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'INTRODUCTION

Study skills in Science are essential for effective learning. They include a wide array of
_ methods which facilitate good acadeniic performance and help students make more efficient use of
class and study time.

Science has its own vocabulary, notation, and procedures. Just as wofking with scientific
measu }ng .tools is a learned skill, so are problein solving and “‘taking command of a test.”” We
-need to take the responSlblllty for teaching science study skills because they are critical to our

students’ success in learning in the science ¢lassroom. - o

Many students who are doing well in science can develop more efficient study skills. They can
also benefit from learning how to organize their skills into a useful system. Others who are doing
poorly may fack proficiency in study skills and will need to learn both the skills and systematic
ways of using them. Many of these students think they do not have the necessary ability, but the
problem is often the combination of a lack of study skills and a minimum of seif confidence.
When these students learn effective study skills, they become more competen and more confident

learners. .

Study Skills in Science: What Are They?

Study skills are procedurcs for acquiring knowledge and competence. In science they include
such skills as interpreting charts and graphs, using scientific measuring tools, working in scientific
notation, and developing and testing hypotheses. Study skills such as listening, building
vocabulary, taking effective notes, and reading for meaning are other skills which are basic to all
tearning and of value to students in the science classroom.

In a larger sense, science study skills are strategies and methods for solving problems of any
sort. The student who gains mastery of srience slud)r skills is really discovering how to learn
effectively in any situation,

Sludy Skil’s and Independent Learning

When students develop a repertoire of study skills, they become ‘more independent as
learners. For example, many students who can follow a set of directions when the teacher is
present may experience great difficulty when they must work ¢a their own, either in school or at
home. Students who know how to foliow directions, use resources, develop a study plan, and
analyze problems will be more successful as independent lezrners.

*

Students learn study skills best when they have the opportunity o try a variety of study or
learning strategies, decide which ones %re most effective for them, and gradually refine those
strategies into an effective study system.

-

Science Study Skills and Basic Skills

In a position statement adopted in 1982, the National Science Teachers Association (NSTA)
described the goal of science equcation as developing scientifically literate individuals who
understand how science, technology, and society .influence one another and who are able to use
this knowledge in their everyday decision making. The hm Science Study Skills Program is based
in part On the NSTA’s statement that the scientifically and technologically literate pe:son:




:
¢

uses science concepts, process skills, and values in making responsible.everyday
decisions; .

understands how society influences science and technology as well as how science and
technology influence society;

understands that society comrle scienre and technology through the allocation of
resources;

recognizes the jimitations as well-as the usefulness of science and technology in
advancing human welfare; .

distinguishes between scientific evidence and personal opinion; and g)

understands the applications of technology and the decisions involved in the’ use
technology: 7

THE hm SCIENCE STUDY SKILLS PROGRAM

The hm Science Study Skills Program is designed to provide an introduction to study skills in
sciénce for students in grades 7-10 through a series of 14 activity-oriented units. Some of the units
will require one period of class time. Others will require two periods or more.

The units progress from basic skills such as listening and reading for meaning to more
complex skills like problem solving, working in scientific notation, and developing and testing an
hypothesw The program culminates in a class project which permits students to use many of the
science study skills they have learned.

FOCUS ON PEOPLE, ENERGY, AND TECHNOLOGY -

Unlike the other books in the tym series which focus strictly on study skills, this program also
provides instruction in a specific content area within the 7th~10th grade general science curricu-
lum. The same activities which enable students to practice scietice study skills alsq introduce them
to a variety of technologies for collecting, transferring, storing, and conserving energy. In
addition, students can begin to discover how the decisions made about energy today affect the
technologies they will rely on for food, shelter, and transportation in the decades to come.

Appropriate Technology

While people, energy, and technology are the subjects of the hm Science Study Skills
Program, ‘‘appropriateness’’ js the unifying theme. Unit I poses the question, ‘“What Does
Appropriate Mean?”’ The next six units apply the concept of appropriateness to technology:

¢ Unit 11 illustrates why technologies which use locally available resources are preferable
to those which import them from far away.

e Units 111 and IV explain why technologies which use renewable sources of energy are
preferable to those which. rely on finite sources, such as coal, oil, and natural gas.

¢ Unit V stresses the importance of minimizing the environmental impact of technology.
¢ Unit VI stresses the importance of minimizing technological waste and inefficiency.

e Unit VII demonstrates the usefulness of fife cycle cost analysis when choosing among
competing technologies.

7
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These first seven units serve to establish a set of criteria which students can use 10 assess the
appropriateness of any technology. Unit VIII tests students’ understanding of these ideas.

%

~
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The Solar Gree nhouse

In the second section of the book (Units IX - XII), students take a closer look at one example
of appropriate technology: the attached solar greenhouse which can be used to produce food and
heat. The solar greenhouse is a small-scale, simple structure whicn embodies in microcosm al} of
the characteristics of appropriate technology presented in.the first seven units:

e it relies primarily on passive solar energy, a locall)r available, renewable
resource;

it has minimal impact on the environment;

when properly designed and constructed, it is extremely efficient in its use of
energy; and

¢ it withstands the test of life-cycle cost analysis.

[

In Unit IX, students experiment to discover how a solar greenhouse traps and retains the
sun’s energy. Unit X introduces students to the sclemlfic laws which explain how energy behaves
in a solar greenhouse. In Unit XI, students again experiment, this time with \)iays of storing solar
energy. In Unit XII they work dvith ways of conserving energy in a solar greenhouse and the
structure to which it is attached. v

Appropriate Technology in Action

The third and final section of the book gives students an opportunity to apply what they have
learned about appropriate technology. In Unit XIII, students design and test either a wind machine
or a passive solar collector. In Unit X1V, they design and implement an appropriate technology
aimed at solving a problem within their own school. The science study skills presented in the first
13 units will be useful to students as they work on this project.

SCIENCE STUDY SKILLS AND LEARNING BY DOING

The hm Science Study Skills Program is based on the assumption that activity-oriented
lessons are the most effective way to teach study skills; more succinctly, that ‘““lsarning by doing”’
is the best way to master study skills. In the activities in the hm Program, students will both learn
about study skills needed for ‘science and practice these skills in a science environment.

The program is dellberately designed to meet a wide range of student needs:

. Tor the student who has little sense of a particular study skill, it prov:des an
introduction to that skill.

2. For the-student who is ready to acquire a skill, it provides an initial learning
expéPience. AN

3. For the student who has mastered a skili, 'participation offers review and
reinforcement. . : .

Thus, the Program’s exercises allow for the participation of students with a diversity of skills
and promote learning on various levels of competence.

~
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USING THE hm SCIENCE STUDY SKILLS PROGRAM: WHERE AND WHEN

We suggest that the hm Science Study Skills Program be taught as one unit of an ongoing
geneyal. sgience course. Only in the reguiar science classroom can the teacher of the hm Program
show the student th¥ immediate ang lon-term value of mastermg the various skills. T 3

Our classrcom restleng has shown the applicability of the hm Program in grades 7- 10 It may
also be of vilfie to students at other grade levels. °

Our testing clearly demonstrated that teachers found the program most successful when they
used the units in sequence from beginning to end. Some teachers found it possible to use’the first

" eight units at one time and the last six at another time or to use individual units in conjunction

with other, ongoing science curricula. We suggest that you discover the most beneficial way of

intégrating the Program into your curriculum through your own experigﬁce with its use.
- L * '

SUGGESTIONS FOR TEACHING

aTHE hm SCIENCE STUDY SKILLS PROGRAM

Background for the Teacher :

- EacH ‘unit in the Teacher’s Guide begins ‘wuh background information for the teacher about -
both the study skills to be presented and whatever facet of energy or approphete technology is
covered in the unit. In most cases, the information about energy and technology &pes beyond the
material presented to the student so that you can be in a position to field quesiions with greater
confidence. In some cases, additional background information is presented in an appendix. The
teacher who wishes ta.become éven more familiar with the material will find numerous sources of
additional information in the selective bibliography at the end of the Teacher’s Guide.,

Suggested Direct:o..s

1. The Teacher’s Guide offers ‘Suggested Directions’’ for teaching each umt in the Program.
Our classroom testing has shown these methods to be useful. Of course, we invite you to adapt
them in ways which you see fit. >

. We suggest that you examine both the Student Text and the Teach;:r’s Guide carefully prior to
_your teaching of the various units. A/ of the material in the Student Text has been Included in
the Teacher's Guide. Answers to student exercises have been added to the Student Text pages

in the Teacher's Guide where appropriate.

Suggested 'i"imes

1. The units in this Program are structured to accommodale the teacher who meets with his or_
her class for one period in a glven day. -

. Each section of the ‘‘Suggested Dlrectlons 'in thg_;l"eacher’s Guide includes approximate times
for the various parts of the units. We caution yon that these times are approximate.

Our classroom testing experience has shown us that the wide variation in teacher style results in

- an equally wide range in the pacing of instruction. We strongly suggest that you examine the
Program units carefull)r and gauge your *plaming of instructional time accordmg to your
knowledge of how things actually work in your classroom

L
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Unit Summaries _

. Each unit concludes with a summary. Since Unit VIH (‘‘Becoming a Skilled Test Taker and
Appropriate Technology in Review’’) advises students to review these unit summaries in

preparation for.an upcoming test, we strongly recommend that you bring them to the attention
of your students at the end of each unit.

4
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Addilional Suggesuons avid Information

1.

Students wlll need additional activities beyond the scope of this Program to practice and rein-
force their acquisition of science study skills. Some ideas for the extension of the various units
ae included with each section of this Teacher’s Guide and are entitled ‘‘Additional

Suggestions.’™

- You will find a selective bibliography and several technical appendices about energy and

appropriate technolog)r followirfz Unit XIV. A glossary of energy terms is included at the ena
of both the Teacher’s ‘Guide and the Student Text. N

%

Advance Preparation

1. Many of the units in the hm Science Study Skills Program requ;re yon to duplicate information

for students or-to provide them with materials for their experiments. A complete list of these
units and what they require is given on the next page. We suggest that you ry out the experi-
ments and work through all’df the mathematical calculations in each unit before assigning
them to your studems ~ .

- .
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UNITS WHICH REGUIRE ADVANCE PREPARATION.OR MATERIALS

UNIT

EXERCISE

- F

PREPARATION

Duplicate copies of passa{;es A,.B, ahd C.

fél’” and IV

You may want to update numbers used in passages in
these units., See Unit Il for references. |

Vv

Duplicate-copies of information on houses.

-

Duplicate copies of Unit I-V!l Review Test. You may -also
need copies of another test with which students can
practice test taking skills.

Thermometers needed.
Protractors needed.

Materials for experiment:
protractors watch or clock
cardboard N light source
glass jars with screw-on lids '

Materials for experiment: .
same as above plus msnlatlng materiais such as
construction paper, cloth, wool. $

Materials for experiment:
beaker and ring stand
Bunsen burner '
sawdust

Materials for experiment:
light bulbs
cardboard

Materials for experiment:
glass jars with screw-on lids
Celsius thermometers
energy source (heat !}amp or sun)
storage materials (sand, rocks, water, wood
chips, clay}

il and IV'

Materials for testing solar collectors and wind machines:
energy source {sun or heat Iamp)
thermometers
string
weights




‘TEACHING THE hm SCIENCE STUDY SKILLS PROGRAM:
A POTPOURRI OF HINTS AND SUGGESTIONS

T

Small Groups

Most of the units in the hm Science Study Skills Program are suitable for whole class or small
group instruction. We highly recommend that you give your students the opportunity to work in
groups of two, three, or four. If students work with a partner, we suggest that you pair students

of generally smﬁ)irhablllly - ) -
’ The interaction of students working on a common task can facilitate the learning of skills
through shared problem solving. In this way students can learn from each other.

Small group processes offer a useful method for genuinely engaging students in an activity.
Such processes help both to enhance motlvallon for learning and to increase interest in the content
of the lesson, as they offer active part1c1panon to each and every student.

) ‘x
Individual Work in Sludy Skills ) < _
Individual work is of critical importance to the learning of skills. When a skill is 1mrocluced in
a group setting, it becomes crucial to pr0v1de individual wark with that skill through homework
and/or other class activities.

Student Discussion and Learning -

To learn study skills effectively and know how and when to use them, students need the
opportunity to discuss their work. Their discussion must include not only the “‘right answer”” but
the process through which they arrived at the answer and their reasons for considering it correct.
At this point in your students’ development of study skills, the process is more important than the

individual answer. .

Using Calculators

Students will find calculators helpful in Units X1 and XI1. One caiculator for every two or
three students is enough. If calculators are not available in the school, students may be able to
bring them from home. The use of calculators will not detract from studems activities in these
unlts but will help them see calculators as useful sc.entlfic tools.

Student Perceptions and Expectations

" Sometimes students perceive new study skifls as more time-consuming than their unskilled
learning behaviors. In a few cases, this is an accurate perception, bu' riost often it is not.

You cap help students gain a wider perspective about their own learning by telling them that
any skill, by its very nature, takes more time to use when you are first learning how to do it. Then,
as you become more competent in using the skill, it takes less and less time. Ask students to think
of examples of this from their own experience. Or, give them a few examples which will illustrate
this relationship between competence and time.

