentration of 
reactants increases the reaction 
rate. 


2 


 A A catalyst can be consumed by a 
chemical reaction.


 B A catalyst can raise the activation 
energy of a reaction.


 C A catalyst can increase the rate of 
a chemical reaction.


 D A catalyst can change the 
materials produced by a reaction.


3 


 A Add an inhibitor


 B Decrease the temperature


 C Increase the surface area of the 
reactants


 D Decrease the concentration of the 
reactants 


4 Reaction rates can be affected by 
several factors.


  


  


5 The illustration below shows three 
different collisions between particles.
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Which of the following statements 
correctly describes the effect of 
concentration on reaction rate?


Which of the following is a true 
statement regarding catalysts?


How could you speed up a chemical 
reaction?


A What is the effect of increasing 
temperature on the reaction rate?


B What is the effect of increasing 
temperature on the reaction rate?


For each illustration, determine 
whether a reaction has taken place. 
If  the molecules do not react, 
explain why there is no reaction.


I-A(15) Physical Science
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Identify different forms of energy, including kinetic, gravitational (potential), chemical, 
thermal, nuclear, and electromagnetic.


STANDARD REVIEW


Energy is the ability to do work, and work equals the transfer of energy. Energy and 
work are expressed in units of joules. Energy has many different forms, including heat, 
light, electricity, motion, and sound. Kinetic energy is energy of motion and depends 
on speed and mass. Like all forms of energy, kinetic energy can be used to do work. The 
faster something is moving, the more kinetic energy it has. Also, the greater the mass of a 
moving object, the greater its kinetic energy is. Thermal energy and sound energy can be 
considered forms of kinetic energy. Thermal energy is the energy of motion of the particles 
of a substance. Sound waves occur when energy is transferred from one particle to another 
in a medium.


Potential energy is stored energy. Chemical energy, electrical energy, and nuclear energy 
can be considered forms of potential energy because the energy is stored in particles of 
matter. This potential energy can be transformed into kinetic energy or other forms of 
potential energy. Gravitational potential energy is the energy an object has because of its 
position, and it depends on weight and height. Elastic potential energy is energy stored in 
the position of particles of an object. For example, a stretched bow has potential energy 
because work has been done to change its shape. The energy of that work is turned into 
potential energy that can be transformed back into kinetic energy when the string is 
released.


Chemical energy is stored in chemical bonds. Chemical changes occur when chemical 
bonds that hold atoms together are formed or broken. At the molecular level, atoms that 
are bound together receive enough energy to break away from the attractions that bind 
them. As the chemical bonds are broken, molecules break apart or ions move away from 
ionic crystal lattices. Energy is released when new bonds form as atoms are attracted to one 
another. If  the total reaction produces energy, the chemical bonds that form are a more 
stable, or less energetic, arrangement of the atoms than those of the reactants. If  energy 
must be added to cause the chemical reaction to occur, then the chemical bonds of the 
products have more energy than those of the reactants.


I-B(1) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
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STANDARD PRACTICE


1 


 A Energy is removed from a solid to 
form a liquid.


 B Energy is added to a solid to form 
a liquid.


 C Energy is removed from a liquid 
to form a solid.


 D Energy is added to a liquid to 
form a solid.


2 


 A Heat


 B Mechanical energy


 C State 


 D Temperature


3 During a field investigation, Sam 
studies kinetic and potential energy by 
observing apples on a tree. 


 


 A Kinetic energy


 B Nuclear energy


 C Elastic potential energy


 D Gravitational potential energy


4 


 A From chemical energy to light 
energy


 B From light energy to chemical 
energy


 C From kinetic energy to potential 
energy


 D From chemical energy to electrical 
energy


In the figure of molecules below, 
what is occurring?


Which is the measure of the average 
kinetic energy of particles in an 
object?


What type of energy do these apples 
have?


How is energy converted in a plant 
during photosynthesis?


I-B(1)  Physical Science
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Explain how thermal energy (heat) consists of the random motion and vibrations of atoms 
and molecules and is measured by temperature. 


I-A(4)  Nature of Science
Convey results of investigations using scientific concepts, methodologies, and expressions, 
including: scientific language and symbols; diagrams, charts, and other data displays; 
mathematical expressions and processes (e.g. mean, median, slope, proportionality); clear, 
logical, and concise communication; reasoned arguments.


STANDARD REVIEW


According to kinetic theory, all matter is made of particles—atoms and molecules—that 
are constantly in motion. Because they are in motion, all particles of matter have kinetic 
energy. Temperature is a measure of average kinetic energy, or thermal energy. Particles 
of matter are constantly moving, but they do not all move at the same speed. As a result, 
some particles have more kinetic energy than others have. When you measure an object’s 
temperature, you measure the average kinetic energy of the particles in the object. The 
more kinetic energy the particles of an object have, the higher the temperature of the 
object is. 


For a monatomic gas, temperature can be understood in terms of the translational kinetic 
energy of the atoms in the gas. For other kinds of substances, molecules can rotate or vibrate, 
so other types of energy are also present. For example, a carbon dioxide molecule with 
vibrational energy is like a plucked guitar string containing both kinetic and potential energies 
due to the bonds between atoms in the molecule stretching and bending like a spring. 


To measure temperature, we use a simple physical property of substances: most substances 
expand when their temperatures increase. Thermometers use the expansion of liquids such as 
mercury or colored alcohol to measure temperature. These liquids expand as their temperature 
increases and contract as their temperature falls. As the temperature rises, the particles in the 
liquid inside a thermometer gain kinetic energy and move faster. With this increased motion, the 
particles in the liquid move farther apart. So, the liquid expands and rises up the narrow tube. 


The specific heat capacity of a substance is the energy required to change the temperature 
of 1 kg of that substance by 1°C. Every substance has a unique specific heat capacity. This 
value tells you how much the temperature of a given mass of that substance will increase 
or decrease, based on how much energy is added or removed as heat. 


Pressure is a measure of how much force is applied over a given area. But what is providing 
this force? In kinetic theory, gas particles are likened to a collection of billiard balls that 
constantly collide with one another. This simple model is successful in explaining many 
of the macroscopic properties of a gas. For instance, as these particles strike a wall of 


I-B(2) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
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STANDARD PRACTICE


1 A group of students painted four cans, 
placed 500 grams of water in each can, 
and measured the temperature of the 
water as shown in Figure 1.They 
placed the cans on a sunny windowsill 
for two hours and then measured the 
temperature again (Figure 2). 


  


 


FIGURE 1


Black White Blue Yellow


20ºC 20ºC 20ºC 20ºC


FIGURE 2


Black White Blue Yellow


28ºC 21ºC 24ºC 22ºC


 A The water molecules in the white 
can slowed down the most.


 B The water molecules in the black 
can had the largest increase in 
average kinetic energy.


 C The water molecules in the blue 
can have a lower average potential 
energy than the water molecules in 
the white can.


 D The water molecules in the yellow 
can are moving at half the speed of 
the water molecules in the blue can.


2 


 A All of the particles in the blue can 
have the same kinetic energy.


 B The average kinetic energy of 
molecules in the white can is 
greater than in the yellow can.


 C The kinetic energy of every 
particle in the black can is greater 
than that of every particle in the 
white can.


 D The temperature of the black can 
indicates the average kinetic 
energy of water molecules in the 
can.


3 


Which statement correctly describes 
the significance of the temperature 
changes shown?


Which of the following statements is 
true of the cans in Figure 2?


Describe the relationship between 
kinetic energy and temperature.


I-B(2)  Physical Science


a container, they transfer some of their momentum during the collision. The rate of 
transfer of momentum to the container wall is equal to the force exerted by the gas on the 
container wall, in accordance with the impulse-momentum theorem. 
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Understand that energy can change from one form to another (e.g., changes in kinetic and 
potential energy in a gravitational field, heats of reaction, hydroelectric dams) and know that 
energy is conserved in these changes.


STANDARD REVIEW


Energy may be changed to another form during a physical or chemical change, but 
the total amount of energy present before and after the change is the same. When 
you operate a lawn mower, for example, energy changes to a different form but 
energy is conserved. The mower needs gasoline to run. Gasoline has stored energy 
that is released when it is burned. When the stored energy is considered, the energy 
present before you start the lawn mower is equal to the energy that is produced. 
Some of the energy from the gasoline is transferred to the surroundings as heat, 
which is why the lawn mower gets hot. The total amount of energy released by 
the gasoline is equal to the energy used to power the lawn mower plus the energy 
transferred to the surroundings as heat. Energy has many forms and can be found 
almost everywhere.


Accounting for all of the energy in a given case can be complicated. To make 
studying a case easier, scientists often limit their view to a small area or a small 
number of objects. These boundaries define a system. A system in which energy 
and matter are exchanged with the surroundings is an open system. If  energy, but 
not matter, is exchanged, the system is closed. An isolated system is one in which 
neither energy nor matter is exchanged. Imagine a beaker of water over a burner. If  
you considered only the flow of energy as the water was heated, it might seem like 
a closed system. But matter in the form of water vapor leaves the beaker, especially 
if  the water is boiling. Thus, it is an open system. Very few real-world systems are 
isolated systems. Most systems are open. Earth itself  might be considered a closed 
system because its limited exchange of matter with outer space could be ignored. 
However, Earth receives energy from the Sun that is reradiated to space. So Earth is 
not an isolated system.


A basic statement of the law of conservation of energy is: Energy cannot be 
created or destroyed. In other words, the total amount of energy in the universe 
never changes, although energy may change from one form to another. Energy 
never appears or disappears, but it does change form. Whenever the total energy in 
a system increases, the increase must be due to energy that enters the system from 
an outside source.


I-B(3) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
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STANDARD PRACTICE


1 As a roller coaster moves down a hill, 
potential energy is converted into 
kinetic energy, thermal energy, and 
sound energy.


  


 A Energy is lost as the roller coaster 
moves.


 B Energy is gained as the roller 
coaster moves.


 C The total energy remains the same 
as the roller coaster moves.


 D The total energy constantly 
changes as the roller coaster moves.


2 During a laboratory experiment, John 
applies the law of conservation of 
energy. 


  


 A Energy is not transferred.


 B Energy is not created or destroyed.


 C The total energy in a closed 
system is always constant.


 D The total energy of the reactants 
is less than the total mass of the 
products.


3 


 A It is gained by the water 
molecules.


 B It is changed into matter in the 
form of ice.


 C It is transferred to the surrounding 
materials, which gain energy.


 D It is transferred to the water 
molecules, which store it until they 
melt again.


4 


What is true about the total energy 
of this system?


Which of the following does he 
assume to be true?


What happens to the energy released 
when water freezes?


If  a cup of water loses 2,450 joules 
(J) of energy and turns into ice, how 
many joules (J) of energy must the 
surrounding environment have 
gained?


I-B(3)  Physical Science


The law of conservation of energy was developed based on many observations 
over a long period of time. It is a scientific law because it describes something that 
always occurs in nature. It is not a theory, however, because it does not explain why 
energy is conserved.
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Understand how heat can be transferred by conduction, convection, and radiation, and how 
heat conduction differs in conductors and insulators. 


I-B(5) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
Explain how heat flows in terms of the transfer of vibrational motion of atoms and molecules 
from hotter to colder regions.


I-B(11) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
Understand the concept of equilibrium (i.e., thermal, mechanical, and chemical).


STANDARD REVIEW


Heat is the transfer of thermal energy from one object to another. Heat flows by 
convection, conduction, or radiation. It always flows from an object at a higher 
temperature to an object at a lower temperature unless work is done on the system. The 
objects will approach the same temperature as one gains thermal energy and the other 
loses it. Eventually, in the absence of heat loss to other objects, the two objects will 
maintain a constant temperature. The objects are said to be in thermal equilibrium.


BA C


Convection (contents of pot in illustration A) is the transfer of thermal energy by the 
movement of a liquid or a gas. When you boil water in a pot, the water moves in circular 
patterns because of convection, as shown above. The water at the bottom of a pot on a 
stove burner gets hot because it is touching the pot. As it heats, the water becomes less 
dense. The warmer water rises through the denser, cooler water above it. At the surface, 
the warm water begins to cool and become denser. The cooler water then sinks back to the 
bottom. It is heated again, and the cycle begins again.


Thermal conduction (the spoon in illustration B) is the transfer of thermal energy from 
one substance to another through direct contact. When objects touch each other, their 


I-B(4) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER
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1 


 A Their thermal energies remain the 
same.


 B Thermal energy passes from the 
cooler object to the warmer 
object.


 C Thermal energy passes from the 
warmer object to the cooler 
object.


 D Thermal energy passes back and 
forth equally between the two 
objects.


2 


 A Conduction


 B Convection


 C Insulation


 D Radiation


3 Just beneath the Sun’s visible surface, 
called the photosphere, is a zone where 
energy is transported by the rising of 
hot gas and the falling of cool gas. The 
tops of these circulation cells account 
for the grainy appearance of the 
photosphere.


  


 A Radiation


 B Conduction


 C Induction


 D Convection


4 


Two objects at different 
temperatures are in contact. Which 
of the following happens to their 
thermal energies?


As a spoon in a bowl of hot soup 
becomes warmer, through which 
process is heat being transferred to 
the spoon?


What heat transfer process is 
occurring in this zone?


Eventually, a hot cup of coffee is the 
same temperature as the air of the 
room in which the coffee is located. 
Why does this happen?


I-B(4), I-B(5), I-B(11)  Physical Science


particles collide. When particles collide, particles with higher kinetic energy transfer energy 
to those with lower kinetic energy. This transfer makes some particles slow down and other 
particles speed up until all particles have the same average kinetic energy.


A third way thermal energy is transferred is radiation (from the Sun to Earth in illustration 
C), the transfer of energy by electromagnetic waves, including visible light and infrared 
radiation. Unlike conduction and convection, radiation can involve either an energy 
transfer through matter or an energy transfer through the vacuum of empty space.
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I-B(6) Physical Science–ENERGY 
 TRANSFORMATION AND TRANSFER


Understand that the ability of energy to do something useful (work) tends to decrease (and 
never increases) as energy is converted from one form to another.


STANDARD REVIEW


The net work done by a net force acting on an object is equal to the change in the kinetic 
energy of the object. This important relationship is known as the work-energy theorem, 


W net  = ∆KE, where the kinetic energy can be calculated using KE =   1 __ 2  mv2. 


When you use this theorem, you must include all the forces that do work on the object in 
calculating the net work done. You can calculate the net work done using the following 
equation,  W net  =  F net dcosƟ. 


From the work-energy theorem, we see that the speed of the object increases if  the net 
work done on it is positive, because the final kinetic energy is greater than the initial kinetic 
energy. The object’s speed decreases if  the net work is negative, because the final kinetic 
energy is less than the initial kinetic energy. The work–kinetic energy theorem allows us to 
think of kinetic energy as the work that an object can do while the object changes speed or 
as the amount of energy stored in the motion of an object. 
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STANDARD PRACTICE


1 When the force on an object and the 
object’s displacement are in different 
directions, only the component of the 
force that is  to the object’s 
displacement does work.


 A Horizontal


 B Normal


 C Parallel


 D Perpendicular


2 A man has three friends help him push 
his dead car on a horizontal surface. 
The friends push with a constant total 
force of 1200 N. 


  


 A 2.6 m


 B 3.5 m


 C 8.3 m


 D 11 m


3 The net work done on a body is equal 
to what change in the body?


 A Its mechanical energy


 B Its position


 C Its kinetic energy


 D Its potential energy


4 A 2.0 × 103 kg car accelerates from rest 
under the actions of two forces. One is 
a forward force of 1140 N provided by 
traction between the wheels and the 
road. The other is a 950 N resistive 
force due to various frictional forces. 


  


How far must the car be pushed, 
starting from rest, so that its final 
kinetic energy is 4200 J? (Disregard 
friction.)


Use the work–kinetic energy 
theorem to determine how far in 
meters the car must travel for its 
speed to reach 2.0 m/s.


I-B(6)  Physical Science
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Understand that electromagnetic waves carry energy that can be transferred when they 
interact with matter. 


I-C(5)  Nature of Science
Use mathematics to express and establish scientific relationships (e.g., scientific notation, 
vectors, dimensional analysis).


STANDARD REVIEW


As with any wave, electromagneic waves including light waves, transfer energy. The amount 
of energy carried by light is a function of its wavelength and frequency. Because the speed 
of light (in a vacuum) is constant, these properties are directly related to one another. The 
energy of light is calculated using wavelength, frequency, the speed of light, and a factor, 
known as Planck’s constant, which relates energy and frequency. The following values and 
equations are used to calculate the energy of light.


Constants and variables


Frequency of light (Hz or s–1)  f 
Wavelength of light (m) λ 
Energy (J) E 
Speed of light (m/s) c = 3.00× 108 m/s 
Energy (electron volts) eV (1 eV = 1.60 × 10–19 J) 
Planck’s constant h = 6.63 × 10–34 J•s


Equations


Energy of a Quantum of Light: E = hf 
Light Wave Speed Equation: c = fλ


I-B(7) Physical Science–INTERACTIONS OF 
 ENERGY AND MATTER
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STANDARD PRACTICE


1 


 A 7.61 × 107 Hz


 B 9.51 × 1014 Hz


 C 3.83 × 1032 Hz


 D 5.94 × 1033 Hz


2 


 A 1.5 × 100 Hz


 B 3.5 × 105 Hz


 C 5.3 × 1012 Hz


 D 3.5 × 1014 Hz


3 


A photon of UV light has an energy 
of 3.94 eV. What is the frequency of 
this photon?


Radiation emitted from hot object 
reaches its peak at λ = 850 nm. 
What is the frequency of this 
radiation?


To three significant figures, what is 
the energy, in eV, of a photon of red 
light whose wavelength is 667 nm  
(1 nm = 10–9 m)?
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I-B(8) Physical Science–INTERACTIONS OF 
 ENERGY AND MATTER


Describe the characteristics of electromagnetic waves (e.g., visible light, radio, microwave, 
X-ray,  ultraviolet, gamma) and other waves (e.g., sound, seismic waves, water waves) 
including:  origin and potential hazards of various forms of electromagnetic radiation; energy 
of electromagnetic waves carried in discrete energy packets (photons) whose energy is 
inversely proportional to wavelength.


STANDARD REVIEW


Waves transfer energy as they travel, and waves can do work. For a long time, scientists 
thought that the universe was filled with a medium that carried light waves, just as matter 
carries sound waves. We now know that the energy of an electromagnetic wave is carried 
by the interaction of magnetic and electrical forces. The amount of energy carried by a 
wave is related to its frequency (the number of cycles in a period) and to the wavelength 
(distance from crest to crest of the wave). For a particular type of wave, an increase in 
frequency increases the amount of energy that the wave carries. Since an increase in the 
frequency of waves also means a decrease in the wavelength of waves, the shorter the wave, 
the more energy it carries.


Science Spectrum Student Edition 2008
sp08se_salstp049a  
third pass 06/29/06
David Shackelford


10
18


10
17


10
16


10
15


10
14


10
13


10
12


10
11


10
10


10
9


10
8


10
7


10
6


0.
1 


nm
1 


nm
10


 n
m


10
0 


nm
1 


µm
10


 µ
m


10
0 


µm
1 


m
m


1 
cm


10
 c


m
1 


m
10


 m
10


0 
m


1,
00


0 
m


40
0 


nm


50
0 


nm


60
0 


nm


70
0 


nm


Wavelength


Gamma
rays


X rays


Infrared


Violet Red


Vi
si


bl
e


Microwaves
Radio waves


Frequency (Hz)


The speed of a wave is its frequency multiplied by its wavelength. The speed of light (c) is 
300,000,000 meters per second, so wavelength (λ) and frequency (f) can be calculated using 
the formulas.


λ = c/f


f = c/λ


Units for wavelength are meters and units for frequency are inverse seconds (1/s), or  
hertz, (Hz).
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STANDARD PRACTICE


1 


 A Gamma rays


 B Microwaves


 C Ultraviolet light


 D Visible light


2 


 A Violet (λ = 420 nm)


 B Blue (λ = 475 nm)


 C Green (λ = 540 nm) 


 D Yellow (λ = 580 nm)


3 


 A Disturbance of a medium as 
energy passes through it.


 B Interaction of a magnetic field 
and an electrical field


 C Conversion of matter into energy


 D Effects of an electrical field on a 
vacuum


4 


Which of these types of waves 
carries the most energy?


Which of these colors of visible 
light carries the least energy?


What causes a wave of light to 
propagate?


What is the wavelength, in meters, 
of an electromagnetic wave that has 
a frequency of 1.5 × 105 Hz?


I-B(8)  Physical Science
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Know that each kind of atom or molecule can gain or lose energy only in discrete amounts.


I-B(10) Physical Science–INTERACTIONS OF 
 ENERGY AND MATTER
Explain how wavelengths of electromagnetic radiation can be used to identify atoms,  
molecules, and the composition of stars. 


STANDARD REVIEW


When the light given off  (emitted) by an atomic gas is passed through a prism, a series of 
distinct bright lines is seen. Each line corresponds to a different wavelength, or color, of 
light. Such a series of spectral lines is commonly referred to as an emission spectra.


The emission spectra for hydrogen, mercury, and helium are each unique, as seen below 
to the left. Further analysis of other substances reveals that every element has a distinct 
emission spectrum. In other words, the wavelengths contained in a given spectrum are 
characteristic of the element giving off  the light. Because no two elements give off  the 
same line spectrum, it is possible to use spectroscopy to identify elements in a mixture. 


400 500 600 700λ(nm)


H


Hg


He


400 500 600 700λ(nm)


E6
E5
E4


E3


E2


H


In 1913, physicist Niels Bohr proposed a new model of the hydrogen atom that explained 
atomic spectra. Bohr’s model is similar to Rutherford’s in that the electron moves in 
circular orbits about the nucleus. However, in Bohr’s model, only certain orbits are 
allowed. The electron is never found between these orbits; instead, it is said to “jump” 
instantly from one orbit to another without ever being between orbits. 


Bohr claimed that rather than radiating energy continuously, the electron radiates energy 
only when it jumps from an outer orbit to an inner one. The frequency of the radiation 
emitted in the jump is related to the change in the atom’s energy. The energy of an emitted 
photon (E ) is equal to the energy decrease of the atom. The frequency of the emitted 
radiation can then be found by Planck’s equation (E =  E initial  −  E final  = hf ), where f  is the 
frequency of the light and h is Planck’s constant, 6.63 × 10-34 J•s. Once an electron is in an 
excited state, there is a certain probability that it will jump back to a lower energy level by 
emitting a photon. The emitted photons are responsible for the bright lines in the emission 
spectrum.


I-B(9) Physical Science–INTERACTIONS OF 
 ENERGY AND MATTER
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STANDARD PRACTICE


1 


 A Energy is absorbed from a source 
outside the atom.


 B The energy contained in the 
electromagnetic field inside the 
atom increases.


 C Energy is released across a 
continuous range of values.


 D A photon is emitted with energy 
equal to the difference in energy 
between the two levels. 


Questions 2, 3, and 4 are based on the 
following figure that shows the energy-level 
diagram for the first five energy levels for 
mercury vapor. The energy of E1 is defined 
as zero. Note: The figure is not to scale. 


E5 E = 6.67 eV
E = 5.43 eV
E = 4.86 eV
E = 4.66 eV


E = 0 eV


E4
E3
E2


E1


2 


 A 4.83 × 1013 Hz


 B 1.12 × 1015 Hz


 C 1.17 × 1015 Hz


 D 1.31 × 1015 Hz


3 A photon with the frequency of  
1.86 × 1014 Hz is emitted from a 
mercury atom.


  


 A E5 to E3


 B E4 to E2


 C E3 to E1


 D E5 to E2


4 


What happens when an electron 
moves from a higher energy level to 
a lower energy level in an atom?


What is the frequency of the photon 
emitted when an electron drops from 
energy level E3 to E1 in a mercury 
atom? (1 eV = 1.6 × 10-19 J)


What energy level transition did the 
electron that created this photon 
make?


What is the energy lost in eV by a 
mercury atom when an electron 
drops from energy level E5 to E2?


I-B(9), I-B(10)  Physical Science
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Know that there are four fundamental forces in nature: gravitation, electromagnetism, weak 
nuclear force, and strong nuclear force.


I-A(10) Science and Society
Describe major historical changes in scientific perspectives (e.g., atomic theory, germs, 
 cosmology, relativity, plate tectonics) evolution and the experimental observations that 
 triggered them. 


STANDARD REVIEW


Scientists identify four fundamental forces in nature. These forces are gravity, the 
electromagnetic force, the strong nuclear force, and the weak nuclear force. The 
fundamental forces vary widely in strength and the distance over which they act. 


Published in July 5, 1687, Isaac Newton’s Principia stated quantitatively that the 
magnitude of the gravitational force between two masses was proportional to the product 
of the masses divided by the distance of separation squared. In 1873, James Clerk 
Maxwell linked the once-believed separate forces of electricity and magnetism together in 
his publication Treatise on Electricity and Magnetism. Gravitational and electromagnetic 
forces act over longer distances. Their effect extends an infinite distance, although these 
effects decrease rapidly as distance between objects increases. 


Around 1934, puzzled as to how a nucleus full of protons did not fly apart due to repulsion 
forces, physicists developed the construct of a “nuclear force” that holds it together. Today, 
we understand that the strong nuclear force holds together the protons and neutrons in the 
nuclei of atoms and is the strongest of all the forces. However, it is negligible over distances 
greater than the size of an atomic nucleus. The weak nuclear force acts over even smaller 
distances, about the diameter of a proton. It is about one-millionth as strong as the strong 
force. The electromagnetic force is about 1/100 the strength of the strong nuclear force. 
The gravitational force is much weaker than the electromagnetic force. Consider a proton 
and an electron in an atom. The electromagnetic force is about 1040 times as great as the 
gravitational force between them! That is why the effects of the electromagnetic force can 
be observed in the interactions of atoms while the gravitational force can only be observed 
in the interactions of very large objects.


I-C(1)  Physical Science–FORCES 
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STANDARD PRACTICE


1 


 A They are attracted to one another 
by electrical forces.


 B Neutrons bond with protons, 
holding the protons together.


 C The attraction between electrons 
and protons holds the nucleus 
together.


 D The strong nuclear force is 
stronger than the repulsive 
electrical force at short distances.


2 


 A The nuclear force is equal to the 
electromagnetic force.


 B The nuclear force is stronger than 
the electromagnetic force under all 
conditions.


 C The nuclear force is stronger than 
the electromagnetic force at very 
short  distances but equal at longer 
distances.


 D The nuclear force is stronger than 
the electromagnetic force at very 
short  distances but weaker at 
longer distances.


3 


 A Electromagnetic 


 B Gravitational


 C Strong nuclear 


 D Weak nuclear


4 


What keeps the protons in an 
atomic nucleus from flying away 
from one another?


How does the force that holds the 
nucleus together compare to the 
electromagnetic force that causes 
protons and electrons to stay 
together in atoms?


Which is the weakest of the four 
fundamental forces?


The strength of the strong nuclear 
force is about how many times 
stronger than the electromagnetic 
force?
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Know that every object exerts gravitational force on every other object, and how this force 
depends on the masses of the objects and the distance between them.


STANDARD REVIEW


All matter has mass. Gravity is a result of mass. Therefore, all matter is affected by gravity. 
That is, all objects experience an attraction toward all other objects. This gravitational 
force pulls objects toward each other. According to the law of universal gravitation, all 
objects in the universe attract each other through gravitational force. The size of the 
force depends on the masses of the objects and the distance between the objects. The 
gravitational force is stronger when the masses are greater or when the objects are closer 
together.


Name  Date 


© Houghton Mifflin Harcourt Publishing Company
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Describe how the gravitational force between two objects depends on their masses and the 
distance between them.


SC.912.N.3.3  


STANDARD REVIEW
All matter has mass. Gravity is a result of mass. Therefore, all matter is affected by gravity. 
That is, all objects experience an attraction toward all other objects. This gravitational 
force pulls objects toward each other. According to the Law of Universal Gravitation, all 
objects in the universe attract each other through gravitational force. The size of the force 
depends on the masses of the objects and the distance between the objects. The gravita-
tional force is stronger when the masses are greater or when the objects are closer together.


Relationship between gravitational attraction and distance


The mass of  an object is a measure of the amount of matter it contains, so mass is a con-
stant characteristic of a particular object. Weight is a measure of the force of gravity on 
the object, which is proportional to the mass. Therefore, weight is a function of the masses 
of the object and the larger object to which it is attracted, so weight can vary. A person 
would not weigh as much on the Moon as on Earth.


This description of gravity is considered to be a scientifi c law because it is a description 
of observations that are always true. This is not a theory of gravity because it does not 
explain why the attraction between objects is related to mass and distance.


Gravity is a force of attraction between objects. When you see or hear the word weight, 
it usually refers to Earth’s gravitational force on an object. But weight can also be a 
measure of the gravitational force exerted on objects by the Moon or other planets. Weight 
is related to mass, but they are not the same. Weight changes when gravitational force 
changes. Mass is the amount of matter in an object. An object’s mass does not change. 
Imagine that an object is moved to a place that has a greater gravitational force—such as 
the planet Jupiter. The object’s weight will increase, but its mass will remain the same.  
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The mass of an object is a measure of the amount of matter it contains, so mass is a 
constant characteristic of a particular object. Weight is a measure of the force of gravity 
on the object, which is proportional to the mass. Therefore, weight is a function of the 
masses of the object and the larger object to which it is attracted, so weight can vary. A 
person would not weigh as much on the Moon as on Earth.


This description of gravity is considered to be a scientific law because it is a description 
of observations that are always true. This is not a theory of gravity because it does not 
explain why the attraction between objects is related to mass and distance.


Gravity is a force of attraction between objects. When you see or hear the word weight, 
it usually refers to Earth’s gravitational force on an object. But weight can also be a 
measure of the gravitational force exerted on objects by the Moon or other planets. Weight 
is related to mass, but they are not the same. Weight changes when gravitational force 
changes. Mass is the amount of matter in an object. An object’s mass does not change. 
Imagine that an object is moved to a place that has a greater gravitational force—such as 
the planet Jupiter. The object’s weight will increase, but its mass will remain the same.
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STANDARD PRACTICE


sp08se_fors02013a 
 


m
1 m


2


d


Gravitational force is stronger when
one or both objects are larger.


1 


 A The gravitational force would 
double.


 B The gravitational force would 
increase by a factor of 4.


 C The gravitational force would 
decrease by a factor of 4.


 D The gravitational force would not 
change.


2 


 A Small objects exert no 
gravitational force.


 B You don’t notice the pull because 
Earth’s pull is greater.


 C The mass is too small to cause a 
force large enough to notice.


 D The force of gravity influences 
only objects that are very close 
together.


3 


 A Objects in the universe attract 
each other through motivational 
force, depending on their weights 
and masses.


 B Objects in the universe attract 
each other through frictional 
force, based on  friction and the 
distance of their masses.


 C Objects in the universe attract 
each other through gravitational 
force, depending on their weights 
and the distance between them.


 D Objects in the universe attract 
each other through gravitational 
force, depending on their masses 
and distance between the objects.


4 


How would the gravitational force 
between the two objects shown 
above change if  the distance, d, were 
doubled?


Why don’t you notice the 
gravitational pull of your body 
toward an object such as a pencil?


Which of the following correctly 
states the law of universal 
gravitation?


Free-fall acceleration on the Moon 
is equal to 1.6 m/s2. What would be 
the weight in newtons (N) of a 
75-kg astronaut on the Moon?


I-C(2)  Physical Science
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Know that materials containing equal amounts of positive and negative charges are 
electrically neutral, but that a small excess or deficit of negative charges produces significant 
electrical forces.


STANDARD REVIEW


Objects contain both positive and negative charges. When the amounts of positive and 
negative charges are equal, the object is electrically neutral, but when the amounts of 
positive and negative charge are not neutral, electrical force results. The electric force is a 
universal force that exists between any two charged objects. Opposite charges attract while 
like charges repel. 


Electric force does not require that objects touch. How do charges interact over a distance? 
One way to model this property of charges is with the concept of an electric field. An 
electric field always exists in the space around a charged particle. Any other charged 
particle in that field will experience an electric force. This force is due to the electric field 
associated with the first charged particle.


The electric force between two charged objects varies depending on the amount of charge 
on each object and the distance between them. The electric force between two objects is 
proportional to the product of the charges on the objects. If  the charge on one object is 
doubled, the electric force between the objects will also be doubled, as long as the distance 
between the objects remains the same. The electric force is also inversely proportional to 
the square of the distance between two objects. For example, if  the distance between two 
charges is doubled, the electric force between them decreases to one-fourth its original 
value. If  the distance between two small charges is quadrupled, the electric force between 
them decreases to one-sixteenth its original value.


The electrical force is much greater than the gravitational force. Consider a proton and 
an electron in an atom. The electromagnetic force is about 1040 times as great as the 
gravitational force between them! That is why the effects of the electromagnetic force can 
be observed in the interactions of atoms while the gravitational force can only be observed 
in the interactions of very large objects.
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STANDARD PRACTICE
Electron


Protron


Neutron


1 


 A Negatively charged electrons are 
held around the positively charged 
nucleus by the electric force.


 B Negatively charged electrons are 
pushed away from the positively 
charged nucleus by the electric 
force.


 C Negatively charged neutrons and 
positively charged protons are 
held together in the nucleus by the 
electric force.


 D Negatively charged neutrons push 
negatively charged electrons away 
from the nucleus.


2 


 A The nuclear force is equal to the 
electromagnetic force.


 B The nuclear force is stronger than 
the electromagnetic force under all 
conditions.


 C The nuclear force is stronger than 
the electromagnetic force at very 
short distances but equal at longer 
distances.


 D The nuclear force is stronger than 
the electromagnetic force at very 
short distances but weaker at 
longer distances.


3 


How does the electric force apply to 
the model shown above?


How does the force that holds the 
nucleus together compare to the 
electromagnetic force that causes 
protons and electrons to stay 
together in atoms?


The electric force between two 
objects is 58 N. If  the charge on one 
of the objects is doubled while the 
objects are kept the same distance 
apart, what would be the electric 
force between the two objects in N?
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I-C(4)  Physical Science–FORCES 


Understand the relationship between force and pressure, and how the pressure of a volume of 
gas depends on the temperature and the amount of gas.


I-A(4)  Nature of Science
Convey results of investigations using scientific concepts, methodologies, and expressions, 
including: scientific language and symbols; diagrams, charts, and other data displays; 
mathematical expressions and processes (e.g. mean, median, slope, proportionality); clear, 
logical, and concise communication; reasoned arguments.


STANDARD REVIEW


The equations describing the relationships between two or three of the four variables— 
pressure, volume, temperature, and moles—needed to describe a gas sample can be 
summarized as:


• Boyle’s law states the inverse relationship between the volume and the pressure of a 
gas:


PV = k


• Charles’s law illustrates the direct relationship between a gas’s volume and its tem-
perature in kelvins:


V = kT


• Gay-Lussac’s law represents the direct relationship between a gas’s pressure and its 
temperature in kelvins:


P = kT


• Avogadro’s law states that equal volumes of gases at the same temperature and pres-
sure contain equal numbers of molecules.


These gas laws can be combined into a single equation. The ideal gas law is the 
mathematical relationship among pressure, volume, temperature, and the number of moles 
of a gas. It is stated as shown below, where R is a constant. The ideal gas law reduces 
to Boyle’s law, Charles’s law, Gay-Lussac’s law, or Avogadro’s law when the appropriate 
variables are held constant.


PV = nRT
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STANDARD PRACTICE


1 


 A 1.2 L


 B 1.9 L


 C 14 L


 D 22.5 L


2 The figure below shows how gas fills 
an evacuated container when the 
partition between the two identical 
containers is removed.


  


 A 46°C


 B 156°C


 C 219°C


 D 319°C


3 


A balloon has a volume of 1.5 L at 
101 kPa. If  the temperature remains 
constant, what will its volume be at 
80.0 kPa?


If the initial temperature is 23°C, to 
what temperature will the gas have 
to be raised in order to keep the 
pressure constant after the volume is 
increased?


An aerosol can contains gas at 
150 kPa. To the nearest kPa, what 
will the pressure be if  the can is 
heated from 20°C to 85°C?


I-C(4)  Physical Science
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Explain how electric currents cause magnetism and how changing magnetic fields produce 
electricity (e.g., electric motors, generators).


I-A(3) Science and Society
Evaluate the influences of technology on society (e.g. communications, petroleum, 
transportation, nuclear energy, computers, medicine, genetic engineering) including both 
desired and undesired effects, and including some historical examples (e.g., the wheel, the 
plow, the printing press, the lightning rod).


STANDARD REVIEW


Electricity and magnetism are related forces. When a compass is held close to a wire with 
an electric current flowing through it, the compass needle no longer points north because 
an electric current produces a magnetic field. A compass needle is a magnet. It moves from 
its north-south orientation only when it is in a magnetic field different from Earth’s. The 
motion of electrons in the wire produces a magnetic field around the wire.


A single loop of wire carrying a current does not have a very strong magnetic field, but if  
you make a number of parallel loops, they will combine to make a much stronger field. A 
solenoid is a coil of wire that produces a magnetic field when carrying an electric current. 
The magnetic field around a solenoid is very similar to the magnetic field of a bar magnet. 
The strength of the magnetic field of a solenoid increases as more loops per meter are 
used. The magnetic field also becomes stronger as the current in the wire is increased.


An electromagnet is made up of a solenoid wrapped around an iron core. The magnetic 
field of the solenoid makes the domains inside the iron core line up. The magnetic field of 
the electromagnet is the field of the solenoid plus the field of the magnetized core. As a 
result, the magnetic field of an electromagnet may be hundreds of times stronger than the 
magnetic field of just the solenoid. To make an electromagnet stronger, you can increase 
the number of loops per meter in the solenoid. You can also increase the electric current in 
the wire. Some electromagnets are strong enough to lift a car or levitate a train.


When a magnet is in motion relative to a wire, the opposite effect occurs. The magnetic 
field causes charged particles to move inside a conductor, such as a copper wire. However, 
this only occurs when the magnet is moving or when the conductor is moving. It is the 
relative motion of wire and the magnetic field that causes electrons to move, and it is this 
motion that generates an electric current. The process by which an electric current is made 
by changing a magnetic field is called electromagnetic induction.


