


The National Science Education
Standards consist of four over-
arching principles (Figure 1) and a
total of 50 specific standards in the

areas of Science Teaching, Professional
Development for Teachers of Science,
Assessment in Science Education, Science
Content (broken down by topic area and
grade levels), Science Education Program,
and Science Education System. To say that
the Science Standards have raised the bar for
science education in the United States is truly
an understatement. Never before has science
education been guided by a national set of
principles and standards. Never before have
our science education goals been set this
high. And never before have science teachers
and administrators been this challenged to
meet goals of excellence in science programs.

Science teachers always have worked to
motivate students to read science texts, coor-
dinate visual and verbal information, and
study using effective, research-proven strate-
gies. However, teachers have limited
resources and must choose how much time
and energy to devote to helping students

develop these strategies while still allowing
them to become self-reliant and independent
learners. Administrators and teachers are
challenged to reach multiple goals, simulta-
neously helping students to:

■ understand and remember standards-
based science and apply it to new contexts,

■ perform well on high-stakes achievement
tests,

■ prepare to succeed in their next science
course, and

■ become productive and scientifically lit-
erate citizens.

The Science Standards describe a vision of
the scientifically literate person and present
criteria for science education that will allow
that vision to become reality. But now, more
than ever, science educators are struggling to
find appropriate resources to help them meet
the ideals set by the Science Standards. This
paper focuses on the Science Standards as
they apply to high school, as well as the
resources now available to those involved in
high school chemistry and physics education.

The National
Science
Education
Standards

RAISING
THE BAR

Science Standards’ Four Principles
• Science is for all students.
• Learning science is an active process.
• School science reflects the intellectual and cultural traditions that characterize the practice of contemporary science.
• Improving science education is part of systemic education reform.

For more information, see the National Research Council’s National Science Education Standards (1996) available at www.nap.edu.

Figure 1
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CHANGING PEDAGOGY: INQUIRY-BASED
SCIENCE LEARNING
To support the Teaching, Professional
Development, Assessment, Content, Program,
and System Standards, the Science Standards
begin with the four guiding principles. One
principle stressed consistently throughout the
standards is that learning science should be an
active process. 

Teaching Standard A:
Teachers of science plan an inquiry-based sci-
ence program for their students.

Content Standards——(Grades 9–12)
Science as Inquiry/Content Standard A:
As a result of activities in grades 9–12, all 
students should develop 

• Abilities necessary to do scientific inquiry.
• Understandings about scientific inquiry.

Science Education Program Standard B:
The program of study in science for all stu-
dents should be developmentally appropriate,

interesting, and relevant to students’ lives;
emphasize student understanding through
inquiry; and be connected with other school
subjects.

This stress on inquiry learning, through
laboratory activities and other methods, has
been echoed in the position statements of the
National Science Teachers Association, the
American Association of Physics Teachers,
and the American Chemical Society
Committee on Education, shown in Figure 2,
all of which strongly support the Science
Standards. The repeated recommendations
to use an inquiry approach reflect the grow-
ing trend toward constructivism in science
education. Constructivism is based on the
concept that students construct their own
knowledge in a process that is both individ-
ual and social. Research shows that teachers
cannot simply transfer knowledge to stu-
dents by lecturing or assigning readings.
Students have to take an active role in their
own learning. To accomplish this, science
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Statements on Inquiry Learning and Laboratory Activities
NSTA Position Statement – The National Science Education Standards:
The National Science Teachers Association strongly supports the National Science Education Standards by asserting that:
• Teachers, regardless of grade level, should promote inquiry-based instruction and provide classroom environments and

experiences that facilitate students’ learning of science…
• Inquiry should be viewed as an instructional outcome (knowing and doing) for students to achieve in addition to its use

as a pedagogical approach…
• Science programs should provide equitable opportunities for all students and should be developmentally appropriate,

interesting and relevant to students, inquiry-oriented, and coordinated with other subject matters and curricula.
(Adopted by the NSTA Board of Directors, January 1998. For more information, see www.nsta.org.)

American Chemical Society Committee on Education – Science Education Policies for Sustainable Reform (2001):

Science curricula need to be challenging to the students, and based on the “real world” of student interactions with
nature…Inquiry-based learning and laboratory experiences are essential components of chemistry instruction.
(For more information, see www.chemistry.org.)

AAPT Committee on Physics in High Schools Position Paper – The Role of Laboratory Activities in High School Physics:

Theory and research suggest that meaningful learning is possible in laboratory activities if all students are provided with
opportunities to manipulate equipment and materials while working cooperatively with peers in an environment in which
they are free to pursue solutions to problems that interest them…The role of the laboratory is central in high school
physics courses since students must construct their own understanding of physics ideas. This knowledge cannot simply
be transmitted by the teacher, but must be developed by students in interactions with nature and the teacher. Meaningful
learning will occur where laboratory activities are a well-integrated part of a learning sequence.
(Approved by the AAPT Executive Board, November 1992. For more information, see www.aapt.org.)
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programs must include ample opportunities
for students to explore, experiment, ques-
tion, debate, discuss, and discover.

This is not to say that teachers are removed
from the educational process. Rather, the
learning experience should include an appro-
priate balance of explicit and implicit instruc-
tion. Implicit instruction occurs when
students figure out for themselves how to
grapple with problems and construct concep-
tual knowledge (Pressley et al., 1992; Shulman
& Keislar, 1966). This is encouraged when stu-
dents engage in project-based and subject-
integrated science activities, open-ended
science labs, and science fair projects. Explicit
instruction occurs when teachers and textbook

authors clearly explain science concepts and
problem-solving strategies to students in a
direct, low-inference fashion (Duffy, 2002). 