“Xi 12




Grading

Given the grade-oriented reality of .iost classrooms, we suggest that the student’s
involvement with the hm Program be evaluated in sonie fair and concrete manner. Your standard
of evaluation ought to keep in mind the process of how skills are learned, namely through
repeated practice over time, and set reasonable levels of expected mastery. We also suggest that
you inform your students about how their work with the hm Program will be evaluated at the very
beginning of their use of the Program.

Unit VIH includes a test of students’ understanding of the information on energy and tech-
nology presented in Units I-VII. As explained in the Teacher’s Guide to that unit, the test may be
given as a test or can be used in the unit’s exercises which help students practice test taking skills.
The projects students design and implement in Unit X1V can alsg be used to evaluate their under-
standing of the scientific principles taught in the Program.

An Overview of Study Skills

During the past decade, many educators have defined vasic skills primarily in terms of com-
munication and computation skills. Study skilis, though often neglected or ignored, are also basic
skills. These skills for learning are at the core of educative process.

WHAT ARE STUDY SKILLS?

Study skills are learned abilities for acquiring knowledge or competence. The table- of
contents of a study skills handbook or text usually includes, among others, the following skill
areas: listening, textbook reading, note taking, planning your time, study behavior and environ-
ment, vocabulary skills, and test taking. These skills and others which fit ‘nto the category of
study skills directly relate to many of the activities in which students are engaged while they are in

school or doing schoolwork.
%

- A broader definition of study skills or learning skilis views them as processes for learning.
When one learns a study skill, one is learning more than a specitic technique. One is learning a
way of problem solving, a method which can be used in any relevant context. One is also learning
more about how to learn effectively and how to be in charge of one’s own learning. It is this
perception of study skills as transferable processes for learning which reveals the critical impor-
ance of these skills.

A review of nearly 80 years of study skills literature indicates that, at least throughout this
century, the nature of study skills has remained relatively constant. Study skills in 1940 were much
like those in 1920, in 1960, and even in 1980. There have been variations of emphasis as well as
some genuinely innovative developments over the years, but the strongest impression is one of
continuity.

This continuity is important to keep in mind in view of the trendy nature of American
education which often seems to produce a good deal of ill-considered change. Even though an
element of the curriculum is found to be useful, we still often choose to eliminate or ignore it
whenever the next new trend appears. Because study skiils have been relatively impervious to
change, they have been periodically discarded over the years, only to be rediscovered mucn later.
TLis pendulum effect has had damaging results because the importance of learning how to learn
never diminishes. ‘

Xii 13




HOW HAVE STUDY SKILLS BEEN TAUGHT?

The 1nost common approach to study skills instruction during the first few decades of this
century was essentially the preaching of morality. This approach related good study skii s to what
was called ‘‘high morals,”” indicating that students who displayed the correct moral values would
be thie ones with good study skills.

This moralistic approach to the teachingof study skills peaked before World War 11, at least

.if the literature is an accurate guide, and was replaced by a focus on techniques and formulae, The

most famous of these formulaic methods is SQ3R, an excellent method for reading a textbook
which was developed by F. P. Robinson.

The chief characteristic of a formulaic approach to study skills is the learning of a specific
series of behaviors. For example, using SQ3R, one learns to survey, question, read, recite, and
review. Unfortunately the use of such formulae often descends to the level of gimmickry. Students
are taught to.use a particular technique as if it involved an act of magic; that is, something beyond
their active and conscious participation, comprehension, and control. Although formulaic
methods attempt to create understanding and involvement in the student, the mere fact of their
use guarantecs neither of these necessary outcomes.

While formulaic techniques can be very useful, they must be employed within a framework
for the teaching of study skills which engages the student not only in learning a particular ski]l but
also in learning about what happens within oneself when one learns and uses a study skill, It is
important for the student to learn why a skill works and why it is valuable as he or she is learning
how to do it. A central part of this learning involves the student’s initiative in the exercise of

judgment and choice.

A third method of teaching study skills is the handbook approach. While this method claims
to understand and appreciate the value of study skills, it argues that no class time is available for
study skills instruction. Thus, this approach relies on the handbook to elicit involvement and
learning. Students are given written descriptions of various study siills and are expected somehow
to translate verbal abstractions into behavior. A few students can and will make this leap, but the
vast niajority cannot, because they lack the motivation, self-discipline, and conceptual ability
required to learn study skills independently. Though not iincommon, the handbook approach is
not particularly helpful. Although it is an effort to address the need for teaching ‘study skills, its
use results in a minimum of learning while simultaneously creating frustration and resistance in
the student.

STATUS OF STUDY SKILLS TEACHING

The overview of study skills instruction presented below is primarily drawn from two sources:
the editors’ observations throughout the country over the past 11 years, and a national survey
conducted by one of their colieagues. While this overview is a generalization to which specific
contradictions can certainly be cited, the larger picture which it offers seems accurate.

During the past several years, the ‘‘back to basics”> movement has led to a greater emphasis
on basic skills during the middle school/junior high years. However, this movement has not
addressed the lack of effective study skills instruction in most middle /junior high and high school
curricula. Despite the renewed concern for skills education, the widespread failure to regard study
skills as basic skills has resulted in a continuing lack of emphasis on study skills instruction,

14




Another problem involves the nature of study skills teaching which does take place. Though
many teachers do include sonie study skills instruction in their curricula, they tend to do so with a
lack of focus on precisely what skills they wish to teach and on how their students’ learning is
going to occur. This absence of focus results in a lack of coordination of their efforis toward the
teaching of study skills in any given class over the course of the ycar. Rather than a well-planned,
highly coordinated effort, what often results is the haphazard coliection of insufficiently related
lessons.

A third shortcoming is the lack of coordination of efforts in teaching study skills among
teachers of different subjects at the same grade level. While there is some uncertainty and conflict
in regard to the responsibility for teaching other basic skills, this confusion s particularly intense
in regard to study skills. For example, is the English teacher the only one who is responsible for
teaching the various communication skills which are also study skills? Or should every teacher deal
with these in some way relevant to his or her own subject? The reality is that schools often fail to
delineate the areas of responsibility for the teaching of study skills. It is no wonder that confusion
arises among teacliers; ultimately, though, it is the students who suffer most.

A fourth problem is an extension of the previous one: not only do schools fail 1o coordinate
and organize the teaching of study skills in any particular grade, but the same phenomenon also
takes place on a system-wide basis throughout a student’s academic career. Teachers often assume
that somebody else has taught certain skills to their students or will teach them later on. But often
no one ever gets around to teaching them because there is no clear assignment of responsibility.

HOW DO WE TEAZH STUDY SKILLS? o

People learn skill: through processes of repeated trial and error. One key to effective study
skills teaching, then, is providing the student with sufficient oppoytunity for practice of the skills
to be learned. Of course, there is an inevitable tension between providing students with trial and
error practice of a new study skilt and helping students to maintain their interest in learning the
skill in the face of the necessary repetition. While this tension cannot be removed, it can be
minimized by acknowledging the tension as a natural part of learning something new, and through
the use of varied and imaginative instructional design.

A second key to study skills teaching is the recognition that learning a study skill =~oi** **s the
learner to err before he or she can succeed. We learn skills by trying to use a aew ¢ king
mistakes, identifying our mistakes and iearning from them, and then correcting our misiases. This
understanding creates several responsibilities for the teacher:

- 1. The teacher provides a space within the learning process where the student can try out a
new skill, experience a good deal of error, but not feel that he or she has failed or is a
failure.

. The teacher provides usable feedback to the student about the effectiveness of the
student’s use of the new study skill. ’

3. The teacher rewards the student for what he or she has done well in using the new study
skill. With such recognition, the student experiences success in the learning process and
will be more motivated to continue the development of mastery in the new study skill.
Recognition involves the acknowledgement of the effort to risk in the face of possible
failure.

15




In addition to these two key understandings, a program of affective study skills instruction
would be based on the following underlying values:

1.
2.
3.

Study skills need to be defined as processes for learning.
Study skilis need to be included within the ¢luster of basic skills.

An important pari of learning study sKkills involves learning more about how one learns.
Thus, instruction in study skills engages the siudent in an active participation in his or her
own learning. The student is encouraged and provided with the opportunity to develop the
ability to exercise his or her own judgment in regard to the iearning and use of study skills.

. Learning by doing is the best way to learn study skills.

. A considerable part of study skills instruction ought to take place during class time. Such
instruction should also be integrated with the regular curriculum of the course.

. The learning of study skills offers a transfer effect; a skill learned in relaticn to one subject

can be applied to any other relevant context.

. The work of various developmentat psychologists has shown us that there is a continuum

of cognitive deveiopment throughout the years of childhood and adolescence, and that
people are only able to deal snccessfully with learningytasks which are appropriate for their
level of development. It is crucial to relate this insight to the teaching of study skills and to
ask a student to learn only what is within the realm of his or her cognitive ability at that

* level of development.

1




PART ONE:

b3
Xy

WHAT MAKES A TECHNOLOGY
APPROPRIATE?




UNIT I: LISTENING AS A SCIENCE SKILL
and
WHAT DOES APPROPRIATE MEAN?

STUDY SKILLS
Listening means more than just hearing. Listening means hearing and understanding.

This unit is designed to introduce the student to the idea of listening as a set of skills which
can be learned. Its activities present several specific listening skills to the student and give her or
him the opportunity to learn how to use these skills.

The unit also introduces note taking as a skill which both promotes active listening and helps
the student generate a record of what has been heard. In this unit, students learn the key word
method for taking notes. Other note taking methods are presented in Units 111 and IV.

APPROPRIATE TECHNOLOGY

This unit introduces the student to the concept of appropriateness. Something that is
appropriate fits the situation in which it is used. An understanding of the concept of -
appropriateness is central to the first seven units of this book.

PLEASE NOTE: The activities in this unit assume that your students already have some
rudimentary skill in discerning ““main ideas’’ in a paragraph or passsage. For
those who lack this skill, you will need *o provide instruction in this area. The
skill will also be addressed in Unit III of this book.




<= STUDENT TEXT

INTRODUCTION

WHAT 15 STUDY?

Swdying means learning. Learning often avolves listening, reading, watching. and
writing. It always ivohes thinking.

You study 1n many differem places and doing many different things. You can study
baskeball or soccer. clothes, dance, or other people Whenever you (ry to learn, you are
studying ©

WHAT ARE STUDY SKILLS?

Sty skills are ways or methods of learning. Knowing a variety f study sKills and how
10 use them copn kelp you become a more etfecting learner.

When you've developed study skills, you will bs able 10 make better use of your time and
effon. Towll become a more independent learner and problewn solver. An independent learner
knows which questions to ask and how to find the answers to those questions.

SCIENCE STUDY SKILLS

Sotne swudy skills are useful in all subjects. Knowing how to hsten, for example, will help
you teamm w0 afy class. Other skills are most uselul in a particular class or subject.

When you learn science study skills. you find our how 10 learn science more effectively.
For example, you discover how 10 read graphs and charis, how 1o take notes from your
science 1extbook, and how to work with [arge numbers and the metric system.

People learn study skills best when shey practice thetn. Each uait in this book will help
sou lvarn abour wseful stady skills and will give you a chance to praciice those skills,

PEOPLE, ENERGY, AND APPROPRIATE TECHNOLOGY

As you practice science study skills in 1his book, you will also have the chance 1o learn
about some key 1deas in science. As you examine the connections among peeple, energy, and
weehinology, Wiink about these questions:

Where does energy come from, and how 15 it used?
What makes one technology better, ar more appropriate, than another?
How can people make the best use of the energy and technology available to them?

By the time you finish this book, you should be able 10 answer these questions and more
about people, encrgy. and appfopriate lechnology.”

Snggested Directions for Unit I

1. Organize your class into small groups of three or four students. Have a student or students read
the Introduction {page 1) aloud. Discuss for emphasis.
Approximate time: 5 minutes

Q
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- . NOTE: The picture is an example
UNIT I: LISTENING AS A SCIENCE SKILL of inappropriateness. You can dis-

and cuss the pictuie with studenis at this
WHAT DOES APPROPRIATE MEAN? point in 1the unit, asking them what
. seems wrong with it, or you can
WHAT 15 LISTENING? , come back t0 it later in the unit
after students have become more

What is fistenng”? And s hat 1s the difference between hstemng and hearng? - ; .
familiar with the terms appropriate

You probably spend a lo1 of yo i ne huaening In face, vudents ase ashed to listen abow

55% of the nme that they arc 16 schoo) . and inappropriate.

Thuoh for a few moments about what ygu actually do when sumneone ashs vou 1o hsten
Then, define hearing and lstenme on the g bekow,

heanng - ,ﬂ#llfiffﬂf-?!ﬂfﬁsmm_&!h!@hﬁgﬁﬂ_f.s_ percene Sturd

ystcmng = ﬁ_ggm«g_,,eaymg_aﬁg._nmmma_yauwg am‘_z_‘fng_
fe make sense of 4t

(Accept any reaserable ansier, )

Ask your students to read ‘‘What Is Listening?’’ (page 2) and answer the question at the end.
Or, ask them to read the section, discuss the differences between “‘hearing’’ and “listening’ in
their groups, and write down the answers which they generate. When they are done, have
several individuals read their own or their groupfs answers. Discuss, focusing on llstemng as an
active, meaning-seeking process.