Technology involving electromagnetic induction is used to produce electricity in power 
plants. An electric generator in a power plant uses electromagnetic induction to change 
mechanical energy into electrical energy. The energy that generators convert into electrical 
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STANDARD PRACTICE


CurrentCurrent


sp08se_mags02018a
3rd pass
5/19/2006
abeckmann


1 


 A The electric field around the wire 


 B The magnetic field around the 
wire


 C The path of the electrons around 
the wire 


 D The potential difference around 
the wire


2 


 A Add coils


 B Remove coils


 C Decrease the current


 D Reverse the current


3 The graph below plots the current 
versus the angle of rotation for an 
induced current in a generator.


Rotation
Angle0º 90º 270ºC


ur
re


nt


180º 360º


A


B


C


D


E


  


A current-carrying wire is wrapped 
in a coil as shown. What do the thin 
lines in the drawing represent?


Which of the following changes will 
increase the strength of a solenoid?


At which angle in degrees does the 
current first reverse direction?


I-C(5)  Physical Science


energy comes from different sources. The source in nuclear power plants is thermal energy 
from a nuclear reaction. The energy boils water into steam. The steam turns a turbine. The 
turbine turns the magnet of the generator, which induces an electric current and generates 
electrical energy. Other kinds of power plants burn fuel such as coal or gas to release 
thermal energy. Hydroelectric plants use the energy of falling water to turn a turbine.
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Represent the magnitude and direction of forces by vector diagrams.


I-A(4)  Nature of Science
Convey results of investigations using scientific concepts, methodologies, and expressions, 
including: scientific language and symbols; diagrams, charts, and other data displays; 
mathematical expressions and processes (mean, median, slope, proportionality); clear, logical, 
and concise communication; reasoned arguments.


I-C(2)  Nature of Science
Use mathematical models to describe, explain, and predict natural phenomena.


STANDARD REVIEW


A free-body diagram is used to analyze only the forces affecting the motion of a single 
object. Free-body diagrams are constructed and analyzed just like other vector diagrams. 
Each diagram should include all forces acting on the object, pointing in the correct 
directions and with the lengths roughly proportional to the magnitudes of the forces. 


Free Body Diagramming Strategy 
 1. Identify the forces acting on the object and the directions of the forces.
 2. Draw a diagram to represent the isolated object.
 3. Draw and label vector arrows for all external forces acting on the object.


It is important to remember that a free-body diagram shows only the forces acting on the 
object. 


STANDARD PRACTICE


Use the following text and free-body diagrams to answer question 1.


A truck pulls a trailer on a flat stretch of road. The forces acting on the trailer are the force 
due to gravity (250,000 N downward), the force exerted by the road (250,000 N upward), 
and the force exerted by the cable connecting the trailer to the truck (20,000 N to the 
right). The forces acting on the truck are the force due to gravity (80,000 N downward), the 
force exerted by the road (80,000 N upward), the force exerted by the cable (20,000 N to 
the left), and the force causing the truck to move forward (26,400 N to the right).


A


250,000 N


250,000 N


46,400 N


C


250,000 N


250,000 N


20,000 N


B


80,000 N


80,000 N


20,000 N 26,400 N


D


80,000 N


80,000 N


26,400 N 20,000 N
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1 


 A Free-body diagram A


 B Free-body diagram B


 C Free-body diagram C


 D Free-body diagram D


Use the following information and free-
body diagrams (A–D) for questions 2–3.


Four different boxes of physics textbooks 
are on a table. The weight of each box is  
balanced by an upward force or normal 
force provided by the table. Each box (A–D)  
is subjected to different horizontal forces as 
shown in the free-body diagrams below.


A


98 N


98 N


200 N


B


49 N


49 N


400 N 600 N


C


49 N


49 N


600 N 400 N


D


147 N


147 N


400 N 600 N


2 


 A Box A


 B Box B


 C Box C


 D Box D


3 


Using your knowledge of free-body 
diagrams, which diagram (A–D) 
above shows the correct development 
of a free-body diagram in which all 
of the forces acting on the truck are 
represented?


Interpret the free-body diagrams 
above to determine which box of 
books (A–D) experiences the 
greatest acceleration to the right.


Using the free-body diagram for the 
box of books labeled D, interpret 
these forces to calculate the 
magnitude of its acceleration.
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I-C(7)  Physical Science–FORCES 


Know that when one object exerts a force on a second object, the second object exerts a force 
of equal magnitude and in the opposite direction on the first object (i.e., Newton’s Third Law).


I-C(8)  Physical Science–MOTION
Apply Newton’s Laws to describe and analyze the behavior of moving objects, including: 
displacement, velocity, and acceleration of a moving object; Newton’s Second Law, F=ma 
(e.g., momentum and its conservation, the motion of an object falling under gravity, the 
independence of a falling object’s motion on mass); circular motion and centripetal force.


STANDARD REVIEW


Newton’s first law of motion. In the 1630s, Galileo concluded correctly that it is an 
object’s nature to maintain its state of motion or rest. Note that an object on which no 
force is acting is not necessarily at rest; the object could also be moving with a constant 
velocity. This concept was further developed by Newton in 1687 and has come to be 
known as Newton’s first law of motion. Inertia is the tendency of an object not to 
accelerate. Newton’s first law is often referred to as the law of inertia because it states 
that in the absence of a net force, a body will preserve its state of motion. In other words, 
Newton’s first law says that when the net external force on an object is zero, the object’s 
acceleration (or the change in the object’s velocity) is zero. 


Newton’s second law of motion. From Newton’s first law, we know that an object with no 
net force acting on it is in a state of equilibrium. We also know that an object experiencing 
a net force undergoes a change in its velocity. The relationships between mass, force, and 
acceleration are quantified in Newton’s second law. The acceleration of an object is directly 
proportional to the net force acting on the object and inversely proportional to the object’s 
mass. In equation form, we can state Newton’s second law as follows: 


∑ F ma=  


Newton’s third law of motion. A force is exerted on an object when that object interacts 
with another object in its environment. Newton recognized that a single isolated force 
cannot exist. Instead, forces always exist in pairs. If  two objects interact, the magnitude 
of the force exerted on object 1 by object 2 is equal to the magnitude of the force 
simultaneously exerted on object 2 by object 1, and these two forces are opposite in 
direction. 
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STANDARD PRACTICE


1 Two restaurant employees push a  
730-kg wheeled dumpster along a 
horizontal surface. After they push the 
dumpster a distance of 5.5 m starting 
from rest, its speed is 0.75 m/s. 


  


 A 3.8 N


 B 37 N


 C 370 N


 D 3700 N


2 


 A The small sports car


 B The massive truck


 C The impact forces are equal but 
opposite in direction


 D Not enough information given to 
determine


3 


 A Kinetic friction


 B Inertia


 C Mass


 D Static friction


4 


What is the magnitude of the net 
force on the dumpster?


If  a small sports car collides 
head-on with a massive truck, which 
vehicle experiences the greater 
impact force?


What is the tendency of a moving 
object to resist a change in speed or 
direction called?


A freight train has a mass of 1.5 × 
107 kg. If  the locomotive can exert a 
constant pull of 7.5 × 105 N, how 
long in seconds would it take to 
increase the speed of the train from 
rest to 85 km/h? (Disregard friction.)


I-C(7), I-C(8) Physical Science
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Describe relative motion using frames of reference.


I-C(5)  Nature of Science
Use mathematics to express and establish scientific relationships (e.g., scientific notation, 
vectors, dimensional analysis).


STANDARD REVIEW


The movement of an object is always measured by comparing its position to that of 
a stationary reference point. When an object changes position over time relative to a 
reference point, the object is in motion. Earth’s surface is a common reference point for 
determining motion; however, anything near a moving object can be used as a frame 
of reference for describing motion. The chalkboard in a classroom can be a frame of 
reference for anything in the room. Motion can sometimes be described by using more 
than one frame of reference. For example, a person sitting on a bus is not moving in 
relation to the seats in the bus or in relation to another passenger, but the person is moving 
in relation to the ground or car traveling in the opposite direction. 


Speed is the distance traveled by an object divided by the time taken to travel that distance. 
The speedometer of a car shows how fast the car is moving at any particular time. When 
you calculate the speed of an object, its direction does not matter, only the distance and 
the time. 


Velocity is the speed of an object in a particular direction. Velocity must include a 
reference direction, which means that velocity is always measured relative to a reference 
point. If  you say that an airplane’s velocity is 600 km/h, you would not be correct. 
However, you could say that the plane’s velocity is 600 km/h south, using the Earth’s 
surface as a reference. You can think of velocity as the rate of change of an object’s 
position. An object’s velocity is constant, only if  its speed and direction do not change. An 
object’s velocity changes if  either its speed or direction changes. 


Acceleration is the rate at which velocity changes. Velocity changes if  speed changes, if  
direction changes, or if  both change. So, an object accelerates if  its speed, its direction, 
or both change. Acceleration depends not only on how much velocity changes, but also 
on how fast velocity changes. The faster the velocity changes, the greater the acceleration. 
Like velocity, acceleration must be measured relative to a reference point.


I-C(9)  Physical Science–MOTION
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STANDARD PRACTICE


1 Plane A is traveling 400 km/h west 
compared to a reference point on the 
ground. Plane B is also moving 
400 km/h west compared to the same 
reference point, but it is 100 miles east 
of Plane A.


  


 A 0 km/h


 B 100 km/h west


 C 100 km/h east


 D 400 km/h west


2 


 A 5 units


 B 7.21 units


 C 11 units


 D 8.54 units 


3 A boy in a canoe paddles upriver at a 
speed of 1.4 m/s relative to the water. 
The water flows downriver at a speed 
of 1.4 m/s relative to the riverbed.


  


 A 0 m/s


 B 1.4 m/s up the river


 C 1.4 m/s down the river


 D 2.8 m/s up the river


4 A pet-store supply truck moves at 
25.0 m/s north along a highway. Inside, 
a dog moves at 1.75 m/s at an angle of 
35.0° east of north.


  


Using Plane A as a reference point, 
what is the velocity of Plane B?


Vector A is 3.00 units in length and 
points along the positive x-axis. 
Vector B is 4.00 units in length and 
points along the negative y-axis. Use 
graphical vector addition methods 
to find the magnitude of the 
following vectors A + 2B.


How fast does the boy’s canoe 
appear to move when viewed by an 
observer standing on the riverbank?


What is the magnitude of the 
velocity (in m/s) of the dog along to 
the road?


I-C(9)  Physical Science
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Describe wave propagation using amplitude, wavelength, frequency, and speed.


STANDARD REVIEW


The amplitude of a wave is related to its height. For a mechanical wave, the amplitude 
is the maximum distance that the particles of a medium vibrate from their rest position. 
The larger the amplitude, the taller the wave. A wave with a larger amplitude carries more 
energy than a wave with a smaller amplitude.  
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The wavelength of a wave is the distance between any two crests or compressions next to 
each other in a wave. The distance between two troughs or rarefactions next to each other 
is also equal to one wavelength. The wavelength can be measured from any point on a wave 
to the corresponding point on the next wave. A wave with a shorter wavelength carries 
more energy than a wave with a longer wavelength if  they have the same amplitude. 


The number of waves produced in a given amount of time is the frequency of the wave. 
Frequency is usually expressed in hertz (Hz). One hertz equals one wave per second. If  the 
amplitudes are equal, higher frequency waves carry more energy than low frequency waves. 


The speed of a mechanical wave is constant for any given medium. The wave speed (v) is 
the frequency of the wave (f) times the wavelength (λ). In equation form, 


v = fλ. 


The speed of a wave changes only when the wave moves from one medium to another or 
when certain properties of the medium (such as temperature) are varied.


I-C(10)  Physical Science–MOTION 
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STANDARD PRACTICE


Questions 1–3 are based on the following 
illustration of a wave traveling in the 
positive x direction with a frequency of  
33.3 Hz.


12 cm


5.0 cm


1 


 A 5.0 cm


 B 6.0 cm


 C 10.0 cm


 D 12.0 cm


2 


 A 5.0 cm


 B 6.0 cm


 C 10.0 cm


 D 12.0 cm


3 


 A 0.0300 m/s


 B 3.33 m/s


 C 333 m/s


 D 166 m/s


4 


What is the amplitude of the wave?


What is the wavelength of the wave?


What is the speed of the wave?


A wave of frequency 42.5 Hz travels 
at a speed of 3.5 m/s. What is the 
wavelength of the wave (in 
centimeters)?


I-C(10)  Physical Science
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Explain how the interactions of waves can result in interference, reflection, and refraction.


I-C(12)  Physical Science–MOTION
Describe how waves are used for practical purposes (e.g. seismic data, acoustic effects, 
Doppler Effect). 


STANDARD REVIEW


Light traveling through a uniform substance, whether it is air, water, or a vacuum, always 
travels in a straight line. However, when the light encounters a different substance, its path 
will change. If  a material is opaque to the light, part of the light is absorbed and the rest 
of it is deflected at the surface. This change in the direction of the light is called  reflection. 
If  a straight line is drawn perpendicular to the reflecting surface at the point where the 
incoming ray strikes the surface, the angle of incidence and angle of reflection can be 
defined with respect to the line called the normal. Careful measurements of the incident 
and reflected angles reveal that the angles are equal.


The bending of light as it travels from one medium to another is called refraction. If  
light travels from one transparent medium to another at any angle other than straight on 
(normal to the surface), the light ray changes direction when it meets the boundary. The 
angles of the incoming and refracted rays are measured with respect to the normal. The 
angle between the refracted ray and the normal is called the angle of refraction,  θ r , and the 
angle of incidence is designated as  θ i . Snell’s Law relates the angle of incidence to the angle 
of refraction. In equation form Snell’s Law is nisinθi = nrsinθr, where ni and nr are index of 
refraction values for the incident and refracted materials respectively.


The relative motion between a wave source and an observer creates an apparent frequency 
shift known as the Doppler effect. For example, when a light source is moving away from 
an observer, the observed frequency will be lower and the wavelength will have stretched 
out as it is shifted toward the red end of the spectrum. This phenomenon is called red 
shift. Conversely, if  the light source is moving toward the observer, the observed frequency 
will be higher and the wavelength will be shorter as it is shifted toward the blue end of the 
spectrum. This is called blue shift. 


Resonance is a phenomenon that occurs when the frequency of a force applied to a system 
matches the natural frequency of vibration of the system, resulting in a large amplitude of 
vibration. Examples of resonance include a standing wave on a guitar string and standing 
sound waves in organ pipes. Interference is a phenomenon that takes place only between 
waves of the same or nearly the same wavelength. Light waves interfere to form bands of 
color on a soap bubble’s surface. Diffraction is the bending of waves, and occurs when 
waves pass through small openings, around obstacles, or by sharp edges. Examples of 
diffraction include ocean waves bending around jetties and compact discs dispersing light 
into colors.


I-C(11)  Physical Science–MOTION


© Houghton Mifflin Harcourt Publishing Company


63 New Mexico Standards Review


11_CNMETP747293_PS_001-066.indd   63 7/14/11   8:12:40 AM







STOP


Name  Date 
P


hy
si


ca
l S


ci
en


ce I-C(11), I-C(12) Physical Science


STANDARD PRACTICE


1 


 A The galaxy is moving toward 
Earth.


 B The galaxy is moving slowly away 
from Earth.


 C The galaxy is moving rapidly away 
from Earth.


 D The motion of the galaxy relative 
to Earth is constantly changing.


2 


40º ?


Mirror


Light 
Source


 A 40º


 B 50º


 C 80º


 D 90º


3 A high school physics teacher leaves 
the classroom door open while she 
discusses waves with the class. The 
principal of the school standing at the 
other end of the hallway is able to hear 
the voice of the physics teacher.


  


 A Interference


 B Diffraction


 C Resonance


 D Doppler effect


4 


If  light from a galaxy is shifted 
toward the blue end of the 
spectrum, what can you conclude 
about the galaxy’s motion relative to 
Earth?


What is the measure of the angle of 
reflection in the diagram below?


The fact that the principal can hear 
the physics teacher is an example of 
what wave phenomena?


A ray of light enters the top of a 
glass of water at an angle of 36° 
with the vertical. What is the angle 
(in degrees) between the refracted 
ray and the vertical?  
(Hint: nair = 1.00 and nwater = 1.33)
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Describe how waves are used for practical purposes (e.g. seismic data, acoustic effects, 
Doppler Effect). 


I-A(2)  Science and Society
Understand how advances in technology enable further advances in science (e.g., microscopes 
and cellular structure; telescopes and understanding of the universe).


I-A(3)  Science and Society
Evaluate the influences of technology on society (e.g., communications, petroleum, 
transportation, nuclear energy, computers, medicine, genetic engineering) including both 
desired and undesired effects, and including some historical examples (e.g., the wheel, the 
plow, the printing press, the lightning rod).


STANDARD REVIEW


The behaviors and characteristics of waves are used in a vast array of medical and 
industrial applications. In the medical field, radiologists work with many different types of 
medical images and processes. Conventional radiography uses X rays that are transmitted 
through the patient’s body to make the kind of picture most people think of when they 
imagine a chest X ray or an X ray of a broken leg. Computed tomography, or CT scans 
use computers to take X rays from many different angles and then combine the data. The 
resulting image shows what the patient’s body would look like if  it were sliced like a loaf 
of bread. Ultrasound uses ultrasonic waves to produce images of objects inside the body. 
Such imaging is possible because sound waves are partially reflected when they reach a 
boundary between two materials of different densities. The images produced by ultrasonic 
waves are clearer and more detailed than those that can be produced by lower-frequency 
sound waves because the short wavelengths of ultrasonic waves are easily reflected off  
small  objects. These reflected sound waves are converted to an electrical signal, which 
forms an image on a fluorescent screen. Other medical uses include ultrasonic dental 
cleaning to scale teeth of tartar and using ultrasound to break up kidney and gall bladder 
stones.


The industrial sector also uses the behavior and characteristics of waves to develop 
products for use in our everyday lives. Noise cancellation head phones use interference 
properties of waves to cancel out unwanted noise, fish finders use SONAR (sound 
navigation and ranging) to help the angler detect prime fishing locations, and back up 
sensors on cars use ultrasonic waves to help guide a driver in reverse. Meteorologists 
use microwaves and Doppler radar to track the motion of precipitation. GPS (Global 
Positioning Satellites) orbit the Earth at 12,550 miles altitude and transmit radio waves to 
Earth that need no medium to travel through the vacuum of space, and a police radar gun 
uses radio waves and application of the Doppler effect to calculate the speed of moving 
vehicles. 


I-C(12)  Physical Science–MOTION
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STANDARD PRACTICE


1 


 A Ultrasonic rays are safer than 
X rays, which deposit more energy 
into cells and can produce birth 
defects.


 B Ultrasonic waves can image 
certain organs like the liver or the 
spleen that would be invisible to 
X rays because X rays pass 
through soft tissue.


 C X rays are very low-energy waves 
and cannot penetrate the tissue of 
a pregnant woman to image the 
fetus inside.


 D Ultrasonic waves are partially 
reflected when they reach a 
boundary between two materials 
of different densities.


2 


 A As a sound wave


 B As an electromagnetic wave


 C As a magnetic field 


 D As an electric current


3 GPS units require contact with at least 
three GPS satellites in order to 
triangulate the position on Earth. 


  


 A Visible light


 B Gamma rays 


 C Radio waves 


 D Ultrasonic waves


4 Meteorologists track precipitation using 
Doppler radar systems to send out 
microwaves to detect the motion of 
surrounding storms. 


  


 A The reflected microwaves would 
be of a higher frequency.


 B The reflected microwaves would 
be a lower frequency.


 C The reflected microwaves would 
be the same frequency.


 D The reflected microwaves would 
be a frequency of zero.


A physician uses ultrasonic waves to 
image and observe fetuses. Which of 
the following is not a valid reason 
for using ultrasonic waves over  
X rays?


How does a radio signal from a 
police officer’s radar gun travel?


GPS satellites transmit what type of 
signal back to Earth?


If a storm system is moving toward 
the Doppler radar system, what 
would be the frequency of the 
reflected microwaves received at the 
Doppler radar tower compared to 
the original frequency of the 
microwaves?


Scientists use their knowledge of how longitudinal P-waves and transverse S-waves travel 
through Earth’s interior during earthquake events to determine the structure of the layers 
of Earth. From observations that S-waves cannot travel through liquids while P-waves can, 
scientists determined that Earth has a liquid iron core surrounding an inner solid iron core. 
Helioseismologists also study wave oscillations to create better models of the Sun’s interior.
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Know that an ecosystem is complex and may exhibit fluctuations around a steady state or 
may evolve over time.


STANDARD REVIEW


An ecosystem, or ecological system, consists of a community and all the physical aspects 
of its habitat, such as the soil, water, and weather. Earth’s ecosystems may seem stable, but 
they are not static. They change seasonally, they can change suddenly, and they can even 
change over time. Climate change is one way that ecosystems can change. They can also 
change through a regular, progressive process called succession.


When a volcano forms a new island, a glacier recedes and exposes bare rock, or a fire 
burns all of the vegetation in an area, a new habitat is created. This change sets off  a 
process of colonization and ecosystem development. The first organisms to live in a new 
habitat where soil is present tend to be small, fast-growing plants, called pioneer species. 
They may make the ground more hospitable for other species. Later waves of plant 
immigrants may then outcompete and replace the pioneer species.


Succession is the somewhat regular progression of species replacement. Succession that 
occurs where life has not existed before is called primary succession. Succession that 
occurs in areas where there has been previous growth, such as in abandoned fields or forest 
clearings, is called secondary succession. It was once thought that the stages of succession 
were predictable and that succession always led to the same final community of organisms 
within any particular ecosystem. Ecologists now recognize that initial conditions 
and chance play roles in the process of succession. For example, if  two species are in 
competition, a sudden change in the climate may favor the success of one species over the 
other. For this reason, no two successions are alike.


II-A(1) Life Science–ECOSYSTEMS
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II-A(1) Life Science


STANDARD PRACTICE


1 After fires destroyed 793,000 acres of 
aspen and pine forest in Yellowstone 
National Park in the unusually dry 
summer of 1988, biologists were able 
to study the long-term effects of fire on 
an ecosystem. The biologists found 
that the soil after the fire was more 
fertile and soon gave rise to small 
plants and new pine trees.


  


 A Biodiversity


 B Equilibrium


 C Food web energy flow


 D Succession
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37  In the diagram above, what process is illustrated?


 A. primary succession
 B. secondary succession
 C. pioneer speciation
 D. ecosystem boundaries


38  Molecules of chemical pollutants become increasingly concentrated in 
higher trophic levels in a process called


 A. biological accumulations.
 B. toxic magnification.
 C. biological magnification.
 D. pollutant accumulations.


39  Evolutionary adjustments made by species that interact in ecosystems are 
known as coevolution. Which of the following is NOT an example of this 
process?


 A. plants producing spines, thorns, or nettles to protect themselves
 B. bird beaks changing shape in order to obtain nectar from flowers
 C. plant insects with ability to break down chemicals that are toxic to 


grazing animals
 D. spiders spinning webs to catch insects


40 Animals that feed on plants are at least in which of the following?


 A. first trophic level
 B. second trophic level
 C. third trophic level
 D.  fourth trophic level


Topic 5: Ecology continued


hb07ca-srw_32-67.indd   49 4/20/06   10:49:33 AM


2 The panels in the diagram show how 
an area progresses over time.


  


 A Pioneer speciation 


 B Primary succession


 C Secondary succession 


 D Ecosystem boundaries


3 A biologist compares how different 
ecosystems undergo succession. She 
divides the series of events that happen 
during primary succession and 
secondary succession into three 
different stages.


    


What ecological process were the 
biologists observing?


What process is illustrated by the 
diagram?


How might the biologist distinguish 
secondary succession from primary 
succession?
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Describe how organisms cooperate and compete in ecosystems (e.g. producers, decomposers, 
herbivores, carnivores, omnivores, predator-prey, symbiosis, mutualism).


STANDARD REVIEW


Ecologists have described four main ways that species and individuals affect each other: 
competition, predators and prey, symbiotic relationships, and coevolution.


When two or more individuals or populations try to use the same resource, such as food, 
water, shelter, space, or sunlight, it is called competition. Because resources are in limited 
supply in the environment, their use by one individual or population decreases the amount 
available to other organisms.


Many interactions between species consist of one organism eating another. The organism 
that is eaten is called the prey. The organism that eats the prey is called the predator.


Symbiosis is a close, long-term association between two or more species. Symbiotic 
relationships are classified into three groups: mutualism, commensalism, and parasitism. 
Mutualism is a relationship between two species in which both species benefit. A 
symbiotic relationship in which one organism benefits and the other is unaffected is 
called commensalism. A symbiotic association in which one organism benefits while the 
other is harmed is called parasitism. The organism that benefits is called the parasite. The 
organism that is harmed is called the host.


Relationships between organisms change over time. Interactions can also change the 
organisms themselves. When a long-term change takes place in two species because of their 
close interactions with one another, the change is called coevolution.


II-A(2) Life Science–ECOSYSTEMS
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STANDARD PRACTICE


1 


 A  Birds that share the same niche as 
the new species will have more 
competition for food resources.


 B  Bird predator species will 
temporarily have more available 
prey.


 C  Native bird species will 
immediately migrate to another 
area.


 D  Each food chain in the ecosystem 
will adjust over time to include the 
new species of bird.


2 


 A Commensalism


 B Mutualism


 C Parasitism


 D Predation


3 


 A  Commensalism


 B  Mutualism


 C Parasitism


 D Predation


4 Three species of finches are in 
competition for the limited resources 
of an ecosystem. One species prefers 
fruit to seeds. The second species 
prefers seeds to fruit. The third species 
will eat fruit or seeds with equal 
preference.


  


When a nonnative bird species 
appears in an ecosystem, which of 
the following will not be a likely 
change in the ecosystem?


Which of the following is not an 
example of symbiosis?


Which of the following is an 
example of beneficial association 
between coral and algae?


If  the third species is removed from 
the area, how will the ecosystem 
change?


II-A(2) Life Science
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Understand and describe how available resources limit the amount of life an ecosystem can 
support (e.g., energy, water, oxygen, nutrients).


STANDARD REVIEW


A population consists of all the individuals of a species that live together in one place 
at one time. Every population tends to grow because individuals tend to have multiple 
offspring over their lifetime. A population grows when more individuals are born than die 
in a given period. But eventually, limited resources in an environment limit the growth of a 
population.


When population size is plotted against time on a graph, the population growth resembles 
a J-shaped curve and is called an exponential growth curve. An exponential growth curve 
is a curve in which the rate of population growth stays the same, and as a result, the 
population size increases steadily.


However, populations do not usually grow unchecked. Their growth is limited by 
predators, disease, and the availability of resources. Eventually, growth slows, and the 
population may stabilize. The population size that an environment can sustain is called the 
carrying capacity.


As a population grows, limited resources (that is, resources in short supply) eventually 
become depleted. When this happens, the growth of the population slows. The population 
model can be adjusted to account for the effect of limited resources, such as food and 
water. These resources are called density-dependent factors because the rate at which they 
become depleted depends upon the population density of the population that uses them.


The population model that takes into account the declining resources available to 
populations is called the logistic model of population growth, after the mathematical form 
of the equation. The logistic model is a population model in which exponential growth 
is limited by a density-dependent factor. Unlike the simple model, the logistic model 
assumes that birth and death rates vary with population size. When a population is below 
carrying capacity, the growth rate is rapid. However, as the population approaches the 
carrying capacity, death rates begin to rise and birth rates begin to decline. Competition 
for food, shelter, mates, and limited resources tends to increase as a population approaches 
its carrying capacity. The accumulation of wastes also increases. As a result, the rate of 
growth slows. The population eventually stops growing when the death rate equals the 
birth rate.


II-A(3) Life Science–ECOSYSTEMS
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II-A(3) Life Science


STANDARD PRACTICE


1 Researchers have found that a local 
squirrel population fluctuates from 
year to year, increasing one year and 
decreasing the next. 


  


 A The birth rate is equal to the 
death rate.


 B Emigration is greater than 
immigration.


 C The death rate is higher than the 
birth rate.


 D The birth rate is greater than the 
death rate.


2 


 A Decreased predation


 B Increased competition


 C Emergence of disease resistance


 D Increased availability of a food 
source


3 


 A It provided water for 
neighborhood lawns.


 B It enabled better flood control 
during rains in the desert.


 C It provided an opportunity for 
recreational fishing and 
swimming.


 D It provided a reliable supply of 
water for drinking and 
agricultural irrigation.


4 The population size that an 
environment can sustain is called the 
carrying capacity.


  


Which of the following factors 
would cause the squirrel population 
to grow?


All populations fluctuate in size. 
Which of the following is a 
nonenvironmental factor that might 
cause a population to be reduced in 
size?


Which is a way in which the Central 
Arizona Project, which diverts water 
from the Colorado River, could 
have contributed to population 
growth in southern Arizona?


How might drought affect the 
carrying capacity of a pond 
environment?
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Critically analyze how humans modify and change ecosystems (e.g., harvesting, pollution, 
population growth, technology). 


I-A(12) Science and Society
Explain how societies can change ecosystems and how these changes can be reversible or 
irreversible. 


STANDARD REVIEW


There are many problems that can affect the survival of individuals and entire species in an 
ecosystem. The following factors can negatively affect the environment.


•	  Pollution Pollution is an unwanted change in the environment caused by substances 
such as wastes or by forms of energy such as radiation. Anything that causes pol-
lution is called a pollutant. Many pollutants are human-made, such as garbage or 
chemical wastes in water, soil, or the atmosphere.


•	 	Resource Depletion A renewable resource is one that can be replaced at the same 
rate that the resource is used. Solar and wind energy are renewable resources, as are 
some kinds of trees. A nonrenewable resource is one that cannot be replaced or that 
can be replaced only over thousands or millions of years. Most minerals and fossil 
fuels, such as oil and coal, are nonrenewable resources.


•	 	Exotic Species Often without knowing it, people carry other species with them 
when they travel. An organism that makes a home for itself  in a new place outside 
its native home is called an exotic species. Exotic species often thrive in new places 
where they have fewer predators. Exotic species can become pests and compete with 
native species.


•	 	Human Population Growth Advances in medicine, such as immunizations, and 
advances in farming have made human population growth possible. Some people 
argue that there may eventually be too many people on Earth. Overpopulation oc-
curs when the number of individuals becomes so large that the resources needed for 
survival are not available to everyone.


•	 	Habitat Destruction When land is cleared so it can be used for construction, crops, 
mines, or lumber, the topsoil may erode. Chemicals may pollute nearby streams and 
rivers. The organisms that were living in these areas may be left without food and 
shelter and may die. An organism’s habitat is where it lives. Every habitat has its own 
number and variety of organisms, or biodiversity. If  a habitat is damaged, biodiver-
sity is lost.


II-A(4) Life Science–ECOSYSTEMS
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II-A(4) Life Science


STANDARD PRACTICE


1 


 A Protecting individual species


 B Protecting forests and wetlands


 C Increasing consumption of 
natural resources


 D Preventing industrial wastes from 
being dumped in the ocean


2 During a field experiment, students 
tested the effects of adding heavy 
metals to samples of water. Samples of 
water were taken from a pond. 
Different heavy metals were then added 
to each sample.


  


 A Pour them back into the pond 
from which they were taken. 


 B Pour them on soil that is located 
far from the pond.


 C Pour them on sand located along 
the edge of the pond.


 D Pour them into a chemical waste 
container in the laboratory.


3 Imagine that a city located in a desert 
environment has grown significantly 
over the last few decades.


  


 A Biodiversity would decrease in the 
area but increase in the desert 
beyond the city.


 B By destroying habitat to build 
homes and highways, the growth 
of the city would decrease the 
biodiversity in the desert.


 C The growth of the city would have 
little impact on the environment, 
because few animals likely lived 
there before growth happened.


 D By bringing in water, the growth 
of the city would improve the 
entire desert environment and 
increase the biodiversity.


4 A dock was built over a large bed of 
sea grass in a manatee habitat. The 
dock shaded the bed of sea grass from 
the sun. The population of manatees 
decreased in the area even though the 
manatees could still swim under the 
dock.


  


Which of the following actions 
would not help maintain 
biodiversity?


After the experiment was complete, 
what is the best way to dispose of 
the samples?


Which statement best describes how 
the growth of the metropolitan city 
would impact the desert 
environment in the area?


What is the most likely reason that 
the population of manatees 
decreased?
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Explain how matter and energy flow through biological systems (e.g., organisms, 
communities, ecosystems), and how the total amount of matter and energy is conserved but 
some energy is always released as heat to the environment.


II-A(6) Life Science–ENERGY FLOW  
IN THE ENVIRONMENT


Describe how energy flows from the sun through plants to herbivores to carnivores and 
decomposers. 


STANDARD REVIEW


Everything that organisms do in ecosystems—running, breathing, burrowing, growing— 
requires energy. The flow of energy is the most important factor that controls what kinds 
of organisms live in an ecosystem and how many organisms the ecosystem can support.


Ecologists study how energy moves through an ecosystem by assigning organisms in that 
ecosystem to a specific level, called a trophic level, in a graphic organizer based on the 
organism’s source of energy. Energy moves from one trophic level to another. The path of 
energy through the trophic levels of an ecosystem is called a food chain. However, in most 
ecosystems, energy does not follow simple straight paths because individual animals often 
feed at several trophic levels. This creates a complicated, interconnected group of food 
chains called a food web.


The lowest trophic level of any ecosystem is occupied by the producers, such as 
plants, algae, and bacteria. Producers use the energy of the Sun to build energy-rich 
carbohydrates. Many producers also absorb nitrogen gas and other key substances from 
the environment and incorporate them into their biological molecules.


At the second trophic level are herbivores, animals that eat plants or other primary 
producers. They are the primary consumers. Cows and horses are herbivores, as are 
caterpillars and some ducks. At the third trophic level are secondary consumers, animals 
that eat other animals. These animals are called carnivores. Tigers, wolves, and snakes are 
carnivores. Some animals, such as bears, are both herbivores and carnivores; they are called 
omnivores. Many ecosystems contain a fourth trophic level composed of those carnivores 
that consume other carnivores. They are called tertiary consumers, or top carnivores. 


In every ecosystem there is a special class of consumers called detrivores, which include 
worms and fungal and bacterial decomposers. Detrivores are organisms that obtain their 
energy from the organic wastes and dead bodies that are produced at all trophic levels.


The energy at each level of the food chain can also be seen in an energy pyramid. An 
energy pyramid is a diagram that shows an ecosystem’s loss of energy. The energy pyramid 
has a large base and a small top. Less energy is available at higher levels not because energy 


II-A(5) Life Science–ENERGY FLOW  
IN THE ENVIRONMENT
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is destroyed but because only energy stored in the tissues of an organism can be transferred 
to the next level.


STANDARD PRACTICE
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Name Class Date


Use the diagram below to answer questions 19–21.


FOOD WEB


Algae and phytoplankton


Shrew


Coyote


Mouse


Grasshopper


Plants


Hawk


Duck Heron


Fish


Crab


Brine shrimp


19  What is the purpose of the diagram above?


 A. to show how energy flows through an ecosystem
 B. to show the interactions between living and nonliving things in an 


ecosystem
 C. to show a single path of energy from producers to consumers in an 


ecosystem
 D. to show how much energy is lost from one feeding level to the next in an 


ecosystem


20 Which of the following is one food chain in the diagram above?


 A. shrew—mouse—duck—hawk
 B. plants—algae and phytoplankton—crab
 C. plants—grasshopper—shrew—mouse—duck—heron
 D. algae and phytoplankton—brine shrimp—duck—coyote


21 Look at the diagram above. Which of the following is the correct flow of 
energy?


 A. The crab gets energy from eating plants.
 B. The heron gets energy from eating plants.
 C. The crab gets energy from eating the heron.
 D. The heron gets energy from eating the crab. 


22 During which biogeochemical cycle do the biological processes of 
photosynthesis and cellular respiration play key roles?


 A. carbon cycle
 B. nitrogen cycle
 C. phosphorus cycle
 D. water cycle


Topic 5: Ecology continued


hb07ca-srw_32-67.indd   45 4/20/06   10:49:30 AM


1 The food web above represents the interactions between organisms in a salt marsh 
ecosystem and organisms in an old field ecosystem.


  


 A The crab gets energy from eating plants.


 B The heron gets energy from eating plants.


 C The crab gets energy from eating the heron.


 D The heron gets energy from eating the crab.


Which of the following is the correct flow of energy?


II-A(5), II-A(6)  Life Science 


2 The Yellowstone area contains 
organisms representing all trophic 
levels, including plants, algae, moss, 
fungi, blue jays, fish, and grizzly bears.


  


 A Fungi to moss to algae to fish


 B Blue jay to moss to fungi to plant


 C Algae to fish to grizzly bear to 
fungi


 D Plant to blue jay to algae to 
grizzly bear


3 Kerry drew the following food chain in 
her science notebook.


  plants → grasshoppers → rats → owls


  
Which sequence best represents the 
transfer of energy through 
Yellowstone trophic levels?


How would the grasshoppers be 
classified in this food chain? Why?
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II-A(7) Life Science–ENERGY FLOW 
IN THE ENVIRONMENT


Understand and explain the principles of photosynthesis (i.e., chloroplasts in plants convert 
light energy, carbon dioxide, and water into chemical energy).


I-A(4) Nature of Science
Convey results of investigations using scientific concepts, methodologies, and expressions, 
including: scientific language and symbols; diagrams, charts, and other data displays; 
mathematical expressions and processes (e.g., mean, median, slope, proportionality); clear, 
logical, and concise communication; reasoned arguments.


STANDARD REVIEW


Photosynthesis and cellular respiration are related processes. The diagram below shows 
how the substances produced by photosynthesis are used during cellular respiration and 
vice versa.


ATP


C
6 H12 O6 + O2


Light
energy


Chloroplast Mitochondrion


Plant cell Plant cell Animal cell


hb08se_phrs01005a
3rd pass
09/07/06
dshackelford


C02 + H20


Solar energy
is converted 
to chemical 
energy during 
photosynthesis.


ATP produced in cellular 
respiration provides 
energy for life processes.


Chloroplasts contain 
pigments that absorb 
light to provide energy
for photosynthesis.