Explicit instruction also provides students
with needed background knowledge on
how, why, and when to use learning and
studying strategies. This leads to learner
independence (Zimmerman, 1998, 2000,
2001) and productive dispositions toward
achievement (Alderman, 1999). Explicit
instruction is critical to good science teach-
ing. Exclusively using implicit instruction
often fails to equip developing students with
the necessary reading, writing, and studying
strategies (Graham & Harris, 1994, 2000). 

Teachers, curricula directors, and admin-
istrators are left with a difficult task: How
can we design a science program that pro-
vides the right balance of implicit and
explicit instruction and includes a curricu-
lum with the proper age-appropriate content
and ample opportunities for exploration and
inquiry learning?

SUPPORTING THE SCIENCE STANDARDS 
One of the concepts explained in the Science
Standards is that the Standards are meant to
serve as descriptive ideals and guidelines.
They represent what can be accomplished, but
leave the specifics of implementation to oth-
ers. The responsibility for putting the vision of
the Science Standards into action belongs to
everyone with an interest in science education:
teachers, students, administrators, supervi-
sors, policymakers, assessment specialists, sci-
entists, teacher educators, parents, businesses,
local community members, curricula develop-
ers and publishers. Glencoe/McGraw-Hill,
one of the nation’s largest textbook develop-
ers, has risen to the challenge of the Science
Standards and created inquiry-based pro-
grams for high school chemistry and physics.

Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems respond to the need of
science educators for curricula that accom-
plish multiple goals. To help educators reach
the Science Standards goals, such curricula
must:
■ Support the recommended Content

Standards, 
■ Give students consistent opportunities

for active and extended science inquiry,

History of the Science Reform Movement

• 1983 – National Commission on Excellence in Education releases
A Nation at Risk: The Imperative for Educational Reform. A
Nation at Risk sparks a wealth of studies and evaluations com-
paring U.S. students’ skills in literacy, science, and mathematics
to students in other countries.

• 1986 – American Association for the Advancement of Science
launches “Project 2061” to develop a high level of science liter-
acy among all U.S. citizens.

• 1989 – “Project 2061” publishes Science for All Americans,
which outlines the knowledge and characteristics necessary 
for a scientifically literate citizen.

• 1990 – National Governors’ Association and President Bush
release the National Education Goals during the State of the
Union Address. Goal Four states: “…by the year 2000, U.S. stu-
dents will be first in the world in science and mathematics
achievement.”

• 1991 – National Research Council begins coordination of the
development of National Science Education Standards. NRC con-
venes a National Committee on Science Education Standards and
Assessment and a Chair’s Advisory Committee that begin devel-
opment of national content, teaching, and assessment standards
in science education.

• 1993 – “Project 2061” publishes Benchmarks for Science
Literacy, which establishes minimum goals for what students
should know and be able to do at various grade levels in a 
number of content areas.

• 1995 – National Research Council publishes the National Science
Education Standards.

For more detailed information on the history of the science education
reform movement, see NSTA Pathways to the Science Standards:
Guidelines for Moving the Vision into Practice, Second High School
Edition (2004) available at www.nsta.org.
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■ Provide opportunities for scientific dis-
cussion and debate,

■ Provide various tools to regularly assess
student understanding, and

■ Connect science to other areas of learn-
ing, including natural phenomena and
science-related social issues that students
discover in everyday life.
The approach of all three programs allows

students to discover concepts within each of
the Content Standards, giving them opportu-
nities to make connections between chemistry
and physics concepts and the real world. All
three programs’ Teacher Wraparound Editions
include Chapter Organizers at the beginning
of each chapter, which clearly outline the
Science Standards covered in each section. 

REACHING THE SCIENCE STANDARDS——
RESEARCH-BASED STRATEGIES 
To fulfill the characteristics of standards-
supporting curricula, Chemistry: Concepts and
Applications, Chemistry: Matter and Change,
and Physics: Principles and Problems were

developed using six specific, research-based
instructional strategies. These strategies sup-
port inquiry-based instruction by providing
ideas for and examples of how scientific
inquiry can be conducted and by providing
information to support student inquiry. The
six strategies are as follows:

1. Using prior knowledge to learn new infor-
mation and correct misconceptions

When students recall previously learned
information, they can learn new, related
information more effectively. Strategies to
do this include: 1) recalling information,
asking questions, and using analogies; and
2) elaborating on information from the text-
book or teacher. In-text questions that ask
students to use prior knowledge may
remind them of information already in their
long-term memory that, for some reason, is
not easily remembered (Bransford, 1979;
Pressley & McCormick, 1995). This research-
based strategy also is central to successful
reading and writing performances (Guthrie
& Alvermann, 1999; Holliday et al., 1994).
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The Inquiry Teaching Approach
Teaching science using an inquiry approach means teachers must go far beyond merely lecturing students and encouraging
them to memorize fact-based lecture notes and textbook explanations in preparation for exams. Rather, students should be
allowed to experience the scientific process as scientists do, developing critical-thinking and problem-solving skills through the
use of engaging activities and active learning strategies. Both the National Science Education Standards’ Teaching Standards
and Content Standards put high value on inquiry as an important component of science teaching and learning.