10 minutes




LISTENING IS A SKILL

Hearing takes place wn your ears. It is a physical process. But Iislemaa is more than just
hearing. l.:stcnmg means paying atlemion 10 wha) you are hearing and irying to make sense of
it,

Peaple are not boarn as good listeners, but they can fearn how 1o listen, Listening is a
study skill which you ¢an learn hrough praciice.

A good listener is an active hsiener. An active listener hears words as the} are spoken and
thinks about what they mean

ACTIVE LISTENING
Active listening means conrcemirattng and participating.

When you concenfrate, you choose to direct your altemloa 10 whar you ate hearing,
When you stan (o listen. tell yoursell wih _your inner sowce. | am going 10 listen yery
carefully.” Whenecer you find thar you are not Dswening, direct your attention agam by
repeating these words to Yourself,

An active Jistener participates in what she ot he is heatlng. Panicipaimg means hearing
the words that are spoken, thinking about what the speaker is saying. and trying (o make sensc
of il

Three ways to panlicipate in whar you are hearing are;

1. When you listen, ask yourself questions about what you are hearing. If you
con, answer the questions,

2. Try to connect what you are hearing with what you alteady know.

3. Try to “*picture’ in your mind what is being said. Sometimes 2 picture can
help you understand what the speaker is saying.

EXERCISE §

Directions! Your 1eaches will read a paragraph aloud to you. Listen carefully, using the three
ways of parlicipaling in what you hear suggested above, Try (o find the rhain idea
of the patagraph. Write the main idea on the lines below.

Main idea: _{Accept any reasonable answer ) Cfmmg. fhe riaht foof jGr @
Jask_is imporfant, .

Have your students read ‘‘Listening Is A Skill”’ {page 3) and ‘“‘Active Listening”’ (page J3). Go
over each of the specific listening skills for emphasis. p

510 minutes

Ask students to read the directions for Exercise I (frage 3). Then, read aloud the paragraph
for Exercise 1. Give students an opportunity to write the main idea, and then have several
students share their main ideas with the class. Discuss.

10 minutes
PARAGRAPH FOR EXERCISE I

It is important to choose the right tool for the task you want to do. You wouldn’t use an axe
to cut your meat. You wouldn’t wear iong underwear on a hot summer-day. You wouldn’t use a
hammer to swat a mosquito. You would choose the equipment which best fits what you are
doing. In this book, you are gomg to learn how to choose appropriate tools for the tasks you
want to do.

21




EXERCISE
Directions: You will hear three differem paragraphs about the same topic. Listen carefully.
and try 1o find the theme ot main idea common to 2ll three parageaphs.

When you have heard all three paragraphs. work with your gr0up to describe the
theme or main jdea shared by the three parageaphs. Then. write the theme on the
lines below.

You may want to jol down key words as you lisgen to help you remember. Use the
space at the botiom of the page.

Theme/main idea: _(Asgz.d_ay_mmw Y_The poirt of these

milroduce { ropricle
choites and fechnofoafgs_bad been modp eneray and monee cowle!
- J T IT B A
haug been g!’ed
Key words: { Studenf answers will va-'y)

5. Select three students in each group to be readers. Give one reader in each group passage A,

+  one passage B, and the third passage C {(on the next page), so that each group can hear all
three passages. YOU WILL NEED TO DUPLICATE THE PASSAGES FOR THE
READERS PRIOR TO CLASS. Tell the readers to read their passages slowly and clearly but
only once.

Have the class read the directions for Exercise 11 {page 4). Then, teli the readers to begin.

When students have completed the exercise, have each group write its main idea on the board.
Discuss the ideas, focusing on ways in which they are similar and different. Also, ask your
students if they wrote down key words while they listened and in what ways this note taking
helped. You may also want to go over the key words which students have written down.

15-20 minutes

22




PASSAGES FOR EXERCISE II

PASSAGE A

Mr. Johnson always believed in competing with his neighbor, Ms. Jackson. Ms. Jackson had
just installed three solar panels on her home to provide her and her family of four with hot water.
Mr. Johnson decided to buy and install six solar panels to help provide hot water for himself and
his wife. ““If three panels save the Jacksens some money on their fuel bill, six panels should save
me twice as much,” Mr. Johnson thought.

At the end of the winter, Mr. Johnson took his utility bills over to Ms. Jackson’s to compare
their savings. To his complete surprise, he found that his six solar panels had not saved him much
more than the Jacksons’ three solar panels had helped them save. “Didn’t you know,” Ms,
Jackson said, ‘“‘less than one solar panel per person is all you need?”’

-

Al

PASSAGE B

Joe Caruso was a contractor who specialized in building shopping centers. When he built the
Riverside Shopping Center, he followed most of the usual building procedurés. For example, all
of the windows in the shopping center were sealed shut. This meant that even on mild days the air
conditioning had to be on to keep thc shopping center from overheating. One spring day the air
conditioning broke down. Store owners tried to open windows but couldn’t. When the shopping
center manager catled Mr. Caruso for advice, he had none to offer. The«?j&ning center was
forced to close until thre air conditioning could be fixed. . .o

: —

PASSAGE C

It was Jack’s turn to do the laundry, but he really did not want to do it today. He wanted to
_be outside enjoying the warm spring weather. Inscead he was stuck in the house. He washed the
clothes, threw them in the dryer, and waited for them 3o be done. When they were finished, more
than an hour of the beautiful day had been lost. Jack put the clothes where his sister would fold
them when she came home. Then he ran out into the yard, nearly catching his neck on the
clothesline as he ran by.




7 wnte abouf them Accept Q_y regamﬁ!e_ansm’:s Emr«-‘ales_oﬂj;- *

TAKING NOTES

Taking notes is another way of becoming an active listener. To ake uselwl Notes, you
need to pay auention 10 what You are heanng and think about what is worth writing down.
When you take notes, you also creaie a record of what you have heard which you can use
Tater,

»

One way to take notes is 10 write down ke) words The steps for raking notes in this \ma} . g
are listed below:

L. Do not try 10 wnite down everything thar you hear. Insicad, hsten fqr words which . .
seem key or imporant, and jo1 these down. The speaker may define 3 hey word, ‘
emphasize it, repeat it, give examples of i, or rell you 10 some Ginet way 10 pay
attention 10 it.

b

2. As you listen 10 a speakir, jot down all the key words that you hear. . n
Remember: Key words can be a single word or a group of mords .

3. When the speader is finisned, go back 10 each key word and write somemlng about 11“
Define ). wse it 10 a sentence, and/or give examples'of it. When 308 wrile about the N
key }~ords. you make sure thar you really understand what they mean. - T c

EXERCISE 111 . '

Direcrions: Your teacher will read a passage 1o you. Listen carefully, and take nowes by
jotting down key words on the lines below.

When Your teacher is finished, write what is important abour ¢ach key word. a
Then describe the main idea of the passage in the space provided below.

Key words:__ Studenfs’ hsts o J(eu words will uary, as will what Fhey s .

-
.

mgepmm
appr anafe ' . ’ >
fifs (¥he sif ‘ '

does fhe job

does foo liflle )&o

words .

much

Main idea: Wi

s Yhe stuation in which .
—You_use it A ) ) . | .

" 10-15 minutes

-
k]

Have your students read ‘‘Taking Notes” (page 5). Go over the steps in the note taking
procedure. Then, ask your students to read the directians for Exercise 111 (page 5). Ask them
to do this exercise individually. Read the passage on the next page aloud and give them time
to work with the key words and write the main idea. When they are done, have students share
their key words and what they have written about them either in small groups or with the
whole class. Then, discuss the main idea of the passage.

‘ 24 .




PASSAGE FOR EXERCISE 1

Anything which is appropriate fits the situation. Air conditioning is appropriate only when
there is no other way to keep a room or buiiding i om overheating. Remember the windows that
couldn’t be opened, even on mild days. An activity can be appropriate or inappropiiate as well.
Swimming is most appropriate for a hot summer day but niot suitable for a cold winter night.
Equipment can be appropriate or not. An electric knife on a camping trip where there is no
electricity 1s just extra baggage. A folding jackknife which you can slip into your pocket would be
appropriate. Behavior can also be appropriate or isappropriate. Loud yelling would be much
more appropriate at a football game than in a hospital.

Anything which is not appropriate, or inappropriate, docs not fit the situation. You would
be surprised to see someone wearing a fur coat to go swiniming, hunting butterflies in the snow,
or turning cartwheels in a china shop. All of these are inappropriate.

To see if something is appropriate, ask yourself:

Does it do the job?
Does it do too little or too much?
Is there anything which fits the situation beiter?

If it does the job well, not by too little or too such, and if there is nothing which fits the
situation better, then it is appropriate.

P
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EXERCISE IV N

Directrons: 1magine that your <cience class 15 #lanning a day tnp to the beach 10 examing the
plants and animals which live there. In the space provided below, winte three
things it would be appropriate for you 1o bring. and thiee things that would be
inappropriatc for you to bring. On the line next 1o each object. expla.m why the
object is appropriate ol inappropridte for this trip.

Appropriate objects Why they are appropriate
1. _{ Studenfs’ answers will vary.)

e I
2
3

Inappropriatc objects . Why lhf} are inapprapriate
4,
5.

b

7. Assign Exercise IV (page 6) to students for homework. Read the directions aloud to students
and cHteck to see if there are any guestions.

When students return to class with this assignment, have them share some of their ideas with
the class. Discuss why the objects they have chosen are either appropriate or inappropriate.

10-15 minutes {for discussion)

-




UNIT t SUMMARY

LISTENING AND TAKING NOTES

Listemng 15 a study shall which imn obes paying attention to what you are hearing and
tryang to make sease of I,

A good atener v an gcive Islener Actng Iniening means soncemintimg and portice
pating ’

Comentratmg 1 chovsing 10 direct Your attention to what you are heanng, and
chooung 10 heep Inleming o your attennon wanders,

Partipaeine 1 thinking about whan the speakeg is sayimng. To pastwypate:

1 Ash yourself questions 2bo w1 what you are hearng. and answer them of you
wvdll

3 Iry 10 ontect what you are hearmg winh whar you alrvads know.
3 Try to “mctore’ w your onad what is bang swd.

Takmp notes w another way of Indeaing actively, One way 10 take notey 15 10 jot down
kew wards 1 these wass.

1. Liten for wordy which seen imponant of ke, and jot them down.

3. When the speaker is fnshed. go back to each hey word and Jdefine it, use it
M A seltenses Or gn e an oample of it

WHAT DOES APPROPRIATE MEAN?

Anythang which » approprate bty the siuaton mowhich you use . To seef something i
Appropriate. wh yoursell

[Does 1t do the yob and -or it the skuanoen®
Dexess a1 clo 100 heele o wo much!?
15 there amihang thal s the sienation better?

1130 fies the pob welle not by 1w htile or too much, and i there s nothung which fiee the
sneation better. then s appropriale.

8. Review the Summary of Unit | (page 7) with students. Point out to students that they will be
tested on Units I-VIl in Unit VIII and that they will want to review unit summaries
periodically. o

>

2
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UNIT-H: BUILDING YOUR SCIENCE VOCABULARY
' ané
WHAT MAKES A TECHNQLOGY APPROPRIATE?

STUDY SKILLS

The language of science consists of unique words and meanings. Even if students are familiar
with the words they read in their science materials, they may not know the particular meanings
which relate to scientific topics.

This unit is designed to improve your students’ vocabulary in two ways. First, it introduces
them to the skill of using context clues to decode unfamiliar words. Second, it encourages students
to use a glossary or dictionary when a more precise meaning is called for or insufficient context
clues exist.

APPROPRIATE TECHNOLOGY

Unit I builds on the previous unit by having students apply the idea of appropriateness to
technology. Technology is the use of metaods, systems, tools, and/or machines to accomplish a
task.

Appropriate technology is a fairly new concept, although examples of its use can be found
throughout history. By stressing small scale, cooperative approaches to problem solving on a local
level, appropriate technologies involve peonle more directly in meeting their own basic needs for
food, energy, shelter, waste disposal, and transportation. The use of appropriate technologies can
also foster the development of self-esteem and community self-reliance. .




UNIT 1I: BUILDING YOUR SCIENCE VOCABULARY

and
WHAT MAKES A TECHNGLOGY APPROPRIATE?
INTRODUCTION

In your Teading you will often come across words that you don’t know.

Read the paragraph written below. Then, wry 10 define each of the undethned words in
the space provided beneath Ihe paragraph. You're rot expecied 10 know all of the words. Just
do the best you can!

The conceps of ensironmon and ¢cosystem have been around Jot a fong ieme But only
n the past few years have these weas become famebar to most people People have begun (0
realae that all Iving things depend on the ecosystem 1o which they belong  For hvang things
15 susipon shemselves, shey 1equure 3 healthy environmeni.

ecosysiem commenly Of‘ fnyng ‘ﬂnhqs
=F = |

sustain s'tﬂ,_ﬂm

LEARNMING NEwW WORDS

Yon may not have known the exact meanings of the words underbned in the paragraph
above. Yer you were probably able 10 figure out a meaung for each word that b 'ped you
make sense of the paragraph.