Cellular respira-
tion takes place 
in mitochondria.
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II-A(7) Life Science 


STANDARD PRACTICE


1 


 A Photosynthesis, which occurs in chloroplasts


 B Fermentation, which occurs in the absence of oxygen


 C Exocytosis, which transports the glucose into the cells


 D Diffusion, which transports the glucose from the digestive tract


2 


 A Electrolysis


 B Calvin cycle


 C Photosynthesis


 D Cellular respiration


3 Latecia conducted an experimental investigation of the gas production of a water 
plant. She placed a beaker upside down over a water plant submerged in water and 
collected the gas that the water plant produced when kept in sunlight. After several 
days, a large bubble of gas collected in the upside-down beaker.


California Holt Biology Standards Review Workbook 15
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10  Latecia conducted an experimental investigation of the gas production 
of a water plant. She placed a beaker upside-down over a water plant 
submerged in water and collected the gas that the water plant produced 
when kept in sunlight. After several days, a large bubble of gas collected 
in the upside-down beaker. Given that the gas comes from the water plant, 
infer the contents of the bubble of gas collected in the test tube.


 A. The gas contains one of the products of respiration, oxygen.
 B. The gas contains one of the products of photosynthesis, oxygen.
 C. The gas contains one of the products of respiration, carbon dioxide.
 D. The gas contains one of the products of photosynthesis, carbon dioxide.


11  Which description represents the effects of water movement during 
osmosis when the concentration of particles is greater inside the cell 
than outside?


 A. The water diffuses out of the cell, and the cell swells.
 B. The water moves into and out of the cell at equal rates. No change in cell 


size occurs.
 C. The water diffuses into the cell, and the cell swells.
 D. The water diffuses out of the cell, and the cell shrinks.


12  Which of the following is NOT a function of receptor proteins?


 A. to trigger the formation of secondary messenger molecules inside the 
cell that activate enzymes


 B. to carry information to nearby cells or throughout the body
 C. to change the permeability of the cell membrane
 D. to bind with the signal molecule and act as an enzyme to speed up 


cell reactions


13  The combined observations of Matthias Schleiden, Theodor Schwann, and 
Rudolf Virchin resulted in the formation of the cell theory. Which of the 
following is NOT part of the cell theory?


 A. All living things are made of one or more cells.
 B. All cells contain the same organelles.
 C. Cells are the basic units of structure and function in organisms.
 D. All cells arise from existing cells.


Topic 2: Cell Biology continued


hb07ca-srw_04-31.indd   15 4/20/06   10:48:28 AM


  


Plant cells have mitochondria, which use glucose to produce ATP. Where and in 
which process does the glucose originate?


Humans and other heterotrophs get their energy from eating food. What process in 
human body cells transfers the energy stored in a grilled cheese sandwich to ATP?


Given that the gas came from the water plant, what are the contents of the bubble 
of gas collected in the test tube?
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Understand and explain the hierarchical classification scheme (i.e., domain, kingdom, 
phylum, class, order, family, genus, species), including: classification of an organism into a 
category; similarity inferred from molecular structure (DNA) closely matching classification 
based on anatomical similarities; similarities of organisms reflecting evolutionary 
relationships.


STANDARD REVIEW


Modern classification of living things is based on a system developed by the Swedish 
biologist Carl Linnaeus. Organisms are organized into a ranked system of groups that 
increase in inclusiveness. Similar genera are grouped into a family. Similar families are 
combined into an order. Orders with common properties are united in a class. Classes 
with similar characteristics are assigned to a phylum. Similar phyla are collected into 
a kingdom. Similar kingdoms are grouped into domains. All living things are grouped 
into one of three domains. Two domains, Archaea and Bacteria, are each composed of a 
single kingdom of prokaryotes. The third domain, Eukarya, contains all four kingdoms of 
eukaryotes.


Linnaeus’s classification system was based on his observation that organisms have different 
degrees of similarity. For instance, a tiger resembles a gorilla more closely than either 
resembles a fish. According to Darwin’s views, organisms that are more similar to one 
another than they are to other organisms have descended from a more recent common 
ancestor. Therefore, classification based on similarities should reflect an organism’s 
phylogeny, that is, its evolutionary history. Inferring evolutionary connections from 
similarities, however, can be misleading. Not all features—or characters—are inherited 
from a common ancestor. Consider the wings of a bird and the wings of an insect. Both 
enable flight, but the structures of the two kinds of wings differ.


Most biologists today analyze evolutionary relationships using cladistics. Cladistics is 
a method of analysis that reconstructs phylogenies by inferring relationships based on 
shared characters. Cladistics can be used to hypothesize the sequence in which different 
groups of organisms evolved. To do this, cladistics focuses on the nature of the characters 
in different groups of organisms.


II-A(8) Life Science–BIODIVERSITY
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STANDARD PRACTICE


1 


 A Domain, kingdom, phylum, order, class, family, genus, species


 B Domain, kingdom, phylum, class, order, family, genus, species


 C Kingdom, phylum, domain, order, class, family, genus, species


 D Species, genus, family, class, order, phylum, kingdom, domain


AnimAl ClAdogrAm


2 


 A All are carnivores.


 B All have backbones.


 C All spend their entire lives on land.


 D All maintain a constant body temperature.


Which series represents the correct order of levels of classification, from broadest 
to narrowest?


The diagram above shows the evolutionary relationships among five animals. What 
major characteristic is the same for all five animals?


II-A(8) Life Science
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3 In the Linnaean system of classification, organisms are grouped in successive levels of 
hierarchy based on similarities in their form and structure. The diagram models the 
eight basic levels of the modern Linnaean system.


  Which level of the Linnaean system does level 8 represent in the figure?
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II-A(9) Life Science–ENERGY FLOW  
IN THE ENVIRONMENT


Understand variation within and among species, including: mutations and genetic drift; 
factors affecting the survival of an organism; natural selection.


STANDARD REVIEW


The Hardy-Weinberg principle states that the frequencies of alleles in a population do not 
change unless evolutionary forces act on the population. However, genetic changes in a 
population can be caused by mutation and natural selection. Three other forces that cause 
evolutionary change are gene flow, nonrandom mating, and genetic drift.


The movement of individuals from one population to another can cause genetic change. 
The movement of individuals to or from a population, called migration, creates gene 
flow, the movement of alleles into or out of a population. Gene flow occurs because 
new individuals (immigrants) add alleles to the population and departing individuals 
(emigrants) take alleles away.


Sometimes individuals prefer to mate with others that live nearby or are of their own 
phenotype, a situation called nonrandom mating. Mating with relatives (inbreeding) is a 
type of nonrandom mating that causes a lower frequency of heterozygotes than would be 
predicted by the Hardy-Weinberg principle. Inbreeding does not change the frequencies 
of alleles, but it does increase the proportion of homozygotes in a population. For 
example, populations of self-fertilizing plants consist mostly of homozygous individuals. 
Nonrandom mating also results when organisms choose their mates based on certain traits. 
In animals, females often select males based on their size, color, ability to gather food, or 
other desirable characteristics.


In small populations, the frequency of an allele can be greatly changed by a chance 
event. For example, a fire or landslide can reduce a large population to a few survivors. 
When an allele is found in only a few individuals, the loss of even one individual from the 
population can have major effects on the allele’s frequency. Because this sort of change in 
allele frequency appears to occur randomly, as if  the frequency were drifting, it is called 
genetic drift. Small populations that are isolated from one another can differ greatly as 
a result of genetic drift. The cheetah, for example, is a species whose evolution has been 
seriously affected by genetic drift, and each cheetah is almost genetically uniform with 
other members of the population.
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II-A(9)  Life Science


STANDARD PRACTICE


1 


 A A flock of migrating geese enters 
into the territory of another flock 
and begins interbreeding.


 B A flock of geese becomes isolated 
on an island, and over time, the 
population begins to exhibit new 
characteristics.


 C Some individuals in a flock of 
geese have genes that are more 
advantageous, and over time, the 
numbers of these geese increase.


 D A flock of migrating geese loses 
its way to its wintering grounds, 
leaving other geese without 
competition for resources and 
enabling those geese to produce 
more offspring.
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2 A biology student measured the height 
of every student in her class and 
developed the histogram shown above. 
She then used a statistics software 
program to fit a curve through her 
data. A group of exchange students 
visited the school for a semester. The 
average height of these students was 
1.7 m. This changed the histogram of 
height in the class.


  


 A  Genetic drift


 B  Immigration


 C  Mutation


 D  Natural selection


3 Genetic drift states that the random 
effects of everyday life can cause 
differences in the survival and 
reproduction of individuals.


  


Gene flow is one force that can 
cause evolutionary change. Which 
example best illustrates gene flow?


What type of force on the class gene 
pool does this event represent?


What is one effect of genetic drift 
on evolution?
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Know how DNA carries all genetic information in the units of heredity called genes, 
including: the structure of DNA (e.g., subunits A, G, C, T); information-preserving 
replication of DNA; alteration of genes by inserting, deleting, or substituting parts of DNA.


STANDARD REVIEW


James Watson and Francis Crick were the first to piece together a model of the structure 
of DNA. The discovery of DNA’s structure was important because it clarified how DNA 
could serve as genetic material. Watson and Crick determined that a DNA molecule is a 
double helix—two strands twisted around each other, like a winding staircase. As shown 
below, each strand is made of linked nucleotides. Nucleotides are the subunits that make 
up DNA. Each nucleotide is made of three parts: a phosphate group, a five-carbon sugar 
molecule, and a nitrogen-containing base. The five-carbon sugar in DNA nucleotides is 
called deoxyribose, from which DNA gets its full name, deoxyribonucleic acid.


Phosphate
group


P
Base


Sugar


Nucleotide


hb08se_bcms03034a
2nd pass
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While the sugar molecule and the phosphate group are the same for each nucleotide in a 
molecule of DNA, the nitrogen base may be any one of four different kinds: adenine (A), 
guanine (G), thymine (T), and cytosine (C). An adenine on one strand always pairs with a 
thymine on the opposite strand, and a guanine on one strand always pairs with a cytosine 
on the opposite strand.


II-B(1) Life Science–GENETICS
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STANDARD PRACTICE


OH_Topic4_Q21


1 


 A Two strands of proteins are held 
together by sugar molecules, 
nitrogen bases, and phosphate 
groups.


 B Two strands composed of sugar 
molecules and phosphate groups 
are linked together by proteins.


 C  Nitrogen bases and phosphate 
groups link together to form the 
backbone of a strand. Two such 
strands are linked together by 
sugar molecules.


 D  Sugar molecules and phosphate 
groups link together to form the 
backbone of a strand. Two such 
strands are linked together by 
matched nitrogen bases.


T
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CG
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A


C A


T


G


2 


 A Every third base pair has a 
mutation.


 B Guanine is always paired with 
cytosine.


 C The model has a repeating base 
sequence.


 D There are two sugars between 
each phosphate.


3 


The diagram above shows a partial 
strand of DNA. Which of the 
following statements best describes 
the structure of DNA?


The diagram represents an 
incomplete model of the DNA 
molecule. Even though the model is 
not complete, what pattern is 
evident in this representation of the 
DNA molecule?


Describe the main function of 
DNA.


II-B(1) Life Science 
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II-B(2) Life Science–GENETICS 


Use appropriate vocabulary to describe inheritable traits (i.e., genotype, phenotype).


I-A(4) Science and Society
Understand the scientific foundations of common technologies (i.e. kitchen appliances, radio, 
television, aircraft, rockets, computers, medical X-rays, selective breeding, fertilizers, and 
pesticides, agricultural equipment).


I-A(5) Science and Society
Understand that applications of genetics can meet human needs and create new problems 
(e.g., agriculture, medicine, cloning).


STANDARD REVIEW


Modern genetics is based on Gregor Johann Mendel’s explanations for the patterns of 
heredity that he studied in garden pea plants. Mendel’s first experiments used monohybrid 
crosses and were carried out in three steps, which are shown below.


hb08se_gens01007a
Morgan-Cain & Associates


Self-pollination


Self-pollination


Cross-pollination


Self-pollination


P generation 


P generation 
F1 generation 


All purple 
F2 generation 


705 purple : 224 white 


1 Producing a true-breeding
P generation


2 Producing an
F1 generation


3 Producing
F2 generation


For each of the seven characteristics that Mendel studied in this experiment, he found a 
similar 3-to-1 ratio of contrasting traits in the F2 generation. Mendel’s experiments showed 
that offspring do not show a trait for every allele they receive. Instead, combinations of 
alleles determine traits. The set of alleles that an individual has for a characteristic is 
called the genotype. The trait that results from a set of alleles is the phenotype. In other 
words, genotype determines phenotype. Phenotype can also be affected by conditions 
in the environment, such as nutrients and temperature. If  an individual has two of the 
same allele of a certain gene, the individual is homozygous for the related character. On 
the other hand, if  an individual has two different alleles of a certain gene, the individual 
is heterozygous for the related character. In the heterozygous case, the dominant allele is 
expressed.
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II-B(2) Life Science


Although Mendel was correct about the inheritance of the traits he studied, scientists 
have learned that most patterns of inheritance are more complex than those that Mendel 
identified. First, not all genes have only two alleles. There can be multiple alleles. Second, 
not all characteristics are controlled by one gene. Other patterns of inheritance include 
sex-linked genes (when alleles are located only on the X or Y chromosome), polygenic 
inheritance (when several genes affect one characteristic), incomplete dominance (when 
an offspring has a phenotype between that of its parents), and codominance (when both 
alleles of a gene are fully expressed).


Today, scientists still use the principles set forth by Mendel to create better crops and 
animals. They use the fundamentals of genetics to produce crops that have favorable 
traits, such as better yields and better flavor and that are most pest-resistant. By applying 
what they know about how traits are passed from generation to generations, scientists can 
produce organisms that help meet human needs.


STANDARD PRACTICE


1 A gardener crossed a plant with red 
flowers with a plant that had white 
flowers. The offspring plants had pink 
flowers.


  


 A Codominance


 B Recessive pink genes


 C Polygenic inheritance


 D Incomplete dominance


2 Gregor Mendel crossed a true-breeding 
tall plant (TT) with a true-breeding 
short plant (tt).


  


 A All tall 


 B  All short


 C Ratio of 1 tall : 1 short 


 D  Ratio of 2 tall : 1 short


3 A population of crabs living on a 
sandy beach exhibits three colors: dark 
brown, light brown, and speckled. The 
genotypes for these colors are BB for 
dark brown, bb for light brown, and Bb 
for speckled.


  


What is the most likely genetic 
reason for these differences in color?


What are the possible phenotypes 
for the offspring?


If a dark brown crab were crossed 
with a light brown crab, what would 
be the probable phenotypic ratio of 
their offspring?
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Explain the concepts of segregation, independent assortment, and dominant/recessive alleles.


I-A(10) Science and Society
Describe major historical changes in scientific perspectives (e.g., atomic theory, germs, 
cosmology, relativity, plate tectonics, evolution) and the experimental observations that 
triggered them. 


STANDARD REVIEW
Before the experiments of Gregor Johann Mendel in the mid-1800s, many people thought 
offspring were a blend of the traits of their parents. For example, if  a tall plant were 
crossed with a short plant, the offspring would be medium in height. Mendel’s results did 
not support the blending hypothesis. Instead, he developed these four hypotheses based 
directly on the results of his experiments:


 1. For each inherited character, an individual has two copies of the gene—one from 
each parent.


 2.  There are alternative versions of genes. For example, the gene for flower color in 
peas can exist in a “purple” version or a “white” version. An individual receives 
one version, or allele, from each parent. Each allele can be passed on when the 
individual reproduces.


 3.  When two different alleles occur together, one of them may be completely expressed, 
while the other may have no observable effect on the organism’s appearance. Mendel 
described the expressed form of the character as dominant. The trait that was not 
expressed when the dominant form was present was described as recessive. For 
example, if a plant has both purple and white alleles for flower color but blooms 
purple flowers, then purple is the dominant form; white is the recessive form.


 4.  When gametes are formed, the alleles for each gene in an individual separate inde-
pendently of one another. Thus, gametes carry only one allele for each inherited 
character. When gametes unite during fertilization, each gamete contributes one 
allele. Each parent can contribute only one of the alleles because of the way 
gametes are produced during the process of meiosis. 


Mendel’s hypotheses brilliantly predicted the results of his crosses. Similar patterns 
of heredity have since been observed in countless other organisms. Because of their 
importance, Mendel’s ideas are often referred to as the laws of heredity:


The Law of Segregation: The two alleles for a single gene segregate (separate) 
when gametes are formed.


The Law of Independent Assortment: The alleles of different genes separate 
independently of one another during gamete formation.


II-B(3) Life Science–GENETICS
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STANDARD PRACTICE


1 


 A When crossing true-breeding pea plants, all of the offspring exhibit traits that are 
exhibited in the parents.


 B  When crossing hybrid pea plants, some of the offspring exhibit traits that are not 
exhibited in the parents.


 C  When crossing pea plants that differ in two characteristics, traits produced by 
dominant factors always appear together.


 D  When crossing pea plants that differ in two characteristics, traits produced by 
dominant factors do not necessarily appear together.


2 Rasheed crossed plants that were hybrid—have two different alleles—for the traits of 
flower color, seed color, and seed shape as part of an investigation designed to verify 
the results of Gregor Mendel’s experiments. The table above displays the results. 


 RASHEED’S RESULTS


Characteristic Offspring phenotypes Ratio
flower color 705 purple 224 white 3:1
seed color 6,002 yellow 2,001 green 3:1
seed shape 5,474 round 1,850 wrinkled 3:1


  


 A White flowers are dominant.


 B Yellow seeds are a recessive trait.


 C Wrinkled seeds are a recessive trait.


 D Flower color is the result of environmental conditions.


3 


 A The allele for spotted pink petals is recessive.


 B The allele for spotted pink petals is dominant.


 C The alleles for spotted and solid pink petals are both recessive.


 D The alleles for spotted and solid pink petals are both dominant.


What evidence in pea plant crosses supported Mendel’s law of independent assortment?


Based on the information in the table above, which of the following is a valid conclusion?


A lily has one allele for spotted pink petals and one allele for solid pink petals. The 
resulting flower has spotted pink petals. What must be true?


II-B(3) Life Science
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Identify traits that cannot be inherited.


II-B(5) Life Science–GENETICS
Know how genetic variability results from the recombination and mutation of genes, 
including: sorting and recombination of genes in sexual reproduction result in a change in 
DNA that is passed on to offspring; radiation or chemical substances can cause mutations in 
cells, resulting in a permanent change in DNA.


STANDARD REVIEW


If  you think about all the traits of the people you know, you will notice that each 
individual has his or her own unique traits. Some of these traits, such as eye and hair color, 
shape of the mouth and nose, and foot size, were inherited from the individual’s parents. 
Individuals develop other traits because of their environment. One person might have large 
muscles because he exercises a lot, or another person might prefer carrots over broccoli. 
These kinds of traits are not passed on to offspring.


All living things pass on traits to their offspring through genes. Genes are sets of inherited 
instructions for making proteins. These instructions, which are coded in DNA, determine 
an organism’s traits. 


Sometimes, damage causes an individual’s genes to change. Although changes in an 
organism’s hereditary information are relatively rare, they can occur. A change in the DNA 
of a gene is called a mutation. Mutations in gametes can be passed on to offspring of the 
affected individual, but mutations in body cells affect only the individual in which they occur.


Mutations that move an entire gene to a new location are called gene rearrangements. 
Changes in a gene’s position often disrupt the gene’s function because the gene is exposed 
to new regulatory controls in its new location.


Mutations that change a gene are called gene alterations. Gene alterations usually result 
in the placement of the wrong amino acid during protein assembly. This error will usually 
disrupt a protein’s function. In a point mutation, a single nucleotide changes. In an insertion 
mutation, a sizable length of DNA is inserted into a gene. In a deletion mutation, segments 
of a gene are lost, often during meiosis. In a duplication mutation, a chromosome fragment 
attaches to its homologous chromosome, which will then carry two copies of a certain set of 
genes. Another type of mutation is an inversion mutation, in which the chromosome piece 
reattaches to the original chromosome but in a reverse orientation. If the piece reattaches to 
a nonhomologous chromosome, a translocation mutation results.


Because the genetic message is read as a series of triplet nucleotides, insertions and 
deletions of one or two nucleotides can upset the triplet groupings. Imagine deleting the 
letter C from the sentence “THE CAT ATE.” Keeping the triplet groupings, the message 
would read “THE ATA TE,” which is meaningless. A mutation that causes a gene to be 
read in the wrong three-nucleotide sequence is called a frameshift mutation.


II-B(4) Life Science–GENETICS
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STANDARD PRACTICE


1 


 A The cell will die when it divides.


 B The cell will become a rapidly 
dividing cancer cell.


 C The cell will produce mRNA with 
a mutated nucleotide sequence.


 D The cell will have a better chance 
of surviving under different 
conditions.


2 


 A Mutations in the DNA of body 
cells cannot affect the individual 
in which they happen.


 B A mutation in the DNA of a body 
cell can cause the function of 
future cells to change.


 C A mutation in the DNA of a 
gamete affects the body cells of 
the individual that produced the 
gamete.


 D Mutations during mitosis are 
limited to inversion mutations.


3 


 A The mutation will be passed on to 
the next generation.


 B The mutation will cause 
immediate death of the individual.


 C The gene that contains the 
mutation will be expressed in a 
new way.


 D The gene that contains the 
mutation will be expressed in the 
same way as before the mutation.


4 


Errors sometimes happen during 
DNA replication. If  a DNA 
nucleotide that contains guanine is 
accidentally substituted for a DNA 
nucleotide that contains thymine, 
which of the following will always 
happen because of the error in 
DNA replication?


Mutations can occur during mitosis, 
which produces body cells, and 
meiosis, which produces gametes. 
Which of the following statements 
about mutations is true?


Most mutations involve a 
misplacement of a nucleotide on a 
DNA segment. Which of the 
following is not a possible result of 
a mutation?


Identify two traits that are 
influenced by environmental 
conditions.
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Understand the principles of sexual and asexual reproduction, including meiosis and mitosis.


STANDARD REVIEW


The life of a eukaryotic cell is traditionally shown as a cycle, as illustrated in the figure 
below. The cell cycle is a repeating sequence of cellular growth and division during the life 
of an organism. A cell spends 90 percent of its time in the first three phases of the cycle, 
which are collectively called interphase. A cell will enter the last two phases of the cell cycle 
only if  it is about to divide. The five phases of the cell cycle are summarized below:


 1. First growth (G1) phase: During the G1 phase, a cell grows rapidly and carries 
out its routine functions. For most organisms, this phase occupies the major por-
tion of the cell’s life. Cells that are not dividing remain in the G1 phase. 


 2. Synthesis (S) phase: A cell’s DNA is copied during this phase. At the end of 
this phase, each chromosome consists of two chromatids attached at the 
centromere.


 3. Second growth (G2) phase: In the G2 phase, preparations are made for the 
nucleus to divide. Hollow protein fibers called microtubules are rearranged dur-
ing G2 in preparation for mitosis.


 4. Mitosis: The process during cell division in which the nucleus of a cell is divided 
into two nuclei is called mitosis. Each nucleus ends up with the same number and 
kinds of chromosomes as the original cell.


 5. Cytokinesis: The process during cell division in which the cytoplasm divides is 
called cytokinesis.


II-B(6) Life Science–GENETICS


© Houghton Mifflin Harcourt Publishing Company


92 New Mexico Standards Review


11_CNMETP747293_LS_067-120.indd   92 7/14/11   8:08:25 AM







GO ON


Name  Date 


II-B(6) Life Science


Steps of Mitosis


Step 1: Prophase Chromosomes coil up and become visible during prophase. The 
nuclear envelope dissolves and a spindle forms.


Step 2: Metaphase During metaphase the chromosomes move to the center of the cell 
and line up along the equator. Spindle fibers link the chromatids of each chromosome to 
opposite poles.


Step 3: Anaphase Centromeres divide during anaphase. The two chromatids (now called 
chromosomes) move toward opposite poles as the spindle fibers attached to them shorten.


Step 4: Telophase A nuclear envelope forms around the chromosomes at each pole. 
Chromosomes, now at opposite poles, uncoil and the spindle dissolves. The spindle fibers 
break down and disappear. Mitosis is complete.


Mitosis and cytokinesis produce new cells that are identical to the original cells and allow 
organisms to grow, replace damaged tissues, and, in some organisms, reproduce asexually.


STANDARD PRACTICE


1 Construction workers attach ropes and pulleys to wooden timbers on an old bridge. 
They use the rope and pulley system like the one in the diagram to move the timbers 
away from each other in order to dismantle the bridge.


  


 A Prophase


 B Anaphase


 C Telophase


 D Metaphase


Which stage of mitosis is similar to this way of dismantling a bridge?
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II-B(6) Life Science


2 


 A Cells divide in a process called meiosis.


 B Cells divide in order to maintain homeostasis.


 C Cells divide when the parent cell gets too big.


 D Cells divide in order to repair themselves when damaged.


3 


 A Cytokinesis


 B Synthesis phase


 C First growth phase


 D Second growth phase


4 


The cell cycle is a repeating sequence of cellular growth and division during the life 
of an organism. Which of the following is not a true statement concerning cell 
division of body cells?


As part of the cell cycle, a cell produces new daughter cells that are identical to the 
original cell. During which phase are the two daughter cells physically separated?


Distinguish between the G1, S, and G2 phases of the cell cycle.
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Understand the principles of sexual and asexual reproduction, including meiosis and mitosis.


II-B(7) Life Science–GENETICS
Know that most cells in the human body contain 23 pairs of chromosomes including one pair 
that determines sex, and that human females have two X chromosomes and human males have 
an X and a Y chromosome. 


STANDARD REVIEW


Some organisms reproduce by joining gametes to form the first cell of a new individual. 
The gametes are haploid—they contain one set of chromosomes. Meiosis is a form of cell 
division that halves the number of chromosomes when forming specialized reproductive 
cells, such as gametes or spores. Meiosis involves two divisions of the nucleus—meiosis I 
and meiosis II.


Steps of Meiosis


Before meiosis begins, the DNA in the original cell is replicated. Thus, meiosis starts with 
homologous chromosomes. Recall that homologous chromosomes are similar in size, 
shape, and genetic content. The stages of meiosis are summarized below:


Step 1: Prophase I The chromosomes condense, and the nuclear envelope breaks down. 
Homologous chromosomes pair along their length. Crossing-over occurs when portions 
of a chromatid on one homologous chromosome are broken and exchanged with the 
corresponding chromatid portions of the other homologous chromosome.


Step 2: Metaphase I The pairs of homologous chromosomes are moved by the spindle to 
the equator of the cell. The homologous chromosomes remain together.


Step 3: Anaphase I The homologous chromosomes separate. As in mitosis, the 
chromosomes of each pair are pulled to opposite poles of the cell by the spindle fibers. But 
the chromatids do not separate at their centromeres—each chromosome is still composed 
of two chromatids. The genetic material, however, has recombined.


Step 4: Telophase I Individual chromosomes gather at each of the poles. In most 
organisms, the cytoplasm divides (cytokinesis), forming two new cells. Both cells or poles 
contain one chromosome from each pair of homologous chromosomes. Chromosomes do 
not replicate between meiosis I and meiosis II.


Step 5: Prophase II A new spindle forms around the chromosomes.


Step 6: Metaphase II The chromosomes line up along the equator and are attached at 
their centromeres to spindle fibers.


Step 7: Anaphase II The centromeres divide, and the chromatids (now called 
chromosomes) move to opposite poles of the cell.


II-B(6) Life Science–GENETICS
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II-B(6), II-B(7) Life Science 


Step 8: Telophase II A nuclear envelope forms around each set of chromosomes. The 
spindle breaks down, and the cell undergoes cytokinesis. The result of meiosis is four 
haploid cells.


In humans, each gamete receives one chromosome from each of 23 pairs of homologous 
chromosomes. But, which of the two chromosomes that an offspring receives from each of 
the 23 pairs is a matter of chance. This random distribution of homologous chromosomes 
during meiosis is called independent assortment. Each of the 23 pairs of chromosomes 
segregates (separates) independently. Thus, 223 (about 8 million) gametes with different 
gene combinations can be produced from one original cell by this mechanism. Crossing-
over adds even more recombination.


Of the 23 pairs of chromosomes that each human offspring receives, 22 pairs are 
chromosomes that are not directly involved with determining the sex of the individual. 
Only one set of chromosomes, the sex chromosomes, contain genes that will determine the 
sex of the individual. In humans, the two sex chromosomes are referred to as the X and 
Y chromosomes. The genes that cause an individual to become a male are found on the Y 
chromosome. Thus an individual with a Y chromosome is male; any individual without a 
Y chromosome is a female.


STANDARD PRACTICE


1 


 A All gametes produced would have twice the number of chromosomes, so 
offspring would be tetraploid.


 B Because the chromosome was inserted into a diploid body cell, it would not be 
passed to offspring through meiosis.


 C The extra chromosome would be passed to offspring through meiosis, so each 
generation would produce seedless fruit.


 D With three chromosomes, the watermelon would produce three times as many 
offspring as a normal watermelon plant.


Agricultural scientists develop a way to insert a third chromosome into the diploid 
body cells of a watermelon plant to create a seedless fruit. How could this extra 
chromosome affect watermelon offspring?
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II-B(6), II-B(7) Life Science 


2 


 A The creation of an additional sex cell


 B The independent assortment of genetic material


 C A possible change in the offspring cell’s functionality


 D Additional variation in the DNA combination of each sex cell formed


3 


 A A cell from one parent undergoes meiosis, producing offspring cells that have 
both parents’ DNA.


 B A cell from one parent undergoes mitotic cell division, producing offspring cells 
that have only half  of that parent’s DNA.


 C Cells in the parents undergo meiosis, producing haploid gametes that meet up 
during fertilization to produce a diploid individual.


 D Cells in the parents undergo mitosis, producing offspring cells that meet up  
during fertilization to produce an individual with half  of each parent’s DNA.


4 


During meiosis, homologous chromosomes line up next to each other. If  one arm 
of a chromatid crosses over the arm of another chromatid, what results?


Which statement explains why approximately half  of an individual’s DNA 
sequence comes from each parent?


Compare the sex chromosomes of human females with the sex chromosomes of 
human males.


© Houghton Mifflin Harcourt Publishing Company


97 New Mexico Standards Review


11_CNMETP747293_LS_067-120.indd   97 7/14/11   8:08:27 AM







GO ON


Name  Date 
L


if
e 


S
ci


en
ce


Describe the evidence or the first appearance of life on Earth as one-celled organisms, over 
3.5 billion years ago, and for the later appearance of a diversity of multicellular organisms 
over millions of years. 


II-B(9) Life Science–BIOLOGICAL EVOLUTION
Critically analyze the data and observations supporting the conclusion that the species living 
on Earth today are related by descent from the ancestral one-celled organisms. 


I-B(4) Nature of Science
Critically analyze an accepted explanation by reviewing current scientific knowledge.


I-A(16) Science and Society
Understand that reasonable people may disagree about some issues that are of interest to 
both science and religion (e.g., the origin of life on Earth, the cause of the Big Bang, the 
future of Earth).


STANDARD REVIEW


Scientists study fossils to find evidence of early life on Earth. The oldest fossils are of 
microscopic prokaryotes that lived on Earth about 3.5 billion years ago. Evidence suggests 
that two different groups of prokaryotes evolved—eubacteria and archaebacteria. Eubacteria 
contain a chemical called peptidoglycan in their cells walls, and they have the same kind of 
lipids in their cell membrane as do the eukaryotes. Archaebacteria lack peptidoglycan in their 
cells wall and have unique lipids in their cell membrane. Chemical evidence suggests that the 
first eukaryotic cells most likely evolved from archaebacteria.


About 1.5 billion years ago, the first eukaryotes appeared. A eukaryotic cell is much larger than 
a prokaryote. Eukaryotic cells have a complex system of internal membranes. Eukaryotic DNA 
is enclosed within a nucleus. Almost all eukaryotes have mitochondria. Chloroplasts, which 
carry out photosynthesis, are found only in protists and plants. Mitochondria and chloroplasts 
are the size of prokaryotes, and they contain their own DNA.


Most biologists think that mitochondria and chloroplasts originated as described by the theory 
that was proposed in 1966 by the American biologist Lynn Margulis. This theory proposes that 
mitochondria are the descendants of symbiotic, aerobic (oxygen-requiring) eubacteria and that 
chloroplasts are the descendants of symbiotic, photosynthetic eubacteria.


According to Lynn Margulis’s theory of endosymbiosis, bacteria entered large cells 
either as parasites or as undigested prey. Instead of being digested, the bacteria began to 
live inside the host cell where they performed either cellular respiration (mitochondria) 
or photosynthesis (chloroplasts). The invading bacteria that became chloroplasts were 


II-B(8) Life Science–BIOLOGICAL EVOLUTION
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II-B(8), II-B(9) Life Science 


probably closely related to cyanobacteria. Both mitochondria and chloroplasts have 
characteristics that are similar to those of bacteria. The following observations support the 
idea that mitochondria and chloroplasts descended from bacteria:


1. Size and structure. Mitochondria are about the same size as most eubacteria, and 
chloroplasts are the same size as some cyanobacteria. Both mitochondria and chloroplasts 
are surrounded by two membranes. The smooth outer membrane of mitochondria is 
thought to be derived from the endoplasmic reticulum of the larger host cell. The inner 
membrane of mitochondria is folded into many layers, so it looks like the cell membranes 
of aerobic eubacteria. Inside this membrane are proteins that carry out cellular 
respiration. Both chloroplasts and cyanobacteria contain thylakoids, structures in which 
photosynthesis takes place.


2. Genetic material. Mitochondria and chloroplasts have circular DNA similar to the 
chromosomes found in bacteria. Both chloroplasts and mitochondria contain genes that 
are different from those found in the nucleus of the host cell.


3. Ribosomes. Mitochondrial and chloroplast ribosomes have a size and structure similar 
to the size and structure of bacterial ribosomes.


4. Reproduction. Like bacteria, chloroplasts and mitochondria reproduce by simple 
fission. This replication takes place independently of the cell cycle of the host cell.


STANDARD PRACTICE


1 Biologists have proposed that cells that contain mitochondria and chloroplasts first 
came about when ancient bacteria entered large cells either as parasites or as 
undigested prey and began to live inside the host cell.


  


 A A hypothesis 


 B A scientific theory


 C  A scientific question 


 D  An experimental result


Which term best describes this explanation for the origins of mitochondria and 
chloroplasts?
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II-B(8), II-B(9) Life Science 


Chloroplast 


Cell membrane 


Vesicle Golgi apparatus 


Smooth ER 


Rough ER  


Nucleus 


Nucleolus 


Cytoskeleton 
fibers 


Cell wall 


Mitochondrion 


Ribosome 


Central vacuole 


Mitochondrion


Vesicle


Ribosomes


Golgi
apparatus


Smooth ER Rough ER


Cell 
membrane


Nucleus
Nucleolus


Cytoskeleton 
fibers


Animal Cell Plant Cell


2 


 A Chloroplast


 B Vesicle


 C Ribosome


 D Mitochondrion


3 


 A  DNA


 B  The nucleolus


 C  Organelles


 D The cytoplasm


4 


  


Which structure of the cell shown above most likely descended from a 
photosynthetic eubacteria?


The visible structures inside the cell above help the cell to perform the functions 
that sustain life. What are these structures known as?


A Explain how scientists think the first eukaryotes evolved.


B Why might some people disagree with this theory?
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Understand the data, observations, and logic supporting the conclusion that species today 
evolved from earlier, distinctly different species, originating from the ancestral one-celled 
organisms. 


I-A(10) Science and Society
Describe major historical changes in scientific perspectives (e.g., atomic theory, germs, 
cosmology, relativity, plate tectonics, evolution) and the experimental observations that 
triggered them. 


STANDARD REVIEW


In 1859, the English naturalist Charles Darwin published convincing evidence that species 
evolve, and he proposed a reasonable mechanism explaining how evolution occurs. Darwin 
proposed that individuals that have physical or behavioral traits that better suit their 
environment are more likely to survive and will reproduce more successfully than those 
that do not have such traits. Darwin called this differential rate of reproduction natural 
selection. In time, the number of individuals that carry favorable characteristics that are 
also inherited will increase in a population. And, thus, the nature of the population will 
change—a process called evolution.


Darwin further suggested that organisms differ from place to place because their habitats 
present different challenges to, and opportunities for, survival and reproduction. Each 
species has evolved and has accumulated adaptations in response to its particular 
environment. An adaptation is an inherited trait that has become common in a population 
because the trait provides a selective advantage.


Scientists have found many different kinds of evidence that support the theory of 
evolution. Fossils offer the most direct evidence that evolution takes place. Evidence of 
orderly change can be seen when fossils are arranged according to their age. For example, 
the fossil record provides strong evidence that species today evolved from earlier species 
that originated from ancestral one-celled organisms.


The anatomy and development of living things also shows evidence of evolution. The 
similarities of structures in different vertebrates provide evidence that all vertebrates share 
a common ancestor. Biological molecules also show evolutionary relationships. Differences 
in amino acid sequences and DNA sequences are greater between species that are more 
distantly related than between species that are more closely related.


II-B(10) Life Science–BIOLOGICAL EVOLUTION
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II-B(10) Life Science


STANDARD PRACTICE


1 Biologists look at how organisms are 
related and when they first appeared 
on Earth.


  


 A All organisms that have ever lived 
on Earth can still be found alive 
today.


 B Some of the organisms alive today 
have been around for 4.6 billion 
years.


 C The organisms alive today are the 
same as the ones that are found in 
fossils.


 D The organisms alive today evolved 
from organisms that previously 
lived on Earth.


2 Scientists look at evidence to determine 
possible evolutionary relationships and 
mechanisms.


  


 A The fossil record


 B Forensic biology


 C Phylogenetic trees


 D Works of philosophy
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Chapter 13 The Theory of Evolution


1


Which is a result of natural 
selection?


A changes in the environment


B more offspring that can survive


C changes in the genes of a 
population


D genetically identical individuals


2


The evolutionary model that 
suggests that evolution occurs 
in sudden spurts due to drastic 
environmental changes, such as 
ice ages, is known as


A catastrophism.