According to the National Research Council’s Committee on Developing the Capacity for Selecting Effective Instructional
Materials,

The Standards encourage teachers to engage students in the process of scientific inquiry by directing them to ask ques-
tions about the natural world, design experiments to answer these questions, interpret the experimental results, and dis-
cuss the results with their peers. Such inquiry-based teaching enhances student understanding of scientific concepts and
it is intended to equip all students with the analytical skills they will need in the future to interpret the world around
them (p. 6).
(For more information, see Selecting Instructional Materials: A Guide for K–12 Science, available at www.nap.edu.)

According to the National Science Teachers Association’s Pathways to the Science Standards: Guidelines for Moving the Vision
into Practice, Second High School Edition (2004),

Foster Continuing Inquiry. Through questioning, self-assessment, and redesign of traditional hands-on experiences to
open-ended ones, constructivist teachers must constantly arrange learning environments that challenge students to cre-
ate more accurate knowledge for themselves. Constructivist research may be disconcerting to traditional lecture-oriented
education programs, but it presents strong empirical data for what we regard as ‘best practice’ in science education.

For more detailed information on the inquiry teaching approach, see NSTA Pathways to the Science Standards: Guidelines for Moving
the Vision into Practice, Second High School Edition (2004) available at www.nsta.org.



Chemistry: Concepts and
Applications, Chemistry:
Matter and Change, and
Physics: Principles and
Problems each reference
information previously
explained to facilitate
learning of new infor-
mation. All three pro-
grams often refer to
concepts from previ-
ous chapters, different
branches of science,
other school subjects,
and students’ per-
sonal experiences to
make chemistry and

physics more relevant. 
Another advantage of using prior knowl-

edge and linked topics to learn new informa-
tion is that it provides an opportunity to
correct misconceptions. Effective teaching
elicits students’ prior conceptions and pro-
vides opportunities to extend or challenge
those understandings (Donovan et al., 1999).
With Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems, students learn to rec-
ognize their prior conceptions and evaluate
them using scientific evidence. Each pro-
gram’s Teacher Wraparound Edition includes
sections on misconceptions that suggest
strategies for eliciting and correcting stu-
dents’ misconceptions about specific ideas
covered in each chapter, as seen in Figure 3.

2. Practicing important tasks

Providing students with opportunities to
practice important tasks has long been con-
sidered a successful strategy to improve
understanding and memory. Giving students
individual feedback on their practice helps in
monitoring and fostering science learning
(Baker, 1991). Practicing helps students
acquire additional information as they search
and productively struggle, with teacher help,
for the understanding and application of sci-
ence information. Chemistry: Concepts and
Applications, Chemistry: Matter and Change,
and Physics: Principles and Problems were
designed with the philosophy that practice is
absolutely necessary for learning to occur. 

Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems have a variety of fea-
tures to allow for extensive practice in scien-
tific skill development and test preparation.
These features include: example problems (as
shown in Figure 4A), practice problems,
problem-solving strategies, challenge prob-
lems, embedded reading and writing exer-
cises, and multiple laboratory activities
(including Launch Labs, Problem-Solving
Labs, Mini Labs, ChemLabs, Try at Home
Labs, Discovery Labs, Physics Labs, Design
Your Own Physics Labs, and Internet Physics
Labs). These opportunities for practice allow
students to fine-tune their problem-solving
abilities and learn new information, which
will be indispensable for solving problems on
standardized tests. All three texts also offer
Standardized Test Practice sections that
review and reinforce content in a standard-
ized format.

3. Using high-quality visuals to communicate,
organize, and reinforce science learning

Visuals—such as complex diagrams and
elaborate line drawings—used in conjunction
with verbal descriptions increase students’
chances of learning, understanding, and
remembering relationships and subtle prop-
erties of science concepts and problems.
Visuals often are the only way to effectively
communicate the central concepts needed to
understand chemistry and physics. Students
are able to organize and group ideas when
visuals illustrate different and common char-
acteristics (Hegarty et al., 1991). Also, the
mental images that high-quality visuals stim-
ulate are an indispensable tool for recalling
information, especially compared to informa-
tion presented with only text or lower-
quality visuals (Willows & Houghton, 1987).

Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems were designed with
consistent, clear structures and easy-to-follow
page layouts with effective use of color, graph-
ics, and fonts. They include high-quality
charts, tables, diagrams, art, and photographs,
as shown in Figure 4B. Visuals often are
accompanied by caption questions and ideas
for effective use of models and demonstrations.
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Kitchen Reaction Rates

Linguistic Ask students to keep

notes while they watch or assist in

the preparation of at least five meals.

Their notes should describe ways in which

conditions in their kitchens are varied or

controlled to influence the rates of reac-

tions during food storage and prepara-

tion. Have them include their notes in

their chemistry journals. 

P

LS
P

ELL

LS

L2

P

LS

PortfolioPortfolio

Visual-Spatial Have students make

general energy diagrams for one of

each of the following types of chemical

reactions: exothermic, endothermic, and

thermoneutral (neither exothermic nor

endothermic). The diagrams should show

both uncatalyzed and catalyzed reaction

pathways. Have students include the dia-

grams in their portfolios. 

P

LS

P

LS

L2

P

LS

Reaction Pathways

Identifying
Misconceptions

Students often confuse catalysts

and intermediates in reaction

mechanisms.