Science ras its own vocabulary or set of words. To understand what s going on in
science, you need 10 know what the words mean, In this uni, you will leazn two ways 10 find
oul the meanings of new words,

CONTEXT CLUES

You may have figured out the meaning of a new word in the paragraph above by thinhing
about the words and sentences arcund n, This is called genlng the meaning from CONTEXT
CLUES.

A CONTEXT 15 the setting it which something is found. For example, a jewelry store1sa
context in which rings are sokd. A circus is a context whete you would expect 1o find clowns
and raPzes. .

When you read, the CONTEXT is che words and sentences around a partrcular word.
These { armlm words ahid septences, called CONTEXT CLUES, can ofien help you figure om
the meaning of a word you do not recognize,

Example: Some sources ol energy we now use will not last forever. For example, because the
amount of oil left in the ground is finjle, we have 10 hind other sources of energy
befors it ruas out.

finite means: ha..rmg a definife end

Suggested Directions for Unit i
1. Organize your class into groups of three or four students.

2. Re: the “Introduction’’ (page 8) aloud or have a student read it aloud. Ask students to work
in their groups to define the two words listed beneath the paragraphs. When they have
finished, have one student frosa each group read the group’s definition. Ask students how they
knew or figured out the meaning of each word.

Approximate time: 5: 10 minutes
Have students read ‘‘Learning New Words” and ““Context Clues’’ (page 8). Go over the

meaning of context and context clues. Ask students to read the Example (page 8) and define
the word finite using context clues given. Discuss what clues they used to define finite.

5-10 minutes




EXERCISE |

Direcrions: Your weacher will read the passage below 10 ¥You, As you read along, think about
the meanings of the pnderlined words When your teacher has fimshed reading,
go back and underhine the context ehues which will kelp you define cach

underhned word. Then, write a definition for each underhned w0rd on 1he Imes
following the passage.

APPROPRIATE TECHNOLOGY *

Michaet and Mana Lope! used 10 grow tneh gwp s Cgetables evers summes when they
bsed 10 a rural area. Tien they mosed nto a sccond Mook apartment on a busy sireet Rear
dountown Boston. Massachusetts. No more pleasant afietnoons canng for the garden No
more freshly piched vegetables for dinner &very mighl And no more savings on grocenes al
the marker Or so1hey thought, unnt they hieard about a group of peeple who had formed an
orgamzanon edlled Boston Urban Gardenens. o BUG.

With BUG's heift, Michaet and Mana joined 2 commuity Barden project located in an
empty ot pust five blocks from thewr apanmeny. They were aysigned a 1en foor squaré plot of
land to grow whatever they wished. Following the advice of more espenienced members of
BUG. they first revitahized the worh out ¢arih by adding a tayer 6f topsol, The 1opsoil came
from the BUG cuinpost Prle. whick had been made rom kirchen scbaps. iawh cotmgs. and
leaves normatly hawled away to the dump. By showing thewr BUG membership cand at loca)
hardware atud Barden Stores, they were able 10 save 1en Percent on masy of thewr fardenng
supphes Almest before they knew it. their seeds had sprowied, Within a matter of weeks
they were once again emoyins freshly picked salads.

rural havmtl fo do with the @unfru

urban hawnq fodo with Fhe gfu_
reviralized 6rouahf back fo lfe

compost rally decompused orgame wasle

sprouted Sh_’te.d fo j’ oW

EXERCISE 1

Durectrons: The rest of the story abour Maria and Michael Lopez usés the ¢dea of approptiate
ness discussed 1 Unit 1.

»

Read he rest of the stofy on the pext page. When you find 2 word rhat slops you
because ¥ou are not sure of its meaning. underhine the word and write it on the
lines below the story. Use comtext clues 10 figure oul the meaning of the word you
have writien. Write your meaning 10 the space 10 the right of each word.

# When you can't figure out the exact meaning of a word from the contest clues,
weite down the best meaning you can, given the clues that you have,

Ask students to read the directions for Exercise I (page 9). Then, read aloud the two para-
graphs called “Appropriate Technology’ which are a part of the exercise. Have students
complete Exercise I in their groups. When they are done, have several students share their
context clues and definitions with the class.

15 minutes

Ask students to read the directions for Exercise II (page 9). Have them read through the rest of
the passage on appropriate technology (page 10), underlining words they do not know. Once
they have finished the story, the directions tell them to try to define each underlined word.
When the groups are done, have them share their words and definitions with the rest of the
class. You may want to make a class list of words and definitions for later use.

15 minutes

30
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APPROPRIATE TECHNOLOGY aentinued!

Like Miehael and Mana Lopei. we all need food on a daly basis n vider to Jemain
wrong and healthy Unforienately. most of us depend on a network of people and services
spread oot all acrass the couney 10 keep us from going hungey. For example, acres of wheat
ar¢ grown by farners n the Midwest, and then harvested, transported, milled 1ato flour. and
transpotted again, finally to uppear as bread on Your table. Many of the fruits and vegetables
YOU LAJOY 7€ gTOwN s the other siares and shibped Y0 you in refrgerated trucks.

1 the last few years this nattonwide food supply network has become more vilnerable
and expensine Incevrs, dack of tant, stribes by farm workers and truckers, problems with
highways, and energy shuttages have all contributed 1o temporary food shortages and higher
poces a0 the marker Winter siorms, floods. and earthguakes could have an even more
damagintg effect sn the future, Clearly, we need 3 more relable system for freding (he nation.
W wan ene aPproptiate technology to help find better way s 1o meet (his basic human need.

Rowtun Lrban Cardeners (RUGH b an example of people using appropriate techaology
16 meet ther van bav seed for 1ood. By wang vacant lots from al) over the Oty making
and wnarrg vompost Pites, apd valbing on the walems and enthesasm of 1 meinbers a3 wel as
other local resantrces, BLG has gnen people contrel over the production of thar own
samtier végetables

Undertined words {¥efinilions

NOTE: The illustration on page 10
may be discussed with students as
en example of a food network.

Q
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LEARNING NEW WORDS: USING THE GLOSSARY

Sometimes you may not be able to find enough contexi clues (0 help you define 2 word
you do not know. Or you may need to know the exact mcaning of a word in order 1o under-
stand the sentence ot paragraph in which it appears. Science 1extbooks ofien have a small

: dictionary of new words ai the end, called 2 GLOSSARY, which defines some of ihese words
T - for you. '

A GLOSSARY does nut give you as miuch information abowt a word as a dchionar}
would, but it will give you the exact meaning of a word as your science book wses ot Using the
GLOSSARY is a convenienl way 10 learn new words as you read. -

EXERCISE nl

Direcoipns: Below is a list of words from the “'Appropnate Technology*® siory. Find each
’ word in the Glowary on page 119. Write the defimtidn gnen for each word on the
line next 10 L.

Then, below gach word, wrile a sentence or two 10 which you bse the new word,
1n your sentences, 17y 10 inctude context clues whielh would help another person
define the word.

ﬂf- Example: _daly every day

"f Senrence: Ann weeded the garden daily, because every day these werc new weeds
growing among the vegetables.

I. appropriale technology ﬂ'fﬁddﬁ_oh&fmj needs ot it he sifugfron

Seence: __{ Studenfs’ answers will vany. )
J

2. lecal _'merbam

Sentence:

Contiged gn pate 1

6. Have students read ‘‘Learning New Words: Using the Glossary’’ (page 11). Ask them to turn
to the glossary on page 117, and discuss what information is found in a glossary and how they
can best use it.

5-10 minutes

7. Ask students to read the directions for Exercise 111 (page 11), and have them begin working,
“This exercise can be done individually or in groups. When students have finished, haye them
share the sentences they have writien within their small groups or with the class.

. 10-15 minutes
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3. resources ,_.JMMMMM{EZE' use,

Sentence:

4. disposal fhrowing awau or geflina 1id o‘r Soméefhing
U T J J Y (1]
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EXERCISE IV

Direcitons: Below is 2 list of resouices you use at home. We can get and dispose of these
respurces wsing technologies which are approbriate or inappropriate.

To the left of this 51 are spaces where you can check off where the resoucce
comws from. To the right of the list, you can check off where you dispose, or get
rid of, each resource.

Complete as much of this chart as you can, checking off where each resource
comes from and how ynu dispose of it. You may need to ask your parents for
help. You can also check package labels 10 find out where a resource comes rom.

Do the best ¥ou can..If you do nof use one of the resources listed in yous homs,
or can't find oul aboul where it comes from or how you dispose of jt, leave that
part of the vhan blank.

HOME RESOURCE USE CHECKLIST
WHERE YOU DISPOSE oF
WHERE HESOURCE IS PRODUCED RESOURCE

In Your in In Anolher | RESOURCE USED
Localy LIt Uwiled S | Country | AT HOME DuraP | Sever | Burn | Recycl]

| -
| Meat

Bread

Dairy producis
Frusts/vegetables
astic bottles

Glass bouikes
Alumnum cans
Newspaper

Fetnlizer

W..er

|EY ey

Gasoline

o

Coal

Natural gasspropancy
| Solar energy

8. Have students read the directions for Exercise IV (page 13). Explain that students will com-
plete the checklist in Exercise IV as homework. Go over the sections of the chart students are
to fill in. Suggest that they ask their parents for help, and explain that they may not be able to
complete the entire chart. We recommend that this be an ungraded homework assignment, and
that the information students collect be used to create a single classroom chart that summarizes
their findings, or as the basis of a discussion about appropriate technology in the home.

1520 minutes (for follow-up discussion) .
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UNIT {1 SUMMARY

LEARNING NEW WORDS IN SCIENCE

You will often come acrass new words when reading Your science materials. Two ways of
finding out what these words mean are using comens clues gnd using the glossare of 1erms 10
Your science book.

Context cluyes a1¢ fyumhiar words and phrases in a ser-ence or paragraph.
Fromt these words. you can often figure out the meaning of
an unknown word.

The Rlossarv 15 2 sl dictionary i your science book. It provides you
with the exact meaning of the word as 1 s used 10 your book.

APPROPRIATE TECHNOLOGY
Technologies are the methods. sysenis. gols. an:l machines we use 1o accomplish a 1ask.
Appropiate techoologics:
¢ use local talems and resourves.

& can be understood. creawd, operated, and repaired by the people who
depend on them,
* are usually smaller and less expensive than more comPlicated
technologpies.
Commumnities ¢an ove appropriae vchnologies 10 soive their own problems amd meet
their basic needs

9. Review the Unit II Summary (page 14) with students.

Additional Suggestions

1. Have students list local resources which could be or are now being used to meet their
community’s needs. Have them explain how each resource could be or is being used. For

- example, crop and kitchen waste could be used for composting; backyards and garden spaces
are suitable for gardening; and sunlight, wind, falling water, forests, coal, and natural gas'
*deposits may be locally available sources of energy.

2. Have students investigate one or more of the local resources described in their homework or
the activity above. Students could find out: Who wouid they talk to about developing its use?
What else do they need to know? How will they find out about it?




UNIT HI: READING FOR MEANING
. and ‘
PETROLEUM: HOW LONG WILL IT LAST?

STUDY SKILLS

Units 111 and IV introduce your students to several skills for reading science materials and
taking notes about them. Most students faced with a reading assignment begin with the first word
of the text and read for as long as their interest or sense of duty carries them. Students rarely
apprPach their reading with a systematic plan for learning from what they read. *

Unit III provides students with a four~step process which will help them become more
efficient and effective readers. Each of the steps and its value to students is explained below.

SURVEYiNG Slummlng the title, introduction, subheadmgs, and concluslon of a

2’ READING:

3. MAPPING:

-4, CHECKING:

reading alerts students to what the reading is about and prepares
them for the details wh:ch follow.

This step includes identifying the main idea or ideas presented in the
reading and the details which support those ideas. Reading for the
purpose of identifying main ‘ideas and supporting details focuses
students’ attention as they read.

Mapping is a method of taking notes that allows students to represent
the main idea and supporting details of the reading in a graphic or
pictorial way. Many students find that mapping is an effective’ way
for them to organize information from which they can study,
although some of your students may prefer outlining, presented in
Unit IV. Mapping is an alternative method of note taking which is
also useful to students in class discussions or presentations in which
there is no clear organization, because it allows them to draw con-
nections bettveen ideas as they arise.

Students can checlathemseives on what they have learned in several
ways, such as summarizing the reading, asking and answering
questions, and discussing specific points with others. Checking helps
students pull together the most important information in a reading
and put it into words which are meaningful to them.




o

A NOTE ABOUT TEACHING METHODS

We suggest that you have students work in groups as you introduce these skills. Working in
groups lets students try out the new skills with the help of others. When students have experienced
some success in using four-step method, you can structure assignments which ask them to use the
steps on their own as they read.

<

NON-RENEWABLE ENERGY

More than 90 percent of the energy currently consumed in the U.S. comes from non-
renewable sources. Non-renewable means those resources which are consumed faster than they are
replaced. Non-renewable resources include coal, oil, and natural gas deposits, which take millions
of years to be replaced by decaying plants. Other non-renewable resources are uranium,
geothermal, and some forms of hydropower.