B punctuated equilibrium.


C gradualism.


D species drift.


3


Charles Darwin’s theory of 
natural selection was based 
partly on his observation that


A DNA is the genetic material.


B some organisms leave more 
offspring than others.


C all eukaryotic cells have a nucleus.


D garden pea plants can self-pollinate.


4


Examine the pictures. Notice the 
similarities among the structures.
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Name Class Date


8  Which of the following mutations would be most likely to improve the 
chances that an organism will survive?


A. weaker leg muscles that make an animal slower
B. a stronger scent that makes an animal easier to find
C. a weaker scent that makes a flower less attractive to bees
D. stronger leg muscles that allow an animal to jump away from danger


9  Examine the pictures below. Notice the similarities among the structures. 
These similarities provide evidence for which of the following hypotheses?


Cat’s leg Dolphin’s flipper Bat’s wing


F. Mammals have evolved from bats.
G. Legs may have evolved from flippers.
H. A cat’s leg, a dolphin’s flipper, and a bat’s wing have identical functions.
I. Cats, dolphins, and bats may have had the same ancestor millions of 


years ago.


10  When sediments are deposited at the bottom of a river or ocean, newer 
layers of sediment are deposited on older existing layers of sediment. 
Scientists call this layering of sediments in order from bottom to top the 
principle of superposition. If the sediments are not disturbed, the rock 
layers that they form remain in order of youngest layers on top and oldest 
layers on bottom. However, large blocks of layered rock can bend, fold, 
break, and move over time. Sometimes, this can result in a portion of rock 
that is upside down compared to its original position. Why should biologists 
be careful when drawing conclusions about the age of fossils in rock layers 
that have been disturbed?


A. The fossils may be damaged due to the movement of large portions of 
rock.


B. The layers and the fossils they contain may not be in the order that they 
were in originally.


C. The principle of superposition cannot be applied to any fossils found in 
horizontal rock layers.


D. Knowing the way that the rock layers were disturbed does not help 
scientists age the fossils they contain.


Topic 4 Practice Questions continued


FL_Biology_FCAT_WB_10-40.indd   21 2/24/05   11:13:08 AM


Cat’s leg Dolphin’s flipper Bat’s wing


These similarities provide 
evidence for which of the 
following hypotheses?


A Mammals have evolved from bats.


B Legs may have evolved from 
flippers.


C A cat’s leg, a dolphin’s flipper, 
and a bat’s wing have identical 
functions.


D Cats, dolphins, and bats may 
have had the same ancestor 
millions of years ago.


IL_Biology_TestPrep_i-80.indd   23 8/25/06   9:54:13 AM


3 


 A Legs and wings may have evolved 
from flippers.


 B All mammals have evolved from 
an ancestor that was a bat.


 C A cat’s leg, a dolphin’s flipper, and 
a bat’s wing have identical 
functions.


 D Cats, dolphins, and bats had the 
same ancestor millions of years 
ago.


4 


Which of the following is true about 
the organisms that live on Earth 
today?


Which of the following provides 
strong evidence for evolution?


The pictures above show similarities 
among the forelimbs of three 
mammals. These similarities provide 
evidence for which of the following 
hypotheses?


What evidence have scientists found 
to support the theory of evolution?
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Understand that evolution is a consequence of many factors, including the ability of 
organisms to reproduce, genetic variability, the effect of limited resources, and natural 
selection.


STANDARD REVIEW


The heart of Darwin’s theory of evolution is that natural selection is the mechanism that 
drives the development of adaptations and evolution. The process of natural selection is 
driven by four important points that are true for all real populations:


 1. All populations have genetic variation. That is, in any population there is an array 
of individuals that differ slightly from each other in genetic makeup. While this 
may be obvious in humans, it is also true in species whose members may appear 
identical, such as a species of bacteria.


 2. The environment presents challenges to successful reproduction. Naturally, an 
organism that does not survive to reproduce or whose offspring die before the 
offspring can reproduce does not pass on its genes to future generations.


 3. Individuals tend to produce more offspring than the environment can support. Thus, 
individuals of a population often compete with one another to survive.


 4. Individuals that are better able to cope with the challenges presented by their 
 environment tend to leave more offspring than those individuals less suited to the 
environment.


Separate populations of a single species often live in several different kinds of 
environments. In each environment, natural selection acts on the population. Natural 
selection results in the evolution of offspring that are better adapted to that environment. 
If  their environments differ enough, separate populations of the same species can become 
very dissimilar. Over time, populations of the same species that differ genetically because 
of adaptations to different living conditions become what biologists call subspecies. 
The members of newly formed subspecies have taken the first step toward speciation. 
Eventually, the subspecies may become so different that they can no longer interbreed 
successfully. Biologists then consider them separate species.


II-B(11) Life Science–BIOLOGICAL EVOLUTION
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II-B(11) Life Science


STANDARD PRACTICE


1 


 A Natural selection favors traits that 
benefit any type of behavior.


 B Natural selection favors 
behavioral traits that benefit the 
species.


 C Natural selection favors 
behavioral traits that benefit the 
individual.


 D Natural selection favors 
behavioral traits that benefit the 
environment.


2 


 A They will evolve into parasites.


 B They will evolve into a new niche.


 C They will evolve ways to avoid 
predation.


 D They will evolve into secondary 
consumers.


3 Male birds of paradise have extremely 
long, showy tail feathers. 


  


 A The bird is easier for predators to 
spot.


 B The bird must eat more to 
produce extra-large feathers.


 C The bird flies slowly because of 
drag created by the feathers.


 D The bird attracts more females 
and therefore mates more 
frequently.


4 


In what way does natural selection 
favor a particular animal behavior?


Over time, how will selection 
pressure from predators affect prey 
species?


Which of the following statements 
best describes a selective advantage 
for having this trait?


Why do the genetically-determined 
behaviors of individuals best 
adapted to survive become more 
common in each new generation?
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Explain how natural selection favors individuals who are better able to survive, reproduce, and 
leave offspring.


STANDARD REVIEW


A characteristic that helps an organism survive and reproduce in its environment is called 
an adaptation. Adaptations may be physical, such as having a long neck or striped fur. 
They may be biochemical factors, such as having proteins that can withstand very high 
temperatures. Adaptations may also be behaviors that help an organism find food, protect 
itself, or reproduce.


Natural selection is the process by which organisms that are better adapted to their 
environment survive and reproduce more successfully than less well-adapted organisms. 
Populations of species can have a variety of different traits. Environmental factors 
determine which traits in a population are favorable. For example, the polar bear’s white 
fur enables it to hunt successfully in its snowy environment. In a warmer environment, 
having white fur would no longer be an advantage.


STANDARD PRACTICE


1 Various species of birds have evolved characteristics that help them survive in their 
own environments. The illustrations below show two different kinds of bird feet.
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Chapter 34 continued Reptiles and Birds


3


Which of these descriptions is 
true of reptiles?


A lack jaws


B lay amniotic eggs


C have hollow bones


D pass through an aquatic larval 
stage


4


Lorenzo is doing a laboratory 
investigation that compares birds 
and reptiles. 


Which of the following 
structures is NOT found in  
both birds and reptiles?


A thick, dry scales on their feet 
and legs


B a backbone


C fused collarbone (wishbone)


D eggs with a shell


5


Some water birds have webbed feet, 
while other water birds have long legs. 


What is the difference in function 
between these two structures?


A Webbed feet enable the bird to 
walk on land as well as swim, 
but long legs cannot be used on 
land.


B Both birds with webbed feet 
and birds with long legs are 
strong flyers.


C Webbed feet enable a bird to 
swim, and long legs enable 
a bird to wade in the water 
looking for prey.


D Birds with webbed feet are 
much shorter than birds with 
long legs.
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Chapter 34 continued Reptiles and Birds


3


Which of these descriptions is 
true of reptiles?


A lack jaws


B lay amniotic eggs


C have hollow bones


D pass through an aquatic larval 
stage


4


Lorenzo is doing a laboratory 
investigation that compares birds 
and reptiles. 


Which of the following 
structures is NOT found in  
both birds and reptiles?


A thick, dry scales on their feet 
and legs


B a backbone


C fused collarbone (wishbone)


D eggs with a shell


5


Some water birds have webbed feet, 
while other water birds have long legs. 


What is the difference in function 
between these two structures?


A Webbed feet enable the bird to 
walk on land as well as swim, 
but long legs cannot be used on 
land.


B Both birds with webbed feet 
and birds with long legs are 
strong flyers.


C Webbed feet enable a bird to 
swim, and long legs enable 
a bird to wade in the water 
looking for prey.


D Birds with webbed feet are 
much shorter than birds with 
long legs.
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 A Water and wetlands


 B Pine and fir forests


 C Mountains and rocky cliffs


 D Deserts and deciduous forests


In what types of environments are birds with such feet likely to be found?


II-B(12) Life Science–BIOLOGICAL EVOLUTION
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II-B(12) Life Science 


2 


 A The Gila monster has very few defenses and must hide from predators.


 B The Gila monster must hide underground or under rocks to ambush passing 
prey.


 C The Gila monster feeds exclusively on small insects that live in the ground or 
under rocks.


 D The Gila monster can only control its body temperature during hot desert days 
by seeking cooler places.


KS_Practice1_Q30


  


KS_Practice1_Q30


  


KS_Practice1_Q30


3 


 A The color of their beaks


 B The types of seeds available


 C Whether the populations interbreed


 D The nutritional content of the seeds they eat


4 


The Gila monster, a poisonous lizard, spends most of its life under rocks or 
burrowed in the ground. Which hypothesis most likely explains the Gila monster’s 
behavior?


The diagram shows a sampling of Galápagos finches. The evolution of beak sizes 
in Galápagos finches is a response to which of the following?


Explain how natural selection causes species to evolve.
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II-B(13) Life Science–BIOLOGICAL EVOLUTION


Analyze how evolution by natural selection and other mechanisms explains many phenomena 
including the fossil record of ancient life forms and similarities (both physical and molecular) 
among different species.


STANDARD REVIEW


As early as 1828, Ernst von Baer claimed that the more closely related any two species are, 
the more similar is their embryonic development. Von Baer observed that the embryos 
of many vertebrate animals seemed to have a similar pattern of embryonic development 
in the early stages. But as they grow, the differences that will distinguish the embryos as 
adults become more apparent. This study of embryonic development can lead to insights 
about the evolutionary relationships of organisms. For example, early in development 
of vertebrates, the embryos of even humans have gill slits. In mammals, these will later 
develop into parts of the ear. 


Another striking similarity is that vertebrate embryos have arm buds that are 
indistinguishable. However, by the late fetal stage, they take on their adult shapes. Their 
final form may become arms, wings, or other structures based on the particular species. 
However, these structures when fully developed display a similarity in bone structure. 
These homologous body structures, like those shown below, are evidence of common 
ancestry. That is, a similar structure in two organisms can be found in the common 
ancestor of the organisms. 


Humerus


PenguinBat


Radius


Ulna


Carpals


Metacarpals


Phalanges


Penguin


hb08se_evos02026a


Alligator Human


Biological molecules also provide evidence about evolutionary relationships. Recall that 
DNA is the biological molecule that carries genetic information from one generation to the 
next. In living things, DNA codes for RNA, which in turn codes for the sequence of amino 
acids that make up proteins. Technology now allows scientists to compare DNA sequences 
and amino acid sequences of different species. Not surprisingly, differences in amino acid 
sequences and DNA sequences are greater between species that are more distantly related 
than between species that are more closely related.  


The table on the next page shows a comparison of the amino acid sequence of hemoglobin, a 
protein, in several species. The number of differences increases as the organisms become less-
closely related to humans. 
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II-B(13) Life Science


Hemoglobin Comparison


Animal with hemoglobin
Amino acids that differ from 
human hemoglobin


Gorilla 1


Rhesus monkey 8


Mouse 27


Chicken 45


Frog 67


Lamprey 125


STANDARD PRACTICE


1 


 A Mouse


 B Frog


 C Chicken


 D Lamprey


2 


 A Human eyes and human ears


 B Human legs and insect legs


 C Human arms and penguin flippers


 D Human stomach and human kidney


3 


According to the table above, which 
of the following organisms is most 
closely related to humans?


Which of the following is an 
example of homologous structures?


Describe how comparing the 
anatomy of living species provides 
evidence of evolution.
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Know that cells are made of proteins composed of combinations of amino acids.


STANDARD REVIEW


Four principal classes of organic compounds are found in living things: carbohydrates, 
lipids, proteins, and nucleic acids.


Carbohydrates are organic compounds made up of carbon, hydrogen, and oxygen 
atoms in the proportion of 1:2:1. Carbohydrates are a key source of energy, and they 
are found in most foods. The building blocks of carbohydrates are single sugars, called 
monosaccharides, such as glucose, C6H12O6, and fructose.


Disaccharides are double sugars formed when two monosaccharides are joined. For 
example, sucrose, or common table sugar, consists of both glucose and fructose. 
Polysaccharides, such as starch, are chains of three or more monosaccharides. Starch and 
cellulose, which are found in plants, and glycogen, which is made by animals, are examples 
of polysaccharides.


Lipids are nonpolar molecules that are not soluble or mostly insoluble in water. They 
include fats, phospholipids, steroids, and waxes. Phospholipids make up the lipid bilayer 
of cell membranes. Steroids include cholesterol, which is found in animal cell membranes. 
Other lipids include some light-absorbing compounds, such as the plant pigment 
chlorophyll. Fats are lipids that store energy.


Proteins are usually large molecules formed by linked smaller molecules called amino 
acids. Amino acids are the building blocks of proteins. Twenty different amino acids are 
found in proteins. Some amino acids are polar, and others are nonpolar. Some amino acids 
are electrically charged, and others are not charged. Proteins fold into compact shapes, 
determined in part by how the protein’s amino acids interact with water and one another.


Some proteins are enzymes and promote chemical reactions. Others have important 
structural functions. Yet other proteins called antibodies help your body defend against 
infection. Specialized proteins in muscles enable your muscles to contract. In your blood, a 
protein called hemoglobin carries oxygen from your lungs to body tissues.


Nucleic acids are long chains of smaller molecules called nucleotides. A nucleotide has 
three parts: a sugar, a base, and a phosphate group, which contains phosphorus and 
oxygen atoms. There are two types of nucleic acids—DNA and RNA—and each type 
contains four kinds of nucleotides. DNA, or deoxyribonucleic acid, consists of two strands 
of nucleotides that spiral around each other. Chromosomes contain long strands of DNA, 
which stores hereditary information. RNA, or ribonucleic acid, may consist of a single 
strand of nucleotides or of based-paired nucleotides. RNA plays many key roles in the 
manufacture of proteins. 


II-C(1) Life Science–STRUCTURE AND FUNCTION
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II-C(1) Life Science 


STANDARD PRACTICE


1 


 A Sugars form carbohydrates, which are linked together to form fats that store energy.


 B Carbohydrates are broken down into glucose, which is stored inside the body’s cells.


 C Sugars are broken down into proteins that become the building blocks of the 
body’s tissues.


 D Carbohydrates, such as glucose, are broken down to release chemical energy that 
is used by the body’s cells.


2 


 A The polar tails of phospholipids form the outside of the cell membrane.


 B The nonpolar heads of phospholipids form the outside of the cell membrane.


 C The nonpolar tails of phospholipids combine to form the middle of the cell 
membrane, with the heads on the outside.


 D The polar heads of phospholipids combine to form the middle of the cell 
membrane, with the tails on the outside.


3 


The diagram above illustrates the structure of glucose. Which of the following 
describes how the body uses molecules like the one illustrated above?


Phospholipids are linear molecules with one polar end and one nonpolar end. 
How does this structure relate to their function in cell membranes??


Two of the four principle classes of organic compounds are proteins and nucleic 
acids. What is the relationship between proteins and nucleic acids?
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II-C(2) Life Science–STRUCTURE AND FUNCTION


Know that specialized structures inside cells in most organisms carry out different functions, 
including: parts of a cell and their functions (e.g., nucleus, chromosomes, plasma, and 
mitochondria); storage of genetic material in DNA; similarities and differences between 
plants and animal cells; prokaryotic and eukaryotic cells.


STANDARD REVIEW


Plant cells have an outermost structure called a cell wall. A cell wall is a rigid structure that 
gives support to a cell. Plants and algae have cell walls made of a complex sugar called 
cellulose. Fungi, including yeasts and mushrooms, also have cell walls. Fungi have cell 
walls made of a complex sugar called chitin or of a chemical similar to chitin. 


All cells have a cell membrane. The cell membrane is a protective barrier that encloses 
a cell. It is made up of phospholipids that separate the cell’s contents from the cell’s 
environment. The cytoskeleton is a web of proteins in the cytoplasm that acts as both a 
muscle and a skeleton. It keeps the cell’s membranes from collapsing. The cytoskeleton 
also helps some cells move.


Eukaryotic cells have the same basic membrane-bound organelles:


•	 The	nucleus	is	the	organelle	that	contains	the	cell’s	DNA	and	is	the	control	center	of	
the cell.


•	 A	ribosome	is	a	tiny	organelle	in	which	amino	acids	are	hooked	together	to	make	
proteins. Ribosomes do not have a membrane.


•	 A	chloroplast	is	an	organelle	in	plants	that	uses	the	energy	of	sunlight	to	make	food.


•	 A	mitochondrion	breaks	down	food	molecules	to	make	ATP.


•	 The	endoplasmic	reticulum	makes	lipids,	breaks	down	drugs	and	other	substances,	
and packages proteins for the Golgi complex.


•	 The	Golgi	complex	processes	and	transports	proteins	and	other	materials	out	of	
a cell.


•	 Lysosomes	digest	food	particles,	wastes,	cell	parts,	and	foreign	invaders.


•	 The	large	central	vacuole	in	plant	cells	stores	water	and	other	materials.


Florida Holt Science & Technology FCAT Workbook, Level Green 43


Name ________________________________ Class _________________________ Date ______________


All organisms need energy to carry out their life processes. Which cell structure is
responsible for “burning” sugar to release energy? 


A. endoplasmic reticulum 
B. mitochondria
C. nucleus
D. ribosomes


Which structures are all living things composed of? 


F. cells
G. eukaryotes
H. organs
I. prokaryotes


You are looking at human blood cells under a microscope. Some cells are small
and look like flattened disks. Each of these cells lacks a nucleus. You also see
other larger cells, each of which has a clearly defined nucleus. What can you 
infer about the cells based on the differences in their appearance?


A. They are found in different types of tissue.
B. They do not have any organelles.
C. They have different functions.
D. The cells come from different kinds of organisms.


Which of the following correctly identifies all the possible levels of structural
organization that can be present in a multicellular organism?


F. cell � tissue � organ system � organ
G. cell � tissue � organ � organ system
H. organ system � organ � tissue � cell
I. cell � organ � tissue � organ system


4


3


2


1
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Nucleus


Golgi complex


Lysosome


Ribosomes


Endoplasmic reticulum


Cell 
membrane


Mitochondria
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STANDARD PRACTICE


1 


 A  At the endoplasmic reticulum


 B  At the ribosomes


 C  At the mitochondria


 D  At the Golgi complex


2 


 A  Phospholipid


 B  Endoplasmic reticulum


 C  Receptor proteins


 D  Nucleus


3 


 A  The nucleus


 B  A chloroplast


 C  The central vacuole


 D A mitochondrion


4 


  


Where is most of  the ATP in cells 
produced?


What is the  membrane-bound 
organelle that contains the cell’s 
DNA?


Which organelle stores water in a 
plant cell?


A What is the name of a cell vesicle 
that contains enzymes that destroy 
damaged cell organelles?


B What is the importance of having 
the cell’s digestive enzymes enclosed 
inside these vesicles?


II-C(2) Life Science
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Describe the mechanisms for cellular processes (e.g., energy production and storage, 
transport of molecules, waste disposal, synthesis of new molecules).


II-C(4) Life Science–STRUCTURE AND FUNCTION
Know how the cell membrane controls which ions and molecules enter and leave the cell based 
on membrane permeability and transport (i.e., osmosis, diffusion, active transport, passive 
transport).


STANDARD REVIEW


Individual cells must maintain homeostasis in order to live. One way that a cell maintains 
homeostasis is by controlling the movement of substances across the cell membrane. For 
example, osmosis allows red blood cells to maintain water balance as their environment 
changes.


Movement across the cell membrane that does not require energy from the cell is called 
passive transport. One kind of passive transport, diffusion, is the movement of a substance 
from an area of high concentration to an area of lower concentration caused by the 
random motion of particles of the substance. The diffusion of water through a selectively 
permeable membrane is called osmosis. In facilitated diffusion, a carrier protein transports 
a substance across the cell membrane down the concentration gradient of the substance. 
Active transport is the movement of a substance against the concentration gradient of 
the substance. Active transport requires cells to use energy. In animal cells, the sodium-
potassium pump uses energy supplied by ATP to transport sodium ions out of the cell 
and potassium ions into the cell. During endocytosis, substances are moved into a cell by 
a vesicle that pinches off  from the cell membrane. During exocytosis, substances inside a 
vesicle are released from a cell as the vesicle fuses with the cell membrane.


Cells also need energy in order to live and function. Two of the most important 
chemical reactions for living things are photosynthesis and cellular respiration. During 
photosynthesis, plants convert carbon dioxide and water into glucose and oxygen. The 
energy from light is used to form the high-energy bonds that make sugars, from which the 
plant gets the energy that its cells need. You also get this energy, which originally came 
from the sun, when you eat fruits or vegetables. During cellular respiration, energy is 
released in the chemical reaction of glucose and oxygen to form carbon dioxide and water. 
This energy can be used by living cells.


Photosynthesis: 6CO2 + 6H2O + energy → C6H12O6 + 6O2


Cellular respiration: C6H12O6 + 6O2 → 6CO2 + 6H2O + energy


II-C(3) Life Science–STRUCTURE AND FUNCTION
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II-C(3), II-C(4) Life Science


STANDARD PRACTICE


1 


 A Cytoplasm


 B Cell membrane


 C Nucleus


 D Golgi apparatus


2 


 A Is driven by energy from ATP


 B Is a type of active transport


 C Involves receptor proteins


 D Involves carrier proteins


3 


 A Against its concentration gradient.


 B From an area of low 
concentration to an area of higher 
concentration.


 C Independent of its own 
concentration.


 D Down its concentration gradient.


4 


Substances enter and leave a cell 
through which cell part?


Which describes facilitated 
diffusion?


During diffusion, where does a 
substance tends to move?


Explain how exocytosis contributes 
to homeostasis in a cell. 
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Explain how cells differentiate and specialize during the growth of an organism, including: 
differentiation, regulated through the selected expression of different genes; specialized cells, 
response to stimuli (e.g., nerve cells, sense organs).


STANDARD REVIEW


Multicellularity enables cells to specialize in different functions. With this division of labor, 
a multicellular organism can have cells that protect it. Other cells help the organism move 
about, and still others play roles in reproduction and feeding. Cell specialization begins as 
a new organism develops. For example, as a chicken develops from an egg, new cells form 
by cell division. These cells grow and undergo differentiation, the process by which cells 
develop a specialized form and function.


In all animals except sponges, the zygote (fertilized egg cell) undergoes cell divisions that 
form a hollow ball of cells called a blastula. In this early stage in humans, a mass of 
embryonic stem cells forms. These early, undifferentiated cells will give rise to all of the 
types of cells of the developing body. Embryonic stem cells are immortal—that is, they 
divide indefinitely. Embryonic stem cells have not yet undergone cell differentiation and, 
thus, are not yet specialized. Indeed any embryonic stem cell is capable of becoming any 
type of tissue found in the adult body. 


Cells begin to specialize very early in development, shortly after fertilization. All cells in 
the body contain the same DNA, and so have the same genes. However, a typical human 
cell only expresses 3–5 percent of its genes at any given time. As cells develop in different 
parts of the body, various chemicals are produced that cause the cells to turn genes “on” or 
“off.” The type of cell that a stem cell becomes depends on what genes are expressed. Gene 
expression is controlled by proteins produced within the body. 


Most gene regulation in eukaryotes controls the onset of transcription—when RNA 
polymerase binds to a gene. Prokaryotic cells and eukaryotic cells both use regulatory 
proteins, but many more proteins are involved in eukaryotes, and the interactions are more 
complex. These regulatory proteins in eukaryotes are called transcription factors.


II-C(5) Life Science–STRUCTURE AND FUNCTION
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STANDARD PRACTICE


1 


 A Messenger, transfer, and ribosomal RNA transcribe information onto a cell’s DNA.


 B The information in DNA is transcribed to RNA and then transcribed to amino 
acids.


 C The information in DNA is transcribed to RNA and then translated to make 
specific proteins.


 D The information in DNA is translated by messenger RNA and then translated to 
make ribosomal RNA.


White blood cell


Nerve cell


OH_Topic4_Q28


2 


 A The two cells have different sets of chromosomes.


 B The two cells have different patterns of gene expression.


 C The two cells use different genetic codes to translate the same genes.


 D The two cells were formed at different times in the individual’s life.


3 


Which of the following statements best describes the process of gene expression?


Examine the drawings of a white blood cell and a nerve cell. Which of the 
following statements explains why a white blood cell and a nerve cell in a single 
individual have completely different shapes and functions?


Each cell within a developing body will express different genes, depending on the 
cell’s age and the location within the body. How is gene expression regulated?


II-C(5) Life Science
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Know that DNA directs protein building (e.g., role of RNA).


STANDARD REVIEW


Traits, such as eye color, are determined by proteins that are built according to instructions 
coded in DNA. Recall that proteins have many functions, including acting as enzymes and 
cell membrane channels. Proteins, however, are not built directly from DNA. Ribonucleic 
acid is also involved.


Like DNA, ribonucleic acid is a nucleic acid—a molecule made of nucleotides linked 
together. RNA differs from DNA in three ways. First, RNA consists of a single strand of 
nucleotides instead of the two strands found in DNA. Second, RNA nucleotides contain 
the five-carbon sugar ribose rather than the sugar deoxyribose, which is found in DNA 
nucleotides. Ribose contains one more oxygen atom than deoxyribose. And third, in 
addition to the A, G, and C nitrogen bases found in DNA, RNA nucleotides can have a 
nitrogen base called uracil—abbreviated as U. No thymine (T) bases are found in RNA. 
Like thymine, uracil is complementary to adenine whenever RNA base-pairs with another 
nucleic acid.


A gene’s instructions for making a protein are coded in the sequence of nucleotides in 
the gene. The instructions for making a protein are transferred from a gene to an RNA 
molecule (called messenger RNA) in a process called transcription. Cells then use two 
different types of RNA (transfer RNA and ribosomal RNA) to read the instructions on 
the messenger RNA molecule and put together the amino acids that make up the protein 
in a process called translation. The entire process by which proteins are made based on the 
information encoded in DNA is called gene expression, or protein synthesis. This process is 
summarized in the figure below.


Nucleus 


Cytoplasm DNA 


Transcription 


Translation 


RNA 


Protein 


RNA 
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STANDARD PRACTICE


1 


 A Translation—the synthesis of RNA using one strand of DNA


 B Transcription—the synthesis of RNA using one strand of DNA


 C Replication—the synthesis of proteins using one strand of RNA


 D Protein synthesis—the synthesis of proteins using one strand of DNA


2 


 A  Messenger, transfer, and ribosomal RNA transcribe information onto a cell’s DNA.


 B The information in DNA is transcribed to RNA and then transcribed to amino 
acids.


 C  The information in DNA is transcribed to RNA and then translated to make 
specific proteins.


 D The information in DNA is translated by messenger RNA and then translated to 
make ribosomal RNA.
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Use the diagram below to answer questions 8–10.


TRANSCRIPTION
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DNA


mRNA


8  What forces, represented by dotted lines, hold together the two molecules 
shown in the diagram above?


F. carbon–carbon bonds
G. covalent bonds
H. hydrogen bonds
I. ionic bonds


9  Which of the following terms describes the lower molecule shown in the 
diagram above?


A. atom 
B. compound 
C. element
D. organism


10  What class of biological molecules is represented in the diagram above?


F. carbohydrates
G. lipids
H. nucleic acids
I. proteins


Topic 1 Practice Questions continued


FL_Biology_FCAT_WB_10-40.indd   12 2/24/05   11:12:59 AM


3 


Which of the following identifies the process of forming a nucleic acid by using 
another molecule as a template and identifies its most common form?


Which of the following statements best describes the process of gene expression?


The diagram above shows one process that occurs during gene expression. What 
process does the diagram represent?
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Describe how most cell functions involve chemical reactions, including: promotion or 
inhibition of biochemical reactions by enzymes; processes of respiration (e.g., energy 
production, ATP); communication from cell to cell by secretion of a variety of chemicals  
(e.g., hormones).


STANDARD REVIEW


The chemical reactions in cells occur quickly and at relatively low temperatures because of 
the action of many enzymes. Enzymes are substances that increase the speed of chemical 
reactions. Most enzymes are proteins. Enzymes are catalysts, which are substances that 
reduce the activation energy of a chemical reaction. An enzyme increases the speed of 
a chemical reaction by reducing the activation energy of the reaction. Enzymes help 
organisms maintain homeostasis. Without enzymes, chemical reactions would not occur 
quickly enough to sustain life.


Enzymes assist biochemical reactions by bringing key molecules together. A substance on 
which an enzyme acts during a chemical reaction is called a substrate. Enzymes act only 
on specific substrates. An enzyme’s shape determines its activity. Typically, an enzyme is a 
large protein with one or more deep folds on its surface. These folds form pockets called 
active sites. As shown in the figure below, an enzyme’s substrate fits into the active site. An 
enzyme acts only on a specific substrate because only that substrate fits into its active site. 
Your body’s cells contain many different enzymes, and each enzyme catalyzes a different 
chemical reaction.


Active
site


Substrates


Enzyme


Product


hb08se_bcms04038a
4th pass
09/07/06
tjh


Any factor that changes the shape of an enzyme can affect the enzyme’s activity. For 
example, enzymes operate most efficiently within a certain range of temperatures.


Temperatures outside this range can either break or strengthen some of the enzyme’s 
bonds, changing its shape. Moreover, each enzyme operates best within a certain range of 
pH values. A pH value outside this range can cause bonds in an enzyme to break, reducing 
the enzyme’s effectiveness.
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STANDARD PRACTICE


1 Living things use enzymes in the chemical reactions of metabolism. When food is 
digested, it is metabolized to release energy.


  


 A Because enzymes are proteins, they only react with other protein molecules, 
resulting in the production of glucose.


 B The active site of the enzyme attached to the substrate of a food molecule 
produces carbon molecules, the building blocks of cells.


 C The active site of an enzyme attached to a substrate prevents the chemical 
reactions involved in metabolism from happening too quickly.


 D The active site of the enzyme binds to a substrate on a food molecule and the 
enzyme changes shape slightly, causing a chemical reaction to happen.


Digestive Enzymes in the Small Intestine
Enzyme Substrate Digested product
Amylase (pancreas) starch disaccharides
Trypsin (pancreas) proteins peptides
Lipase (pancreas) fat fatty acid and glycerol
Maltase, sucrase, lactase disaccharides monosaccharides
Peptidase peptides amino acids


2 


 A The blood levels of monosaccharides would increase.


 B The absorption of amino acids would be more efficient.


 C The body would be unable to process starches, proteins, and fats.


 D The levels of the enzymes amylase, trypsin, and lipase would increase.


3 


Which statement best describes the role of an enzyme in this process?


The table above lists some digestive enzymes found in the human small intestine. Based 
on the information in the table, what would be one effect of an injured pancreas?


Enzymes are protein catalysts. What is the role of a catalyst?


II-C(7) Life Science
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Understand the scale and contents of the universe, including: range of structures from atoms 
through astronomical objects to the universe; objects in the universe such as planets, stars, 
galaxies, and nebulae.


STANDARD REVIEW


Earth is a planet in a solar system. A solar system includes a star and the objects that orbit 
it. Our solar system includes the Sun, Earth, seven other planets, and many smaller objects 
such as moons, asteroids, and comets. About 99% of the mass in our solar system is made 
up of the Sun. Earth and the other planets are small compared to the Sun.


The Sun is somewhat unique in that it is not close to any other stars in space. Most stars 
are bound to one or more stars by gravity. The smallest gravitationally bound star group 
is a binary system. It is made up of two stars that orbit each other. A multiple-star system 
includes more than two stars that orbit each other.


Some stars move through space together in a group bound by gravity. These stars make 
up a star cluster. Star clusters can be densely packed or loosely organized. Star clusters, 
binary systems, multiple-star systems, and solar systems are all found in galaxies. A galaxy 
is a large collection of stars, dust, and gas bound together by gravity. The galaxy in which 
our solar system resides is called the Milky Way galaxy. The Milky Way galaxy might have 
more than a trillion stars. It is about 100,000 light years across. It takes the Sun about  
225 million years to orbit the center of the Milky Way. 


Beyond the Milky Way galaxy, there are millions of other galaxies, each with billions of 
stars. Some of these galaxies form groups bound by gravity, just as stars do. The galactic 
group that includes the Milky Way is called the Local Group. The Local Group includes 
about 45 different galaxies of different shapes and sizes.


Galaxies in Our Universe


Name of Galaxy Type of Galaxy Distance from Earth  
(in millions of light years)


Andromeda Galaxy spiral 2.48


Large Magellanic Cloud irregular 0.16
M81 spiral 12
NGC 1300 spiral 70
NGC 1316 elliptical 75
Pinwheel Galaxy (M101) spiral 27
Small Magellanic Cloud irregular 0.20
Sombrero Galaxy spiral 28
Virgo A elliptical 60


III-A(1) Earth and Space Science 
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STANDARD PRAcTIcE


1 


 A Local Group, solar system, Milky 
Way galaxy, Earth 


 B Earth, Milky Way galaxy, solar 
system, Local Group


 c Earth, solar system, Milky Way 
galaxy, Local Group


 D Milky Way galaxy, Local Group, 
solar system, Earth


2 


 A Andromeda Galaxy


 B Virgo A


 c Small Magellanic Cloud


 D Large Magellanic Cloud


3 


 A Star


 B Galaxy


 c Planet


 D Moon


4 The universe is made up of different 
types of systems.


  


  


Which of the following correctly 
sequences objects in the universe 
from smallest to largest?


Which galaxy is closest to Earth?


Which object would not be found in 
a solar system?


A Compare a binary system and a 
star cluster.


B Compare a galaxy and a galactic 
group.


III-A(1) Earth and Space Science 
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Predict changes in the positions and appearances of objects in the sky (e.g., moon, sun) based 
on knowledge of current positions and patterns of movements (e.g., lunar cycles, seasons).


STANDARD REVIEW


In most places in the United States, the year consists of four seasons—winter, spring, 
summer, and fall. Seasons are periods characterized by a particular circumstance or 
feature; for instance, a particular kind of weather. Areas near the equator do not have 
seasonal changes. These areas have approximately the same temperatures and same 
amount of daylight year-round.


Seasons happen because Earth is tilted on its axis at a 23.5° angle. This tilt affects how 
much solar energy an area receives as Earth moves around the Sun. The figure below 
shows how latitude and the tilt of the Earth affect the amount of solar energy hitting 
Earth’s surface. The varying amounts of solar energy hitting Earth’s surface cause the 
seasons.


September 22  
Fall


June 21  
Summer


December 21 
Winter


March 21  
Spring


Winter
During winter in the Northern 
Hemisphere, the Southern 
Hemisphere has higher 
temperatures and longer days 
because it is tilted toward the 
sun and receives more-direct 
solar energy. At that time, 
the Northern Hemisphere has 
lower temperatures and shorter 
days because it is tilted away 
from the sun.


Summer
During summer in the 
Northern Hemisphere, 
locations in the Northern 
Hemisphere experience 
warmer temperatures and 
longer days because the 
Northern Hemisphere is 
tilted toward the sun and 
receives more-direct solar 
energy. At the same time, 
the Southern Hemisphere 
has colder temperatures and 
shorter days because it is 
tilted away from the sun.


This is an oblique view of 
the Earth’s orbit.


During winter in the Northern Hemisphere, the Southern Hemisphere has higher 
temperatures and longer days because it is tilted toward the sun and receives more direct 
solar energy. At that time, the Northern Hemisphere has lower temperatures and shorter 
days because it is tilted away from the sun.
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During summer in the Northern Hemisphere, locations in the Northern Hemisphere 
experience warmer temperatures and longer days because the Northern Hemisphere is 
tilted toward the sun and receives more direct solar energy. At the same time, the Southern 
Hemisphere has colder temperatures and shorter days because it is tilted away from the sun.


STANDARD PRAcTIcE


1 


 A Summers are very warm while 
winters are very cool.


 B Summers are generally wet while 
winters are generally dry.


 c The Sun shines nearly 24 hours a 
day during the summer months.


 D There are few seasonal changes in 
the length of the days or 
temperature.


2 


 A December 21


 B June 21


 c March 21


 D September 22


3 


 A December 21


 B June 21


 c March 21


 D September 22


4 


Which of the following is true for 
locations near the equator?


In the Northern Hemisphere, winter 
begins on or around the winter 
solstice. What is the date of the 
winter solstice?


On the spring equinox, daytime and 
nighttime hours are exactly the same 
all over the world. Day and night 
are each 12 hours long on or around 
what date?


When does the North Pole 
experience the coldest temperatures? 
Explain.
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III-A(3) Earth and Space Science


Understand how knowledge about the universe comes from evidence collected from advanced 
technology (e.g., telescopes, satellites, images, computer models).


I-A(2) Science and Society
Understand how advances in technology enable further advances in science (e.g., microscopes 
and cellular structure; telescopes and understanding of the universe).


STANDARD REVIEW


For professional astronomers and amateur stargazers, the telescope is the standard tool 
for observing the sky. A telescope is an instrument that gathers electromagnetic radiation 
from objects in space and concentrates it for better observation. Optical telescopes, which 
are the most common type of telescope, are used to study visible light from objects in the 
universe. Without using an optical telescope, you can see at most about 3,000 stars in the 
night sky. Using an optical telescope, however, you can see millions of stars and other 
objects. A refracting telescope is a telescope that uses a set of lenses to gather and focus 
light from distant objects. A reflecting telescope is a telescope that uses a curved mirror to 
gather and focus light from distant objects.