Uncover the Misconception

Have students examine the three

elementary reactions that

comprise the mechanism for the

complex reaction shown on page

549. Ask if N2O2 and N2O are

catalysts or intermediates. Both

are intermediates because they

are produced in one elemen-

tary step and consumed in a

subsequent step.

Demonstrate the Concept

Have students examine the

following general reaction

mechanism and identify cata-

lysts and intermediates.

A � B � C → X

X � D → Y � A

Y → E
X and Y are intermediates. A is

a catalyst.

Assess New Knowledge

Have students write the overall

reaction for the previous reac-

tion. B � C � D → E. Ask

students to explain why A is a

catalyst whereas B and C are

reactants. A is a catalyst

because it reacts in step 1 of

the reaction mechanism and is

reformed in step 2. However, B

and C are also reactants

because they are rearranged

into different molecules in the

first elementary step and are

not reformed.

P

LS

ChemLab 17, located at the end of

the chapter, can be used at this

point in the lesson.

CHEMLAB

Pulverizing (or grinding) a substance is one way to increase its rate of

reaction. This is because, for the same mass, many small particles possess

more total surface area than one large particle. So, a spoonful of granulated

sugar placed in a cup of water dissolves faster than the same mass of sugar

in a single chunk, which has less surface area, as shown in Figure 17-9. This

example illustrates that increasing the surface area of a reactant does not

change its concentration, but it does increase the rate of reaction by increas-

ing the collision rate between reacting particles.

Temperature
Generally, increasing the temperature at which a reaction occurs increases

the reaction rate. For example, you know that the reactions that cause foods

to spoil occur much faster at room temperature than when the foods are

refrigerated. The graph in Figure 17-10a illustrates that increasing the tem-

perature by 10 K can approximately double the rate of a reaction. How can

a small increase in temperature have such a significant effect?

As you learned in Chapter 13, increasing the temperature of a substance

increases the average kinetic energy of the particles that make up the sub-

stance. For that reason, reacting particles collide more frequently at higher

temperatures than at lower temperatures. However, that fact alone doesn’t

account for the increase in reaction rate with increasing temperature. To bet-

ter understand how reaction rate varies with temperature, examine the graph

shown in Figure 17-10b. This graph compares the numbers of particles hav-

ing sufficient energy to react at temperatures T1 and T2, where T2 is greater

than T1. The shaded area under each curve represents the number of colli-

sions having energy equal to or greater than the activation energy. The dot-

ted line indicates the activation energy (Ea) for the reaction. How do the

shaded areas compare? The number of high-energy collisions at the higher

temperature, T2, is much greater than at the lower temperature, T1. Therefore,

as the temperature increases more collisions result in a reaction.

As you can see, increasing the temperature of the reactants increases the

reaction rate because raising the kinetic energy of the reacting particles rais-

es both the collision frequency and the collision energy. You can investigate

the relationship between reaction rate and temperature by performing the

miniLAB for this chapter.
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Figure 17-9

Increasing the surface area of

reactants provides more oppor-

tunity for collisions with other

reactants, thereby increasing the

reaction rate.
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Figure 17-10

Increasing the temperature

of a reaction increases the fre-

quency of collisions and there-

fore the rate of reaction. 

Increasing the temperature

also raises the kinetic energy of

the particles, thus more of the

collisions at high temperatures

have enough energy to over-

come the activation energy 

barrier and react.

b

a
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Figure 3 Strategies
to help address 
students’ miscon-
ceptions about 
science are included
in each Teacher
Wraparound Edition.



Each text also is accompanied by an array 
of supplementary materials that allow for 
the use of visuals, including: Interactive
Chalkboard CD-ROMs, Virtual Labs 
CD-ROMs, WebQuest online research proj-
ects, Internet Labs, and other online resources
at chemistryca.com, chemistrymc.com, and
physicspp.com. 

4. Motivating all students to achieve

Students are motivated to learn when
materials provide explicit, attractive, relevant-
to-student presentations of key concepts
(Alderman, 1999; Corno, 1994). Motivational
strategies also can include long-term projects
of real-world relevance, and carefully con-
structed problem-solving activities that
require effort, persistence, and flexibility.
Effective strategies also include using exam-
ples from many cultures, using a variety of
teaching techniques, and incorporating
cooperative learning activities (Banks, 2001;
Winzer & Mazurek, 1998). Research has
shown that the inquiry learning and cooper-
ative learning approaches work well for all
students, including English-Language
Learners and those with learning disabilities
(Rosebery et al., 1992; Stoddart, 2002;
Scruggs et al., 1993). Such motivational
strategies will stimulate scientific curiosity
and instill confidence through scientific

exploration and discovery. Group activities
also promote positive attitudes toward
learning by building a community of learn-
ers (Brown & Campione, 1994).

Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems provide students with
exciting opportunities to explore chemistry
and physics from many different perspec-
tives, shown in Figure 4C. Many features—
How It Works, Why It’s Important,
Technology and Society, Future Technology,
Problem-Solving Labs, Discovery Labs,
Consumer Chemistry, Applying Chemistry,
and Applying Physics—encourage student
curiosity and link chemistry and physics top-
ics to everyday life. In all three programs,
group activities, discussions, and multiple
labs help students become part of an engaged
community of learners.