Unit I1I presents students with the picture of the planet Earth, and the U.S. in particular,
consuming its limited non-renewable energy supply at a startling rate. In the past hundred years,
for example, we have used more than half of the world’s estimated supply of petroleum, which
topk more than a million years to form. Our remaining proven reserves of petroleum, or that
portion of a known deposit which is profitable to extract, refine, and sell, are shrinking rapidly.*
Proven reserves will continue to shrink unless new technologies can be devised which make
extraction profitable. Unit 1V will suggest the alternative use of renewable energy sources such as
sun, wind, and water.

You ma{y' need to keep the following ideas in mind in teaching about non-renewable energy: ‘

1. Conflicting niimbers: The federal government and coal, oil, and natural gas
companies all publish information about .energy. Although
the government often relies on these companies for its
information, numbers may vary from source to source. We
suggest ~that you rely on statistics published by the
government. )

2. Updating information: We suggest that you update the numbers used in the readings
. in Units III and IV each year. This will also allow you to
check the accuracy of the forecasts referred to in the units.
One source for updating these numbers is the National
Information Center of the Office of Energy Information:
(202) 252-8800. The figures used in this unit come from
the July, 1981 Monthly Energy Review and the 1979
International Energy Annual, both of which were published
by the Energy Information Administration, a branch of the
U.S. Department of Energy.

3, Other fossil fuels: Information needed to rewrite the passages ia this unit so that
they focus on coal or natural gas rather than oil can be found
in Appendix A.

*See Appendix A for an explanation ot the derivation of the ffgures on U.S. reserves as of January, 1982.
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. UNIT III: READING FOR MEANING
and PETROLEUM: HOW LONG WILL IT LAST?

INTRODUCTION

Your science teacher often asks You to read through a chapier or some other materiats on
your gwn. A good way 10 start is lo SURVEY the reading.

To SURVEY a reading: * \ook ai the fitle of (he reading,

® look at the headings and subheodings throughout the
reading, which are usually in darker or Jarger print than
the rest of the reading,

* read the introduction and conclusion or summary, or the
first and last paragraphs of the reading. 1f you are survey.
ing a paragraph. read whe first and fast sentences.

By SURVEYING 2 reading before you read it, you can usually find out whai it is about
and whatifs main points are, Surveying Pfepares your mind 10 take in the dgratls presenied in
the M&in fext of 1he reading.

EXERCISE |

Directions: Your teacher will give you 2-3 minutes 10 Survey this vnit. “Reading for
Meaning,” using 1he steps {isted above.

After You have surveYed this unit, use the space below 10 write three things you
expect 10 learn from reading the unit.

1 EXPECT TO LEARN:
1. — Shudenfs’ nswers will vary . fossible answers include:
how fo read for meannid ; how o fake magped nofes ;

g e e S
abo Crisis « - eh

how To cheak affer readia_a!ﬂ

El

3

Suggested Directions for Unit 111
1. Organize your class into groups of three or four students.

2. Ack students to read the “‘Introduction’ (page 15), or read it aloud as they follow along
Discuss as necessary,
Approximate time: 5 nminutes

- 3. Have students read the directions for Exercise I {page 15). Give students two or three minutes
to survey the unit individually, and then ask the groups to generate what they expect to leara.
Discuss their responses, .

10 minutes




READING FOR.MEANING: FOUR STEPS '

One way of becommg a more effecine reader of sciencc- books and articles 15 Lo use a set
of four steps which help you find the most important points in the reading. You have already
practiced the first stepySURVEYING. in the Introduction to thie umt and w Exererse 1.

The four sleps of rending for meamng which you will lean in this chaper are:
SURVEY
READ
MAP
CHETX
READING: MAIN Il)_EAS AND SUPPORTING DETAILS

Once you have surveyed a reading. the second step in seadmg for meaning 15 10 RLAD.
As you read, you need Lo dentily the s tdeus and supporting detanls of each paragraph oe
sechion,

The MAIN IDEA is the most imponani idea of the paragraph of section The
rest of the paragraph of.section is buill around this centeal idea. The mam idea v
often, but not alwavs, cogiaincd in the firet sentence of the paragraph of secnon.

SUPPORTING DETAILS eaplam. prove, or tell something about the main idea
of the paragraph otrysecion, They make the mam idea clearer o give more
information abowt il

Idennfying man ideas and supporiing details as you read will help you remember the
importamt informatton wn your science reading,

Example: Find the main idez and supponting details m thls paragraph:

Boston Urban Gardeners {BUG) 15 an examPle of people using appropPreate 1echnology
to mect theit own basic need for food By using vacom lots from all over the eny. makig
and using coipost piles, and calling on the ralents and enthunasm of s members o well s
oha local reseurees, BUG Fa« gneti peopie control ot the production of ther ova
Ssmmet 1 egetables,

Main idea: M Pe‘:'P't" _QE}P,MEM& d?ff fo_produce
_'&1;{" OWn ‘{E;Od .

Supporhing delalls: _/M_‘é@ rosowrces molide ;
= vacaf lofs , compoit piles members' jhlents

EXERCISE Il ‘

Directions: Survey and then read the passage “"Spaceship Earth™ glhen on the new page. In
the space provided, weie the main wea of ¢ach paragraph and list the detady
whieh support that mawn idea,

- |(,&

-

4. Have students read '‘Reading For Meaning: Four Steps’ and “iieading‘ Main Ideas And
Supporting Details’’ (page 16). Read the example (page 16) aloud, and ask students to identify
the main idea and supporung details in it.

510 minutes

5. Have stuients read the directions for Exercise 11 (page 16} and complete the exercise in their
" groups. Discuss their responses when they have finished.

10-15 minutes

ERI
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- SPACESHIP EARTH

when a spaceshep blasts off st must caery al) the fuel it needs for sty entire voyage But

the amount of fuel it ¢an earey 15 bated. Like-a spaceshep. the planet Easth has a himnted
amount of fuel avanable for use,

Over 9% of the energy used in the .S, today comes from fimte sources within the
earth, such as coa), natural gas, and petroleum. To make matiers worse, we afe USINg them
up faster than new deposus can form For example, it takes more than one mithon ¥ears for
decaying plants and animals to become perroleum. In the last one hundred Yeass. we have
wsed more than half of the known world wpply of petroleum  No one knows for sute when
we will run owt of non.renewable sourees of encrgy, such as coal. odl, and natural gas, but
sotme people predice that ot wili happen within Your hfeume,

Pacagraph 1 .
Main idea: — The earfh 13 like a Spaceshp

Supporning details: __— Spacesisp has ;_mdded 'ﬂef

~ Eart has limited supply ieﬂﬁggff

Paragraph 2

; . We are usma energu Sous
Main 1dea: 19 up energy oS ﬁstez_M%_m_

3 be mp:‘acea‘

Supporting detmls: ﬁ@_&@ﬁf_ﬂe use is non. renswable
_ Takes L mitlion Hem: for plants and anemals

= m _last 100 vears we've used _q:mo_re@ haif of wotfds @ofevm

= some eyperfs say we will run ouf of energy in my Ifetime

“Bt fure we have ohough W don't wenk 10 fuh oul Babiaen Rere o5 Mer ~




MAPPING

’
The third step in reading for meaning in science is taking notes. TaRing notes helps you 1o
keep track of ihe main ideas and supporting details you identify as you read.

MAPPING is one way 10 1ake notes of what you read. To make a map of your reading:
* Find ll‘ze'ma.in idea. Write it down and circle it.
« As you identify supporting details, write them ot lines connected to your main
idea circle,
Your mep will look something like this:

&

When you are donc‘. your map will remind you of the most importaat points in ygi‘rmding.
TN

Example: Betow 15 one sivdent’s map of the second paragraph of *Spaceship Ea};h."

(LS. enerqy Comas
fom  NOR - feaewiadil
Sourcds

*

6. Read ‘“‘Mapping” (page 18) aloud to your students, or have a student read it aloud. Have
students look at the example (page 18) of mapped notes of a paragraph from the *‘Spaceship
Earth’’ reading. Discuss and clarify this method of note taking with your students. You may
want to map the other paragraph of “‘Spaceship Earth’’ with your students if you feel they

need more clarification.
5-10 minutes

4i




EXERCISE W1

Directions: Read \he first two paragraphs of “The 'énelsy Crisis'' below. In the space
provided, makc onc map that shows the main idea and subporting details
in¢luded in these two paragraphs.

THE ENERGY CRISIS

An encigy crisis occurted i1 1973 when the Organuzation of Petroleum Exporting
Countries {OPEC) announced 1t would no bonger sell ol to the Umted States. This situation
unly iasted for a few months, but that was long enough 10 make Amcticans aware of how
much they depended on the counines i OPEC for gasoline and heating al.

As a result of 1his crisis. energy expens i ths U.S, came up with a plan to reduce our
need 10 impork ol from other countnies. The experts said that if we conserved oil and looked
for more petroleum i gur own country, we could supply most of our own by the year 2000,
It seemed like 2 good plan at the time, but we now know thai it may no! work.

MAP:  Sfudenfs’ maps will vazj Below 15 one Possrﬁim:x;

1973 energy crisis made
U-S fook for own ene:j?

7. Have students read the directions for Exercise 111 (page 19) and complete the exercise in their
groups, When they Lave finished, ask two or three students from different groups to put their
completed maps on the board. Discuss similarities and dgifferences.

15 minutes
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CHECKING

When you have surveyed, read, and mapped a reading, the final step 15 10 CHECK what
you have learned. CHECKING helps you remember the most inporiant poiats i the reading.

You ¢an CHECK yourself in the following ways:

1) Ask yoursedf, “What s the most important jdeals} ! have leatned from this
reading?”

2) Discuss the reading with gther people who have read it.

EXERCISE IV

Duections® Re-read the first two pacagraphs of “The Encrgy Coisis™™ on page 19. Then. read
the next twa paragraphs below, in the spage prosvided on the nest page. 1) map
the last two patagrapits. and 2 check yourselt on what you have fearned by
wiling two 6t livcee septences tha osplam the mgst unpociant 1deas from “*The
Energy Cnas ™

THE ENERGY CRISIS qonimued)

Each year the U.S. uses about three billion barrels of ws own oil. 10 1980 we pumped
3 14 hilhion bareels ol pettoleum out of the ground In 1981 we pumped 3.13 billton bacrels,
and in 1982 we remored another 3 16 bitlion barrels. According 10 U.S, government figutes.
aur proen reseryes, ot the amount of petroleum left an the ground which can be sold at a
profit, had sheunk to only 29 4 bhon barsels b January 1. 1982

I we continue 19 use about 3 bithon barrels of Our own pelrodeum each year without
WICTEASIAE QUL PrOvEN reservey, they will be gone by 1992 OF course, the discovery of ne..
petroleudy i the U S goes o These mew reseryes are added 10 ouf Proven reserves, making
W oynikely that we will actually run out of perratewsy o 1992

Yet the supply of domesue Peroleum. A doneréacuwable resource. 15 fimired. Many
people behey e that the U %, will tu ot of Perralenm within the siost seéveral decades. Al that
pot we with exther have 1o depead on other voumnniee 10r ol ot subsitute other fotms ¢ *
cheTRY

8. Have students read ‘‘Checking” (page 20} to themselves. Discuss Student questions or
comments. Ask students to read the directions to Exercise IV (page 20) and to complete the
exercise in their groups. When students have finished, ask one student from each group to
report their summary to the class. .

15 minutes




1. MAP of these 1wo paragraphs: Sfudenf answers will vary. Below 15 one
possible map and summblny or Cheek

R

Qﬂ')’ ’ﬁ\%\\»y/

runn 2 | 3.03 bulhon barcals
us 0;;;15 out }_P,Qmpes‘ Py )
e

2. CHECK on “The Energy Crisis": _The 973 enerqy crosis made ‘us aware
MW on ofer counitnes for ol The 0.S plan fo reduce
fus dependence won'f work because fhere isn'd enough o feft in_
e 0.S o meef our energy needs past 1992 of we confinue our
present rafe of use
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UNIT Il SUMMARY

READING FOR MEANING

The four step method of reading for meamng will help you lkearn and remember more
from your science teadings. AN four steps ask you 1o thunk abowi the main leas. Ot most
IMportant points. i the reading, and the supportng detnis which back up those points.

To read for meaming:! .

SURVEY: Look quickly over the niles. meroduction, headings. and conclusion, or
first and last paragraphs or sentences. Surveying tell; you what the main
weas of a reading are,

READ:  As you tead. focus on the man ideas and supporting desails.

Make a map jhat shows the main 1deas and supporting details. A map
helps you keep track of important information as you read. It also gives
¥Ou noles You can use later,

© CHECK: Look over yout mapped potes and temind yourself what ihis reading 15
about. Ask ¥ourself, *"What have | learned from this reading?"*

NON-RENEWABLE ENERGY

Most of the enetgy we yse today comes from non.retiewable sources such as coal, petro-

Jdeun, and natusal gas.