The moon is incredibly far away, and years ago people could only dream of traveling into 
space. The development of the rocket allowed people to travel into space. A rocket is a 
machine that uses escaping gas to move. Rockets became the key to leaving the cradle of 
Earth and starting the age of space exploration.


Scientists also send space probes to explore the solar system. A space probe is an uncrewed 
vehicle that carries scientific instruments to planets or other bodies in space. Unlike 
satellites, which stay in Earth orbit, space probes travel away from the Earth. Space 
probes are valuable because they can complete missions that would be very dangerous and 
expensive for humans to undertake.


A long-term orbiting platform in space is called a space station. Skylab, the United States’ 
first space station, was a science and engineering lab used to conduct a wide variety of 
scientific studies. These studies included experiments in biology and space manufacturing 
and astronomical observations. Three different crews spent a total of 171 days on Skylab 
before it was abandoned. In 1986, the Soviets began to launch the pieces for a much more 
ambitious space station called Mir (meaning “peace”). Astronauts on Mir conducted 
a wide range of experiments, made many astronomical observations, and studied 
manufacturing in space. After 15 years, Mir was abandoned and it burned up in the Earth’s 
atmosphere in 2001.


The International Space Station (ISS) was constructed by Russia, the United States, and 
14 other countries. Construction of the ISS began in 1998, and the first crew boarded in 
2000. Since then, rotating crews of scientists have been conducting experiments.
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III-A(3) Earth and Space Science


STANDARD PRAcTIcE


1 


 A Reflecting telescope


 B Gamma ray telescope


 c Radio telescope


 D Refracting telescope


2 


 A It reduces expense by making 
shorter trips with a small crew.


 B It increases the ability of a small 
crew to gather information.


 c It increases the ability to take 
longer trips and gather 
information with no crew.


 D It reduces the number of 
exploratory trips that are 
necessary.


3 Both the Viking and Pathfinder 
missions allowed scientists to gather 
information about Mars. These space 
probes sent detailed images back to 
Earth that helped scientists make new 
discoveries about the red planet.


  


 A Massive flood waters once flowed 
across Mars.


 B Life existed on Mars in the recent 
past.


 c Mars was once colder and drier 
than it is now.


 D Earth and Mars have always been 
very different.


4 


 A Telescope


 B Thermometer


 c Binoculars


 D Microscope


What type of telescope uses lenses 
to gather and focus light from 
distant objects?


What is the value of using a space 
probe for exploration?


What was the most important 
discovery the pictures revealed?


Sam is planning an investigation of 
the stars visible from his back yard. 
Which instrument would help Sam 
be most successful with his 
observations?
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III-A(4) Earth and Space Science


Describe the key observations that led to the acceptance of the Big Bang theory and that the 
age of the universe is over 10 billion years.


III-A(5) Earth and Space Science 
Explain how objects in the universe emit different electromagnetic radiation and how this 
information is used. 


I-B(5) Nature of Science
Examine investigations of current interest in science (e.g., superconductivity, molecular 
 machines, age of the universe).


STANDARD REVIEW


The Big Bang theory is the widely accepted explanation for the formation of the universe. 
According to the theory, about 14 billion years ago, all matter and energy in the universe 
was compressed into an extremely small volume. An explosion of this matter and energy in 
all directions formed our expanding universe. 


The Big Bang theory was first proposed because of observations of the Doppler effect of 
stars in distant galaxies. The Doppler effect is the apparent shift in the wavelength of a star 
toward or away from Earth. Astronomer Edwin Hubble using the world’s largest telescope 
at the time, the Hooker telescope, observed that stars in distant galaxies had red shifts, 
meaning that they were moving away from our galaxy. He developed Hubble’s law, which 
states that distant galaxies are moving away at speeds proportional to their distance from 
Earth. Hubble’s law supports the idea of an expanding universe and the Big Bang theory. 


Another facet of the Big Bang theory is that during the Big Bang, the universe would 
have been very hot and that as the universe expanded, it cooled. As the universe cooled, 
hydrogen and helium gases began to form. Scientists are not sure how the first galaxies and 
stars formed, but gravity may have caused small clouds of dust and gas to come together 
to form both. Or, huge clumps of matter may have broken into smaller clouds of dust and 
gas. Scientists do know, however, that the force of gravity holds together the stars, dust, 
and gases that make up the countless galaxies in the universe.
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STANDARD PRAcTIcE


1 The Big Bang theory says that the 
universe was once an extremely small, 
compressed volume of energy and mass.


  


 A 1 second


 B 380,000 years


 c 3 minutes


 D 1 billion years


2 


 A 1 second


 B 380,000 years


 c 3 minutes


 D 1 billion years


3 


 A Cosmology


 B Expansion


 c Gravity


 D Red shift


4 The Big Bang theory was first 
proposed because of observations of 
the Doppler effect of stars in distant 
galaxies.


  


  


How long after the Big Bang is it 
estimated that the first hydrogen 
nuclei formed?


How long after the Big Bang is it 
estimated that the first stable atoms 
began forming?


What force binds galaxies together?


A What is the Doppler effect?


B Describe how Hubble’s law relates 
to the Doppler effect of stars in 
distant galaxies.


III-A(4), III-A(5) Earth and Space Science


FIGURE 1: TEMPERATURE AND TIME AFTER THE BIG BANG
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III-A(6) Earth and Space Science


Describe how stars are powered by nuclear fusion, how luminosity and temperature indicate 
their age, and how stellar processes create heavier and stable elements that are found  
throughout the universe.


STANDARD REVIEW


Almost 100 years ago, the astronomers Hertzsprung and Russell began making scatter-
plot graphs that compared the luminosity of a star with its surface temperature. These 
efforts resulted in the Hertzsprung-Russell diagram. On this diagram, stars are not evenly 
distributed. Instead, many follow a waved line called the main sequence. The separate 
cluster of stars found above and to the right of the main sequence are giants.


Scientists have concluded that stars in the main sequence of a Hertzsprung-Russell diagram 
create heat and light by fusing hydrogen into helium. They predict that stars close to the 
mass of our Sun can continue in their hydrogen-fusion stage for 10 billion years. More 
massive stars have shorter lives, and stars that are less massive than the Sun have longer 
lives and tend to be found at the lower right of the diagram.


When almost all the hydrogen is used up in a star about the size of the Sun, its core  
contracts. Hydrogen fusion continues in the outer shell as it expands and cools. These  
stars begin to glow with a reddish color and are known as giants. Stars that are more 
massive than the Sun grow even larger than giants. They often become 100 or more times 
larger than the sun. Some stars, like Betelgeuse, grow to 1,000 times greater than the size  
of the Sun. However, because their surface areas have expanded, their surface temperatures 
are relatively cool. 


When a star cannot create any more energy by fusion, it will shrink. Scientists predict that 
stars that have a mass close to the Sun’s will shrink until they are about the size of Earth. 
These stars, now called white dwarfs, will cool down over billions of years and fade. 


HERTzsPRUNG-RUssEll DIAGRAM
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STANDARD PRAcTIcE


1 


 A It is hotter and fainter, and has a 
lower luminosity than other stars. 


 B It is cooler and fainter, and has a 
lower luminosity than other stars.


 c It is hotter and brighter, and has a 
higher luminosity than other stars.


 D It is cooler and brighter, and has a 
higher luminosity than other stars.


2 


 A Shape and color


 B Temperature and luminosity


 c Age and size


 D Mass and distance from Earth


3 


 A Red dwarf


 B Red giant


 c White dwarf


 D Main sequence


4 The Sun is a main sequence star.


  


  


What is true about the star 
Betelgeuse?


What two properties of stars does a 
Hertzsprung-Russell diagram 
compare?


A star is hot and has a low 
luminosity. How would you classify 
the star?


A Compare the length of the life 
cycles of stars that are more massive 
and less massive than the Sun.


B What will happen to the Sun 
when almost all of its hydrogen is 
used up?


III-A(6) Earth and Space Science
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Examine the role that New Mexico research facilities play in current space exploration  
(e.g., Very Large Array, Goddard Space Center)


I-B(5) Nature of Science
Examine investigations of current interest in science (e.g., superconductivity, molecular 
 machines, age of the universe).


STANDARD REVIEW


New Mexico’s vast expanses of open land, its altitude, and its generously sunny climate 
have made it attractive for a wide variety of space-related activities and museums. 


Very Large Array Among the most well-known of New Mexico’s space endeavors is the 
National Radio Astronomy Observatory at Socorro, New Mexico. Radio astronomy is 
the study of extraterrestrial objects that emit radio waves. At the heart of the observatory 
stands the Very Large Array (VLA), one of the world’s most important astronomical radio 
observatories. The array consists of 27 dish antennas that work together to capture radio 
waves as if  they were a single instrument. Each antenna dish is 25 meters in diameter. 
However, when the data from the antennas are combined electronically, the resulting data 
is as sensitive as if  it came from a dish more than five times in size. 


Many people think the VLA is listening to sounds from space. It’s not. Sound consists 
of vibrations in matter, and it cannot travel through a vacuum. In contrast, radio waves, 
like all other electromagnetic waves, can travel through a vacuum. Just as photographic 
film records the different amounts of light coming from different parts of the scene 
viewed by a camera’s lens, radio telescope systems record the different amounts of radio 
emissions coming from the areas of the sky they observe. After a computer processes this 
information, astronomers make a picture. 


Astronomers using the VLA radio telescope have gained insights concerning the nature 
of the most distant object ever observed in the universe—a gigantic stellar explosion 
known as a Gamma Ray Burst (GRB). The explosion occurred more than 13 billion light-
years from Earth, when the Universe was very young and going through drastic changes. 
Through data from the VLA, scientists suspect that the very first stars in the universe were 
brighter, hotter, and more massive that stars that formed later. They will use information 
about GRBs to see whether their hypothesis is correct. 


Goddard Rocket and Space Museum Nearly a hundred years ago, Goddard patented 
designs for a rocket that uses liquid fuel and for a two- or three-stage rocket that uses solid 
fuel. Goddard’s early work in rockets is to space travel what the Wright brothers’ work in 
airplanes is to modern air travel. Goddard’s “firsts” include showing that rocket propulsion 
could send payloads to the moon, proving that a rocket will work in a vacuum, and 
developing a liquid-fuel rocket. 


III-A(7) Earth and Space Science
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STANDARD PRAcTIcE


1 


 A Sounds from space


 B Radio transmissions


 c Radio waves


 D Telescope data


2 


 A Giant stellar explosions called 
GRBs


 B Hydrogen distribution and density


 c Black holes


 D Cosmic microwave background 
radiation


3 Robert Goddard thought that 
Newton’s third law of motion held the 
key to rocket travel in space.


  


  


What kind of data does the VLA 
collect?


What kind of data will astronomers 
use to determine if  the very first 
stars in the universe were brighter, 
hotter, and more massive that stars 
that formed later?


A What is Newton’s third law?


B How does it apply to space travel? 


III-A(7) Earth and Space Science


Goddard thought that Newton’s third law—for every action there is always an equal 
reaction—was key to sending rockets into space and allowing them to travel through a 
vacuum. Motion could come from the fuel as it is accelerates out the back of the rocket 
(the action) and forces the rocket to move forward (the reaction). Goddard proposed that 
this offered a means to send a man to the moon. The newspapers of the day and much of 
the scientific community laughed at him and gave him the nickname “Moon Man.” From 
then on, he worked virtually alone and tended to keep his work private. 


Goddard conducted most of his early work at eastern universities, but he moved to 
Roswell, New Mexico, in 1930. The area’s sparse population allowed Goddard and his 
team to work in near isolation and secrecy for a dozen years. 


The Goddard Rocket and Space Museum houses an extensive collection of Goddard 
memorabilia including his missile and rocket collection. Visitors to the museum can walk 
through a replica of his workshop and wonder at what Robert Goddard used to create his 
rocketry. Exhibits include a scaled replica of his first successful liquid-fueled rocket, as well 
as his tools and original equipment. 
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Describe the characteristics and the evolution of Earth in terms of the geosphere, the  
hydrosphere, the atmosphere, and the biosphere.


I-B(3) Nature of Science
Understand how new data and observations can result in new scientific knowledge.


STANDARD REVIEW


Scientists who study the origins of life think that the path to the development of living 
things began when molecules of nonliving matter reacted chemically during the first billion 
years of Earth’s history. These chemical reactions produced many different simple, organic 
molecules. Energized by the sun and volcanic heat, these simple, organic molecules formed 
more complex molecules that eventually became the building blocks of the first cells.


In the 1920s, the Russian scientist A. I. Oparin and the British scientist J. B. S. Haldane 
both suggested that the early Earth’s oceans contained large amounts of organic 
molecules. This hypothesis became known as the primordial soup model. Earth’s vast 
oceans were thought to be filled with many different organic molecules. Oparin and 
Haldane hypothesized that these molecules formed spontaneously in chemical reactions 
activated by energy from solar radiation, volcanic eruptions, and lightning.


In 1953, the primordial soup model was tested by Stanley Miller and Harold Urey. Miller 
placed the gases that he and Urey proposed had existed on early Earth into a device made 
up of glass tubes and vessels. To simulate lightning, he provided electrical sparks. After 
a few days, Miller found a complex collection of organic molecules, including some of 
life’s basic building blocks: amino acids, fatty acids, and other hydrocarbons. These results 
support the hypothesis that some basic chemicals of life could have formed spontaneously 
under conditions like those in the experiment.


Scientists have reevaluated the Miller-Urey experiment in light of the fact that we now 
know that four billion years ago, Earth did not have a protective layer of ozone gas, O3. 
Without ozone, ultraviolet radiation would have destroyed any ammonia and methane 
present in the atmosphere.


In 1986, the geophysicist Louis Lerman suggested that the key processes that formed the 
chemicals needed for life took place within bubbles beneath the ocean’s surface. In this 
bubble model, he proposed that ammonia, methane, and other gases resulting from the 
numerous eruptions of undersea volcanoes were trapped in underwater bubbles. Inside 
the bubbles, these gases might have been protected from damaging ultraviolet radiation 
and could have undergone chemical reactions. Eventually, the bubbles rose to the surface 


III-B(1) Earth and Space Science– 
CHARACTERISTICS AND  


EVOLUTION OF EARTH
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STANDARD PRAcTIcE
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1 American scientists Stanley Miller and 
Harold Urey used an apparatus similar 
to the one in the diagram to simulate 
how life could have formed on Earth. 
The apparatus contained hydrogen gas, 
water vapor, ammonia, and methane. 
These gases were subjected to a spark, 
to simulate lightning. They found that 
organic molecules could form from the 
inorganic gases. Their theory of how 
life began, however, did not hold up 
under further testing.


  


 A There was no lightning in Earth’s 
early atmosphere.


 B Ammonia and methane were not 
in the early atmosphere.


 c The chemicals used in the 
experiment were contaminated.


 D Organic molecules already existed 
before the atmosphere formed.


2 


 A Scientists think that life could not 
have developed through natural 
chemical and physical processes.


 B The experiment proved that 
methane and ammonia will always 
give rise to organic molecules in 
any circumstance.


 c Scientists think it is possible that 
organic compounds formed from 
the inorganic compounds present 
on Earth billions of years ago.


 D The experiment used the exact 
inorganic compounds present on 
Earth billions of years ago and 
left little doubt about the 
mechanism of early life.


3 The bubble model states that that the 
key processes that formed the 
chemicals needed for life took place 
within bubbles beneath the ocean’s 
surface.


  


What crucial fact did they not have 
when they conducted their experiment?


The Miller-Urey experiment showed 
that, under certain conditions, 
organic compounds could form 
from inorganic molecules. What is 
one consequence of this experiment?


What important role did bubbles 
play according to the bubble model?


and burst, releasing simple organic molecules into the air. In the air, the simple organic 
molecules were exposed to ultraviolet radiation and lightning, which provided energy for 
further reactions. The more complex organic molecules that formed fell into the ocean with 
rain, starting another cycle.


III-B(1) Earth and Space Science
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Recognize that radiometric data indicate that Earth is at least 4 billion years old and that 
Earth has changed during that period.


I-A(8) Science and Society
Describe the uses of radioactivity (e.g., nuclear power, nuclear medicine, radiometric dating).


STANDARD REVIEW


Radioactive isotopes are atoms that emit particles and energy at a constant rate. This 
process is called decay. The original isotope, or parent isotope, decays into a new isotope, 
or daughter isotope. Different radioactive atoms have different rates at which they 
decompose.


Rocks contain small amounts of radioactive material. This material decays within the rock 
at a constant rate. Scientists can measure the concentrations of the parent isotope and the 
daughter isotope and compare these concentrations to the decay rate of this radioactive 
material.


A radioactive material’s half-life is the amount of time for one-half  of the parent isotope 
to convert to the daughter isotope. Decay rates vary in different isotopes but are always the 
same for the same isotope.


The isotope carbon-14, 14C, is often used to date organic material, like wood, bones, and  
shells. It has a relatively short half-life, so it is best used for dating materials that are less 
than 70,000 years old.


Radiometric Dating Methods


Radiometric 
 dating method


Parent 
isotope


Daughter isotope Half-life
Effective  


dating range


Radiocarbon  
dating


carbon-14, 14C nitrogen 14, 14N 5,730 years
less than  


70,000 years


Argon-argon 
 dating, 39Ar/40Ar 


potassium-40, 40K 
irradiated to form 
argon-39, 39Ar


argon-40, 40Ar 1.25 billion years
10,000 to  


4.6 billion years


Potassium-argon 
 dating, 40K/40Ar


potassium-40, 40K argon-40, 40Ar 1.25 billion years
50,000 to  


4.6 billion years


Rubidium-strontium 
dating, 87Rb/87Sr


rubidium-87, 87Rb strontium-87, 87Sr 48.8 billion years
10 million to  


4.6 billion years


III-B(2)  Earth and Space Science– 
CHARACTERISTICS AND  
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III-B(2) Earth and Space Science


Uranium-lead  
dating, 235U/207Pb


uranium-235, 235U lead-207, 207Pb 704 million years
10 million to  


4.6 billion years


Uranium-lead  
dating, 238U/206Pb


uranium-238, 238U lead-206, 206Pb 4.5 billion years
10 million to  


4.6 billion years


Thorium-lead  
dating


thorium-232, 232Th lead-208, 208Pb 14.0 billion years
greater than  


200 million years


STANDARD PRAcTIcE


1 


 A Carbon-14


 B Potassium-40


 c Rubidium-87


 D Uranium-238


2 


 A 70,000 years


 B 10 million years


 c 700 million years


 D 14 billion years


3 


 A Radiocarbon dating


 B Thorium-lead dating


 c Uranium-lead dating


 D Potassium-argon dating


4 


 A 5,000 years


 B 10,000 years


 c 20,000 years


 D 25,000 years


5 


A scientist wants to use radiometric 
dating to determine the age of a 
tree. Which isotope would be most 
useful in determining the tree’s age?


A scientist has found an object with 
traces of uranium-235 and lead-207. 
If  there are equal amounts of the 
two isotopes in the object, about 
how old is this object?


Which of the following methods 
would be best for finding the age of 
rocks that are about 1 million years 
old?


A sample of 100 grams of 
carbon-14 has decayed to 25 grams 
of carbon-14. About how long has 
this process taken?


Scientists have determined that 
Earth is over 4 billion years old. 
Which isotope did they most likely 
use to make this determination? 
Explain.
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III-B(3) Earth and Space Science– 
CHARACTERISTICS AND  


EVOLUTION OF EARTH


Describe the internal structure of Earth (e.g., core, mantle, crust) and the structure of 
Earth’s plates.


I-B(6) Nature of Science
Examine the scientific processes and logic used in investigations of past events (e.g., using 
data from crime scenes, fossils), investigations that can be planned in advance but are only 
done once (e.g., expensive or time-consuming experiments such as medical clinical trials), and 
investigations of phenomena that can be repeated easily and frequently. 


STANDARD REVIEW


Direct observation of Earth’s interior has been limited to the upper few kilometers that 
can be reached by drilling. Scientists must rely on indirect methods to study Earth at  
greater depths. For example, scientists have made important discoveries about Earth’s  
interior through studies of seismic waves. Seismic waves are vibrations that produce  
earthquakes. By studying how these waves travel through Earth, scientists have determined 
that Earth is made up of three major compositional zones and several structural zones.


The thin, solid, outermost zone of Earth is called the crust. The crust makes up only 1% 
of Earth’s mass. The crust beneath the oceans is called oceanic crust. Oceanic crust is only 
5 to 10 km thick. The part of the crust that makes up the continents is called continental 
crust. Continental crust varies from 15 to 80 km thick. It is thickest beneath high mountain 
ranges.


The mantle, the layer under the crust, is denser than the crust. The mantle is nearly  
2,900 km thick and makes up almost two-thirds of Earth’s mass. The uppermost part of 
the mantle is cool and brittle. This part of the mantle and the crust above it make up the 
lithosphere, a rigid layer 15 to 300 km thick. Below the lithosphere is a less rigid layer 
called the asthenosphere. It is about 200 km thick. Because of enormous heat and pressure, 
the solid rock of the asthenosphere flows. The ability of a solid to flow is called plasticity. 


Beneath the mantle is the dense, center layer of Earth, called the core. The core is 
composed mainly of iron and nickel. It is divided into the liquid outer core and the solid 
inner core. The inner and outer core together make up nearly one-third of Earth’s mass.
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STANDARD PRAcTIcE


1 


 A Asthenosphere


 B Lithosphere


 c Inner core


 D Outer core


2 


 A Asthenosphere


 B Lithosphere


 c Inner core


 D Outer core


3 


 A Asthenosphere, inner core, 
lithosphere outer core


 B Inner core, outer core, lithosphere, 
asthenosphere


 c Inner core, outer core, 
asthenosphere, lithosphere


 D Outer core, inner core, lithosphere, 
asthenosphere 


4 Scientists cannot study Earth’s interior 
directly.


  


  


When construction workers dig into 
the ground, which structural zone 
of Earth’s geosphere are they 
digging in?


Which structural zone of Earth’s 
interior have scientists concluded is 
liquid?


Which of the following correctly 
lists Earth’s structural zones from 
deepest to shallowest?


A How are scientists able to 
determine the composition and  
size of Earth’s layers?


B Identify the three major 
compositional zones of Earth.


III-B(3) Earth and Space Science
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III-B(4) Earth and Space Science– 
CHARACTERISTICS AND  


EVOLUTION OF EARTH


Understand the changes in Earth’s past and the investigative methods used to determine 
geologic time, including: rock sequences, relative dating, fossil correlation, and radiometric 
dating; geologic time scales, historic changes in life forms, and the evidence for absolute ages 
(e.g., radiometric methods, tree rings, paleomagnetism).


I-B(6) Nature of Science
Examine the scientific processes and logic used in investigations of past events (e.g., using 
data from crime scenes, fossils), investigations that can be planned in advance but are only 
done once (e.g., expensive or time-consuming experiments such as medical clinical trials), and  
investigations of phenomena that can be repeated easily and frequently. 


STANDARD REVIEW


Using a few basic principles, scientists can determine the order in which rock layers 
formed. Once they know the order, a relative age can be determined for each rock layer. 
Relative age indicates that one layer is older or younger than another layer but does 
not indicate the rock’s age in years. To determine relative age, scientists usually study 
sedimentary rocks, using the law of superposition to determine the relative ages of the 
rocks. The law of superposition states that an undisturbed sedimentary rock layer is older 
than the layers above it and younger than the layers below it.


Relative age indicates only that one rock layer is younger or older than another rock layer. 
Scientists often need to determine the numeric age, or absolute age, of rocks. Some rocks 
contain small amounts of radioactive material that can act as natural clocks. Atoms of 
the same element that have different numbers of neutrons are called isotopes. Radioactive 
isotopes have nuclei that emit particles and energy at a constant rate. Scientists use 
this breakdown of isotopes to measure the absolute age of rocks. The method of using 
radioactive decay to measure absolute age is called radiometric dating.


Scientists can use fossils to determine the ages of rock layers. Fossils that occur only in 
rock layers of a particular geologic age are called index fossils. To be an index fossil, a 
fossil must first be present in rocks scattered over a large region. Second, it must have 
features that distinguish it from other fossils. Third, the organisms from which the fossil 
formed must have lived during a short span of geologic time. Fourth, the fossil must occur 
in fairly large numbers within the rock layer.
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STANDARD PRAcTIcE


1 


 A A rock layer is younger than the 
rock layer below it.


 B A rock layer is older than the 
fossils it contains.


 c A rock layer is younger than the 
fossils it contains.


 D The relative age of a rock layer is 
determined by using radioactive 
decay.


2 


 A A girl is younger than her brother 
but older than her sister.


 B A boy was born before the last 
presidential election.


 c A girl is 14 years old.


 D A boy is younger than 17, but 
older than 14.


3 


 A To find the relative ages of rock


 B To find the absolute ages of rock


 c To determine the climate during a 
certain era


 D To identify the types of fossils in 
the rock


4 The Fossil in Rock Layers diagram 
shows fossils found at three different 
sites. Layer A contains an index fossil 
of the trilobite Phacops. 


  


  


What can scientists conclude about 
the relative age of rocks when 
studying undisturbed rock layers?


Which is an example of absolute age?


Why would a scientist use radiometric 
dating in a laboratory investigation?


A What can you conclude about 
rocks in Layer A at all three sites?


B What can you conclude about the 
relative ages of the fossils in Layer 
A and Layer C? Explain.


III-B(4) Earth and Space Science


FossIls IN Rock lAyERs


Scientists can use index fossils to determine the ages of specific rock layers. Because 
organisms that formed index fossils lived during short spans of geologic time, the rock 
layer in which an index fossil was discovered can be dated accurately.
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Explain plate tectonic theory and understand the evidence that supports it.


I-A(5) Nature of Science
Understand how scientific theories are used to explain and predict natural phenomena  
(e.g., plate tectonics, ocean currents, structure of atom).


I-A(10) Science and Society
Describe major historical changes in scientific perspectives (e.g., atomic theory, germs, 
 cosmology, relativity, plate tectonics, evolution) and the experimental observations that 
 triggered them. 


STANDARD REVIEW


The concept of plate tectonics evolved over the course of the 20th century. German 
scientist Alfred Wegener first proposed the idea of continental drift in 1912. He used 
fossils as evidence to support his hypothesis, showing that the same species often lived on 
separate continents. Other evidence that helped support Wegener’s hypothesis came from 
the alignment of mountains on different continents and fossils showing climatic changes.


Decades later, scientists studying the Mid-Atlantic Ridge found evidence indicating that 
rocks closer to the ridge are younger than rocks farther from the ridge. Scientists also 
learned that the ocean floor is very young. In the late 1950s, a geologist named Harry Hess 
suggested a new hypothesis. He suggested that magma from deep inside Earth rises to fill 
the crack in the center of a mid-ocean ridge. As the ocean floor moves away from the ridge, 
rising magma cools and solidifies to form new rock that replaces the ocean floor. This 
process is called sea-floor spreading. Hess suggested that if  the ocean floor is moving, the 
continents might be moving, too.


sEA FlooR IN MID-ATlANTIc ocEAN


Mid-ocean ridge


0


Age of sea floor (in millions of years)
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III-B(5) Earth and Space Science– 
CHARACTERISTICS AND  


EVOLUTION OF EARTH
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III-B(5) Earth and Space Science


STANDARD PRAcTIcE


1 


 A They are about the same age as 
rocks found farther from the 
ridge.


 B They are older than rocks found 
farther from the ridge.


 c They formed more recently than 
rocks farther from the ridge.


 D They are more likely to have been 
formed by earthquakes.


2 


 A Earthquakes


 B Fossilization


 c Magnetic reversal


 D Sea-floor spreading


3 


 A In the asthenosphere


 B At the mid-ocean ridge


 c Above the oceanic lithosphere


 D Within the continental lithosphere


4 


What can you conclude about rocks 
found in the center of a mid-ocean 
ridge?


Wegener thought that the continents 
moved by plowing through the rock 
of the ocean floor. Which process, 
found after Wegener’s time, helped 
scientists find out how the 
continents actually move?


Where do convection currents 
occur?


How do convection currents cause 
the motion of tectonic plates in 
Earth’s mantle?


By the 1960s, scientists had developed the theory of plate tectonics. This theory states that 
Earth’s crust and rigid upper mantle form the lithosphere. The lithosphere is divided into 
huge slabs of rocks called tectonic plates. The lithosphere lies above the asthenosphere. 
The solid rock of the asthenosphere flows very slowly because of density differences 
caused by the outward flow of heat from deep within Earth. When rock is heated, it 
expands, becomes less dense, and tends to rise to the surface of Earth. As the rock gets 
near the surface, it cools, becomes denser, and tends to sink. This process is called a 
convection current. Convection currents cause the slow movement of tectonic plates in the 
lithosphere.
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Know that Earth’s systems are driven by internal (i.e., radioactive decay and gravitational 
energy) and external (i.e., the sun) sources of energy.


STANDARD REVIEW


A dynamic system, such as our planet’s, requires energy to continue functioning. Most of 
the energy that drives Earth’s systems is heat released by nuclear reactions. Some of this 
heat is generated internally, deep inside the planet. Other energy enters Earth’s systems 
from an external source, the Sun.


The nuclear energy produced deep inside Earth is released by the splitting of the nuclei 
of heavy atoms to form lighter atoms. This splitting of the nucleus of a large atom into 
two or more smaller nuclei is called nuclear fission. The products of fission have slightly 
less mass than the original nucleus. This difference in mass is converted to energy, which 
heats the interior of Earth. When Earth formed about 4.6 billion years ago, its interior was 
heated by radioactive decay and gravitational contraction. Since that time, the amount of 
heat generated by radioactive decay has declined. But the decay of radioactive atoms still 
generates enough heat to keep Earth’s interior hot. Earth’s interior also retains much of 
the energy from the planet’s formation.


In order for the life-supporting processes on Earth to continue operating for billions of 
years, energy must be added to the Earth system. Earth’s most important external energy 
source is the Sun. Solar radiation warms Earth’s atmosphere and surface. All of the energy 
that reaches Earth from the Sun is produced by a kind of nuclear reaction, called nuclear 
fusion. During nuclear fusion, the nuclei of hydrogen atoms combine to form larger nuclei 
of helium. This process releases energy. Fusion reactions occur only at temperatures of 
more than 15,000,000ºC.


Nuclei of hydrogen atoms are the primary fuel for the Sun’s fusion. A hydrogen atom, the 
simplest of all atoms, commonly consists of only one electron and one proton. Inside the 
Sun, however, electrons are stripped from the protons by the Sun’s intense heat. Some of 
these protons are converted to neutrons when the proton emits a particle called a positron 
and produces energy. In a series of steps, two protons and two neutrons combine to form 
a helium nucleus. The helium nucleus has about 0.7% less mass than the hydrogen nuclei 
that combined to form it. The lost mass is converted into energy during the series of fusion 
reactions that form helium. The energy released during nuclear fusion causes the Sun to 
shine and gives the Sun its high temperature. The Sun changes more than 600 million tons 
of hydrogen into helium every second. Yet this amount of hydrogen is small compared 
with the total mass of hydrogen in the Sun.


III-B(6) Earth and Space Science– 
ENERGY IN EARTH’S SYSTEM
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STANDARD PRAcTIcE


1 


 A Gravitational energy and wind


 B Convection and solar radiation


 c Radioactive decay and convection


 D Solar radiation and gravitational 
energy


2 


 A Geothermal energy


 B Nuclear fusion


 c Solar energy


 D Nuclear fission


3 


 A Hydrogen is not readily available 
on Earth.


 B Conditions in the Sun’s core are 
not easily reproduced on Earth.


 c Scientists do not fully understand 
how hydrogen becomes helium. 


 D Scientists are afraid of the 
consequences of creating too 
much helium.


4 The Sun is the major external source of 
energy on Earth. The enormous 
pressure and heat in the Sun’s core 
converts matter into energy that is 
essential for life on Earth.


  


  


What are two external sources of 
energy on Earth?


What process releases energy when 
the nucleus of a large atom breaks 
apart to form two smaller nuclei?


The Sun releases energy by a process 
of turning hydrogen into helium. 
Why don’t we fuse hydrogen to 
create energy on Earth?


A How does the Sun convert matter 
into energy?


B Why does fusion occur in the 
Sun’s core but not in other layers?


III-B(6) Earth and Space Science
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III-B(7) Earth and Space Science– 
ENERGY IN EARTH’S SYSTEM


Describe convection as the mechanism for moving heat energy from deep within Earth to the 
surface and discuss how this process results in plate tectonics, including: geological manifesta-
tions (e.g., earthquakes, volcanoes, mountain building) that occur at plate boundaries; impact 
of plate motions on societies and the environment (e.g., earthquakes, volcanoes).


STANDARD REVIEW


When Earth formed about 4.6 billion years ago, its interior was heated by radioactive  
decay and gravitational contraction. Since that time, the amount of heat generated by 
radioactive decay has declined. But the decay of radioactive atoms still generates enough 
heat to keep Earth’s interior hot. Earth’s interior also retains much of the energy from the 
planet’s formation.


Because Earth’s interior is warmer than its surface layers, hot materials move toward the 
surface in a process called convection. As material is heated, its density decreases, and the 
hot material rises and releases heat. Cooler, denser material sinks and displaces the hot  
material. As a result, the heat in Earth’s interior is transferred through the layers of Earth 
and is released at Earth’s surface. On a large scale, this process drives the motions in the 
surface layers of the geosphere that create mountain ranges and ocean basins.


coMMoN RADIoAcTIvE IsoToPEs oF EARTH’s INTERIoR


Isotopes Half-life
potassium-40 1.2 billion years


thorium-232 14 billion years


uranium-235 700 million years


uranium-238 4.5 billion years
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III-B(7), III-B(8) Earth and Space Science


STANDARD PRAcTIcE


1 


 A Potassium-40


 B Thorium-232


 c Uranium-235


 D Uranium-238


2 


 A Potassium-40


 B Thorium-232


 c Uranium-235


 D Uranium-238


3 


 A Earth’s interior retains little of the 
heat produced during Earth’s 
formation.


 B Radioactive decay occurs at a 
higher rate now than it did during 
Earth’s formation.


 c Radioactive decay has decreased 
since Earth’s formation but still 
heats Earth’s interior.


 D Earth’s interior was once heated 
by radioactive decay but is now 
heated by gravitational 
contraction.


4 


A radioactive isotope has a half-life 
of 14 billion years. Which isotope  
is it?


Which radioactive isotope in Earth’s 
interior takes the longest to decay?


Which of the following statements 
regarding Earth’s interior is true?


Ocean basins form as continents 
spread apart. How do radioactive 
isotopes play a role in this process?


© Houghton Mifflin Harcourt Publishing Company


146 New Mexico Standards Review


11_CNMETP747293_ES_121-157.indd   146 7/14/11   8:13:07 AM







GO ON


Name  Date 
E


arth
 an


d
  


S
p


ace S
cien


ce


Describe the patterns and relationships in the circulation of air and water driven by the sun’s 
radiant energy, including: patterns in weather systems related to the transfer of energy; 
 difference between climate and weather; global climate, global warming, and the greenhouse 
effect; El Niño, La Niña, and other climatic trends.


STANDARD REVIEW


Large masses of air move through the atmosphere by convection due to differences in  
pressure. Uneven heating of Earth by the Sun’s energy creates these differences in air  
pressure. The equator receives more direct solar energy than other latitudes, so air at the 
equator is warmer and less dense than the surrounding air. This warm, less dense air 
rises and flows toward the poles. Air cools as it moves away from the equator. When it is 
cooler and denser than the surrounding air, it sinks. The warm air that is pushed upward 
continues toward the poles. Cold polar air then flows back toward the equator. These large 
convection currents affect climate around the planet.
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4 As Carlotta was walking home from school, she noticed that the air was hotter above the 
concrete road than it was above the grass. By what process is thermal energy transferred 
from the concrete to the air?


F. conduction
G. convection
H. diffusion
I. radiation


5 When Josh and his family went to the beach, they were amazed by how much cooler the air 
was at the seashore than the air was a few miles inland. Which of the following statements 
explains why there is usually a cool breeze at the seashore?


A. The air coming from land is cooler during the daytime.
B. The warm air from the land creates a high pressure system.
C. The warm air from the ocean creates a low pressure system.
D. The air coming from the ocean is cooler during the daytime.


6 The map below shows the locations of low- and high-pressure belts across 
North America and South America.


What causes the formation of high-pressure belts?
F. the rising and warming of cool air
G. the rising and cooling of warm air
H. the sinking and warming of cool air
I. the sinking and cooling of warm air
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Low
Pressure
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Pressure
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Uneven heating of Earth by the Sun’s energy creates differences in air pressure that 
power the flow of air between the equator and the poles. Smaller convection currents 
are also caused by differences in heating in the atmosphere that create areas of high and 
low pressure. Areas that have lower pressure than their surroundings are called cyclones. 
Cyclones are areas in which air masses come together, or converge, and rise. Areas that 
have high pressure are called anticyclones. Anticyclones are areas where air moves apart, 
or diverges, and sinks. As the air in the center of a cyclone rises, it cools and forms clouds 
and rain. The rising air in a cyclone causes stormy weather. In an anticyclone, the air sinks. 
As the air sinks, it gets warmer and absorbs moisture. The sinking air in an anticyclone 
brings dry, clear weather.


III-B(8) Earth and Space Science– 
ENERGY IN EARTH’S SYSTEM
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STANDARD PRAcTIcE


1 


 A Earth’s rotation


 B Hurricanes


 c Wind


 D El Niño


2 


 A Combustion


 B Condensation


 c Conduction


 D Convection


3 


 A Wind


 B Air pressure


 c Solar energy


 D Greenhouse gases


4 The Sun’s energy creates pressure 
differences in Earth’s atmosphere.


  


  


What is the source of energy for 
surface currents?


By what process is energy transferred 
throughout the atmosphere?


What causes the air at the equator 
to be warmer and less dense than 
surrounding air?


A Describe the flow of cold polar 
air when high pressure areas are 
created around the poles.


B Describe the flow of warm 
tropical air when low pressure areas 
are created near the equator.