All three programs also include multiple
strategies in the Teacher Wraparound Editions
for reaching all students, including English-
language learners, struggling students, and
gifted students. Elements include:
Differentiated Instruction, Visual Learning,
Cultural Diversity, Challenge Activities, and
Helping Struggling Students. Forensics
Laboratory Manuals allow all students to
explore chemistry and physics topics in fun
and engaging ways.
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Speed A 1325-kg car, C, moving north at 27.0 m/s, collides with a 2165-kg car, D, 

moving east at 11.0 m/s. The two cars are stuck together. In what direction and with 

what speed do they move after the collision?

Analyze and Sketch the Problem

• Define the system.

• Sketch the “before” and “after” states.

• Establish the coordinate axis with the 

y-axis north and the x-axis east.

• Draw a momentum-vector diagram.

Known:
Unknown:

mC � 1325 kg vf, x � ?

mD � 2165 kg vf, y � ?

vCi, y � 27.0 m/s � � ?

vDi, x � 11.0 m/s

Solve for the Unknown

Determine the initial momenta of the cars 

and the momentum of the system. 

pCi � mCvCi, y

� (1325 kg)(27.0 m/s) Substitute mC = 1325 kg, vCi, y � 27.0 m/s

� 3.58�104 kg�m/s (north)

pDi � mDvDi, x

� (2165 kg)(17.0 m/s) Substitute mD � 2165 kg, vDi, x � 17.0 m/s

� 2.38�104 kg�m/s (east)

Use the law of conservation of momentum to find pf.

pf, x � pi, x � 2.38�104 kg�m/s Substitute pi, x � pDi � 2.38�104 kg�m/s

pf, y � pi, y � 3.58�104 kg�m/s Substitute pi, y � pCi � 3.58�104 kg�m/s

Use the diagram to set up equations for pf, x and pf, y.

pf � �(pf, x)
2� � (pf,� y)2�

� �(2.38��104 kg��m/s)2� � (3.5�8�104� kg�m/�s)2�

� 4.30�104 kg�m/s

Solve for �.

� � tan�1 (�
p

p

f

f

,

,

x

y
�)

� tan�1 (�32..5388��
1
1
0
0

4

4
k
k
g
g
�

�

m
m

/
/
s
s� ) Substitute pf, y � 3.58�104 kg�m/s, pf, x � 2.38�104 kg�m/s

� 56.4°

Determine the final speed.

vf � �
(mC �

pf
mD)�

�
Substitute pf � 4.30�104 kg�m/s, mC � 1325 kg, mD � 2165 kg

� 12.3 m/s

Evaluate the Answer

• Are the units correct? The correct unit for speed is m/s.

• Do the signs make sense? Answers are both positive and at the appropriate angles.

• Is the magnitude realistic? Equal masses collide, so vCf and vDf must be smaller than vCi.
3

4.30�104 kg�m/s
���
(1325 kg � 2165 kg)

Substitute pf, x � 2.38�104 kg�m/s, 

pf, y � 3.58�104 kg�m/s

2

1
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v C
i C

27
.0

 m
/s

pCi

pDi

pf

Vector Diagram

90°

vf

After (final)

D C
�x

�y

vDi

Before (initial)

D

  11.0 m/s

Math Handbook

Inverses of Sine, 

Cosine, and Tangent

page 856

Pressure and solubility Pressure affects the solubility of gaseous solutes.
The solubility of a gas in any solvent increases as its external pressure (the
pressure above the solution) increases. Carbonated beverages depend on this
fact. Carbonated beverages contain carbon dioxide gas dissolved in an aque-
ous solution. The dissolved gas gives the beverage its fizz. In bottling the bev-
erage, carbon dioxide is dissolved in the solution at a pressure higher than
atmospheric pressure. When the beverage container is opened, the pressure of
the carbon dioxide gas in the space above the liquid (in the neck of the bot-
tle) decreases. As a result, bubbles of carbon dioxide gas form in the solution,
rise to the top, and escape. See Figure 15-10. Unless the cap is placed back
on the bottle, the process will continue until the solution loses almost all of its
carbon dioxide gas and goes flat.

Henry’s law The decreased solubility of the carbon dioxide contained in the
beverage after its cap is removed can be described by Henry’s law. Henry’s
law states that at a given temperature, the solubility (S) of a gas in a liquid
is directly proportional to the pressure (P) of the gas above the liquid. You
can express this relationship in the following way

�P
S1

1
� � �P

S2

2
�

where S1 is the solubility of a gas at a pressure P1 and S2 is the solubility of
the gas at the new pressure P2.

You often will solve Henry’s law for the solubility S2 at a new pressure P2,
where P2 is known. The basic rules of algebra can be used to solve Henry’s
law for any one specific variable. To solve for S2, begin with the standard form
of Henry’s law.

�P
S1

1
� � �P

S2

2
�

Cross-multiplying yields,

S1P2 � P1S2

Dividing both sides of the equation by P1 yields the desired result, the equa-
tion solved for S2.

�
S
P
1P

1

2
� � �

P
P
1S

1

2
� S2 � �

S
P
1P

1

2
�
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Figure 15-10

When the cap on the soda
bottle is closed, pressure above
the solution keeps excess carbon
dioxide (CO2) from escaping the
solution. When the cap is
removed, the decreased pressure
above the solution results in the
decreased solubility of the carbon
dioxide—the carbon dioxide
escapes the solution.

b

a

a b

Topic: Solutions in the Body
To learn more about solutions
in the body, visit the
Chemistry Web site at 
chemistrymc.com
Activity: Research the solu-
tions that can be found in the
human body and in animals.
How do biological systems
makes use of the principles of
solubility to support life?