NON-RENEWABLE mcans that we yse these sources much faster than they re-fotm
within the carth. We could use up our proven resepves Of these liomted energy soutces within
100 years of we continue 10 defiend on them for all of cur energy needs. (A proven reserve is
the amount of 2 natural resoutce which can be mined, processed, and sold at a profic.)

&




UNIT 1V: TAKING EFFECTIVE NOTES
| and _
SUN, WIND, AND WATER: HOPE FOR THE FUTURE?

STUDY SKILLS

Each. of your students learns about and understands the world in his or her own way. Each
learning situation may require the student to use different study skills. For these reasons it is
important to present students with a variety of study skills from which they can choose. Students
can learn to judge which skill or skills they are most comfortable using and which skills are most
appropriate to a particular learning situation. In this way, students can become more effective
learners.

This unit introduces students to two more note taking skills, OUTLINING and making
DATA TABLES. While mapping, presented in Unit IIi, might be niore effective for students who
tend to learn best in a pictorial, holistic mode, outlining may be useful for students who prefer
sequentially organized information. Also, students may prefer to use outlining to take notes from
highly organized reading materials or presentations. 2 '

A DATA TABLE combines the orderliness of outlining with the visual connection of ideas
found in mapping. Data tables help students organize jarge amounts of information so that
patterns in the data emerge. By making data tables, students can begin to see the ‘‘whole picture’’
as well as the way in which each part fits.

RENEWABLE ENERGY

Unlike the finite fossi] fuels, renewable energy supplies are replaced nearly as fast as they are
used. Unit 1V introduces the sources of renewable energy and examines how they can be used to
address the energy concerns raised in- Unit HI.

Most renewable energy sources draw on the power of the sun in some way. The following
sources are discussed in this unit.

Thermal solar energy is the direct use of the sun’s energy to heat air and water.
Solar energy is used gctively when electric fans or pumps are used to transfer it
to where it is used or stored. It is used passively when no electrical or mechani-
cal assistance is employed.

- Photovoltaics is the conversion of the sun’s rays into electricity when they strike
a photovoltaic cell commonly made from thin wafers of silicon. When
energized particles of light called photons strike the silicon, they knock
electrons loose. The electrons flow into connecting wires, creating a current of
electricity.

Wind is the movement of air from high to low pressure areas created by the
unequal heating of the earth by the sun. Wind power can be tapped by putting
a sail or blade in the path of this moving air. As the wind pushes against this
barrier, it causes an axle to turn. The resulting energy can be used to perform
mechanical work such as pumping water or turfling an electric generator.

46
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Hydropower results from water falling onto a paddie wheel or blade. Often,
water falling from: high to low elevations comes from moisture evaporated from
oceans and lakes by the sun and deposited at higher elevations when it rains. As
the falling water turns an axle, the energy it produces can be used to generate
electricity or to perf orm mechanical work. It is important to note that although
the falling water is renéwable, dams built to harness hydmpower have a life
expectancy of 50 to 200 years.

Biomass is the energy stored in growing things. Whenever vegetation receives
solar energy, the process of photosynthesis locks it away in the cheniical bonds

“ needed to form carbohydrates. Wood, garbage, and other plant materials can '
be burned or converted into methane, a burnable gas, or into alcohol, a liquid
fuel.

In 1979, a report published by the Solar Energy Research Institute (SERI)} concluded that
energy conservation and renewable resources could play crucial roles in America’s energy future.
The report says that imaginative use of available technologies to improve the productivity of fuels
in short supply along with widespread adoption of technologies which use renewable resources _
constitutes the cheapest, fastest, and safest strategy for rebuilding our country’s energy base over
the next 20 years.




UNIT 1IV: TAKING EFFECTIVE NOTES
and

SUN, WIND, AND WATER: HOPE FOR THE FUTURE?

INTRODUCTION

In Unit (11 you Tearned thal mapping helps you keep track of the jmportant information
as you read. Your map also gives you a record of the reading which you can study later.

This unit wil show you two other ways 10 take notes. QUTLINING and making DATA
TABLES. .

After you have used all three forms of note taking for some time, You may find that one
seems o work best for you. You may also find that each way of taking notes Is more wseful at |
sotme times than others,

To discover the besy way for you 10 take notes in science, you need (o experiment with
several ways, This um will help you do that,

NOTE TAKING TIPS
You have already learned several important skills which will help you take notes.

L. KEY WORDS — You don't peed 10 Write Your aores in comPlete scntences.
Write only the key words and phrases which teli you the main
idea and imporiant details.

2. MAIN IDEAS AND SUPPORTING DETAILS — Take notes only on the main
ideas and important details. Don'y try to whire down everything
i the reading.

Rememberr Your notes are for you! Take notes i your own words, so that they make
sense 10 you, You may want 10 use some key words from the reading, but be sure
you understand what your nofes say.

Suggested Directions for Unit IV

1. Read the “Introduction” (page 23) aloud, or have a student read it aloud. Discuss the idea
that there iS no one right way to take notes. Different note taking methods may be best for
. different students and for various learning situations.

Read “Note Taking Tips” (page 23) aloud, or have students read it aloud. Discuss each tip as
necessary.

Approximate time: 5 minutes

48




EXERCISE 1

Duections: Read the paragraph befow using the four steps you learned in Unit I11: SURVEY,
READ, MAP, CHECK,

Keep in mind the note taking tips on page 23. Use the space beiow for your map.

RENCWABLE ENERGY

In 1981, the Solar Energy Research Invatute (SERT) wrote a report which sitggested 1w o
solutions 10 1the problem of American dependence on o Shipmenis from other counties.
The SERI report said that by consening energy. of being more careful of how they use s,
Ameticans conld ute 250 Jess enctgy every year. It also found that Amencans gould meet
from 20% 10 30%e of sher energy needs by using renewable energy sources such as the van,
wind, and water. Renewable eneigy souices are 1eplaced almost as fast as they are ysed
According 10 SERD, these 0 solutons could end Americas need 10 smport ail by the Year
2000. )

MAP — RENEWABLE ENERGY
Students” maps will ua:-'i. Below 15 one possible map of the

ara Nofe fus
gar.‘!j:—dﬁj fhe book i

more Complex Fhan fhese presenfed

-SERI' - 2 SO’I.Q‘:O;{S
fo U3 ene P
Jo s enesy prosens

24

2. Organize your class into pairs. Ask students to read the directions for Exercise } (page 24) and
to complete the exercise with their partners. When they have finished, have two or .three
students put their maps on the board. Discuss the results.

10 minutes
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OUTLINING

Sometimes mapping is not the most uselul way 10 organize vour notes, OUTLINING is a
way of taking notes thal shows the order of events or details as they appear in your reading.
The form for outlining is shown below.

OUTLINE FORM

[. Main idea
A. Supporting detasl
B. Supporting detail
C. Supporling detail

. Main idea

STEPS FOR OUTLINING
Follow the steps below for 1aking notes in outline form.
1. Kentify the main idea and sulporting details of a reading or paragraph.
. 2. Use a Roman numerai to list the main idea.

3. Use capital letiers to list the details which explain or support thal main idea.
“ Indent each capital Telter w0 the right of the Roman numeral to set it off from the
main idea.
4. Repeat as needed.
Evample: Below is an omline of vhe paragraph you just read and mapped-about **Renewable -
Energy.”
1. SERI found ways to stoP U.5. oit imports by 2000
A. Conserve energy - save 25%
B. Use repewable energy sources for 20% 10 30% of what we need

EXERCISE Il

Directions: Read the resy of the passage on renewable ¢nccg¥ on the next page. Write your
noles abour the reading in QUTLINE FORM in the space provided afier the
reading. Panis of the outtine have been filled in for You.

»

3. 'Read’ “‘Outlining” and ‘‘Steps For Outlining”’ (page 25) with your students. Have students
look at the Example (page 25) and compare it to their maps of the same paragraph. Ask them
to describe any similarities and differences they see.

5-10 minutes

4, Have students read the directions for Exercise II (page 25) and complete the exercise in pairs.
When students are done, ask several to put their outlines on the board. Discuss, keeping in
mind the note taking tips on page 23. Or, have each pair join another and compare the outlines
they have made.

15-20 minutes
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RENEWABLL ENERGY (connnueds

What are the renewable energy sources whach hold such promise? All of them use the
power of \he sup 10 one way or another. Unbke oil. coal, of nawral gas. they are quickly
replaced no Matter how much Of them we v

Sotap energy 15 one renewable source. Theymal solar power vses the un's s to
produce heat for homes offices. and scheols, It ean also be used to heat water. The SER1
teport cshinates That the U'S could colleds 3 %010 4.5%, of i« energy from this sowrce by the
end of the cemnry The San's rays can also be turned mto elecincity throvgh the use of
proftaokincs PhotoveLan energy eondd proside a bittle less than one peteent of oul enefyy
needs by the year 2000

The power of the wind can alvo be hamessed 1© produce efecinens or to do mechameal
work ke pumping witer Wind powet couold sopply 2% 10 5% of ool encigy by the seaf
2000,

Hhgropower 1 the enctgy contasned in Fdling water Wi cOukl supph anothet 4 8% 10
S 4 of Out enerfy, Osth e the [onn Of elecinaty

The renewable energy source with the o potential s buoriass  Biomase s the energs
eontamed w0 growng things Wood and parbape and other plant mateqal can be burned to
Produce bear They can also be turned e methane, a burnable Ras. or into aleohol, 2 hqwd

fuel ) nergs from bomace conld supply 7 8%0 10 13 5% of our enerBy needs by the end of
" the centui

-

OUTLINE  ( Shedenf cufbnes will Uﬂ';f Befow 15 one possible cutine

of s read:
1. Rencwable energy f ) ’g

A, Al use suns power.
B. Are.qmckt;; renewed
7

IT. Solar ¢netpy

A Thermal solar - uses swiis ra Er hedf anel hof water, could,

X de 3 % of our enerq
B Pholovelfares - ms smz mis info etednari -Ian provide

W Wind pover fess Jhan 1% of our ene’ﬂl[ s
A for electneify or manual work
‘B 2-5% of vur energy
wv: Hydropower
A,er eleclne
"B 48-557% of ow energy

. Biomass
v A En:’rg ]c rom:\g fhm s 8 Bura wood and arbaﬂe
C Mefhane as and a&:ohol , D 78-135 % of our energy
ror Pfﬂ?ﬁl'ﬁ 2 :

34

ht)




‘DATA TABLES

Some readings present you with many facts about several related subecis. You may want
1o take Rotes on these reatings thal show connections between the facis, as mapping does, and
that otganize all the facts in zn orderly way, as outhning does. Onc way 10 do this in one sel of
noses is 10 Make a DATA JABLE from the teading.  ~

A data table is a chart which shows the data ot facis in the reading. An example of a data
table of the thitd paragraph of the reading. **Renewable Energy.” 15 shown below.

Evample:

I3

SOURCES OF RENEWABLE ENERGY

Possible %o of U,S, energy It could provige
Enetgy sources Uses . Lowest Highest
Thermal solar power | heat, hoi water 3.9 4.5%
Photov s electricity - tess than %

5. Read “Data Tables” and “How To Make A Data Table’’ (pages 27-28) with your students.
As you read. “How To Make A Data Table,” refer back to the Example on page 27.
Emphasize the uses of a data table and clarify the steps for making one.

- 10 minutes

35 92
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HOW TO MAKE A DATA TABLE

A DATA TABLE n most wsciul for taking nofes on readings which gne you several
different picces of mformanon about cach relared woPie. Follow the steps below o make 2 .
data 1able. Look at the example on page 27 a3 you read through the steps.

1. On the lei ha.nd side of your paper. ntentify and list the fopics about which you have
several differen picces of mformation

In 1the Erample on page 22, thewe bopis arewolar POuer and photoohraics.

2, Along the 1op of your paper. wene the kerdy of mformnenon you hine abow cach
topic.

In the Example on page 27 the nforniation you have about each energy source i s
use. the smatlevt percemtage of LS energy needs 1 could sup[\l\ and the larges
rercemae of energy needs it could suppdy.

Y Draw hnes betw een Topes (o make sown and berween hmds of informaton o malc
ol

A, Fiil m the wformation about ¢xch 1G.pic w1 the apProPnale boses.

In the Luample on page 27, thermal volar power 5 used for heat and hot water, and
phintos ollaie power 1 ysed for elecinay

5. Gine yout DATA TABLL a stfe tha esplains whas infarmation it eanains.
The tnle of the dava table iz the Lsamiple 15 “Sources of Renewable Energy ™

EXERCISE W

Directime Reread ahe fact thiee paragiaphs of “*Renewable Erergy™ on Page 26 In the
space provded befow, make a dary Jable of rhie inlormaiion m those three para-
graphs

Follew the steps dnied shove Use the Lverple on Dage 27 ay a model.

REMEWABLE ENERGY SoLRCES

(Latle}
Possible % of U.S. cnergy it
EnefR) sources Uses cotikd provide
. Lowest Highes '
Wind power elecinciiy ri 2.0 5.0
\. +

Hydropower electricity 48 | 55 )
Biomass heat | 73 35 ‘ ‘

- ’ ]

6. Ask students to read the directions for Exercise III (page 28). Point out that the data table they
will make is a continuation of the one presented irrthe Example on page 27. It uses the same
column heads and adds three rows. Have students work in pairs to complete Exercise III. Ask »
several students to share their data ables with the class, or ask two pairs®o compare the data
tables they have made. .