III-B(8) Earth and Space Science


Climate is also affected by heat that is transferred from place to place by surface currents. 
Surface currents are wind-driven currents in the ocean. They moderate the climate of 
nearby land masses. For example, warm surface currents flow toward the poles and 
carry warm, equatorial waters to higher latitudes. Coastal areas near these warm surface 
currents tend to have warmer climates than areas farther inland at the same latitude. Cold 
surface currents flow from higher latitudes toward the equator and carry cold waters to 
tropical regions. Areas near these cold surface currents have cooler climates than areas 
farther inland at the same latitude.
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Know that Earth’s system contains a fixed amount of natural resources that cycle among 
land, water, the atmosphere, and living things (e.g., carbon and nitrogen cycles, rock cycle, 
water cycle, ground water, aquifers).


STANDARD REVIEW


The Water cycle


The movement of water between the oceans,  
atmosphere, land, and living things is known as 
the water cycle. During evaporation, the Sun’s heat 
causes water to change from liquid to vapor. In the 
process of condensation, the water vapor cools and 
returns to a liquid state, forming droplets that make 
up clouds. The water that falls from the atmosphere 
to the land and oceans is precipitation. Some 
of the precipitation that falls on land flows into 
streams, rivers, and lakes and is called runoff. Some 
precipitation seeps into the ground and is stored in 
spaces between or within rocks. This water, known 
as groundwater, will slowly flow back into the soil, 
streams, rivers, and oceans.


The carbon cycle


Carbon is an essential substance in the 
fuels used for life processes. Carbon 
moves through the environment in a 
process called the carbon cycle. Part of 
the carbon cycle is a short-term cycle. 
In this short-term cycle, plants convert 
carbon dioxide from the atmosphere 
into sugars and starches. Plants use these 
substances for energy, releasing carbon 
dioxide into the air. Other organisms eat 
the plants to get the sugars and starches. 
Like plants, the organisms break down 
sugars for energy, releasing some of the 
carbon in them back into the air. The 
decay of dead organisms and wastes also 
releases carbon into the air. 


III-B(9) Earth and Space Science– 
GEOCHEMICAL CYCLES
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STANDARD REVIEW


1 


 A Cutting down rain forests could 
increase atmospheric carbon 
dioxide levels because trees that 
could take up carbon dioxide 
would be removed.


 B Destroying rain forest trees would 
cause carbon dioxide levels in the 
atmosphere to drop dangerously 
low.


 c Rain forest trees play no role in 
the carbon cycle because they are 
green all year long.


 D Rain forest destruction would 
cause only a small increase in 
carbon dioxide levels if  the roots 
were left to remove carbon dioxide 
from the air.


2 


 A Combustion


 B Decomposition


 c Erosion


 D Respiration


3 


 A Combustion


 B Condensation


 c Evaporation


 D Transpiration


4 


1 In the above simplified illustration of the water cycle, at what point does water vapor
gain energy?


A evaporation C precipitation


B condensation D transpiraton


2 Jason decided to conduct a field experiment on humidity. He complied his data in the
above table, which shows the predicted relative humidity and temperature for 4 days.
Based on this information, predict on which day the most condensation will form on
Jason’s window.


A Day 1 C Day 3


B Day 2 D Day 4


3 What conclusion can Jason make about the relationship between temperature and
humidity?


A The amount of water air can hold increases as temperature increases.


B The amount of water air can hold decreases as temperature increases.


C Air cannot hold water at any temperature.


D Temperature and humidity are unrelated.
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CHAPTER 24: WATER IN THE ATMOSPHERE


Directions: Read each question and choose the best answer. Then circle the letter for
the answer you have chosen.


Condensation


Precipitation Evaporation


Day Relative Humidity Temperature (˚C)
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Which statement best explains how 
destruction of tropical rain forests 
could affect the carbon cycle?


By what process is the carbon in 
fossil fuels released into the 
atmosphere?


The oceans are a key part of Earth’s 
water cycle. Which of the following 
processes in that cycle takes place 
largely over the oceans?


The figure below shows a simplified 
version of one of Earth’s 
biogeochemical cycles. Identify and 
briefly describe the cycle that is 
illustrated by the figure.


III-B(9) Earth and Space Science


Part of the carbon cycle is a long-term cycle in which carbon moves through the Earth 
system over a very long period. Carbon is stored in the geosphere in buried plant or 
animal remains. Fossil fuels, which contain carbon, formed from plant and animal remains 
that were buried millions of years ago. Carbon is also stored in a type of rock called a 
carbonate. Carbonate forms from shells and bones of once-living organisms.
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Describe the composition and structure of Earth’s materials, including: the major rock  
types (i.e., sedimentary, igneous, metamorphic) and their formation; natural resources  
(e.g.,  minerals, petroleum) and their formation.


STANDARD REVIEW


The rock cycle describes how rocks constantly change from one form to another. For 
example, a sedimentary rock can be weathered and eroded into sediments. The sediments 
can be exposed to high temperature and heat, forming a metamorphic rock. Alternatively, 
they can be buried and melted, and then cool and harden to form an igneous rock, or they 
can be compressed and cemented together to form another sedimentary rock. In this way, 
rocks are recycled and matter is conserved.


TablE 1 PROcESSES OF THE ROck cyclE
Sedimentary rock can change into a new sedimentary rock when sediments are weathered and 
eroded, and then compressed and cemented together.


Sedimentary rock can change into metamorphic rock under intense temperatures and pressure.


Sedimentary rock can change into igneous rock through melting and cooling.


Metamorphic rock can change into a sedimentary rock when sediments are weathered and eroded, 
and then compressed and cemented together.


Metamorphic rock can change into a new metamorphic rock under intense temperatures and 
pressure.


Metamorphic rock can change into igneous rock through melting and cooling.


Igneous rock can change into sedimentary rock when sediments are weathered and eroded, and 
then compressed and cemented together.


Igneous rock can change into metamorphic rock under intense temperatures and pressure.


Igneous rock can change into a new igneous rock through melting and cooling.


TABlE 2 cHART oF Rocks
Rock Type composition


Granite Igneous Quartz and feldspar


Basalt Igneous Feldspar, pyroxene, olivine


Gneiss Metamorphic Banded quartz and feldspar


Marble Metamorphic Metamorphized limestone


Limestone Sedimentary Calcite


Conglomerate Sedimentary Pieces of quartz and feldspar 
cemented together


III-B(10) Earth and Space Science– 
GEOCHEMICAL CYCLES
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STANDARD PRAcTIcE


1 


 A Quartz and feldspar melt and then 
cool.


 B Limestone is changed by intense 
heat and pressure.


 c Conglomerate is weathered and 
eroded.


 D Pyroxene and olivine melt and 
then cool.


2 


 A Granite


 B Conglomerate


 c Gneiss


 D Limestone


3 


 A Quartz


 B Feldspar


 c Calcite


 D Hornblende


4 The rock cycle describes how rocks 
change from one form to another.


  


  


Which of the following describes 
how granite forms?


Which rock is formed by calcite?


Which mineral is always found in 
marble?


A Describe how basalt forms.


B Describe how basalt can become 
a sedimentary rock.


III-B(10) Earth and Space Science
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Explain how layers of the atmosphere (e.g., ozone, ionosphere) change naturally and 
artificially.


I-A(7) Science and Society
Describe how human activities have affected the ozone in the upper atmosphere and how it 
affects health and the environment.


STANDARD REVIEW


Scientists monitor the effects of different pollutants and have identified a number of air 
pollutants that can harm the quality of the environment. This table shows several types of 
pollution that occur in the atmosphere, along with their sources and effects. In general, air 
pollution is a result of technological developments. Manufacturing and transportation are 
major sources of pollution.


Air pollutAnts


pollutant Description sources Effects


Carbon 
monoxide


Odorless, 
colorless, 
poisonous gas


Automobiles, 
small engines, and 
some industrial 
processes


Interferes with blood’s 
ability to carry oxygen; 
can cause death in high 
concentrations


Nitrogen oxides Form from 
nitrogen and 
oxygen during 
high-temperature 
combustion


Burning of fuels 
in automobiles, 
power plants, and 
industrial boilers


Can make body 
vulnerable to respiratory 
infection; contributes to 
haze and acid rain; can 
cause metal corrosion


Sulfur dioxide Produced 
by chemical 
interactions 
between sulfur 
and oxygen


Burning of fossil 
fuels in refineries, 
smelters, paper 
mills, and chemical 
plants


Contributes to acid 
rain; can harm plant 
life; irritates respiratory 
system


Volatile organic 
compounds


Organic chemicals 
that vaporize 
readily and 
produce toxic 
fumes


Automobiles, 
solvents, paints, 
glues, and burning 
fuels


Contribute to smog; can 
cause health problems; 
may harm plants


III-B(11) Earth and Space Science– 
GEOCHEMICAL CYCLES


© Houghton Mifflin Harcourt Publishing Company


153 New Mexico Standards Review


11_CNMETP747293_ES_121-157.indd   153 7/14/11   8:13:09 AM







GO ON


Name  Date 
E


ar
th


 a
n


d
  


S
p


ac
e 


S
ci


en
ce


STANDARD PRAcTIcE


1 


 A Nitrogen oxides and sulfur dioxide


 B Carbon monoxide and nitrogen oxides


 c Sulfur dioxide and volatile organic compounds


 D Carbon monoxide and volatile organic compounds


2 


 A Drastic changes in climate


 B Increased exposure to ultraviolet light


 c Warming of the atmosphere and oceans


 D Production of toxic chemicals in waterways


Which compounds play a role in acid rain formation?


What is one of the risks associated with damage to the ozone in the upper 
atmosphere?


III-B(11) Earth and Space Science


Currently, human activities release about 21 billion tons of carbon dioxide into the air 
each year. Research has shown that carbon dioxide pollution in the atmosphere has 
increased the average temperature of Earth. In the past 100 years, the average temperature 
in the United States has increased by about 0.7°C. This global warming may not sound like 
a lot, but it will significantly affect Earth’s climate. Changing weather patterns will bring 
droughts to some areas and floods to others. 


The ozone layer is essential to protect living things from ultraviolet radiation. In the 
mid-20th century, scientists detected a decrease in the amount of ozone. After many 
experiments, atmospheric scientists determined that the loss of ozone was due to free 
radicals of chlorine in the upper atmosphere. Because they are so reactive, free radicals 
can be harmful. Ultraviolet radiation from the sun breaks down chemicals called 
chlorofluorocarbons (CFCs), forming chlorine free radicals. Each of these free radicals can 
destroy tens of thousands of ozone molecules in a chain reaction that destroys a molecule 
of ozone and produces another free radical. The ozone layer has recovered significantly 
following a ban on use of CFCs.
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III-B(11) Earth and Space Science


3 


 A Sulfur dioxide


 B Nitrogen oxides


 c Carbon monoxide


 D Volatile organic compounds
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Directions: Read each question and choose the best answer. Then mark the letter for the answer 
you have chosen.


Chapter 16  Ecosystems


The International Panel on Climate 
Change is a group of scientists from many 
countries who study and monitor the 
temperature of Earth’s atmosphere. The panel 
has concluded that Earth’s climate is growing 
steadily warmer. The reason for this global 
warming, they contend, is an increase of 
carbon dioxide in the atmosphere, resulting 
from the burning of fossil fuels in power 
plants, factories, and automobile engines. 
Carbon dioxide is a so-called greenhouse 
gas that causes heat to build up in the 
atmosphere. Although there are seasonal 
variations in the amount of atmospheric 
carbon dioxide, the panel reports that overall 
atmospheric levels have been steadily rising 
since the late 1700s, when the Industrial 
Revolution began.


Figure 1
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1. How can the dip in carbon dioxide levels 
shown on the graph be related to the 
carbon cycle?


A. Increased plant growth and 
photosynthesis during summer 
months removes more carbon 
dioxide from the atmosphere.


B. Erosion of farmland removes carbon 
dioxide from the air.


C. More carbon dioxide is dissolved in 
lake and ocean waters during the 
warm summer months.


D. Fewer trees are cut for firewood 
during warmer months. 


IL_Biology_TestPrep_i-80.indd   29 8/25/06   9:54:16 AM
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Which of these pollutants would cause the most immediate harm to humans?


A research report on variations in annual carbon dioxide concentrations included 
the graph shown above. By how many parts per million did the carbon dioxide 
concentration decrease from January to June?
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Explain how the availability of ground water through aquifers can fluctuate based on multiple 
factors (i.e., rate of use, rate of replenishment, surface changes, and changes in temperature).


STANDARD REVIEW


Earth stands out from the other planets in our solar system primarily for one reason— 
71% of Earth’s surface is covered with water. Most of Earth’s water is found in the global 
ocean. The ocean is a unique body of water that plays many parts in regulating Earth’s 
environment. The largest ocean is the Pacific Ocean. It flows between Asia and the 
Americas. The volume of the Atlantic Ocean, the second-largest ocean, is about half  the 
volume of the Pacific. The Indian Ocean is the third-largest ocean. The Arctic Ocean is 
the smallest ocean. This ocean is unique because much of its surface is covered by ice. The 
Southern Ocean extends from the coast of Antarctica to 60° south latitude.


There is a limited amount of fresh water on Earth. Only 3% of Earth’s water is drinkable. 
And of the 3% of Earth’s water that is drinkable, 75% is frozen in the polar ice caps. Much 
of Earth’s liquid water is contained in watersheds. A river system is made up of a network 
of streams and rivers. A watershed is a region that collects runoff water that then becomes 
part of a river or a lake.


Although you can see some of Earth’s water in streams and lakes, you cannot see the large 
amount of water that flows underground. The water located within the rocks below Earth’s 
surface is called groundwater. A permeable rock layer that stores groundwater and allows 
the flow of groundwater is called an aquifer. An aquifer can be described by its ability to 
hold water and its ability to allow water to pass freely through it. The amount of available 
water in an aquifer depends on multiple factors, including how much water is used, how 
quickly the water is replenished, what changes take place on the ground surface, and 
temperature. 


III-B(12) Earth and Space Science– 
GEOCHEMICAL CYCLES
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STANDARD PRAcTIcE


1 


 A Salt water found in oceans


 B Ice found in glaciers


 c Fresh water found in lakes


 D Groundwater found in aquifers


2 


 A Where wells are drilled


 B Where the water table is below 
Earth’s surface


 c Where the water table is above 
Earth’s surface


 D Where there are placer deposits


3 


 A A land region that is drained by a 
river system


 B A land region where rainwater 
accumulates


 c A land region where the water 
table extends above Earth’s 
surface


 D A land region where the river 
water from tributaries accumulates


4 Explain how each of the following 
conditions might affect the amount of 
available water in an area’s aquifer.


  


  


Where is most of Earth’s water 
located?


In which areas do lakes form?


What is a watershed?


A A very long period of dry, hot 
weather


B An increase in farmland that 
depends on groundwater withdrawal 
for irrigation


III-B(12) Earth and Space Science
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Describe the essential components of an investigation, including appropriate methodologies, 
proper equipment, and safety precautions. 


STANDARD REVIEW


Science is exciting and fun, but it can also be dangerous. So, don’t take any chances! 
Always follow your teacher’s instructions, and don’t take shortcuts—even when you 
think there is no danger in doing so. Before starting an experiment, get your teacher’s 
permission, and read the lab procedures carefully. Pay particular attention to safety 
information and caution statements. 


The pictures below are the safety symbols used in many science labs. Get to know these 
symbols and their meanings. This is important! If  you are still unsure about what a safety 
symbol means, ask your teacher.


Eye
protection


Clothing
protection


Hand
safety


Heating
safety


Electric
safety


Chemical
safety


Animal
safety


Sharp
object


Plant
safety


Sometimes accidents can happen even when safety guidelines are followed. If an accident 
does occur, inform your teacher immediately regardless of how minor you think the 
accident is. Be prepared to help your teacher in case of an emergency. Know the locations 
of the nearest fire alarms and any other safety equipment, such as fire blankets and eyewash 
fountains, as identified by your teacher, and know the procedures for using the equipment. 
If you see someone who is not following proper safety rules, tell your teacher immediately.


In addition, always look for conservation and recycling opportunities in the laboratory. 
Place paper products and batteries in the proper recycling receptacles, and dispose of 
chemicals appropriately—do not dump them into the sink. Turn off  and unplug any 
electronic lab equipment when it is not in use. 


I-A(1) Nature of Science
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I-A(1) Nature of Science


STANDARD PRACTICE


1 


 A You should be careful.


 B You are going into the laboratory.


 C You should wash your hands first.


 D You should wear safety goggles, a 
lab apron, and gloves during the 
lab.


2 


 A It is best to take shortcuts in 
laboratory experiments because 
saving time is important.


 B Only take shortcuts in laboratory 
experiments when you think there 
is no danger in doing so.


 C Never take shortcuts in a 
laboratory experiment unless your 
teacher instructs you to do so.


 D Only take shortcuts in laboratory 
experiments when there are no 
safety symbols in the instructions.


3 After printing out a data plot for their 
lab report, a group realizes they did not 
properly label the x- and y-axes.


  


 A Throw it into the trash bin.


 B Put it in the paper recycling bin.


 C Put it in the battery recycling bin.


 D Leave it at their lab station for the 
teacher to clean up. 


4 


The directions for a lab include the 
safety icons shown here. What do 
these icons mean?


Which of the following statements  
is true?


What should the group do with the 
erroneous graph printout?


What is the first thing you should 
do in the event of an accident in the 
laboratory?
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I-A(2) Nature of Science


Design and conduct scientific investigations that include: testable hypotheses; controls and 
variables; methods to collect, analyze, and interpret data; results that address hypotheses 
being investigated; prediction based on results; re-evaluation of hypotheses and additional 
experimentation as necessary; error analysis.


STANDARD REVIEW


When scientists observe the natural world, they often think of a question or problem. But 
scientists don’t just guess at answers. Instead, they follow series of steps called the scientific 
method. Scientific methods are a series of steps that scientists use to answer questions and 
solve problems. 


Although scientific methods have several steps, there is not a set procedure. Scientists may 
use all of the steps or just some of the steps. They may even repeat some of the steps or 
do them in a different order. The goal of scientific methods is to come up with reliable 
answers and solutions. Scientists use scientific methods to gain insight into the problems 
they investigate.


When scientists want to investigate a question, they form a hypothesis (hie PAHTH uh 
sis). A hypothesis is a possible explanation or answer to a question that can be tested. To 
test a hypothesis, a scientist may do a controlled experiment. A controlled experiment is 
an experiment that tests only one factor, or variable, at a time. All other variables remain 
constant. By changing only one variable, scientists can see the results of just that one 
change. If  more than one variable is changed, scientists cannot easily determine which 
variable caused the outcome. After carefully analyzing the results of their tests, scientists 
must conclude whether the results supported the hypothesis. Hypotheses are valuable even 
if  they turn out not to be true. If  a hypothesis is not supported by the tests, scientists may 
repeat the investigation to check for errors. Or they may ask new questions and form new 
hypotheses. 


Copyright © by Holt, Rinehart and Winston. All rights reserved.


Holt Science and Technology 66 The Nature of Science


Accurate record keeping is important in scientific investigations. Give two
reasons why this statement is true.


Suppose that you are a scientist in the 1600’s before the discovery of
dinosaurs. You find a large bone. You have seen an elephant once, so you
make a hypothesis that the bone you found is an elephant bone. Then, you
take the bone to a museum that has elephant bones. When you compare the
elephant bones with the bone you found, you realize that the bone you
found cannot be an elephant bone. The bone is too large, too thick, has a
different texture, and has many other differences. Examine the diagram
below which shows steps involved in scientific methods. 


What should you do next?


A. discard your hypothesis and put your energy into a different investiga-
tion


B. discard your hypothesis, make new observations, and make a new
hypothesis that you can test


C. make more observations and stick to your hypothesis so you will not be
accused of changing your mind


D. assume that your hypothesis is correct and prepare your observations so
that they can be communicated to other scientists


Ask a
Question


Make
Observations


Form a 
Hypothesis


Test the 
Hypothesis


Draw Conclusions
No


Yes


Do they support
your hypothesis?


Communicate
Results


Analyze
the Results


2


1


Name Class Date


Standardized Test Preparation
Assessment


FCAT
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STANDARD PRACTICE


1 


 A Nonliving things do not grow and 
develop.


 B Lipids do not mix with water.


 C Plant cells contain DNA.


 D Rocks do not need a place to live.


2 Lee collected twenty different rocks 
and recorded the size of the mineral 
grains in each type of rock.


  


 A Asking a question


 B Forming a hypothesis


 C Making observations


 D Analyzing results


3 


 A As soon as the data are collected


 B Only when the hypothesis has 
been supported by the data


 C Right after forming a hypothesis


 D After analyzing data and drawing 
conclusions about the analysis


4 


5 


Which of the following is not an 
example of a hypothesis that can be 
tested with an experiment?


What part of a scientific 
investigation is Lee performing?


When does a scientist communicate 
the results of an experiment?


Why do you think that it is a good 
idea to limit an experiment to test 
only one variable at a time whenever 
possible?


Explain whether scientific methods 
are exact sequences of procedures 
that scientists follow.


I-A(2) Nature of Science
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Understand how scientific processes produce valid, reliable results, including: consistency 
of explanation with data and observations; openness to peer review; full disclosure and 
 examination of assumptions; testability of hypotheses; repeatability of experiments and 
reproducibility of results.


STANDARD REVIEW


When scientists announce the results of their investigations, they expect other scientists 
to perform the same experiments. The results of an experiment are usually evaluated by 
other researchers who follow the original procedure to reproduce experiment. If  the results 
are the same, the results are confirmed. They are then more likely to be accepted by other 
experts in the field. This is an important step in scientific research. Sometimes an error 
can be overlooked during an experiment. The analysis might be unintentionally biased if  
the person doing the experiment expects a certain result. If  these kinds of errors occur, an 
independent test is likely to find them.


It is important to remember, though, that two results can be correct even if  they are 
not exactly the same. There is a limit to the precision of every measurement and every 
process. The results of two tests may be different only because the instruments are not 
precise enough. Then the difference is trivial, or insignificant. Scientists must analyze the 
differences in results to find out whether they are significant. 


If  there are significant differences, the experiments must be repeated, preferably by a third 
researcher or group. This can help to determine why the results were not the same. Even 
when repeated experiments give similar results, scientists may wait to accept the results 
until the experiment has been reproduced many times. This is particularly true if  the results 
are near the limits of the instrument being used or if  the new hypothesis is very different 
from accepted theories. Success in reproducing the experiment numerous times confirms 
that the theory needs to be revised. 


I-B(1) Nature of Science
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STANDARD PRACTICE


1 


 A Checking the background of the 
researcher who reported the result


 B Reproducing the result in other 
labs


 C Checking the calculations to be 
sure they are correct


 D Reading journals to see if  anyone 
else agrees with the results


2 


 A When the researcher who reports 
the difference is an expert


 B When the new data supports the 
hypothesis that led to the 
experiment


 C When the instruments are 
extremely precise


 D When a scientific journal decides 
to publish the results


3 


 A The new data are ignored.


 B The results are not published in 
journals until they can be 
repeated.


 C The theory is modified just in case 
the data is reliable.


 D Scientists try to design other 
experiments to test the new 
information.


4 


5 


How do scientists confirm that a 
new experimental result is reliable?


When might an experiment that 
shows a very small difference from 
an accepted value still be considered 
significant?


What happens if  it is unclear 
whether new data show a significant 
difference from an accepted theory?


How do scientists determine 
whether new results are significant?


Why must researchers consider  
the precision of their instruments 
when they are determining the 
significance of data?


I-B(1) Nature of Science
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Use scientific reasoning and valid logic to recognize; faulty logic; cause and effect; the 
 difference between observation and unsubstantiated inferences and conclusions; potential bias.


STANDARD REVIEW


Scientists looking at the same set of data do not always interpret it the same way. They 
may have different ways of analyzing the data. Or, they may have preexisting opinions 
that color their interpretation of results. When scientists have more than one reasonable 
explanation for an experiment’s results, further testing may be needed to determine what 
exactly causes the trend in the data. Alternatively, scientists may need to work to remove 
bias from their explanations or from the experimental setup itself.


Bias is a preference for a certain outcome over another. Scientists work to avoid bias so 
that their results are based on facts rather than on opinions. Even though scientists may 
not want to introduce bias into their results, sometimes it is difficult to avoid. Opinions can 
affect the way they view their results. They may see trends in results that aren’t really there, 
or they may unconsciously favor certain results over others.


Scientists also question conclusions based on samples that are too small. If  you want to 
find out the percentage of purple flowers produced by a single pea plant, it is important 
to examine more than just a few flowers. If  you examine only four flowers and all four of 
them are purple, you might conclude incorrectly that the pea plant produces only purple 
flowers. If  you wait a couple of weeks until the pea plant has produced 32 flowers, you 
may find that 8 of them (25%) are purple and the rest are white.


One way scientists avoid bias is to work with other scientists. Scientists often work together 
to plan the studies they conduct. In this way, they can check each other’s work for sources 
of bias. Other scientists on a team may notice sources of bias that their partners do not 
see. Also, having many people with different opinions on a single team can lessen the 
likelihood that any one opinion will affect results.


An alternative method that scientists use to analyze a question is to conduct separate 
studies of the same question to make sure that one scientist’s viewpoint does not affect the 
results of the study. If  two different teams attack a scientific problem and come up with 
the same answer, they are more certain that the answer is correct and free of bias. 


I-B(2) Nature of Science
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STANDARD PRACTICE


1 


 A Prejudice 


 B New information


 C Mistaken information 


 D Poorly collected information


2 


 A Conducting a double-blind test


 B Conducting a controlled 
experiment


 C Gathering data for a brief  period 
of time


 D Preventing opinions from affecting 
data collection


3 Of two experiments designed to study 
global warming, experiment A focuses 
on readings from instruments all over 
the world that measure sea levels, while 
experiment B focuses on a particular 
region of ice in Antarctica.


  


 A Experiment A is better for 
drawing conclusions about global 
warming.


 B Experiment B is better for drawing 
conclusions about global 
warming.


 C Both experiments have merit for 
drawing conclusions about global 
warming.


 D Neither has merit for drawing 
conclusions about global 
warming.


4 


Scientists work together in part to 
eliminate bias. Which of the 
following best describes bias?


Which of the following is most 
likely to result in a scientist drawing 
the wrong conclusions?


Which is the best evaluation of these 
two experiments in regards to global 
warming?


Why is it important to use unbiased 
methods in scientific research?


I-B(2) Nature of Science
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Create multiple displays of data to analyze and explain the relationships in scientific 
investigations. 


STANDARD REVIEW


After you have completed your experiments, made your observations, and collected your 
data, you must analyze all the information you have gathered. Tables and graphs are often 
used in this step to organize the data. Graphs and tables show relationships visually. A 
data table shows information as words or numbers in columns and rows. A table generally 
includes a title to describe the type of data. The table also has headers to classify the data 
in the rows, the columns, or both. 


There are many types of graphs that you can use. A line graph is a good choice for 
displaying data that change continuously. The data table and line graph below show two 
ways to present the change in population over time. The year is the independent variable—
the time intervals over which measurements are taken. The population is the dependent 
variable—its value depends on the year in which data were collected. When you make line 
graphs, you should put the independent variable on the x-axis and the dependent variable 
on the y-axis.


A bar graph is useful when you want to compare similar data for several individual items 
or events. A bar graph clearly shows how large or small the differences in individual values 
are. A bar graph is a better choice than a line graph for showing single values for many 
items.


A pie graph is ideal for displaying data that are parts of a whole. You can draw a pie graph 
that shows percentages as a portion of the whole pie. 


Population of Appelton, 1900–1990


Year
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0
1900 1920 1940 1960 1980 2000


Population of Appleton, 1900–2000


Year Population


1900 1,800


1920 2,500


1940 3,200


1960 3,900


1980 4,600


2000 5,300


I-C(1) Nature of Science
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STANDARD PRACTICE


1 


 A The population did not change 
between 1900 and 2000.


 B The population increased at a 
steady rate from 1900 to 2000.


 C The population in 2020 will be 
greater than 6000 people.


 D The birth rate in Appleton has not 
changed since 1900.


2 


 A Pie graph 


 B Bar graph 


 C Line graph


 D Variable graph


3 


 A Pie graph 


 B Bar graph 


 C Line graph


 D Variable graph


Use this graph to answer questions 4 and 5.
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5 


Which statement below describes 
the data on the table and graph on 
the previous page?


The composition of the mixture of 
gases that makes up our air is best 
represented on what kind of graph?


The number of fossils in different 
layers of a core sample is best 
represented on what kind of graph?


Was the rate of change in the level 
of CO2 between 1940 and 1960 
higher or lower than it was between 
1880 and 1900? How can you tell?


What conclusions can you draw 
from reading this graph?


I-C(1) Nature of Science
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Use technologies to quantify relationships in scientific hypotheses (e.g., calculators, computer 
spreadsheets and databases, graphing software, simulations, modeling).


I-A(1) Science and Society
Know how science enables technology but also constrains it, and recognize the difference 
between real technology and science fiction (e.g., rocket vs. antigravity machines; nuclear 
reactors vs. perpetual-motion machines; medical X-rays vs. Star Trek tricorders). 


STANDARD REVIEW


Logical thinking is not the only skill used in science. Scientists depend on observations and 
data. Scientists use tools, such as computers, telescopes, and measuring devices with very 
sensitive sensors. These tools are examples of the application of technology to science. 
Technology is the application of science for practical uses. 


Engineers look for ways to use science and technology together. Advances in science 
and technology depend on one another. The first computers filled up a whole room. 
But advances in science have led to smaller computers that are both faster and cheaper. 
Modern computers also help scientists. For example, computers help scientists make 
complex calculations quickly. Because of the development of more powerful computers, 
scientists are able to process large amounts of data from many different variables. Climate 
research is an example of a field of science that relies on computers. Mathematical models 
of Earth’s systems do not make exact predictions about future climates, but they do 
estimate what might happen. Someday, these models may help scientists prevent serious 
climate problems, such as global warming or another ice age.


In addition to technology and instruments, another important tool of science is 
mathematics. Most research includes measurements, but measurement data alone do not 
provide enough information. The data must be analyzed to find relationships between 
variables. This analysis normally includes mathematical calculations. Much of the value of 
computers in scientific research is their ability to perform many complicated calculations in 
a tiny fraction of the time that would be needed without the computers. 


I-C(3) Nature of Science
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I-C(3) Nature of Science


STANDARD PRACTICE


1 


 A Electron microscope


 B Earthquake waves


 C Computer


 D Microwave towers


2 


 A They can be used to analyze huge 
amounts of mathematical data.


 B Computers are able to draw 
accurate conclusoins without 
people.


 C Computers suggest new questions 
that scientists may not have 
considered.


 D They make it harder to share data 
with other scientists.


3 


 A Technology


 B Applied biology


 C  Pure science


 D An experiment


4 


5 


Which of these would not be an 
example of technology?


How do computers expand the 
types of research that scientists  
can do?


Which is an example of using 
superconductors to build 
computers?


Using scientists’ tools as an 
example, explain how science and 
technology depend on each other?


Why is mathematics considered an 
important tool of science?
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Identify and apply measurement techniques and consider possible effects of measurement 
errors.


STANDARD REVIEW


Laboratory data usually include one or more measurements, such as length, volume, 
weight, time, rate of change, or temperature. Two types of instruments are used for 
measurements—analog and digital. An analog instrument generally uses a dial, scale, or 
pointer. For example, the hands of a clock, the lines on the side of a graduated cylinder or 
a thermometer, and the pointer on a balance scale indicate these are analog instruments. 
A digital instrument gives a direct number reading. A digital clock, a balance that reads 
a weight as a number, and a thermometer that shows the temperature as a number are all 
digital instruments.


It is important to note the limits of the tools that you use to collect data. The exactness 
of a measurement is called precision, and it is determined by the instrument that you use. 
Precision is reflected in the number of significant figures. When you record measurements, 
you should use the correct number of significant figures. Usually, instruments with a 
digital readout give you the correct number of significant figures. So, you can record 
the measurement exactly as you see it on the instrument. When you need to read the 
measurement from a scale on an instrument, you should record as many digits as are 
marked on the scale and estimate one more digit beyond that. 


When you read a value from an instrument, you need to know what units to report. For 
example, a balance could read in milligrams or in grams. If  you read a thermometer, 
you need to know whether its reading is °C or °F. The correct units will be shown on the 
instrument and must be recorded along with the reading. 


212°F
Water boils


98.6°F
Normal body 
temperature


32°F
Water freezes


100°C
Water boils


37°C
Normal body 
temperature


0°C
Water freezes


I-C(4) Nature of Science
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1 


 A 15°F


 B 17°F


 C 135°F


 D 140°F


2 


 A Anemometer


 B Compass


 C Remote sensor


 D Protractor


3 


 A It is plugged into an electric 
outlet.


 B The results are shown as numbers.


 C It can be connected to a computer.


 D It measures very small amounts.


4 


5 


According to the thermometer on 
the previous page, 60°C is the same 
as which temperature?


Which tool is used to find cardinal 
direction?


How can you tell that a meter is a 
digital meter?


The large numbers on this ruler 
represent centimeters. If  you use it 
to measure an object that is about 
4 cm long, how many significant 
figures should you record? Explain 
your answer. 


If  you use the ruler shown above to 
measure a cube, what units will you 
use to describe its volume? Explain 
your answer.


I-C(4) Nature of Science
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I-A(5) Science and Society


Understand that applications of genetics can meet human needs and can create new problems 
(e.g., agriculture, medicine, cloning).


I-A(15) Science and Society
Identify how science has produced knowledge that is relevant to individual health and material 
prosperity. 


STANDARD REVIEW


In 1973, Stanley Cohen and Herbert Boyer conducted an experiment that revolutionized 
genetic studies in biology. They isolated the gene that codes for ribosomal RNA from 
the DNA of an African clawed frog and then inserted it into the DNA of Escherichia 
coli bacteria. During transcription, the bacteria produced frog rRNA, thereby becoming 
the first genetically altered organisms. The process of manipulating genes for practical 
purposes is called genetic engineering. Genetic engineering may involve building 
recombinant DNA—DNA made from two or more different organisms.


Many genetic disorders and other human illnesses occur when the body fails to make critical 
proteins. These failures can be overcome if the body can be supplied with the protein it 
lacks. The proteins that regulate the body’s functions are typically present in the body in 
very low amounts. Today hundreds of pharmaceutical companies around the world produce 
medically important proteins in bacteria using genetic engineering techniques.


Genetically modified (GM) crops have become important in agriculture. Today, genetic engineers 
can add favorable characteristics to a plant by manipulating the plant’s genes. Genetic engineers 
can change plants in many ways, including making crop plants more tolerant to drought 
conditions and creating plants that can adapt to different soils, climates, and environmental 
stresses. Studies in the safety of such changes are still ongoing. Some food crops, such as corn and 
soybeans, have been genetically rendered resistant to glyphosate, a weed killer. Glyphosate, when 
used on a food crop, will kill the weeds but will not harm the GM crop, thus increasing food crop 
yields. Some GM crops have genes added to improve nutritional character, as was done in rice.


Other than identical twins, no two individuals have the same genetic material. Scientists use 
DNA sequencing gel technology to determine a DNA fragment’s nucleotide sequence. A DNA 
fingerprint is a pattern of dark bands on photographic film that is made when an individual’s 
DNA restriction fragments are separated by gel electrophoresis, probed, and then exposed to an 
X-ray film. Each individual (other than identical twins) has a unique pattern of banding, or DNA 
fingerprint. The banding patterns from two individuals can be compared to establish whether 
they are related, such as in a paternity case. DNA fingerprints are also valuable for identifying the 
genes that cause genetic disorders, such as Huntington’s disease and sickle cell anemia.


Biological molecules also show evolutionary relationships. Differences in amino acid 
sequences and DNA sequences are greater between species that are more distantly related 
than between species that are more closely related.
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STANDARD PRACTICE


1 The development of recombinant 
DNA technology was a major step 
forward in genetic science. 


  


 A  Development of genetic 
counseling as a career


 B  Development of a method of 
DNA fingerprinting


 C  Production of proteins, such as 
insulin, for use as drugs


 D Cloning of animals and 
engineering of agricultural crops


2 


 A  Iris pattern


 B  Grease from fingerprint


 C  Skin cells


 D  Footprint pattern


3 When Darwin first proposed his theory 
of evolution by natural selection, the 
field of genetics did not yet exist. 


  


 A Scientists can create organisms 
that were extinct using DNA from 
fossils and better understand how 
they evolved.


 B Scientists can use genetic 
engineering to carry out the 
process of evolution over just 
months instead of millions of 
years.


 C Scientists can compare the DNA 
from fossils in rock to determine 
evolutionary relationships among 
extinct species.


 D Scientists can determine 
evolutionary relationships among 
living species by comparing amino 
acid and DNA sequences.


Which of the following 
developments represents an advance 
in medicine that the application of 
genetic science allowed?


Which of the following forms of 
biometric evidence could be used in 
DNA fingerprinting?


In what way does genetic science 
now contribute to the study of 
evolution?


I-A(5), I-A(15) Science and Society
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I-A(6)  Science and Society


Analyze the impact of digital technologies on the availability, creation, and dissemination of 
information.


STANDARD REVIEW


For centuries, digital meant the use of numbers. The term came from digit, or finger, the 
tool people often used for counting. Today, digital is synonymous with computer. Any 
system is said to be using digital technology if  it relies on parts that use binary logic. 
Basic binary logic relies on combinations of the digits 0 and 1, also called bits, that stand 
for words, numbers, and images. Today, most systems that use digital technology include 
a microprocessor, some form of storage, and a software program designed for decision 
making or information processing. 


Digital technology allows huge amounts of information to be compressed, or squeezed 
together. The compressed information is then placed onto small storage devices, allowing 
the information to be easily preserved and transported. Examples of digital technology 
have spread into every aspect of modern life. Cellular telephone and cable systems, 
commercial digital television and radio broadcasts, digital printing, and digital cameras are 
common examples. Experts claim that digital technology and the internet have combined 
to produce the greatest changes in the way information is distributed since the invention of 
movable type in the 15th century. 


Digital technology has resulted in greater interconnectedness, easier communication, and 
greater availability of information. These factors allow vast amounts of information to 
be available to anyone with internet access. Email, instant messaging, texting, and social 
media allow friends, and even strangers, to share information and experiences in a flash. 
Images of news events, such as protest demonstrations, are instantly available, often out 
of reach of oppressive governments. Further, digital technology makes both data and 
research results readily available at very low cost all over the world. One popular example 
is the “Blue Book” values for used automobiles. Availability of both data and research has 
created huge markets for electronic information, goods, and tools.