Forensic Blood Detection
The gas station at the corner was robbed, and thecashier was shot. On television, police announce that

Suspect A has been taken into custody. They haveconfiscated a jacket, allegedly worn by the suspect.After preliminary examination by the police depart-ment, the jacket is sent to a forensic laboratory forscientific investigation. One of the first tests a techni-cian at the laboratory will carry out determineswhether or not there are blood stains on the jacket.The Luminol Test
The technician may choose from several chem-ical tests for blood, all based on the fact that thehemoglobin in blood catalyzes the oxidation of anumber of organic indicators to produce a col-ored product that emits light, or luminesces.The technician on this case chooses the lumi-nol test. Luminol has an organic double-ringstructure, shown below. In 1928, Germanchemists first observed the blue-green lumines-cence when the compound was oxidized in alka-line solution. It was soon found that a number ofoxidizing agents, such as hydrogen peroxide,bring about the luminescence. Later, workersnoted that the luminescence was greatlyenhanced by the presence of blood, which led toits current use in forensic investigations.

The technician carefully mixes an alkalinesolution of luminol with aqueous sodium perox-ide and, in a darkened workplace, sprays the solu-
tion onto suspected spots on the jacket. Bingo!An intense, blue-green chemiluminescence isemitted from several spots. Because the glow will

last for a few minutes, the technician photo-graphs the spots and their telltale light.
Ruling Out with Luminol

You may wonder if this relatively simple proce-dure will serve to convict Suspect A. Certainlynot. However, if the test had been negative, Sus-pect A might have been cleared from suspicion. Anegative result ensures that a stain is not blood.But, because this is not the case with the stainson the jacket, the luminol test is preliminary andwill be used with other tests.The luminol test is especially useful because itworks well with both fresh and dried blood.Luminol has one particularly useful feature. Thesame stains can be
made luminescent
over and over again ifthe spray is allowed
to dry and the stainsare resprayed.

A positive test
should not be takenas absolute proof ofblood because lumi-nol reacts with copper and cobalt ions, as well aswith the iron in hemoglobin. However, it reactsmuch more strongly with hemoglobin. A largenumber of forensic authorities believe that theluminol test has value as a preliminary sortingtechnique.

O
NH2

NH

O

NH

Luminol

1. Applying If a lumi-nol test yields a pos-itive reaction, whatis the next logical
step?

2. Hypothesizing
Why can it almost

never be assumed
that stains are
uncontaminated,
although stain evi-
dence is important
in a criminal inves-tigation?

DISCUSSING THE TECHNOLOGY

16.2 Applications of Oxidation-Reduction Reactions 573
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Figure 4

(A) Example
Problems provide
students with 
opportunities to
practice important
tasks.

(B) High-quality
illustrations and
photos help com-
municate concepts.

(C) Relevant 
activities and topics,
such as Chemistry
and Technology 
features, motivate
students to achieve.

A B C

A

B
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5. Developing reading comprehension strate-
gies and mathematical skills

Success with scientific skills is strongly tied
to competency in reading and mathematics.
Important reading and decoding strategies
include: 1) pronunciation and word origin
guides to facilitate decoding of unfamiliar
words; 2) questions and practice items for self-
assessment of reading comprehension and
conceptual understanding; and 3) reading
exercises designed for students to solve ver-
bally presented problems and comprehend
complex prose. Students need to read from
textbooks that are challenging and that con-
tain science vocabulary compatible with their
prior knowledge and academic abilities
(Guthrie & Alvermann, 1999; Holliday et al.,
1999). Students also need pronunciation and
other language-learning information to
decode words, a prerequisite to reading com-
prehension (Pressley & Block, 2002). Students
must have opportunities to engage in writing
(Graham & Harris, 2000) and establish read-
ing comprehension strategies such as ques-
tioning, visualizing, clarifying, elaborating,
inferring, concluding, summarizing, and pre-
dicting (Pressley, 2002). These reading, decod-
ing, and writing skills help students to
remember important ideas needed to learn
new information, understand information
required to practice important tasks, and
develop verbal skills needed to perform well
on achievement tests and later in life. Another
area strongly related to science learning is
mathematics. Mathematical concepts, such as
ratio, rates, proportion, percent, measurement,

graphing, data analysis, sta-
tistics, and probability are
crucial in the development of
scientific reasoning (Lehrer,
2003). 

Chemistry: Concepts and
Applications, Chemistry:
Matter and Change, and
Physics: Principles and
Problems were designed

with thorough and consistent integration of
reading and mathematics skills. All three
programs incorporate reading and writing
development sections, such as: Vocabulary,
Word Origin, Portfolio, Reading Chemistry,
Writing in Chemistry, Writing in Physics,
Chemistry Journal, and Glossaries (refer to
Figure 5). Supplementary materials, such as
Vocabulary PuzzleMaker software and the
Reading and Writing in the Science Classroom
handbook offer further ideas for incorporating
reading and writing activities. Mathematical
concepts also are incorporated into each chap-
ter of the three programs, through such fea-
tures as: Critical Thinking, Reinforcement,
Practice Problems, Connecting Math to
Physics, Problem Solving Strategies, and refer-
ences to Computations with the Calculator
and Math Handbook Appendices.

