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Beat the 2008 Price Increases!

Here at Science Curriculum Inc., the prices of our textbooks have not changed since the beginning
of 2006. However, on January 1, prices will increase. The cost of the Introductory Physical Science (IPS)
textbook will increase $3 from $45 to $48. The price of Force, Motion, and Energy (FM&E) will increase
from $33 to $35. We understand the financial constraints under which schools operate and we apologize in
advance for the need to increase our prices.

If you were planning a textbook purchase in the spring and are able to advance your purchase date,
there is still time to beat the price increase. All purchase orders postmarked or faxed by the end of
December will be processed at 2007 prices. Whether this is an option for you or not, rest assured that we
will continue to work to provide you with the highest quality physical science textbooks at a price that is far
lower than you will find for books of lesser quality. For a complete pdf listing of the 2008 price increases,
including those for resource materials other than the textbooks, visit www.sci-ips.com/pricelist_2008.pdf.

Tracing the “Flow” of Energy in FM&E
Bob Stair

This issue’s tip is presented in response to suggestions from teachers who have attended the Force, Motion,
and Energy summer workshop at Colorado School of Mines. It involves the unique storyline for the energy portion of
FM&E and is an elaboration of the diagrams that are used in the workshop. These same diagrams can also be used
to help students organize and summarize the topics studied in this portion of FM&E.

We all have a sense of what energy is, but most of us would be hard-pressed to define it in words.
The old phrase “the ability to do work” — while often quoted — is certainly not definitive, nor is it satisfying.
Is energy an “ability”? Does all energy “do work”?

To begin the discussion of energy in Chapter 6 of FM&E, we acknowledge the difficulty in defining
this concept by offering an operational definition for energy. We point out that changes never occur in
isolation; every change is accompanied by some other change.
We then say that any change that is accompanied by a change
in temperature is a change in energy, and that a change in
temperature indicates a change in a particular type of energy,
which we call thermal energy (Figure A). This provides the starting
point for our study of energy and leads to the investigations in the
remainder of Chapter 6.

Change in Temperature
Implies
Change in Thermal Energy

By the time students reach Chapter 7 they are familiar with Figure A - Operational Definition
changes in thermal energy, heats of fusion and vaporization, A change in temperature is used to
and the specific heats of various substances. This last item operationally define a change in
allows students to determine the change in thermal energy of thermal energy.

the apparatus used in Experiment 7.1, Heating Produced by a

Slowly Falling Object. Since the thermal energy of the apparatus increases, it must be accompanied

by another energy change. Student data from Experiment 7.1 and evidence presented in the reading
section that follows show that the change in thermal energy is proportional to both the weight of the falling

object and the distance it falls. Since both falling and weight involve
See Energy “Flow” on Page 2
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gravity, this evidence leads us to define a new form of
energy — gravitational potential energy (Figure B). We say
that the increase in thermal energy of the apparatus is
accompanied by a decrease in the gravitational potential
energy of the falling object. This definition comes about
not from the declarative statement of a “fact” in the

text, but rather through careful preparation, accurate
measurements, and the analysis of quantitative data l
obtained by the class.

Section 7.3, Elastic Potential Energy, presents
evidence that there must be a change in energy
associated with the contraction of a stretched spring since
it also causes an increase in the thermal energy of the
apparatus used in Experiment 7.1. We define this change
as a decrease in the elastic potential energy of the spring

Increase in Temperature
Implies
Increase in Thermal Energy

Decrease in
Gravitational Potential Energy

(Figure C). Section 7.4, Kinetic Energy, similarly shows Figure B - Gravitational Potential Energy
that there must be a change in energy associated witha ~ An increase in thermal energy is used to define a
change in the speed of a spinning wheel since a brake decrease in gravitational potential energy.

used to stop the spinning wheel heats up. We define this
change as a decrease in the kinetic energy of the wheel. Like the change in gravitational potential energy,
the studied changes in elastic potential energy and kinetic energy result in thermal energy changes.

Decrease in
Kinetic Energy

Decrease in
Elastic Potential Energy

Increase in Temperature
Implies
Increase in Thermal Energy

Decrease in
Gravitational Potential Energy

Figure C - Elastic Potential Energy and Kinetic Energy
Increases in thermal energy are also used to define decreases in elastic potential energy and kinetic energy.