Early digital technology aided artists, architects, musicians, and others in developing and 
refining their creativity within the existing traditional boundaries. Soon, these creative 
people pushed the technology in order to create work that was impossible without the 
aid of a computer. Examples extend to monumental photo mosaics, computer-generated 
graphics (CGI) of motion pictures, and even feature-length cartoons. Entire industries 
have sprung up developing and producing creative products generated solely by digital 
technology. 


Dissemination, or distribution, has also been greatly changed by digital technology. 
Current technology is moving toward the virtual product, where a product is completely 
digitized. A copy of a book, music, or movie can be sent electronically anywhere, again 
and again, without needing to restock inventory. What’s more, each copy is exactly like 
every other copy without loss of clarity. 
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STANDARD PRACTICE


1 


 A Any system that relies on cellular 
telephones 


 B Any system that relies on binary 
logic


 C The internet


 D Any system that can compress 
information


2 


 A Email


 B Social media 


 C Instant messaging


 D All of the above


3 


  


What is digital technology?


Which digital technology offers 
greater personal interconnectedness? 


A Which aspect of digital 
technology do you feel is the 
greatest disadvantage. 


B Explain your reasoning. 


I-A(6)  Science and Society


There are, however, some significant negative effects of the increased availability and 
dissemination of information. Minors with access to digital technology may become 
vulnerable to internet predators. In some cases, people are not conscious of the extent to 
which their personal communications may be viewed by the population at large. This is 
particularly dangerous with minors and sexting—sending sexually explicit text or images 
via digital technology. 


The ability of individuals and organizations to publish on any topic to a global audience, 
at a negligible cost, is also a growing concern. The amount of undesirable content is 
increasing—topics such as child pornography, bomb building, calls to terrorism, and other 
violent activities—led some people to lobby for censorship and regulation. Plagiarism, 
copyright infringement, and outright theft of intellectual property is on the rise. The 
widespread ability of consumers to produce and distribute exact reproductions of 
protected works has become a major legal issue, particularly for musicians and filmmakers.


Finally, privacy has become a concern with users of digital technology. Banks, credit 
agencies, marketing firms, and even game sites store a tremendous amount of personal 
information. Consumers continually ask what these entities do with all that private 
information, and they worry if  the information is in some way packaged and marketed. 
In addition, hackers are becoming more and more sophisticated, increasing the incidence 
and worry of identity theft. So as dependence on and use of digital technology grows, the 
advantages and disadvantages grow as well.
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1-A(9) Science and Society


Describe how scientific knowledge helps decision makers with local, nation, and global 
challenges (e.g., Waste Isolation Pilot Project [WIPP], mining, drought, population growth, 
alternative energy, climate change). 


STANDARD REVIEW


When the country began its nuclear weapons program in the 1940s, it had several problems 
to face. One on-going and growing problem was the amount of radioactive waste that 
began to accumulate. Sometimes called nuclear garbage or plutonium-contaminated 
waste, the official name of the type of radioactive waste created while processing nuclear 
materials is transuranic waste. Transuranic refers to the “heaviness” of the element. 
Elements with an atomic number greater than that of uranium (92) are considered 
transuranic. Transuranic elements include plutonium, americium, curium and neptunium. 
Many of these elements do not occur in nature. Instead, they are created during nuclear 
reactor operations. Transuranic waste includes not only the transuranic elements 
themselves, but also ordinary items contaminated with these elements, such as tools, 
gloves, protective suits, soil, and sludge. Generally, any item contaminated with radioactive 
elements, most often plutonium, is transuranic waste.


Because elements in this radioactive waste tend to have long half-lives, the waste needs 
to be placed in geologically sound locations in order to protect human health and 
the environment. Scientists feel the best location for protecting human health and the 
environment is a salt bed. Using a salt bed for disposal of nuclear waste has several 
advantages:


•	 Most	salt	deposits	occupy	geologically	stable	areas	with	very	little	earthquake	activ-
ity. This assures the stability of the waste location.


•	 Salt	deposits	do	not	have	flowing	fresh	water.	Water	would	dissolve	the	salt	beds	
and/or move the waste to the surface.


•	 Salt	is	relatively	easy	to	mine.	The	facility	might	be	hundreds	of	feet	below	the	sur-
face. There need to be great underground caverns—large enough to accommodate 
semi-trailer trucks carrying box-car sized containers. 


•	 Salt	formations	slowly	fill	in	mined	areas	and	will	effectively	seal	the	radioactive	
waste from the environment. 


So, in the late 1950s, the National Academy of Sciences determined that salt beds were the 
best available location for the disposal of radioactive waste.


More than 15 years later, an acceptable salt bed was discovered in southeastern New 
Mexico. The salt bed is about 250 million years old. An ancient sea once covered the area 
and evaporation cycles formed a salt bed that begins 850 feet below the surface and is 
nearly 2,000 feet thick. In 1979, Congress authorized the building of the Waste Isolation 
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1-A(9) Science and Society


Pilot Project (WIPP) about 26 miles from Carlsbad, New Mexico. The facility was to 
demonstrate the safe disposal of radioactive waste. Although the federal government 
approved the start of WIPP construction, New Mexico officials sued the government in 
1981, claiming violations of federal and state laws. The lawsuit was settled by an agreement 
for more study, increased communication with the state, and addressing concerns such as 
emergency response and highway improvements. 


Since that time, there has been considerable back and forth between the federal 
government and the New Mexico state government. Notably, New Mexico again sued 
the federal government in 1991. This suit centered on the legality of removing land from 
public use to build the WIPP test phase. Several environmental groups joined the suit. 
Work on WIPP was stopped until the president signed into law an act specifying that the 
WIPP public land can be transferred to the Department of Energy. More legal wrangling 
took place, and eventually, federal courts proclaimed that WIPP can continue as planned, 
and the first waste shipment from Los Alamos National Laboratory arrived at WIPP on 
March 26, 1999. WIPP has been certified for safe long-term storage of transuranic waste.


STANDARD PRACTICE


1 


 A Items contaminated with any 
element


 B Plutonium, americium, curium 
and hydrogen


 C Transuranic elements and 
ordinary items contaminated with 
transuranic elements 


 D Elements with an atomic number 
less than 92


2


 A It is 2000 feet thick and 850 feet 
underground.


 B It has no fresh flowing water and 
is impermeable, geologically 
stable, and easily mined.


 C It is in a sparsely populated area.


 D The land belongs to the 
Department of Energy.


3 


What is transuranic waste? 


What characteristics of the Carlsbad 
Caverns salt bed make it desirable as 
a nuclear waste facility? 


Explain how scientific knowledge 
helped decision makers find a 
location for radioactive waste.
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I-A(11)  Science and Society


Know that societal factors can promote or constrain scientific discovery (e.g., government 
funding, laws and regulations about human cloning and genetically modified organisms, 
gender and ethnic bias, AIDS research, alternative-energy research).


I-A(13)  Science and Society
Describe how environmental, economic, and political interests impact resource management 
and use in New Mexico. 


STANDARD REVIEW


Society seems split in its opinions of genetically modified organisms (GMOs). Different 
from products of selective breeding, GMOs have had their genes altered. It is hoped that 
the alteration results in some benefit to people. Common genetic modifications include: 


•	 Injecting	growth	hormones	in	animals	such	as	beef	cattle	to	make	them	grow	bigger	
faster and in dairy cows to increase milk production. 


•	 Adding	antibacterial	genes	to	plants.	For	example	the	soil	bacterium, Bacillus 
 thuringiensis (Bt), produces insecticidal toxins. It is added to corn to make the corn 
less susceptible to the corn borer and reduce the need for pesticides.


Agribusiness sings the praises of GMOs. They claim GMOs can lead to better food quality 
and taste, making corn sweeter and peppers spicier or getting fruit and vegetables to keep 
longer. Modifying genes can produce animals that are disease-resistant and better able to 
endure typical factory-farm conditions. Genetically modified crops allow farmers to avoid 
spraying crops with pesticide. When genetic modification makes plants and animals grow 
bigger faster, agribusiness makes larger profits.


Critics of genetic modification warn that long-term effects of eating these foods is unknown. 
Further, they say that if plants and animals that do not occur naturally cross breed or 
pollinate with current species, the results could be devastating. Other unintended results 
might occur, too. Making organisms resistant to bacteria can cause bacteria to become 
stronger and harder to manage. Making plants resistant to herbicides can lead to weeds 
that are herbicide resistant as well. Because GM plants do not produce fertile seeds, farmers 
must purchase seeds every year. This is not only an agricultural concern, but a human rights 
concern as well, particularly when GM seeds are sold in regions where the farmers do not 
have the money to purchase non-GM seeds. Some people see genetic modification as a moral 
problem—a step toward ultimately cloning animals or even people.


Depending on the political, social, and economic climate within a country, different 
governments are responding to GM food products in different ways. In Japan, health 
testing of GM foods is mandatory. Although supermarkets offer both GM foods and 
unmodified foods, customers show a preference for unmodified fruits and vegetables. In 
contrast, India’s government has not yet announced a policy on GM foods because no 
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STANDARD PRACTICE


1 


 A A superior plant or animal 


 B A plant or animal produced by 
selective breeding


 C An organism that has had its 
genes modified or altered


 D A government that supports 
genetic modification 


2 


 A Plants and animals that grow 
bigger and faster


 B Animals that are disease-resistant


 C Bacteria that may become 
stronger and harder to manage


 D Better food quality and taste


3 


What is a GMO? 


Which is not a possible benefit of 
genetic modification? 


How can society influence the 
production of GMO crops for food? 
Give examples.


I-A(11), I-A(13)  Science and Society


GM crops are grown in India. It is likely that India will decide that the benefits of GM 
foods outweigh the risks because Indian agriculture needs new measures to counteract the 
country’s poverty and feed its exploding population. For a variety of reasons, European 
citizens tend not to trust government information about GM foods. In response to the 
public demands, Europe requires mandatory food labeling of GM foods in stores. 


In the United States, three different government agencies have jurisdiction over GM 
foods. In general, the EPA evaluates GM plants for environmental safety, the USDA 
evaluates whether the plant is safe to grow, and the FDA evaluates whether the plant is 
safe to eat. Guidelines are confusing to say the least: a GM ear of corn sold at farmers 
market is not regulated by the FDA because it is a whole food, but a box of cornflakes is 
regulated because it is a food product. The FDA’s stance is that GM foods are substantially 
equivalent to unmodified, “natural” foods, and so not subject to FDA regulation.


U.S. consumers who would rather not eat GMO foods have lobbied the government to pass 
laws to compel food manufacturers to indicate products that include GMO plants or animals. 
In general, they have been unsuccessful. Many dairies, however, have heard consumer concerns 
about hormones fed to dairy cattle. These dairies place a label on their cartons of milk which 
claims that the milk comes from cows that do not receive bovine growth hormone (rBGH). 
However, the only widely available way to avoid GMO foods is to purchase food labeled USDA 
organic. Products labeled in this fashion cannot include any genetically modified ingredient. 


In New Mexico, environmental organizations, such as the Sierra Club, are trying to work 
through counties and the Soil and Water conservation districts to prohibit the growing of 
GMO crops in the state. 
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Describe New Mexico’s role in nuclear science (e.g., Manhattan Project, WIPP, national 
laboratories).


STANDARD REVIEW


The Manhattan Project 


In the 1940s, in response to a perceived threat from the enemy, a sleepy New Mexico 
town became home of a top-secret project. Los Alamos Laboratory, known as Project Y, 
was conceived during the early part of World War II. Its purpose was to build an atomic 
explosive to counter the threat posed by the German nuclear development program. 
The term Manhattan Project came about because the program began in the Manhattan 
Engineering District of the War Department.


Both the military head of the project and the project’s scientific director wanted an 
isolated yet accessible location for the top-secret project. In addition, the location needed 
an adequate water supply, a readily available labor force, and a moderate climate. The 
goal was to bring together researchers that were scattered at various universities across 
the country to discuss all aspects of the project. The actual choice of Los Alamos as the 
site can be credited to a member of the government’s Office of Scientific Research and 
Development. He was familiar with the area because his children had attended summer 
camp at Los Alamos. Further, the project’s scientific director, Robert Oppenheimer, knew 
of Los Alamos because he owned a ranch in the Sangre de Cristo Mountains.


After touring the Los Alamos site, officials felt the Ranch School buildings would supply 
adequate housing for the estimated 30 scientists who would work on the project. But as 
the war continued, pressure to complete development of the bomb increased. Physicists, 
chemists, metallurgists, explosive experts, and military personnel converged on the isolated 
plateau bringing the population to more than 6,000. 


The scientists worked 10- to 12-hour days, six days a week, to solve the problems 
associated with building a nuclear bomb. The Army provided support: building buildings, 
keeping the commissary supplied, and guarding the top-secret work. Everyone feared that 
the Germans were developing a similar weapon and would have it ready before the U.S. 
weapon was complete. Finally, on July 16, 1945, at 5:30 a.m., an incredible burst of light 
exploded over the desert in south central New Mexico. The test shot was a testament to 
the efforts of all involved. The bomb’s yield was equivalent of 18,000 tons of TNT. Even 
scientists who had spent years making painstaking calculations were amazed. Within three 
weeks, an atomic bomb was dropped first on Hiroshima and then on Nagasaki, Japan. 
Five days later, the Emperor of Japan agreed to an unconditional surrender. World War II 
formally ended on Sept. 2, 1945. The Manhattan Project, with its mission to end the war 
through the use of atomic weapons, had accomplished its goal.


1-A(14)  Science and Society
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STANDARD PRACTICE


1 


 A Build a neutron bomb


 B Build a nuclear bomb


 C End World War I


 D Build a nuclear bomb before the 
enemy


2 


 A Transuranic wastes are safely 
stored underground in New 
Mexico.


 B Many scientists came to New 
Mexico.


 C The population of Los Almost 
grew to more than 6,000.


 D An atomic bomb was dropped on 
Japan to help end the war. 


3 


What was the goal of the 
Manhattan Project?


Which was not a result of the 
Manhattan Project? 


Compare and contrast the choice of 
Los Alamos for the Manhattan 
project with the choice of Carlsbad 
Caverns for the WIPP.


1-A(14)  Science and Society


WIPP 


When the country began its nuclear weapons program in the 1940s it had to face the 
amount of radioactive waste that began to accumulate. This radioactive waste created 
while processing nuclear materials is called transuranic waste. Transuranic refers to the 
“heaviness” of the element. Transuranic elements include plutonium, americium, curium 
and neptunium. Transuranic waste also includes the ordinary items contaminated with 
these elements. Because elements in this radioactive waste tend to have long half-lives, the 
waste needs to be placed in geologically sound locations. Scientists feel the best location 
for protecting human health and the environment is a salt bed. A salt bed is free of fresh 
flowing water, impermeable, and geologically stable. What’s more, it is easily mined to 
create large underground caverns—large enough to accommodate semi-trailer trucks 
carrying box-car sized containers. Such a salt bed was discovered in southeastern New 
Mexico. The facility has been certified for safe long-term storage of transuranic waste.
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Identify important questions that science cannot answer (e.g., questions that are beyond 
today’s science, decisions that science can only help to make, questions that are inherently 
outside the realm of science).


STANDARD REVIEW


Science is the study of the physical world and natural phenomenon through unbiased 
observation and controlled experimentation. Scientists observe the world around them 
and record what they see without letting their opinions influence their observations. They 
develop hypotheses, or possible explanations to a problem, that can be tested by controlled 
experiments. A controlled experiment is an experiment in which one group, the control 
group, is used for comparison to the experimental groups. All but one variable are identical 
in the experiment. 


There is no single procedure that scientists follow in their work. However, there are 
certain steps common to all good scientific investigations, called the scientific method. The 
scientific process always begins with a question. When it comes to science, some questions 
are better than others. When asking questions for science, be creative. Start by writing 
down as many questions as you can think of about something you want to scientifically 
study. Then, go through your questions and eliminate the questions that can’t be answered 
by observations or controlled experiments. See if  the remaining questions should be 
broken down into smaller questions. Broad questions can be hard to study, so narrowing 
them down can make it easier to use scientific methods. Finally, make sure your questions 
are worded in such a way that you can use observations and experiments to answer them.


Science has its limitations, too. Science cannot answer questions of value. For example, 
which flower is more beautiful, the tulip or the lily? Science also cannot answer questions 
of morality. What makes something or someone good versus bad? Science is the study of 
the natural world and cannot be used to make supernatural claims. Since science relies 
on making observations and gathering data, science can only be used to test claims made 
about the natural world.


Sometimes, though, a field of study seems to be science when in fact it is not science. In 
this case, it may be called pseudoscience. Pseudoscience may claim to be scientific, but it 
often lacks evidence and scientific methods are not followed.


I-A(17) Science and Society
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STANDARD PRACTICE


1 


 A Aluminum is heated over and over 
to try to turn it into another 
metal.


 B The stars are used to predict 
whether someone will have a good 
month.


 C Stars other than the Sun are 
observed to see if  they have 
planets orbiting them.


 D The numbers of a person’s street 
address are added to see if  he or 
she will have good luck.


2 


 A Would this kind of flower make a 
good gift?


 B What kind of flower is the most 
beautiful?


 C How pretty is the flower?


 D What kinds of pollinators are 
attracted to this flower?


3 


 A The question is broad and 
creative.


 B The question has many different 
answers.


 C The question requires the use of 
models to answer.


 D The question can be answered by 
observation and experimentation.


4 


Which example describes a scientific 
study?


Which of the following questions 
about a flower can be most readily 
answered by scientific methods?


 Which of the following is true of a 
question that can be answered by 
using scientific methods?


How can you identify whether an 
article about a study is science or 
pseudoscience?


I-A(17) Science and Society
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Understand that scientists have characteristics in common with other individuals 
(e.g. employment and career needs, curiosity, desire to perform public service, greed, 
preconceptions and biases, temptation to be unethical, core values including honesty and 
openness. 


1-A(19)  Science and Society
Know that science plays a role in many different kinds of careers and activities (e.g., public 
service, volunteers, public office holders, researchers, teachers, doctors, nurses, technicians, 
farmers, ranchers). 


STANDARD REVIEW


Are you thinking about a future in science? Perhaps you wonder what scientists do all 
day. Here are some examples: David Anderson studies masked boobies in the Galápagos 
Islands, while Linda Bartoshuk studies taste—and the effects of hot peppers. Richard 
Herd takes a close look at (active!) volcanoes, and Clément Imbert analyzes the good 
vibrations of Trinidad’s steel pan. Maja Mataric, Roger Quinn, and Manuela Veloso 
design robots—some modeled on living creatures, others with artificial intelligence. And 
Rich West studies tarantulas, while Mark Siddall searches for leeches. 


As you can see, not all scientists work in labs and wear white coats. Some enjoy the 
hands-on aspect of their work and appreciate working outdoors instead of a “clean” 
office atmosphere. Some choose to be an engineer because they are fascinated by how 
things work and want to be able to create physical objects. Some scientists work for large 
corporations, some work for small research-oriented companies or museums, and still 
others are in public service. 


Some science careers reach into your home—food science focuses on the biology 
and chemistry behind food. Food scientists tackle projects dealing with producing, 
transporting, and preparing food, as well as identifying what it takes to get a safe food 
product to consumers. Related careers include animal husbandry (including fish farming), 
agricultural scientists, flavor chemists, dietetic technicians, dietitians and nutritionists, and 
industrial production managers.


The green revolution has renewed interest in designing packaging. Demands have increased 
for packaging that is more functional, less bulky, and environmentally friendly. Packaging 
engineers work with sustainability engineers, industrial designers, agricultural and food 
scientists.


Some scientists specializing in public policy serve as unbiased experts to lawmakers in 
Congress. They provide written background information and testimony to members of 
Congress who are charged with making decisions that involve technology or science. Other 
scientists with excellent written communication abilities find work as medical or scientific 
journalists, reporting and explaining advancements in science or technology or crises 
relating to science or health. 


1-A(18) Science and Society
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1-A(18), 1-A(19) Science and Society


STANDARD PRACTICE


1 


 A They like working inside. 


 B They prefer working outside.


 C They are fascinated by how  
things work 


 D They have a high degree of 
perseverance. 


2 


 A Proficiency in computer use


 B Ability to work ethically


 C Excellence in mathematics


 D Good communication skills


3 


  


What is a reason engineers give for 
choosing their career?


Which attribute is crucial for a 
career in science?


A Describe a career in science you 
think you might like. 


B List three reasons why you think 
you might like the career you chose.


With a teaching degree, scientists can find employment as secondary school educators 
in various subjects at public, private, and online middle and high schools. Additionally, 
those with advanced degrees may choose to educate undergraduate or graduate university 
students through lecturing and supervising their research efforts.


While you many not be certain you want a career in science at this time, you can take some 
steps that will help you should you decide to become a scientist. Be sure to get a well-
rounded education along with several science-oriented courses. Make certain to take as 
many computer courses as you can. Proficiency in computer use will be necessary should 
you should you decide on science as a career. As you complete your studies, be sure to 
develop your communication and teamwork skills.


In addition to course-learning, some personal attributes will serve you well in a science 
career. Individuals considering a career in science are generally curious and have a desire 
to work for the common good. If  you are intrigued by experimental science, make certain 
you have a high degree of perseverance. Scientific knowledge is gained in bursts with 
considerable time from one burst to the next; most experiments fail, and many ideas turn 
out to be wrong. The ability to perform your work ethically is a crucial attribute. In fact, 
responsible conduct is a foundation of any successful career, this includes sharing credit 
for work performed. In all activities, it is important to keep in mind that scientists and 
engineers have the same human frailties as other people.
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PRACTICE TEST A


1 In a laboratory, a scientist applied pushes and pulls to a 1-kg block using devices that 
measured the applied force. Sensors recorded the motion of the block each second for 
4 sec, as shown in Table 1, and a computer calculated the average velocity for each 
1-sec period.


Table 1 Motion of Block
Time (sec) Position (m) Velocity (m/sec)


0.0 0.0 0.0


1.0 1.0 2.0


2.0 4.0 4.0


3.0 9.0 6.0


4.0 16.0 8.0


 A 0.5 m/s2 


 B 1.0m/s2 


 C 2.0 m/s2 


 D 4.0 m/s2


2 An inline skater skates on a circular track 120.0 m in diameter at a tangential speed 
of 9.20 m/s. 


 A 5.25 N 


 B 10.5 N 


 C 48.3 N 


 D 96.6 N


According to the data in Table 1, what was the acceleration of the block during the 
experiment?


If  the skater’s mass is 68.5 kg, what is the magnitude of the centripetal force on 
the skater? 
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3 The graphs show the motion of four 
objects.
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I
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 A Graph I


 B Graph II 


 C Graph III 


 D Graph IV


4 The protons in a nucleus repel one 
another with the Coulomb force.


 A Gravitational force 


 B Weak force 


 C Strong force 


 D Electromagnetic force


5 


 A Electric force is proportional to 
the mass of the object.


 B Electric force is similar in strength 
to gravitational force. 


 C Electric force is both attractive 
and repulsive.


 D Electric force decreases in strength 
as the distance between the 
charges increases.


6


 A Reflection 


 B An antinode 


 C Destructive interference 


 D Constructive interference


7 


 A Electromagnetic


 B Gravitational 


 C Strong nuclear 


 D Weak nuclear


Which graph represents an object 
moving with constant positive 
acceleration? 


Which force holds these protons 
together?  


 In which way is the electric force 
similar to the gravitational force? 


What phenomenon occurs when the 
compression of one longitudinal 
wave combines with the rarefaction 
of another wave?


Which is the strongest of the four 
fundamental forces?
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8 A wave traveling in the positive x 
direction with a frequency of 25.0 Hz 
is shown in the diagram below.


18 cm


10.0 cm


 A 2.25 m/s 


 B 2.50m/s 


 C 4.50 m/s


 D 5.00 m/s


9 Octane, a component of gasoline, can 
be represented by the chemical formula 
C8H18. 


 A Compound 


 B Element 


 C Heterogeneous mixture 


 D Homogeneous mixture


0 A sample of natural sulfur consists of 
three isotopes: 95.0% sulfur-32; 0.75% 
sulfur-33; 4.21% sulfur-34.


 A 31.92 g/mol 


 B 32.08g/mol 


 C 32.80 g/mol 


 D 33.00 g/mol


a 


 A Cooking an egg 


 B Burning a match 


 C Blasting rocks with dynamite


 D Producing nuclear power at a 
power plant


b 


 A The number of valence electrons 
increases so the electrons are 
harder to remove. 


 B The nuclear charge increases but 
shielding by inner electrons does 
not increase. 


 C The number of electrons in the 
highest energy state decreases 
across the table. 


 D The number of neutrons in the 
nucleus increases, reducing the 
effective charge.


What is the wave speed of this wave? 


Which type of substance is octane?


What is the average atomic mass of 
sulfur?


Which of the following is an 
endothermic process? 


Why do the radii of atoms tend to 
decrease as you move left to right 
on a period of the periodic table?
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c


 A They become less metallic. 


 B Their atoms become larger. 


 C They become more reactive. 


 D Their atoms have fewer valence 
electrons.


d 


 A The periodic table told chemists 
where to look for the new element. 


 B The table had predicted its 
physical and chemical properties. 


 C Gallium could not have been 
discovered without the periodic table. 


 D The discovery proved that there were 
elements that were not yet known.


e Sodium has only one stable isotope. 


Florida Holt Science & Technology FCAT Workbook, Level Red 63


Name ________________________________ Class _________________________ Date ______________


Which of the following is a chemical change? 


A. Clear water turns red after a dye is added.
B. Ice melts.
C. Salt dissolves in water.
D. Milk sours.


Which of the following statements is correct
for the elements shown?


F. Lithium has the greatest atomic number.
G. Sodium has the least atomic mass.
H. Atomic number descreases as you move 


down the column.
I. Atomic mass increases as you move down 


the column.


A certain substance has a definite shape and volume and its particles do not move
fast enough to overcome the attraction between them. What do these properties
indicate about the state of the substance?


A. It is a solid. C. It is a gas.
B. It is a liquid. D. It is a plasma.


The table below shows data from a laboratory experiment in which Anne
measured the temperatures of the following substances: ice, ice water, water 
at room temperature, and boiling water.


Temperature of Substances


Which of the following is a valid conclusion from this experiment?


F. The particles in ice water have more energy than the particles in ice.
G. The particles in ice have the greatest attraction to each other.
H. The particles in ice water move more quickly than the particles in boiling water.
I. The particles in boiling water have the most energy.


4


3


3
Li


Lithium
6.9


11
Na


Sodium
23.0


19
K


Potassium
39.1
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Substance Temperature


Ice


Ice water


Water


Boiling water


–2°C


0°C


27°C


100°C
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 A Mass is converted to energy as the 
uranium nucleus and the neutron 
combine. 


 B Energy is released as heat because 
the products have more particles 
than the reactants.


 C Protons and electrons release 
energy as they come together to 
form the three neutrons.


 D Due to the mass defect, the 
reactants have more mass than the 
products, and the difference is 
converted to energy.


As you move from left to right along 
a period on the periodic table, how 
does the nature of elements change? 


Why was the discovery of the element 
gallium an important step in getting 
chemists to accept the periodic table?


Based on this segment of the 
periodic table, how many neutrons 
does sodium have?


What is the source of the energy 
produced by the fission of uranium 
in a nuclear power plant? 
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g Limestone is made of the compound 
calcium carbonate. 


  A Calcium carbonate forms when one 
calcium atom bonds with one carbon 
atom and three oxygen atoms. 


  B Calcium carbonate reacts with 
hydrochloric acid (HCl) to form 
calcium chloride (CaCl2), water (H2O), 
and the gas carbon dioxide (CO2).


h The process of radioactive decay can 
be used to determine the absolute age 
of rocks. In radioactive decay, an atom 
emits particles and energy. There are 
two forms of radioactive decay: alpha 
decay and beta decay. 


i The graph below shows molar enthalpy 
for water as it changes state.
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 A Animal 


 B Bacterium 


 C Plant 


 D DNA replication


What is the chemical formula for 
calcium carbonate?


Write a balanced chemical equation 
for this reaction.


A Describe the particles involved in 
alpha decay and beta decay.


B Identify the protection needed to 
stop alpha decay and beta decay.


Which change requires the greatest 
input of heat? Explain why this 
should be so.


Which of the following might 
contain the type of cell shown?
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 A Transcription 


 B Gene expression 


 C DNA translation


 D Prokaryote


l Two species of finches are in competition for the limited resources of an ecosystem. 
One species eats fruit and the second species eats seeds. 


 A Resources will be more abundant. 


 B Water will become more available. 


 C The climate of the ecosystem will change. 


 D Fruit and seed resources will become less abundant.


Which cellular process does the illustration show?


If a third species of herbivore finches moves into the area, how will the ecosystem 
change?
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m In 1998, forest fires swept through the 
forests of Yellowstone National Park. 
After the fires, biologists observed that 
new lodgepole pine seedlings began to 
sprout in the burned areas. The 
lodgepole pine cones are sealed with a 
resin that requires great heat to break 
open and release seeds. 


 A Lodgepole pine seeds sprout 
easily. 


 B Lodgepole pine is adapted to 
frequent forest fires. 


 C Lodgepole pine will grow where 
other plants cannot. 


 D Not all lodgepole pine seeds are 
contained in a cone.


n The base sequences below show two 
different sequences of the same gene. 


  Wild Type: TTGACTCGGTATAC
  Mutant:  TTGACTCGTATAC


 A Deletion 


 B Insertion 


 C Inversion


 D Substitution


o AIDS is a deadly disease caused by 
HIV, a virus that attacks and destroys 
the human immune system. When 
AIDS first began appearing, there was 
a lot of incorrect information 
concerning how one could be infected. 
Some of that misinformation still exists 
today. 


 A Sharing needles


 B Shaking hands or kissing 


 C Being bitten by mosquitoes or 
ticks


 D Coming in contact with infected 
toilet seats


p The organisms from a particular 
kingdom are eukaryotes; they have a 
cell wall made from chitin; they can be 
either unicellular or multicellular; and 
they are heterotrophic. An example of 
an organism from this kingdom is 
Penicillin notatum. 


 A Eubacteria 


 B Fungi 


 C Plantae 


 D Protista


What testable hypothesis could you 
form from this observation?


What type of mutation is 
represented by the sequences?


Which of the following activities is a 
risk factor for transmitting HIV?


Which kingdom is being described?


© Houghton Mifflin Harcourt Publishing Company


8 New Mexico Standards Review


11_CNMETP747293_PTA_001-024.indd   8 7/14/11   8:11:51 AM







GO ON


Name  Date 
P


ractice Test A


q 


 A Two types of feathers 


 B Sharp claws on their feet 


 C Very good vision 


 D  Sharp, curved beak


r 


 A A volcanic eruption that forms a 
new island  


 B A natural fire killing all of the 
trees in a forest 


 C A farmer abandoning a field that 
used to grow crops 


 D A flood drowning all of the land 
plants and animals in a field


s According to the primordial soup model, 
the first organic molecules could have 
formed from simpler inorganic substances 
in Earth’s early oceans, but only if there 
were a source of energy to cause such 
chemical reactions to take place.


 A Lightning and cellular respiration


 B Nuclear radiation and 
photosynthesis


 C Photosynthesis and cellular 
respiration


 D Solar radiation, volcanic 
eruptions, and lightning


t During the thousands of years in which 
the Grand Canyon formed, the canyon 
divided a single population of squirrel 
into two populations. One of the 
squirrel populations now lives on the 
North Rim of the canyon, and the other 
population lives on the South Rim. 


 A Different predators live on the 
North and South Rims of the 
canyon.


 B A few squirrels manage to cross 
the canyon and breed with 
squirrels on the other side. 


 C Different trees grow on the North 
and South Rims of the canyon 
because of changes in the water 
table.


 D A disease attacks one population 
of squirrels and kills most of 
them. The squirrels on the other 
side of the canyon are not affected.


u The general equations for photosynthesis 
and cellular respiration show how the 
two processes are interconnected in 
natural cycles.


 A ATP 


 B Glucose 


 C Oxygen 


 D Water


Which of the following is not an 
adaptation that helps birds of prey 
catch and eat other animals?


Which event could lead to primary 
succession?


Which are possible sources of energy 
that could have led to the production 
of these first precursors to life?


Which of the following factors 
would make the evolution of the 
populations into separate species 
less likely?


Which substance is a product of 
cellular respiration and a reactant in 
photosynthesis?
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v The body’s cells come in several different shapes, according to their function. One 
type of cell is shown below.


w Your body is constantly processing feedback from your sensory organs telling you if  
something is hot, cold, smooth, rough and so on. 


x The diagram below shows four stages of a cell dividing by mitosis. The stages are not 
in the correct order.
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5  Examine the drawings below. Which drawing shows chromosomes being 
pulled by spindle fibers to opposite ends of the cell?


1 2 3 4


A. Drawing 1
B. Drawing 2
C. Drawing 3
D. Drawing 4


6  What is the primary source of energy for photosynthesis?


F. ATP
G. fermentation
H. heat
I. sunlight


7  Go to the Answer Sheet to answer number 7.


8  Latecia conducted an experimental investigation of the gas production 
of a water plant. She placed a beaker upside-down over a water plant 
submerged in water and collected the gas that the water plant produced 
when kept in sunlight. After several days, a large bubble of gas collected 
in the upside-down beaker. Given that the gas comes from the water plant, 
infer the contents of the bubble of gas collected in the test tube.


A. The gas contains one of the products of respiration, oxygen.
B. The gas contains one of the products of photosynthesis, oxygen.
C. The gas contains one of the products of respiration, carbon dioxide.
D. The gas contains one of the products of photosynthesis, carbon dioxide.


Topic 2 Practice Questions continued


FL_Biology_FCAT_WB_10-40.indd   14 2/24/05   11:13:01 AM


  


A What is the name and purpose of this kind of cell?


B Identify three distinct variations of this cell.


A What feedback mechanism helps maintain the equilibrium of your body 
temperature when your surroundings are very hot?


B What is the body’s response to the feedback?


Describe each of the four stages of mitosis in the correct order and identify which 
diagram shows each stage.
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 A Combustion


 B Erosion 


 C Decomposition


 D Respiration


z 


 A Flower


 B Glacier 


 C Rain 


 D Stream


A 


 A High tides


 B Thunderstorms 


 C Blizzards 


 D Tornadoes


B 


 A It changes the mass of rock. 


 B It changes the density of rock. 


 C It changes the amount of air in 
rock.


 D It changes the amount of water in 
rock.


C The diagram shows red and blue shift. 


Motion of star
relative to Earth 


Motion of star 
relative to Earth


Position of star relative 
to Earth (stationary)


Unshifted light from star


Blue shifted light


Red shifted light


me06sestgsc1005a
2nd Pass
3/15/04
ABOEHM


 In an expanding universe, observable 
galaxies are moving farther apart from 
each other. 


 A No shift 


 B Blue shift 


 C Red shift 


 D Shift that varies between red and 
blue


D 


 A Solar radiation


 B Tidal forces 


 C Radioactive decay 


 D Chemical reactions


By which process is the carbon in 
fossil fuels released into the 
atmosphere?


Which of the following would be 
part of Earth’s cryosphere?


Which is not usually associated with 
a hurricane?


What is the main effect of the 
addition of thermal energy to rock 
in the asthenosphere?


From this statement, what would be 
the Doppler effect when observing a 
star in another galaxy?


What is the main source of energy 
production in the inner core and 
outer core of Earth?
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E The diagram below shows the arrangement of water molecules in three different states 
of matter. 


1 The figures above illustrate the
arrangement of the particles of a
substance in three different states of
matter. What physical state of the
substance is shown in figure 2?


A solid


B liquid


C gas


D isotope


2 Atoms are made up of smaller parts,
called subatomic particles. The three
major kinds of subatomic particles are
electrons, protons, and neutrons.
Electrons carry a negative charge,
protons carry a positive charge, and
neutrons are neutral. Knowing this, what
part of an atom would you expect to
have an overall positive charge?


A the electron cloud


B a group of neutrons


C the nucleus 


D The entire atom is always positive.


3 The property that determines how
readily an atom of an element combines
with other atoms to form a compound is


A the number of electrons in the
atom’s outermost energy levels 


B the number of protons


C the number of neutrons 


D the number of electrons in the
atom’s innermost energy levels


4 A compound formed when atoms share
electrons is called


A an ionic compound


B a mixture


C smog


D a covalent compound 
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CHAPTER 8: EARTH CHEMISTRY


Directions: Read each question and choose the best answer. Then circle the letter for
the answer you have chosen.


1. 2. 3.
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  In the water cycle, water evaporates from the hydrosphere or biosphere and rises into 
the atmosphere.


 A The water molecules are in a liquid state, as shown in Figure 2. They change into 
a gas, as shown in Figure 3.


 B The water molecules are in a gaseous state, as shown in Figure 3. They change 
into a solid, as shown in Figure 1.


 C  The water molecules are in a solid state, as shown in Figure 1. They change into 
a liquid, as shown in Figure 2.


 D The water molecules are in a gaseous state, as shown in Figure 3. They change 
into a liquid, as shown in Figure 2.


F Many volcanoes are located along subduction zones where one tectonic plate moves 
under another.


 


 


Use the diagram to explain how the water undergoes a change of state during 
evaporation.


A When an oceanic plate and a continental plate meet, which plate subducts 
beneath the other? Explain.


B The Pacific Ring of Fire is a zone of major volcanic activity due to tectonic plate 
boundaries. Identify another area of Earth were you would expect to find volcanic 
activity.
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G Tectonic plates move in different ways and cause different kinds of geologic activity 
on Earth’s surface. The diagram shows the direction of movement of some major 
plates. 


NYESC03_41
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North American
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Eurasian
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The Earth's Tectonic Plates


H The rock cycle is a series of processes by which rock changes from one type to 
another. 


A Identify the type of boundary found between the Pacific plate and the Eurasian 
plate.


B What kind of geologic activity would you likely find along this boundary?