10 minutes .
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EXERCISE ¥ .
Direcnions: Survey and read “*Renewable Energy and Appropriate Technology* below.
In the spaces provided on the next page:

I} Take notes on the first two paragraphs i;n either MAP or QUTLINE
‘orm.

2) Take notes on the last thiee paragraphs by making a DATA TABLE of
the information.

3) CHECK yourself by writing a one 0f (w0 seutence summary ielling what
you learned from this reading.

RENEWABLE ENERGY AND APPROPRIATE TECHNOLOGY

When 1cchnologics use non-renewable sources of encrgy, (he¥ are limited in several
ways. To bepn with, oil. ccal, and natutal gas are usually removed from 1he sfound in far
away places. often in foreign countries. They must be shipped great distaness in order o0
reach us. This makes them more expensive than they would be if they were available locally.
Non-renewable cnergy sources also fact shortages and sudden eutoffs which can bting the
iechnologies dependent on them (o a stop.

As non-renewable resources grow moce scarce, they will become more and more
expensive, One day in the not-so-distant fulure, the proven resetves may runv out., From then
on, the technologies which used them will be useless,

Appropriate technologies gvoid these limitations by drawing their power liom renewable
energy sources whenever possible. For example. consider the differences between a house
heated by a Ron.tenewable fuel like natural gas and a similar house heated primarily by the
sun. The house using natural gas for heat depends on a constant supply to sta¥ warm. ([
there is a'shortage of nawral gas cansed by a very cold winier or by a shipping problem, the
gas healed house may become 100 cold for conafort I its supply runs out before the problem
is solved, The solar heated house, on the other hand, cannot be eut off from 13 main fuel
supply for mots than a few days at a ume,

[]

The owner of the gas heated house will have t0 spend more and more money fof watural
pas every yeat, The cost goes up as the Proven reserves of natural gas get smaller and the cost
of shipping increases, In contras:. e house equipped “with solar technology has small.
statle energy costs. The owner of the solar heated houte will only have 1o spend money for
heat during peridds of cloudy weather., '

, Theday will come when the natural gas reserves are nearly gone. On that day the Owner
of the gas heated house will have to replace his or bt gas fired furnace with a more
appropriare technology. Chances are it will run on renewable energy.

7. Ask students to read the directions for Exercise IV (page 29). Have students complete Exercise
IV with their partners. When students have finished, ask several students to share their notes
with the class by putting them en the board. Or, ask pairs to compare the notes they have

taken. Discuss with students their-experience in using each form of note taking.
" 15-20 minutes ‘
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( Student maf;s and afffines will Va’ﬂj
EES sing non-ronewable enexgy
\;ds come from far away

shorfages and eutoffs
ven reserves cfe'f Onaller

1) MAP or CUTLINE of paragraphs ) anc *
QUTLINE: T . Liifations of fechnol
A. Expersive Jo opesafe

.B.C&néf;wa!zea'w

¢ Gstfo Jvo
B, Will nof wor whe)-; e ased up

Linwlahons of Technologres
uSmg. non- renewabj

ene.rj '1

2): DATA TABLE of paragraphs 3, 4, and 5.

\
- « COMPARING GAS AND SOLAR, HEATED HoMES ”
{uthe) 3
Kind of heat In house Shortages and cutofls Cosu I Future
g e £ R
gas protlem sm'v'ﬁ shrm'( arfg When proves reséalds
. Can't be cutf ofF for  (Onlycosts $ | There will always
Solar ’é‘ e sods
more Fhan o few days. o l!‘P" 2] be solar hedd,
W s ¥
L
3) CHECK: (3 wers will v rrafe e .
’ ble ener because cost fes are._aliw
ilable  and ey wiil never run ouf.
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UNIT 1V SUMMARY
TAKING NOTES

There 1s no one right way to take notes, Different note taking methods are appropriate in
different situations, You may be more comfortable taking notes in a cenan way,

The imponiant part of 1aking notes is to record the main ideas and supporting details i a
way that makes them ¢asy for ycu 1o understand and remember,

TIPS 1. Only wrte down key words and phrases, no1 complete sentences.,

2. Take notes on main jdeas and supporting derails. Don®t iry 10 record every-

, thing.

3. Take notes in your own words, so that they make sefise 10 you.

OUTLINING 15 a way of taking notes that shows w2 order in which evemis happened. It
can alse show which supporting dewa! comes before another. This is an QUTLINE FORM:
1. Main «dea
A. Supporting defail

8. Supporting detal
C. Supporting derail

11, Man 1dea
iaking a DATA TABLE is helpful when a reading gives you several pieces of informa-
tion about more than one topic. The data table shows you how each topic ' the same or

different from the others. A data table might look like this:
RENEWABLE ENERGY

__Energy sousce Uses Advantages Plsadvaniages
Thermal heat small, fixed costs
solar power . hot water usually available

Hydropower electnicity small, fixed costs have 10 be near falling
renewable watet

Wind power ehectricay small, fixed costs need wind
mechanical work rentwable

RENEWABLE ENERGY

The Solar Energy Research Institute (SERI) believes that the use of renewable energy 15
one solution to our enetgy problems. By the year 2000, 20% 10 30% of our energy needs
could be met by using renewable energy sources, of which we have a nearly unbmited supply.

The rencwable energy sources with the greatest promise for the fulure are:
13 thermal solar energy — direct use of the sun’s rays,
2) photovoltaics — using the sun to generate clectricity,
3) wind power — harnassing the power of the wind,
4) hydropower — using falling water to generate energy, and
3) biomass — using the energy stored in growing things,
Appropriaie technologies use renewable encrgy whenever possible 1o avoid shortages and

cutoffs. Renewable energy is replaced almost as fast as it is used.
4

|
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UNIT V: MAKING JUDGMENTS
and
HOW DOES TECHNOLOGY AFFECT THE ENVIRONMENT?

L4

STUDY SKILLS

We ofter ask students to make comparisons and judgments in science. C~  aring and
judging are complex processes which need to be broken down into simpler steps idents 10
master. ) y

This unit presents students with two considerations involved in making judgments or
decisions. First, students learn that they need facts in order to make sound decisions and that facts
are different from opinions.

Second, students are intrcduced to the use of criteria to help them judge different sets of
facts. They are asked to rate several energy technologies using a given list of criteria.

ENERGY AND THE ENVIRONMENT

All technologies have some impact on the environment. Appropriate technologies, however,
tend to have fewer negative effects on the environment than other technologies. Environmental
impact is another factor in evaluating the appropriateness of a technology. .

This unit presents students with a set of criteria fo; judging the effects of five different home
heating technologies on the environment. Students are asked to use these criteria to rate different
methods of home heating. The criteria given are:

1. The technology should have minimal short and long term effects on living things.
2. The technology should not make the environment look or smell unpleasant.

3. The environment should be able to recover quickly from the impact of the technology.
4. The technology should produce little waste material.

The facts provided for students in this unit provide a basis from which students can
begin to make judgments about the relative effects of different technologies on the
environment. However, the facts are inconclusive. No one yet knows enough about the
long term effects of these technologies to make absolute judgments. One of the purposes
of this unit is to help your students begin to see how difficult it is to evaluate the long
term effects of technologies.

In Exercise I, your students will probably be frustrated by the lack of criteria with which
to make an evaluation. Even with the additional information provided for Exercise 11,
your students may still experience some frustration with the lack of criteria and facts for
making a judgment. As you will see on page 43, there are no ‘‘right”’ answers to this
problem. When students raise concerns about their frustrations, help them to see the
need both for clear criteria and more facts to solve this problem more adequately.
Explain that such information is not yet available, and encourage them to continue to
seek the information needed to make decisions about these technologies in the future.

w0 57




UNIT V: MAKING JUDGMENTS
and
HOW DOFS TECHNOLOGY AFFECY THE ENVIRONMENT?

INTRODUCTION

The appropriateness of a technology depen-ls u) pare on haw o affects the ENVIRON-
MENT in which it s uged.

The ENVIRONMENT ncludes ail of the land, water, and living vhings (plants, animals.
peoplel in an area. In the desent, the envirorment micludes sand, aw, cact1, snzkes. people. eic.
Cn the coast of Jeeland. 1he environmenl includes ai, snow, jce. tuadia, seals. fish. «c,

A 1echnology 15 most appropriale when it does cot hurt or chiange the envitonen.

EXERCISE |

Directions: Below are sketches of five houses. The houses zrr very mtich the samz. Five
Poopie Bive in each, and each s devigned anc insulaied in the same way, Each
house 1s heaizd in a differem way. The words under the drawmgs 1ell whas form
of enctaty tecimology |s used 10 heat each house,

On the line provided below cach house. rae each house as 1o how its energy use
affects the environment, Use 5 seale of 1 1o 1040 rate the houses, A rating of |
means the house™s heating sysiem doe 8tz o hurt the environment. A raing of
10 means the sysiem docs great harm 10 the environment. Use the aumbers |
tirough 10 10 show how much you think the energy use in each house affects the
environment.

RAHNG UM 4 SCALE OF | TO ik

Suggesfed Directions for Unit V
1. Organize your class into groups of three ur four.

2. Ask students to read the ““Introduction” (page 32) to themselves. Discuss the concept of
environment with students, giving other examples of different environments or asking students
for examples.

Approximate time: 5 minutes ‘
Have students read the directions for Exercise I (page 32} Clarify the rating system if it is

unclear 1o students. Emphasize that each of the houses is to be rated indivldually, not in
comparison with other houses. '

Ask students to complete Exercise I in their groups. Because students are not yet given the
specific criteria with which to make their judgments at this point in the unit, they may find this
exercise frustrating. Do not give students more than 10 minutes to complete Exercise I.

After 10 minutes, ask one student from each group to report the group’s ratings. Ask students
on what basis they made their decisions, and what mlght have helped them make a better
judgment about each house.

15 minutes
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. MAKING JUDGMENTS: FACT AND OPINION_
Hee, did you deaide on a rating for each house in Exercise 1? Ind you have the \nforma.
2 you peeded 10 make & good decision?

Making good choides or judgments ofien depends op having the facss. Whthout faces. You
may end up basing your choice on ppinson only.

A facr s something (events, pieces of information, daia) which is accepied as true.
T An opinion is a person's idea or belief. People may have differem opiiuons or imer-
' . psetations of the same event, dala, of expenence.

Exvmnple:  Focs. John has brown hais
Opirgors John's hair 15 beaurful, ;

) Fact: The sun will set a1 T:02 p.m.
. Opinton My view of the sunset is berrer than Yours
EXERCISE 1]

Directions: Below ate five semiences abown sirip mining fos coal. Each sentence 1s enther a fac
or an opInion. In the space psovided nedt to each sentence. wivte foor of You 1hink
it is a facr, or opemion if you think it is an opinion. ‘

I Stnp mining is the Jeast expensive way 10 remove coal from the earth. -
110N 3. The icast expensive way Is always the begt for everyone,

3. In stnp mming. soil and rock are siripped away go thar the coal can be
Collecred.

4. It often 1akes thousands of years before Ory areas jhar hase been sinp mined
return 10 therr parvral condinon

bEELE

ing 5. Coal is the most valuable resoutce i the U.S. oday.

MAKING JUDGMENTS: USING CRITERIA

Cnce you have found the facts which will help you make a judgment. sou need a way of -~
comparing them It is vseful 10 develop CRITERIA or stapdards aganst which you can judge
Yous informanon

Exampre: Below ate 4 crifersa yseful in judging how different kinds of energy technology .
affect the emvaronment.

1. The technology should have little immediate or tong rerm effect on living things.
2. The technology should not make the environment smell or look unpleasant.
3, The environment should be able to recover quickly fsom the technology.

4. The rechnology should pov produce 2 tor of waste matenial.

Have students read ‘‘Making Judgments: Fact And Opinion’ (page 33) to themselves, or read
it aloud. Go over the Example (page 33) with students. Ask students to generate other
examples to indicate their understanding of the difference between facts and opinions.

5-10 minutes

Have students read the directions to Exercise II (page 33) and complete the exercise in their
groups. Have groups compare their responses. Discuss as necessary.

5-10 minutes

Read ‘““Making Judgments: Using Criteria” (page 33) aloud, o; have a student read it aloud.
Then, read the four criteria in the Example (page 33), and discuss these as standards by which
different technologies can be judged.

5-10 minutes
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EXERCISE IR

Durections: Your weacher wiil five you some facts about each house you rated in Exercice 1. NOTE: As explamed in the _NO(C
Each set of facts includes mnformanon abow the effecis of the energy 1echnology on page 40, there are no “rlght”
used on the envizonment. ) o answers to this exercise. The answers
Read the snformanon about each house. AS 2 group. tate each house again N s .
effect on the environmenm. This time. use the facts you have been given and the given art_z suggested, based on the
. crtenia hisied abose th making your judgments. Put your ratings below the houses facts available but also on opinions.
i below. You may want to use these answers.
! Use the same rating system You used tn Exerase 1 10 rate the houses On a scale of Ol’, yoll may want to evaluate the

', I to 10, 1 means & house that does butle 1o damage the emvitonment. and 10

means A house that harms the cnviconment a geeat deal. five houses yourself, and use the

rankings which you generate. With
either option, what is important is
that you help your students under-
stand both the need to evaluate the
environmental costs of technologies
and the difficulties in doing such
evaluation.