Section 7.7 describes two experimental setups. The first allows the study of transformations between
gravitational potential energy and kinetic energy. The second involves the study of transformations
between elastic potential energy and kinetic energy. Transformations between elastic potential energy and
gravitational potential energy are addressed by means of a question (#18) at the end of Section 7.7. They
can be shown with a simple demonstration of a mass moving up and down on a spring (and analyzed at the
top and bottom of the motion).

Figure D summarizes the energy transformations that have been

See Energy “Flow” on Page 3
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studied. Note the differences between this diagram and those that come before it. The previous three diagrams
have shown how different forms of energy are defined in Force, Motion, and Energy; they are defined in
reference to thermal energy, which in turn is based on a measurable quantity — a change in temperature.
Consequently, each of the arrows in Figures A through C could be read as “is used to define,” as in “a change
in thermal energy is used to define a change in gravitational potential energy.”

Change in
Gravitational Potential Energy

Change in Temperature
Implies
Change in Thermal Energy

Change in
Elastic Potential Energy

D

Figure D - Energy Transformations

A summary of the energy transformations studied in FM&E. Note that the transformation between
elastic potential energy and gravitational potential energy, while treated as a problem in the text,
but can be shown with a simple teacher demonstration.

Change in
Kinetic Energy

Figure D, however, does not deal with definitions. It describes the connections among the energy
forms that are studied in FM&E. Keep in mind, though, that Figure D does not include all of the possible
transformations among these energy forms. For example, the one-way arrows at the center of the diagram
describe what has been studied, but they are not meant to imply that transformations never take place from
thermal energy to some other form. As a learning extension, you might ask students to describe how thermal
energy could be used to cause a change in gravitational potential, elastic potential, or kinetic energy. It will
also be obvious to those students who have used Infroductory Physical Science that there is another item
missing from the diagram — the change in thermal energy associated with chemical reactions.

The experiments in FM&E Chapters 6 and 7 provide rigorous, quantitative data leading to the
generalization that energy is conserved. They provide an experimental basis for understanding energy
conservation rather than having “energy is conserved” simply appear as a statement that students must read
and accept. And they provide a deeper and richer understanding of energy than the incomplete and incorrect

“ability to do work” definition.

Science Curriculum Inc. — publisher of Introductory Physical Science (IPS) and Force, Motion, and Energy (FM&E) — provides this
resource article as a service to teachers. It may be printed and copied for professional development or textbook evaluation and
adoption purposes provided that all copies are unaltered and give credit to the author.

For a listing of additional resource articles, visit www.sci-ips.com/articles.html.
For more information about Force, Motion, and Energy or Introductory Physical Science, visit www.sci-ips.com.
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PLAN NOW! — 2008 Workshop Dates at Colorado School of Mines

Introductory Physical Science (IPS) Chapters 1-5: July 13-18
Introductory Physical Science (IPS) Chapters 6-10: July 21-25
Force, Motion, and Energy (FM&E): July 21-25
Writing Test Questions and Constructing Tests for Science Courses: July 14-18

Dates for an additional /PS workshop in Massachusetts have yet to be determined.

EARN REWARDS FOR YOU OR YOUR SCHOOL!

If you know of a school that does not currently use Introductory Physical Science or Force, Motion, and
Energy, talk to them about our programs! Then email us the following information:

1. The date you spoke to them about /PS and/or FM&E

The names of the teachers and/or administrators with whom you spoke
Email addresses for these people (if available)

The name of the school
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The address of the school
6. The phone number of the school.

We will add this information to our database and, if the school then purchases a class quantity of our
textbooks within three years of when you spoke with them, you will receive a reward certificate.” This
certificate can be exchanged for any one of the following:

* A $100 credit for you or your school toward the purchase of any of the products we sell — textbooks,
software, or video.

* A $100 credit for you toward the tuition cost of one of our summer workshops.
e A $50 cash payment to you!

The choice is yours, so start spreading the word and earning your rewards! The number of reward
certificates you can receive is limited only by the number of "non-user" schools that you talk to and that
subsequently purchase a class quantity of one of our textbooks.

" A certificate will be awarded when the school makes its initial purchase only. Certificates will not be awarded for subsequent
purchases.

Have a tip that you would like to contribute?

eTips is intended to provide teachers with hints and strategies for teaching IPS, FM&E, and science in
general. If you have a tip or strategy that works particularly well and you would like to share it, let us know by
emailing Bob Stair at rstair@sci-ips.com.
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