Describe how rock can be changed from one form to another.
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I Some popular amusement park rides let riders get into a cage to experience free fall 
acceleration for a short time. A video was taken during one such ride as the cage was 
released from the top of the ride. The video was imported into a graphical analysis 
software, and the cage height and time data were measured. The cage height (m) vs. 
time (s) was plotted and curve fits were employed to model the data. The curve fit 
that best fit the data was found to be a quadratic.


Cage Height (m) vs. Time (s)
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Auto Fit for: Video Analysis | Y
Y = A*(t-t0)^2 + B*(t-t0) + C
t0: 0.066667
A: -4.970 +/- 0.1336
B: -3.291 +/- 0.2017
C: 30.54 +/- 0.06422
RMSE: 0.08891


X _


 A It is the initial velocity of cage.


 B It is half  the acceleration of gravity. 


 C It is the initial height of the cage above the ground. 


 D It is the mass of the cage and the riders.


What is the significance of the coefficient A in this curve fit?
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J A group of students performed an experiment in science class using a toy car. A strip 
of paper tape was attached to the car, and the paper tape was passed through a 
recording timer. As the car moved, it pulled the paper tape through the timer. The 
recording timer made dots on the paper tape at regular intervals. Measuring the 
distance between dots provided data that could be used to determine the speed of the 
car. The car was pushed across a flat surface and then released. The students made 
the graphs below from the collected data to illustrate the motion of the car after it 
was released.


Distance Versus Time
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 A 2 cm/sec 


 B -2 cm/sec2 


 C -20 cm/sec2 


 D 2 cm/sec2


K Darwin’s theory of evolution was criticized fiercely during his time. Modern scientists 
now accept the theory while they still debate many of its details. Though a theory 
cannot be “proven,” significant evidence can be used to support it. 


 A Comparing the sequence of DNA base pairs of different species


 B Comparing different literary accounts of the origin of life on Earth


 C Comparing the anatomies of purebred pets and other domestic species


 D Comparing Darwin’s knowledge with that of modern evolutionary scientists


In this experiment, what was the acceleration of the car after the end of the initial 
push that started its motion?


What kind of evidence has led biologists to accept modern evolutionary theory?
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 A The tsunami was triggered by an underwater earthquake, and both volcanoes 
and earthquakes are caused by sudden shifts in Earth’s crust.


 B The tsunami was triggered by an underwater earthquake, and both volcanoes 
and earthquakes around the Pacific Ocean can be caused by convergent 
boundaries.


 C The tsunami was triggered by an eruption of a volcano in the Philippines. 


 D Shock waves from an earthquake caused by a 2004 volcanic eruption on a 
Philippine island triggered the tsunami that struck coastlines in Southeast Asia.


M Two objects with masses m1 and m2 are a distance r apart. The gravitational force 
between them is of magnitude F. Suppose we double m1 and double the distance r 
between the masses. 


 A 0.5 F


 B 2 F


 C 0.25 F


 D 4 F


N 


 A Isaac Newton 


 B Nicolaus Copernicus 


 C Tycho Brahe 


 D Claudius Ptolemy


What does the 2006 volcanic activity of Mount Mayon in the Philippines have in 
common with the December 2004 tsunami that killed hundreds of thousands of 
people in Southeast Asia?


What is the magnitude of the new gravitational force?


Which scientist was able to show that Kepler’s laws of planetary motion could be 
derived from three laws of motion and the assumption that a force, “gravity,” drew 
all bodies with mass towards each other?
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O A scientist set up two glass fish tanks like those shown in the picture.


  The scientist put 5 L of water, a small fish, and several plants in each tank. She then 
sealed the tops of both tanks so that no air could leave or enter. Tank A was placed 
in a bright room. Tank B was placed in a dark room. After 45 hours, the fish in the 
tank that was kept in darkness died. The fish in the brightly lit tank remained healthy 
for more than 96 hours. 


 A Fish cannot survive in an overcrowded environment. 


 B Fish cannot survive in an aquarium that does not contain plants.


 C Fish cannot survive in a plant-filled aquarium kept in darkness for 45 days.


 D Fish cannot survive in a plant-filled aquarium that has been sealed so that no air 
can leave or enter.


P Scientists used to group fungi with plants. 


 A Fungi do not have leaves. 


 B Fungi grow close to the ground. 


 C Fungi can reproduce either sexually or asexually. 


 D Fungi are heterotrophs, but plants are autotrophs.


Based on the results of the experiment described above, what conclusion can you 
draw about the relationship between the aquarium conditions and the organisms 
that live within the aquarium?


Which of the following is a major factor that determines why fungi are no longer 
classified as part of the plant kingdom?
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Q Today, biologists classify sponges as 
animals rather than plants. 


 A Sponges have asymmetry. 


 B Sponges do not have a backbone. 


 C Sponges cannot make their own 
food. 


 D Sponges do not have tissues or 
organs.


R The graph below shows the data 
collected by a student as she watched a 
squirrel running on the ground. The 
reference point for motion was a large 
tree, and all of the motion was in the 
same direction. Use the graph to 
answer the questions that follow.


S 


 A Natural formation of fossil fuels 


 B Oxygen in the atmosphere 


 C Increased evaporation


 D Human activity


T 


 A Ultrasound waves 


 B Infrared waves 


 C X rays 


 D Gamma rays


U 


 A Transuranic elements and 
ordinary items contaminated with 
these elements 


 B Plutonium, americium, curium 
and neptunium


 C Items contaminated with 
transuranic elements 


 D Elements with an atomic number 
greater than that of uranium (92)


What evidence supports today’s 
classification?


A Which conclusion about the 
motion of the squirrel between 5 s 
and 8 s is supported by the graph?


B What is the average velocity of 
the squirrel in the time interval 
between 1 s and 9 s?


What is the major cause of the 
depletion of the ozone layer? 


A CT, or computer tomography 
scan, uses what type of wave to 
produce cross-sectional or sliced 
images of the body to investigate 
organs, bones, and soft tissues to 
diagnose medical conditions like 
cancer, cardiovascular disease and 
appendicitis?


What is transuranic waste?
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V One contribution to the buildup of 
greenhouse gases in the atmosphere is 
from humans’ use of fossil fuels. Fossil 
fuels result from the gradual 
transformation of layers of organic 
matter in sediment into natural gas, 
coal, and petroleum. When fossil fuels 
are burned, they release carbon 
dioxide, a greenhouse gas that can be 
used by plants for photosynthesis. 


 A Plant trees


 B Use methane instead 


 C Invest in geochemical power


 D Convert carbon dioxide to carbon 
and oxygen


W The Goddard Rocket and Space 
Museum in Roswell, New Mexico, 
houses an extensive collection of Robert 
Goddard memorabilia including his 
missile and rocket collection. Visitors to 
the museum can walk through a replica 
of his workshop including a scaled 
replica of his first rockets as well as his 
tools and original equipment. 


 A A rocket propelled by liquid fuel


 B A two-stage rocket using solid fuel


 C A three-stage rocket using solid 
fuel


 D All of the above


X 


 A Any system that relies on cellular 
telephones 


 B Any system which relies on binary 
logic 


 C The internet


 D Any system that can compress 
information


Y 


 A A popular celebrity disagrees with 
the ideas outlined in the old theory.


 B New evidence discovered during a 
university-funded study better 
matches a new theory.


 C A scientist has strong but 
unsupported beliefs that the old 
theory is wrong.


 D A group of citizens believe that new 
theories are better than old theories.


Z 


 A A food scientist studying the 
effects of hot peppers


 B A geologist studying the salt bed 
formations


 C An astrophysicist looking at 
images of galaxies and quasars


 D All of the above


What can people do, in addition to 
burning less fossil fuels, to limit the 
damage caused by burning natural 
gas, coal, or petroleum?


What innovations in space travel 
were discovered by Robert Goddard?


What is digital technology?


Which of the following could cause 
a long-held theory to be challenged 
or even overturned by the scientific 
community?


Which of the following scientists 
could you expect to find working in 
New Mexico?
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! The Very Large Array (VLA) in Socorro, New Mexico, is a radio telescope designed 
to study astronomical events. Some people think it is a waste of money because what 
it studies is not important to our lives. 


 A The outer space location, density, and motion of hydrogen gas 


 B Sounds from outer space 


 C Black holes at the heart of most galaxies


 D Radiation left over from the Big Bang


" Bt corn contains a gene from a bacterium, making it a genetically modified organism, 
termed GMO. In the case of Bt corn, the donor organism is a naturally occurring soil 
bacterium that kills the European corn borer. Growers use Bt corn as an alternative 
to spraying insecticides.


 A By using ligase to insert the desired gene into corn DNA


 B By removing a plasmid from the bacterium


 C By using restriction enzymes to cut the bacterial DNA on either side of the 
desired gene


 D By cloning the corn plant


Which of the following is not something scientists use the VLA to study?


How did genetic engineers most likely begin the process of creating Bt corn 
containing this bacterial gene?


© Houghton Mifflin Harcourt Publishing Company


20 New Mexico Standards Review


11_CNMETP747293_PTA_001-024.indd   20 7/14/11   8:11:56 AM







P
ractice Test A


Answer sheet 


Name Class Date Score


Practice Test A
Fill in the circle with the correct answer.


1 DCBA


2 DCBA


3 DCBA


4 DCBA


5 DCBA


6 DCBA


7 DCBA


8 DCBA


9 DCBA


0 DCBA


a DCBA


b DCBA


c DCBA


d DCBA


e 


f DCBA


g DCBA  


 DCBA  


h DCBA   


 


 DCBA    


i   


 


j DCBA


k DCBA


l DCBA


m DCBA


n DCBA


o DCBA
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Practice Test A
Fill in the circle with the correct answer.


p DCBA


q DCBA


r DCBA


s DCBA


t DCBA


u DCBA


v DCBA    


 DCBA    


 


w DCBA    


 DCBA    


x   


 


 


y DCBA


z DCBA


A DCBA


B DCBA


C DCBA


D DCBA


E DCBA


F DCBA    


 DCBA   


G DCBA   


 DCBA   
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P
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Answer sheet 


Name Class Date Score


Practice Test A
Fill in the circle with the correct answer.


H   


 


I DCBA


J DCBA


K DCBA


L DCBA


M DCBA


N DCBA


O DCBA


P DCBA


Q DCBA


R DCBA    


 DCBA   


S DCBA


T DCBA


U DCBA


V DCBA


W DCBA


X DCBA


Y DCBA


Z DCBA


! DCBA


" DCBA
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Practice test B


1 A roller skate rolls off  a 2.50 m high 
ledge and lands on the ground 1.25 m 
away from the base of the ledge.


  


 A 1.75 m/s 


 B 3.92m/s 


 C 4.90 m/s 


 D 7.82 m/s


2 


 A The nuclear force is stronger than 
the electromagnetic force at very 
short distances but weaker at 
longer distances.


 B The nuclear force is stronger than 
the electromagnetic force under all 
conditions. 


 C The nuclear force is stronger than 
the electromagnetic force at very 
short distances but equal at longer 
distances.


 D The nuclear force is equal to the 
electromagnetic force.


3 When you place a metal pan on a hot 
stove burner, the pan’s metal handle 
becomes hot even though it is far from 
the burner. 


  


 A Convection 


 B Electromagnetic radiation 


 C Phase change 


 D Thermal conduction


4 


 A Ultrasound to image a fetus 


 B Hydrostatic weighing tank to 
measure a person’s BMI or body 
mass index 


 C Heating a pot of water on the 
stove 


 D Nuclear fission at a nuclear power 
plant


How fast was the roller skate 
rolling?


How does the force that holds the 
nucleus together compare to the 
electromagnetic force that causes 
protons and electrons to stay 
together in atoms?


Why does the handle get hot?


Which of the following technologies 
takes advantage of wave 
characteristics and behaviors?
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5 The vector below represents the 
momentum of a car traveling along a 
road.


  The car strikes another car, which is at 
rest, and the result is an inelastic 
collision. 


  


 A 


 B 


 C 


 D 


6 


 A Decreasing the number of moles 
of gas at a fixed temperature 


 B Decreasing the temperature of the 
contents of the container 


 C Increasing the number of moles of 
gas and increasing temperature 


 D Increasing the temperature and 
opening the container


7 When two clear solutions are mixed in 
a chemistry lab, a yellow precipitate 
forms and settles to the bottom of the 
beaker. The total mass of material 
inside the beaker does not change when 
the solid precipitates. 


  


 A It is a physical change because 
precipitates are a change of state. 


 B It is a physical change because the 
total mass does not change. 


 C It is a chemical change because a 
new material was formed in the 
beaker. 


 D It is a chemical change because 
physical changes do not produce 
solid products.


Which of the following vectors 
represents the momentum of the 
first car after the collision?


Which of the following changes 
would increase the pressure of the 
gaseous contents of a container 
with a fixed volume?


Which statement is a reasonable 
conclusion about the formation of 
the precipitate?
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8 The graph below plots the change in temperature as a substance is heated. 


  


 A AB


 B AC


 C BC


 D CD


9 


 A Increase in the number of molecules 


 B Increase in the motion of its molecules 


 C Transfer of energy from the object to its environment 


 D Decrease in the average kinetic energy of its molecules


Which part of the graph corresponds to a change of state?


What causes an increase in the temperature of an object?
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0 The graph shows the ionization energies of main-block elements.


IONIZATION ENERGIES OF MAIN-BLOCK ELEMENTS


Group
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Ionization Energies of Main-Block Elements


  


 A Ionization energy is independent of period in the periodic table.


 B Ionization energies of all elements of a group are about the same.


 C Within a group, ionization energy tends to increase with total number of 
electrons.


 D Within a period, ionization energy tends to increase with an increasing number 
of valence electrons.


a 


 A Because acids are chemically the same as bases 


 B Because OH– ions and H+ ions combine 


 C Because the nuclei of the acids and bases combine


 D Because acids and bases are always elements


Based on the information on the graph, which of the following statements about 
ionization energy is true?


Why does the combination of a base with an acid cause a chemical reaction? 
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b 


 A Microwaves, radio waves, visible 
light, X rays 


 B Radio waves, microwaves, visible 
light, X rays 


 C X rays, visible light, radio waves, 
microwaves


 D X rays, visible light, microwaves, 
radio waves


c 


 A Elements are arranged in groups 
based on how they are used by 
people.


 B Elements with similar chemical 
and physical properties are 
grouped in columns.


 C Elements are grouped into atoms 
that have similar sizes.


 D Elements with similar chemical 
and physical properties are 
grouped in rows.


d 


 A Use large sugar cubes instead of 
sugar crystals 


 B Cool the water before adding the 
sugar


 C Use a container with a lid


 D Stir the solution with a spoon


e An atom of the plutonium isotope 
241


94Pu decays by emitting a beta 
particle. 


  


Which list orders the types of light 
from lowest to highest energy?


How are elements grouped in the 
periodic table?


What could you do to make sugar 
dissolve in water faster?


What is the atomic number of the 
atom that is formed by the nuclear 
decay?
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f 


ENERGY TRANSFER DURING CHEMICAL REACTION


P
ot


en
tia


l E
ne


rg
y


Reaction Coordinate


A


B


C


D


 A The reaction is exothermic. 


 B The reaction is a decomposition reaction. 


 C There was no catalyst used in this reaction. 


 D If  the pressure is increased, the reaction will go faster.


g 


  


h According to Newton’s Third Law, when two objects exert forces on each other, the 
forces are equal in magnitude and opposite in direction. Suppose you witnessed a 
head-on car accident in which a small electric car collided with a large SUV. 


  


  


Based on the energy diagram below, which statement about the reaction is true?


A Draw a Lewis structure that correctly shows the arrangement of electrons in the 
tetrafluoroammonium ion, (NF4)+. 


B Explain why you drew the structure as you did.


A Based on Newton’s laws of motion, what do you know about the forces and 
accelerations felt by the drivers of the vehicles?


B What can you say about the acceleration of the vehicles after the collision?
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i In his gold-foil experiment, shown below, Ernest Rutherford shot alpha particles at a 
thin sheet of gold.


  


j The diagram below shows four stages of a cell dividing by mitosis.


14 Holt Biology and Modern Biology Florida FCAT Standardized Test Preparation Workbook
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Name Class Date


5  Examine the drawings below. Which drawing shows chromosomes being 
pulled by spindle fibers to opposite ends of the cell?


1 2 3 4


A. Drawing 1
B. Drawing 2
C. Drawing 3
D. Drawing 4


6  What is the primary source of energy for photosynthesis?


F. ATP
G. fermentation
H. heat
I. sunlight


7  Go to the Answer Sheet to answer number 7.


8  Latecia conducted an experimental investigation of the gas production 
of a water plant. She placed a beaker upside-down over a water plant 
submerged in water and collected the gas that the water plant produced 
when kept in sunlight. After several days, a large bubble of gas collected 
in the upside-down beaker. Given that the gas comes from the water plant, 
infer the contents of the bubble of gas collected in the test tube.


A. The gas contains one of the products of respiration, oxygen.
B. The gas contains one of the products of photosynthesis, oxygen.
C. The gas contains one of the products of respiration, carbon dioxide.
D. The gas contains one of the products of photosynthesis, carbon dioxide.


Topic 2 Practice Questions continued


FL_Biology_FCAT_WB_10-40.indd   14 2/24/05   11:13:01 AM


  


 A Drawing 1, 3, 4, 2


 B Drawing 2, 1, 3, 4


 C Drawing 2, 4, 3, 1


 D Drawing 4, 3, 2, 1


What happened to most of the positively charged particles? Explain what effect the 
outcome of Rutherford’s experiment had on the understanding of the structure of 
the atom? 


Which list of numbers names the diagrams in the correct order of sequence as they 
occur in the cell cycle?
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k 


 A They cannot drive out native species.


 B They usually are purposely introduced to their new habitat.


 C They are not a problem because they cannot thrive in a new habitat.


 D They can become pests because they have no predators in their new habitat.


l The diagram shows the processes that occur during gene expression. 


 


DNA RNA 


A 


B
 


C
B 


D
B 


  


 A Translation


 B Replication


 C Transcription 


 D Protein synthesis


m In a population of clover flowers, there are both white and purple varieties. The cows 
that graze the field where the clovers grow prefer the purple variety. Over time, the 
white clover flowers become much more numerous and the purple ones more scarce. 


  


 A Evolution 


 B Reproduction 


 C Natural selection 


 D Genetic mutation


Which of the following statements about exotic species is true?


Which of the following is represented at letter B?


Which process is this an example of?
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n Speciation is the formation of new 
species as a result of evolution by 
natural selection. 


  


 A One half  of the species will go 
extinct if  the population is 
separated.


 B The separated populations will 
always evolve into at least two 
different species.


 C If  the environments differ enough, 
the separated populations may 
evolve differently.


 D By separating, the populations 
will no longer be able to 
interbreed and will die off.


o AIDS is a fatal disease caused by HIV, 
a virus that attacks and destroys the 
human immune system. 


  


 A Sharing needles


 B Shaking hands or kissing 


 C Being bitten by mosquitoes or 
ticks


 D Coming in contact with infected 
toilet seats


p Mistletoe grows on trees. It sends its 
roots into the tree and uses the 
nutrients that could otherwise be used 
by the tree. 


  


 A Commensalism 


 B Mutualism


 C Parasitism 


 D Predation


q 


 A Xylem—water and inorganic 
nutrients flow in one direction; 
phloem—water and organic 
nutrients flow in any direction


 B Xylem—water and organic 
nutrients flow in one direction; 
phloem—water and inorganic 
nutrients flow in any direction


 C Xylem—water and inorganic 
nutrients flow in any direction; 
phloem—water and organic 
nutrients flow in one direction


 D Xylem—water and organic 
nutrients flow in any direction; 
phloem—water and inorganic 
nutrients flow in one direction


What effect could separation of 
populations have on speciation?


Which of the following activities is a 
risk factor for transmitting HIV?


If mistletoe benefits from the 
relationship and the tree is harmed, 
what kind of relationship exists 
between the two organisms?


Which of the following correctly 
represents the two plant vascular 
tissues, the types of material they 
carry, and their direction of flow?


© Houghton Mifflin Harcourt Publishing Company


10 New Mexico Standards Review


11_CNMETP747293_PTB_001-027.indd   10 7/14/11   10:46:18 PM







Name  Date 
P


ractice Test B


r Each person’s DNA is unique. DNA 
gives the body instructions on how to 
assemble proteins. 


  


 A Each person has a unique 
combination of proteins that 
determines his or her physical 
characteristics.


 B Each person has a unique set of 
physical characteristics that is 
determined by his or her 
environment.


 C Each person has a unique 
combination of proteins that 
determines his or her DNA 
profile.


 D Each person has a combination of 
proteins that is shared by all 
members of his or her family.


s A species of toad living in an area is 
similar in form to toad fossils found in 
very old rock. 


  


 A Toads living near the area have 
evolved slowly over time. 


 B Toads evolved rapidly because 
they have many variations in form. 


 C This species of toad burrowed 
into the rock and became 
fossilized. 


 D The toads living today migrated to 
the area from a different region.


t 


 A Absorb nutrients


 B Transport oxygen 


 C Transmit signals 


 D Contract and expand


u Photosynthesis powers almost all 
trophic chains and food webs on Earth. 
The net process of photosynthesis is 
described by the following equation:


6CO2 + 6H2O + Light Energy → 
C6H12O6 + 6O2


  


  


What can you infer from this 
information?


Which hypothesis does this 
observation support?


What is the function of the cell 
shown in the diagram?


A Explain the equation in words.


B How is the following equation 
related to photosynthesis?


C6H12O6 + 6O2 →  
6CO2 + 6H2O + 36ATP
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v James Watson and Francis Crick built 
a model showing that the structure of 
DNA is like a twisted ladder called a 
double helix. 


  


  


w 


  


x The tropical rain forests have been 
called the lungs of the planet. They 
take huge quantities of carbon dioxide 
from the atmosphere during 
photosynthesis and give off  large 
quantities of oxygen. Vast tracts of 
tropical rain forests are being cleared 
for farms by people cutting down and 
burning the trees. 


  


y 


 A Protoplanets collide and condense. 


 B The solar nebula begins to 
collapse. 


 C Rotation of the solar nebula 
causes it to flatten. 


 D Planetesimals form in the spinning 
disk of the nebula.


z 


 A Condensation 


 B Evaporation 


 C Precipitation 


 D Transpiration


A 


 A Basalt 


 B Feldspar 


 C Conglomerate 


 D Marble


A What purpose does the double 
helix structure serve? 


B How are genes related to DNA 
and what purpose do they serve?


A What feedback mechanism 
maintains the equilibrium of your 
body temperature when your 
surroundings are very hot?


B What is the body’s response to the 
feedback?


Give a hypothesis about the effect 
that rain-forest destruction may 
have on atmospheric carbon dioxide 
levels.


Which step immediately precedes 
the formation of planets and moons 
in planetary systems?


Which process of the water cycle 
requires an input of heat from an 
energy source such as the Sun?


Which sedimentary rock would 
form after granite was weathered 
into small pieces and then cemented 
together into a new rock?
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ractice Test B


B 


 A Conduction


 B Contraction 


 C Convection 


 D Radiation


C The drawing shows rock layers in a particular area.


1 Which principle would be used to
determine the relative ages of the top
three rock layers shown in the drawing?


A uniformitarianism


B absolute dating


C superposition


D radioactive decay


2 During field investigations of undis-
turbed rock layers, scientists can assume
that the relative age of a rock layer is
probably


A younger than the rock layer below it 


B older than the fossils it contains


C younger than the fossils it contains


D determined by using radioactive
decay


3 George used radiometric dating in a
laboratory investigation. He used this
method because he wanted to find


A the relative ages of rocks 


B the absolute ages of rocks


C the climate during a certain era


D the types of fossils found in a rock


4 The drawing above shows the fossils
found in rock layers at three different
sites. Layer A contains an index fossil
of the trilobite Phacops. Which of these
is a valid conclusion about rocks in
layer A at all three sites?


A They are all about the same age.


B They are each a different age. 


C They were each formed at different
times.


D They were all formed
catastrophically.


39


CHAPTER 17: THE ROCK RECORD


Directions: Read each question and choose the best answer. Then circle the letter for
the answer you have chosen.
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 A Uniformitarianism 


 B Absolute dating 


 C Superposition 


 D Radioactive decay


By which process is most heat transferred from Earth’s core to its surface? 


Which principle would be used to determine the relative ages of the top three rock 
layers shown in the drawing?
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D The diagram shows a simplified diagram of the water cycle. 


1 In the above simplified illustration of the water cycle, at what point does water vapor
gain energy?


A evaporation C precipitation


B condensation D transpiraton


2 Jason decided to conduct a field experiment on humidity. He complied his data in the
above table, which shows the predicted relative humidity and temperature for 4 days.
Based on this information, predict on which day the most condensation will form on
Jason’s window.


A Day 1 C Day 3


B Day 2 D Day 4


3 What conclusion can Jason make about the relationship between temperature and
humidity?


A The amount of water air can hold increases as temperature increases.


B The amount of water air can hold decreases as temperature increases.


C Air cannot hold water at any temperature.


D Temperature and humidity are unrelated.
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CHAPTER 24: WATER IN THE ATMOSPHERE


Directions: Read each question and choose the best answer. Then circle the letter for
the answer you have chosen.


Condensation


Precipitation Evaporation


Day Relative Humidity Temperature (˚C)


1


2


3


4


55%


96%


83%


71%


23˚


32˚


30˚


26˚
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 A During evaporation 


 B During condensation 


 C During precipitation 


 D During evaporation and condensation


E Soil is formed by geologic processes that can take hundreds of years. Soil is an 
important natural resource used to grow crops. Poor farming techniques can leave soil 
susceptible to erosion by wind and water. 


5 Poor soil conservation practices will


A not affect farmers, as topsoil is an
inexhaustible resource 


B exhaust earth’s limited supply of
topsoil 


C result in the expensive process of
manufacturing new replacement
topsoil


D result in excessive oxidation of the
soil’s humus content


6 Soils in temperate regions are generally
thick and fertile because


A there is no mechanical weathering


B there is a large amount of rain


C there is no chemical weathering


D there is an abundance of chemical
and mechanical weathering 


7 A scientist compiled data from
numerous field investigations to create a
circle graph showing the various causes
of soil damage. Using the circular graph
above, what percentage of soil damage
is caused by wind and water erosion?


A 16%


B 28%


C 56%


D 84% 


8 A low, almost featureless surface that
results from extended erosion of a
mountain is called a


A mesa


B butte


C peneplain 


D monadnock
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CHAPTER 12,  continued


Water Erosion


Wind Erosion


Chemical Degradation


Physical Degradation


4%


12%


28% 56%
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 A 16% 


 B 28% 


 C 56% 


 D 84%


In this diagram, at what point does water vapor gain energy?


According to the graph, what percentage of soil damage is caused by wind and 
water erosion?
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ractice Test B


F Pressure differences in the atmosphere 
occur because of the unequal heating 
of Earth. These pressure differences in 
combination with Earth’s rotation 
cause the movement of winds 
worldwide. 


  


  


G The most widely accepted theory of 
the formation of the universe is the Big 
Bang theory. This theory suggests that 
the origin of the universe took place 
about 14 billion years ago. 


  


  


H When two different air masses meet, a 
boundary forms between the air 
masses. This boundary is called a front. 
Fronts can produce severe weather 
such as thunderstorms and tornadoes. 


  


A How do surface features influence 
local wind patterns?


B If  a breeze is blowing from the 
ocean to the land on the coast of 
Maine, about what time of day is it? 
Explain your answer.


A Summarize the Big Bang theory.


B What evidence supports the Big 
Bang theory?


Describe the four main types of 
fronts.
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I In a laboratory, a scientist applied pushes and pulls to a 1-kg block using devices that 
measured the applied force. Sensors recorded the motion of the block each second for 
4 seconds, as shown in the table below. A computer calculated the average velocity for 
each 1-second period.


Table 1 Motion of Block
Time (sec) Position (m) Velocity (m/sec)


0.0 0.0 0.0


1.0 1.0 2.0


2.0 4.0 4.0


3.0 9.0 6.0


4.0 16.0 8.0


  


 A 0.5 m/s2 


 B 1.0 m/s2 


 C 2.0 m/s2 


 D 4.0 m/ s2


According to the data in the table, what was the acceleration of the block during 
the experiment?
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ractice Test B


J In the field and in the laboratory, scientists should always evaluate their numerical 
answers for reasonableness. During a lab experiment, students use a series of 
electronic motion detectors to measure velocities of billiard balls before and after 
collisions. Using conservation of momentum, several students calculated the mass of 
a certain billiard ball. Each student’s calculated mass is listed below in the table. 


Student Name Calculated Mass of Billiard Ball


Maria 16.0 kg


Jacob 0.0016 kg


Isabelle 1.60 x102 g  


Tyler 1600 g


 


 A Maria 


 B Jacob 


 C Isabelle 


 D Tyler


Which student’s numerical answer is the most reasonable for the mass of the cue 
ball? 
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K In a laboratory, a scientist applied pushes and pulls to a 1-kg block using devices that 
measured the applied force. The forces were applied in four directions as in Figure 1. 
Sensors recorded the motion of the block each second for 4 seconds, as shown in 
Table 1, and a computer calculated the average velocity for each 1-second period.


Table 1


Motion of Block
Time (sec) Position (m) Velocity (m/sec)


0.0 0.0 0.0


1.0 1.0 2.0


2.0 4.0 4.0


3.0 9.0 6.0


4.0 16.0 8.0


Figure 1


9 N6 N


3 N


3 N


  


 A 1.0 N to the right 


 B 1.0 N to the left 


 C 2.0 N to the left


 D 3.0 N to the right


L 


 A Force of gravity and inertia 


 B Elliptical orbits and foci 


 C Size of the Sun and shapes of the planets 


 D Distance from the Sun and the orbital period of planets


What was the force of friction on the block in this experiment?


Newton explained Kepler’s laws of planetary motion by describing the combined 
effects of what two things?
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M During the July 1971 Apollo 15 moon landing, Commander David Scott was filmed 
performing an experiment. He dropped a falcon feather and a geological hammer 
from the same height and saw that the feather and the hammer hit the lunar surface 
at the same time due to the close vacuum conditions. This experiment is a 
confirmation that all objects accelerate the same in gravity fields in the absence of air 
resistance.


  


 A Isaac Newton’s 


 B Edwin Hubble’s 


 C Albert Einstein’s 


 D Galileo Galilei’s


N In a classroom experiment, high school students conducted a survey to determine the 
similarities and differences among groups of invertebrates. They recorded their 
observations in the chart below. They also made a chart of phyla in the animal 
kingdom showing evolutionary milestones.


 


  The students wanted to know where each invertebrate specimen they examined would 
fit on a phylogenetic tree, with Chordata being the most evolved and Porifera being 
the least evolved. 


  


 A Earthworm and planarian 


 B Earthworm and beetle 


 C Sponge and snail 


 D Starfish and hydra


Whose scientific work from 1638 did Commander Scott confirm?


Examine the phyla in the chart of evolutionary milestones. Which two of the 
animals studied would be most closely related according to the evolutionary 
hypotheses represented by a phylogenetic tree?
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O According to the primordial soup 
model, the first organic molecules 
could have formed from simpler 
inorganic substances in Earth’s early 
oceans, but only if  there were a source 
of energy to cause such chemical 
reactions to take place. 


  


 A Lightning and cellular respiration


 B Nuclear radiation and 
photosynthesis


 C Photosynthesis and cellular 
respiration


 D Solar radiation, volcanic 
eruptions, and lightning


P A species of toad living in an area is 
similar in form to toad fossils found in 
very old rock. 


  


 A Toads living near the area have 
evolved slowly over time. 


 B Toads evolved rapidly, because 
there are many variations in form. 


 C This species of toad burrowed 
into the rock and became 
fossilized. 


 D The toads living today migrated to 
the area from a different region.


Q Darwin’s theory of evolution was 
criticized fiercely during his time. 
Modern scientists now accept the 
theory while they still debate many of 
its details. Though a theory cannot be 
“proven,” significant evidence can be 
used to support it. 


  


 A Comparing the sequence of DNA 
base pairs of different species


 B Comparing different literary 
accounts of the origin of life on 
Earth


 C Comparing the anatomies of 
purebred pets and other domestic 
species


 D Comparing Darwin’s knowledge 
with that of modern evolutionary 
scientists


Which are possible sources of 
energy that could have led to the 
production of these first precursors 
to life?


Which hypothesis does this 
observation support?


What kind of evidence has led 
biologists to accept modern 
evolutionary theory?
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R 


 A The tsunami was triggered by an 
underwater earthquake, and both 
volcanoes and earthquakes are 
caused by sudden shifts in Earth’s 
crust.


 B The tsunami was triggered by an 
underwater earthquake, and both 
volcanoes and earthquakes around 
the Pacific Ocean can be caused 
by convergent boundaries.


 C The tsunami was triggered by an 
eruption of a volcano in the 
Philippines. 


 D Shock waves from an earthquake 
caused by a 2004 volcanic 
eruption on a Philippine island 
triggered the tsunami that struck 
coastlines in Southeast Asia.


S According to Einstein’s general theory 
of relativity, mass curves space. In 
1919, observations of a total solar 
eclipse showed that Einstein was 
correct. In the direction of the Sun, 
stars that could be seen only during the 
eclipse were in slightly different 
positions than expected. The mass of 
the Sun had curved space and made 
the light appear to come from a slightly 
different location.


  


 A It is now known that massive 
objects curve space much like a 
mattress when you sit on it.


 B Space is now considered to be 
Euclidean where any set of points 
can be connected with a straight, 
non-curved line.


 C Scientists did not accept Einstein’s 
general theory of relativity and 
Einstein became known as a 
quack scientist.


 D Solar eclipses are now believed to 
be caused by the Sun dipping 
below the Earth’s line of sight due 
to a deep curvature of space.


What does the 2006 volcanic activity 
of Mount Mayon in the Philippines 
have in common with the December 
2004 tsunami that killed hundreds 
of thousands of people in Southeast 
Asia?


How did Einstein’s general theory 
of relativity change scientific 
thought and society’s view of space?
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 A MRI 


 B CT scan 


 C Fluoroscopy 


 D Ultrasound


U 


 A Build a neutron bomb


 B Build a nuclear bomb


 C End World War II


 D Build a nuclear bomb before the 
enemy


V 


 A Sounds from space


 B Radio transmissions


 C Radio waves


 D Visual images


W 


 A Not many people lived in the area.


 B The region is dry most of the year.


 C Salt beds are free from fresh 
flowing water and impermeable.


 D Landowners offered the land for a 
good price.


X 


 A Email


 B Social media 


 C Ease of plagiarism


 D Access to information


Y 


 A He found it easier.


 B He did not know any other rocket 
scientists.


 C People made fun of his 
explanation of how to send a man 
to the moon.


 D No one else was interested in what 
he was doing.


Which diagnostic imaging 
technology requires patients to 
swallow a contrast media such as 
barium or iodine in order to image 
the internal organs as they work?


What was the goal of the 
Manhattan Project?


What kind of data does the Very 
Large Array (VLA) radio telescope 
in Socorro, New Mexico collect?


Why were the salt beds in near 
Carlsbad Caverns chosen for the 
Waste Isolation Pilot Plant (WIPP) 
for storing transuranic waste?


Which of the following is not an 
advantage of digital technologies 
which offer greater personal 
interconnectedness?


What prompted Robert Goddard to 
chose to work in secrecy?
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Z The Very Large Array (VLA) in 
Socorro, New Mexico, is a radio 
telescope designed to study 
astronomical events. Some people think 
it is a waste of money because what it 
studies is not important to our lives. 


  


 A The outer space location, density, 
and motion of hydrogen gas 


 B Sounds from outer space 


 C Black holes at the heart of most 
galaxies


 D Radiation left over from the Big 
Bang


! 


" The tropical rain forests have been 
called the lungs of the planet. They 
take huge quantities of carbon dioxide 
from the atmosphere during 
photosynthesis and give off  large 
quantities of oxygen. Vast tracts of 
tropical rain forests are being cleared 
for farms by people cutting down and 
burning the trees. 


  


 A Rain forest destruction will not 
influence overall carbon dioxide 
levels, because it will only affect 
only areas around the equator.


 B Any carbon dioxide added to the 
atmosphere because of rain forest 
destruction will fall into the 
oceans and be used in building 
coral reefs.


 C Cutting down rain forest trees will 
decrease atmospheric carbon 
dioxide levels, because plants give 
off  carbon dioxide as a result of 
cellular respiration.


 D Cutting down trees, which take 
carbon dioxide from the 
atmosphere, and burning the trees, 
which adds carbon dioxide to the 
atmosphere, will increase 
atmospheric carbon dioxide levels.


Which of the following is not 
something scientists study using 
VLA?


Why is a political survey, which 
follows clear methods and renders 
its results in statistical form, not 
scientific? 


Which of the following is the best 
hypothesis about the effect that rain 
forest destruction may have on 
atmospheric carbon dioxide levels?
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Answer sheet 


Name Class Date Score


Practice Test B
Fill in the circle with the correct answer.


1 DCBA


2 DCBA


3 DCBA


4 DCBA


5 DCBA


6 DCBA


7 DCBA


8 DCBA


9 DCBA


0 DCBA


a DCBA


b DCBA


c DCBA


d DCBA


e 


f DCBA


g DCBA   


 DCBA    


 


h DCBA    


 DCBA    


i   


 


 


j DCBA


k DCBA


l DCBA


m DCBA


n DCBA
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Answer sheet 


Name Class Date Score


Practice Test B
Fill in the circle with the correct answer.


o DCBA


p DCBA


q DCBA


r DCBA


s DCBA


t DCBA


u DCBA    


 DCBA    


v DCBA    


 DCBA    


w DCBA   


 DCBA    


x   


 


y DCBA


z DCBA


A DCBA


B DCBA


C DCBA


D DCBA


E DCBA
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Name Class Date Score


Practice Test B
Fill in the circle with the correct answer.


F DCBA    


 DCBA    


 


G DCBA    


 


 DCBA    


 


H   


 


 


I DCBA


J DCBA


K DCBA


L DCBA


M DCBA


N DCBA


O DCBA


P DCBA


Q DCBA


R DCBA


S DCBA


T DCBA


U DCBA


V DCBA


W DCBA


X DCBA
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Name Class Date Score


Practice Test B
Fill in the circle with the correct answer.


Y DCBA


Z DCBA


!   


 


" DCBA
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