6. Learning by using study strategies

According to the research literature, there
are no shortcuts to learning, but study strate-
gies help students understand, organize,
remember, and apply new information pre-
sented in science textbooks (Bransford, 1979;
Corno, 1994). Study strategies used to learn
from textbooks include concept mapping,
highlighting, outlining, note taking, summa-
rizing, and underlining (Peverly et al., 2003).
These study skills promote learner activity,
improve metacognition, and provide an
effective form of review for tests (Hattie et
al., 1996; Carter & Van Matre, 1975).

Study strategies and organizational tools
offered in Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems include Chapter Study
Guides, Section Reviews, Test-Taking Tips,
Standardized Test Practice, concept maps,
outlines, and tables. Supplemental materials
such as Study Guide for Content Mastery,
Mastering Concepts in Chemistry, Supplemental
Practice Problems, Solving Problems: A
Chemistry Handbook, and online Self-Check
Quizzes offer additional studying assistance.

VERIFYING LEARNING——ASSESSMENTS
OF STUDENT UNDERSTANDING 

Another key concept stressed in the
Science Standards is the importance of con-
tinuously assessing student understanding.

Figure 5

Writing activities
help students
develop comprehen-
sion and communi-
cation skills. 

88. Gymnastics Figure 9-21 shows a gymnast

performing a routine. First, she does giant swings

on the high bar, holding her body straight and

pivoting around her hands. Then, she lets go of the

high bar and grabs her knees with her hands in the

tuck position. Finally, she straightens up and lands

on her feet. 

a. In the second and final parts of the gymnast’s

routine, around what axis does she spin? 

b. Rank in order, from greatest to least, her

moments of inertia for the three positions. 

c. Rank in order, from 

greatest to least, 

her angular 

velocities in the 

three positions. 

89. A 60.0-kg male dancer leaps 0.32 m high.

a. With what momentum does he reach the ground?

b. What impulse is needed to stop the dancer?

c. As the dancer lands, his knees bend, lengthening

the stopping time to 0.050 s. Find the average

force exerted on the dancer’s body.

d. Compare the stopping force with his weight. 

Thinking Critically

90. Apply Concepts A 92-kg fullback, running at 

5.0 m/s, attempts to dive directly across the goal

line for a touchdown. Just as he reaches the line, he

is met head-on in midair by two 75-kg linebackers,

both moving in the direction opposite the fullback.

One is moving at 2.0 m/s and the other at 4.0 m/s.

They all become entangled as one mass. 

a. Sketch the event, identifying the “before” and

“after” situations.

b. What is the velocity of the football players after

the collision?

c. Does the fullback score a touchdown? 

91. Analyze and Conclude A student, holding a bicycle

wheel with its axis vertical, sits on a stool that can

rotate without friction. She uses her hand to get the

wheel spinning. Would you expect the student and

stool to turn? If so, in which direction? Explain. 

92. Analyze and Conclude Two balls during a

collision are shown in Figure 9-22, which is drawn

to scale. The balls enter from the left, collide, and

then bounce away. The heavier ball, at the bottom

of the diagram, has a mass of 0.600 kg, and the

other has a mass of 0.400 kg. Using a vector

diagram, determine whether momentum is

conserved in this collision. Explain any difference 

in the momentum of the system before and after

the collision.

Writing in Physics

93. How can highway barriers be designed to be more

effective in saving people’s lives? Research this issue

and describe how impulse and change in

momentum can be used to analyze barrier designs.

94. While air bags save many lives, they also have

caused injuries and even death. Research the

arguments and responses of automobile makers to

this statement. Determine whether the problems

involve impulse and momentum or other issues.

Cumulative Review

95. A 0.72-kg ball is swung vertically from a 0.60-m

string in uniform circular motion at a speed of 

3.3 m/s.  What is the tension in the cord at the top

of the ball’s motion? (Chapter 6)

96. You wish to launch a satellite that will remain

above the same spot on Earth’s surface. This means

the satellite must have a period of exactly one day.

Calculate the radius of the circular orbit this

satellite must have. Hint: The Moon also circles Earth

and both the Moon and the satellite will obey Kepler’s

third law. The Moon is 3.9�108 m from Earth and its

period is 27.33 days. (Chapter 7)

97. A rope is wrapped around a drum that is 0.600 m

in diameter. A machine pulls with a constant 

40.0 N force for a total of 2.00 s. In that time, 

5.00 m of rope is unwound. Find �, 	 at 2.00 s, 

and I. (Chapter 8)

254 Chapter 9 Momentum and Its Conservation For more problems, go to Additional Problems, Appendix B.

■ Figure 9-21

■ Figure 9-22

Writing in Physics
93. How can highway barriers be designed to be more

effective in saving people’s lives? Research this issue
and describe how impulse and change in
momentum can be used to analyze barrier designs.
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Teaching Standard C:
Teachers of science engage in ongoing assess-
ment of their teaching and of student learning.
In doing this, teachers use multiple methods
and systematically gather data about student
understanding and ability.

Assessment provides opportunities for
feedback, and research has shown that the
most improvement occurs when feedback is
given often and immediately following tests
or activities (Bangert-Drowns et al., 1991).
Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems offer teachers many
choices to probe students’ understanding of
key concepts and skills. Assessment features
include: Section Assessments, Chapter
Assessments, Standardized Test Practice,
Portfolios, and Daily Intervention.
Supplemental materials such as Performance
Assessment in the Science Classroom and
the ExamView® Pro Testmaker CD-ROM
provide additional support for ongoing
assessment. 

REACHING EVERY LEARNER——SCIENCE
FOR ALL STUDENTS 
Another key principle of the National Science
Education Standards is that science is for all
students. Chemistry: Concepts and Applications,
Chemistry: Matter and Change, and Physics:
Principles and Problems offer a variety of
instructional methods for all ability levels—
reading, writing, graphics, hands-on labs,
and much more.
■ Differentiated Instruction elements in

each Teacher Wraparound Edition provide
ideas to engage all students, including
gifted students, English-language learn-
ers, and students with special needs.

■ Intervention and Remediation: Check for
Understanding features in each Teacher
Wraparound Edition and supplements such
as Supplemental Problems and Mastering
Concepts in Chemistry each offer additional 
assistance for struggling learners.

■ ELL Strategies for Science offers specific
strategies for integrating science and 
language learning.

■ Enrichment and Challenge: Each program
creates opportunities for gifted students
to enrich their learning. Supplements
such as Pre-AP/Critical Thinking Problems,
Additional Challenge Problems, Enrichment
worksheets, and Forensics Laboratory
Manuals offer a variety of ways to 
extend challenges to gifted students.
Chemistry: Concepts and Applications,

Chemistry: Matter and Change, and Physics:
Principles and Problems each are comple-
mented by a full line of multimedia resources
that offer a range of technology options to
enhance skills, promote critical thinking, and
connect the classroom to the world in which
students live. Multimedia resources include
MindJogger Videoquizzes, Interactive
Chalkboard CD-ROM, ExamView® Pro
Testmaker, StudentWorks™ CD-ROM,  and
TeacherWorks™ CD-ROM. By offering such
diverse resources and learning tools, these
programs ensure that every student can reach
the goals set by the National Science
Education Standards.

SUMMARY
The National Science Education Standards
have provided a new gold standard in science
education. More than ever before, high school
science teachers and administrators are being
called upon to challenge their students in
becoming inquisitive and active science learn-
ers. To achieve the high goals set by the
Science Standards, educators and others
involved in science education reform will
need to use an array of state-of-the-art strate-
gies and tools. Their toolbox must include
inquiry-based curricula that support the
Science Standards in every way. Glencoe/
McGraw-Hill is proud to offer Chemistry:
Concepts and Applications, Chemistry: Matter
and Change, and Physics: Principles and
Problems. With their focus on inquiry learning
and continuous assessment, teachers can
achieve the goals set by the National Science
Education Standards, now and in the coming
years.



Learning Strategy
Select Examples from Chemistry: Concepts and Applications (CCA),

Chemistry: Matter and Change (CMC), and Physics: Principles 
and Problems (PPP)

Using prior knowledge to learn 
new information and correct 
misconceptions 

CCA–Student Edition (SE): 71, 153, 190, 692; Teacher Wraparound Edition (TWE): 18, 38,
303, 486, 711

CMC–SE: 92, 234, 489; TWE: 56, 352, 538

PPP–SE: 119, 327, 342, 431; TWE: 155, 263, 489, 643

Interactive Chalkboard CD-ROM
Section Focus Transparencies

Practicing important tasks CCA–SE: 122, 328–329, 408; TWE: 313, 617

CMC–SE: 29, 519, 707, 775; TWE: 60, 104, 268, 672

PPP–SE: 332–333, 418, 572, 721; TWE: 214, 345, 543, 564 

Interactive Chalkboard CD-ROM and Video Labs

Using high-quality visuals to 
communicate, organize, and 
reinforce science learning

CCA–SE: 152, 464, 602; TWE: 574, 711 

CMC–SE: 418, 522, 534; TWE: 264, 292, 453

PPP–SE: 226, 484, 582, 724; TWE: 315, 407, 567

Virtual Labs CD-ROM, Video Labs, Interactive Chalkboard CD-ROM,
StudentWorks™ CD-ROM
Teaching Transparencies

Motivating all students to achieve CCA–SE: 128, 659, 868; TWE: 391, 469,  556

CMC–SE: 210, 302, 660, 959; TWE: 188, 338, 402, 651

PPP–SE: 110, 160, 173, 450; TWE: 288, 353, 356, 388, 505

Forensics Lab Manual

Developing reading comprehension
strategies and mathematical skills

CCA–SE: 403, 544, 690, 707; TWE: 398, 555, 631

CMC–SE: 52, 121, 204, 887; TWE: 121, 260, 284

PPP–SE: 272, 441, 460, 630, 742, 745; TWE: 106, 151, 244, 260

Vocabulary PuzzleMaker
Reading and Writing in the Science Classroom, English-Language Learner’s 
Strategies for Science

Learning by using study strategies CCA–SE: 202, 224, 508, 521; TWE: 370, 395

CMC–SE: 205, 351, 526; TWE: 21, 389

PPP–SE: 221, 380, 478; TWE: 391, 624

Verifying learning with assessment CCA–SE: 508, 521; TWE: 305, 509, 779

CMC–SE: 65, 205, 306–311, 351, 526; TWE: 85, 97, 128, 203

PPP–SE: 499, 545; TWE: 75, 145, 358, 823

Performance Assessment in the Science Classroom
Online quizzes at chemistryca.com, chemistrymc.com, physicspp.com
ExamView® Pro Testmaker, Vocabulary PuzzleMaker

10
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