RATING O% A ALY OF 1 TO 1

6 7 4 5 5

M

7. Ask students to read the directions to Exercise III (page 34). Distribute the information about
the houses, found on the following pages, to the groups. You may want to give each group one
copy of the information and ask them to share it. This promotes listening skills and group
cooperation. Have extra copies to give to students after the exercise for later reference.
Emphasize again that each house should be rated individually, not in comparison with the

, other houses. :

Note that the information given about Fouse A suggests that electricity could be produced by
fossil fuel or nuclear fission. Students should base their judgment about House A on whichever ‘
form of production is prevalent in their area.

When students have completed Exercise III, ask a student from each group to present the
group’s ratings. Compare group results and discuss similarities and differences. Refer students
back to the facts in the readings and the criterig in the Example on page 33 if they find wide
discrepancies in their judgments.

Ask students if they needed still more information in order'to maks good judgments. Explain
that such information is not yet available, and encourage students to be alert to further
information about the effects of energy technologies on the environment.

20 minutes

.‘- 60 ,
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HOUSE A

This house has electric resistance heating. It uses approximately"iﬁ,OOO kilowatt-
hours of electricity a year. At the house, it produces no pollution or waste. But electricity
must be generated in some way. If coal, oil, and natural gas are used, the pollution and
other harmful effects will be similar to those described for Houses B, C, and D.

If nuclear fission is used, there is a small amount of highly radioactive waste
produced each year which must be stored away for hundreds or thousands of years.
Otherwise, it could cause an increase in diseases such as cancer and leukemia. Permanent
ways of getting rid of or storing the waste are being studied, but at present storage is
usually at the power plant and considered “‘temporary.’”

The power plant (where the electricity is produced) gives off no carbon dioxide, no
nitrogen, no particles. However, water used for cooling purposes is often returned to
nearby rivers warmer than it was when it was taken out. The change in iemperature
affects the plants and animalg in that part of the river.

L

HOUSE B

This house has an airtight coal buming furnace. It uses four tons of anthracite coal,
which produces two or three times as many particles in the air as the wood used in House
E. The coal also produces large quantities of sulfur oxides, which combine with water in
the atmosphere to form sulfuric acid. This acid corrodes metal and stone surfaces. When
it rains, the sulfur oxides and acids are washed into lakes and streams, increasing the
acidity of the water. The effect of this increased acidity is not yet fuily understood, but
scientists believe it may damage the plant and animal life in these bodies of water. Small
amounts of carbon monoxide are also produced by this coal burning furnace.

The mining of this coal, usually by underground methods rather than strip mining,
can be dangerous t. the miners. It can also lead to underground fires in abandoned
mines and cause acid runoff into streams near the mine,

HOUSE C

This house has a gas furnace. It consumes 1,400 hundred cubic feet of natural gas
each year, which produces little pollution where it is burned.

The production of natural gas creates several kinds of pollution. it damages
vegetation in the environment and makes the air around the production plant unhealthy
to breathe.

z .Natural gas is also highly fiammable. Producing and shipping it create the risk of
explosion and fire. Gas is shipped as liquified natural gas,-and extreme care must be

taken as it is unloaded to be sure that no leaks occur.




HOUSE D

This house is heated with oil. It consumes 1,000 gallons each year which produce
small amounts of sulfur oxides and carbon dioxide when burned. Offshore drilling of oil
and spills from tankers carrying this fuel pose danger to the plant and animal life of the
oceans. The danger is not fully understood, but oil is absorbed into the bodies of marine
animals and is known to cause cancer. In Arctic regions, an oil spill could blacken ice,
causing it to melt more quickly. This could cause widespread climate changes.

L

HOUSE E

This house has the same amount of window glass as the other houses, but there are
no windows on tlie north side. These windows have been moved to the south side of the
house. This house has been positioned so that trees and bushes will not block the south
side in the winter. This allows the house to make full use of the sun’s energy. Leaves on
the trees provide shade in the summer.

This house use> wood burned in an airtight stove to provide back-up heating. Two
cords of wood are used during a typical heating season. This amount of wood requires
the cutting of several trees and causes pollution in the form of particles of carbon and
carbon monoxide. These particles may make the air difficult to breathe. They may also
cause cancer. The particles wash out of the air when it rains, darkening snow and tree
trunks. The carbon monoxide changes to carbon dioxide fairly quickly. Carbon dioxide
contributes to the “‘greennouse effect,”” which will be studied in Iater units. Many scien-
tists predict that an increase in the carbon dioxide level of the atmosphere will raise the
world’s temperature and trigger worldwide climate changes.
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UNIT V SUM AARY

MAKING JUDGMENTS

To make good decisions ot judgments, You need 10 have farts 50 that yout decision I$ Aot
based on opumon alone.

A foci s sometlang which 15 accepted as true. Data you gather m science are facts.

An epumion s a person’s wdea or behef, Once you have faais or dara, you can make
IErpretations o1 formg OPINIONS

You also need 10 kave crierg which setve as standards against which you can judie the
facts you Rather. Facts give you the information y0U neeg. Crtena help you use the faps 10
make judgments ot decisions.

APPROPRIATE TECHNOLOGY AND THE ENVIRONMENT

The emvironemens s 1he land, water. and lveag thmgs in a particular area. A tew.nology 15
mest appropnate when 1t does aot hurt of change the environment.

Four ¢riterna for judging whether of not a technology 15 appropriate 10 its effects on the
cviEcniient are:

I. The tectmology has hitle short ot long 1erm effect on bving things.

2 The technology does 101 make the environment smell or look uapleasant,
3 The emwomment san recover from the techaology quickly.
4

. Ihe techrology dox nsn produve a Ly ot waste matetsal,

Review the Unit V Summary (page 35) with students.




UNIT VI: WORKING WITH GRAPHS
and
HOW CAN WE USE ENERGY EFFICIENTLY?

STUDY SKILL

Graphs are often used in science to present a great deal of information in a simplified form.
Like the data tables presented in Unit IV, graphs allow students to make comparisons and judge
relationships among several different pieces of information. Graphs may be especially useful for
students who tend to learn best in a visual or pictorial mode.

This unit introduces students to circle graphs, bar graphs, and line graphs as three ways of
presenting information. Students are asked to read, interpret, and in some cases, construct griphs
about efficient energy use. The additional suggestions at the end of this unit provide students vith
more practice in making graphs.

ENERGY, EFFICIENCY, AND TECHNOLOGY

This unit-suggests that efficiency is another consideration in using energy and technology
appropriately. ’

Students are first introduced to the concept of entropy. Entropy is a law of thermodynamics
which states that all systems tend toward randomness and dissipation of energy. The form of
entropy described in this unit occurs in the process of conversion from one form of energy o
another. During this process, energy is dissipated and therefore wasted. If much energy is lost in
the conversion process, the technology being used is not efficient.

Circle graphs are used to show students the relative energy losses invdlved in several methods

of energy conversion, such as fossil fuels converted to electricity and oil converted to heat. Circle

d bar graphs are used to indicate how different sectors in our society (residential, industrial,

c.) use energy. A line graph illustrates the amount of energy used by these sectors of society
between 1950 and 1978.

NOTE ABOUT INFORMATION IN THIS UNIT

The Teacher’s Guide to this unit contains extra information about the data used in Fxercise
111, This information can be shared with students before or after the exercise, if you feel it would
be nseful for them at that time.




INTRODUCTION

that are wrong with this device.

UNIT VI: WORKING WITH GRAPHS
and
HOW CAN WE USE ENERGY EFFICIENTLY?

Look at the sketch below.
In the space provided on page 37, explain what you think this device dots. Then list (wo things

!

Suggested Directions for Unit VI

1.
2.

Organize your students into groups of three or fbu;'.

Ask students to read the “‘Introduction’” (page 36). Have them identify what the device shown
does and what is wrong with jt. When students-are done, ask several of them to share their
answers with the class. Discuss how the device works and how energy, time, and water are
wasted.

Approximai€ time: 10 minutes ‘ .

!48 65




This device _ _Opens ‘the window

Two things wrong with this device are:

n—__if Mﬁm.ﬂ%g and waler

2,

ENTROPY AND EFFICIENCY

in the E-Z Window Opener in the Inireduction, human energy from someone's arm is
tutned into mechanical energy to open the window. Butl some of the energy used to pull down
the short lever had to be used to fift the side of the bucket, Some energy was used 10 Overcome
friction, or the resistance that occurs when two objects tub together. This energy did nothing
10 open the window. It was turmed into heat, and did no work. This loss of energy as it
changes from one form to another is an example of ENTROPY.

3t is impossible 10 convert enetgy from one form to another of wransfer 1t from one place
to another without losing some. But some rechnologies waste more energy than others. 3(
much emTopy occurs, the prpcess used 10 convert energy is not EFFICIENT.

This unit will show you how information abow encrgy efficiency can help you decide
whether or not a technology is appropriate.

EXERCISE I

Directions: The picture on the next page repreients a common way 10 burn 0il 1o produce
etectricity. The eleciricity is then used ro heat water. Entropy occurs hete, just as
it did in the E-Z Window Opener.

The paragraphs below the picture describe whi* happens in the picture. Read the
paragraphs. Each time you come Lo a number in parentheses { ) in the para-
graphs, write that number in the appropriate place in the picture. Each number
shows where enucopY is taking place. :

“»
When you are_done. answer the question below the paragraphs on page 38.

>

3. Read “Entropy And Efficiency’’ (page 37) aloud, or have a student read it aloud. Discuss with
o students the meanings of enfropy, efficient, friction, and converted.
Ask students to read the directions for Exercise I (page 37) and to complete the exercise in
their groups. When they have finished, discuss their responses to the question (page 38) of how
. to avoid entropy in the conversion of oil to hot water.

10-15 minutes
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GrENGRATLR,

OIL TO ELECTRICITY TO HOT WATER

Thice gablons of otl must be burned a1 the power plant to dehwer the eacrey of one
gadllon of ol 10 your house Two-thirds of the energy wn the 0118 lost when 1t 13 convened 1o

electrrcuy and wansponied to your house,

When ol 15 burned. only a pan of the heat goes into the water a1 the power plam Much
of the heat goes up the chimney (1), and some goes to heat the conainer halding the waer
{2} As the warer changes 10 sieam, some of its heat 15 used to heat the proesat passes throegh
{3) ‘When the steam Wens ghe wrbing, 11 myst overcome fricuon (4), Energh iy also wsed 10
overcome fricion 2y 1 tums rhe armature {51 As the elecinany created i the generaior
iravefs through wifes from the power plant 10 Your house, some of the elecimcny escapes
from the wires 10 the air (6). Some heats the wares {71 At your house, most electricity you

reccive 15 used to hear the water.

Each check tepresents entropy. Explain one way you might be able to avoid energy lass in

the process shown above,

will tee onable answer. Aofe

er w e 1

&f&tﬁ&! it 15 st Qn%t abeuf 35?2 e&:ggﬂ The begf_ng to
ni T i This case is n e oif in

the wafer

HEATS YOUR WATER.

"




GRAPHS

A3 you may have already discovered, science often vses numbers as a way of explaining
important ideas. In order 10 compare the numbers. they are sometimes organized ino
GRAPHS. As you found ou: in Unit V. you can become 2 better decisjon maker by
comparing facts.

There are several different kinds of graphs. This unit will show you how 10 read and use
CIRCLE GRAPHS. BAR GRAPHS, and LINE GRAPHS abou enetgy efficiency,

CIRCLE GRAPHS

Circle graphs, or pie charis. are one way of presenting «formalion so you can see it a2
glance.

Each circle graph equals all, or 100%s. of whalever 1t is showing. The circle can be divided
10 show parts, or percentages of the whole amount. .

E.ramofc. This circle graph shows whal portion of the oil burned in the power Plant s aclually
used 10 heat walet in your home.

* The whole circle, 100%., is the amount of energy the power plant
starls with.

* The shaded arca represents the Portion or percentage of the energy
fost in the process.

* The unshaded arca shows the portion or percentale of the oil
actualty used 16 heaf your water a1 home. .

4. Have students read ‘“Graphs’’ and “Circle Graphs” {page 39). Go over the Example on page
39 for clarity.

3-5 minutes

ERIC
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EXFRCISE 11

L ns; Below are circle graphs which show how much energy 15 actually used and how
much is Jost in five different tu:llnologies.‘

1) Shade the "energy loss™ secrion of each graph.
2} Wate in the pereentage of energy 1oss on each graph,

1) Ansver the questions on the next page which ask you to compare the tech.
nologs .hown 1 the graphs,

47,
fDSZ

Avt age fossil fuel converted 1o il (converted 10 heat) burned

electrizny in a fairly efficiem furnace
559, /
lost used

%,

Steam engine (water converted 10
mechanical energy)

Gasohne burned 1n an awiomobite Natural gas converted 10 heat in
(2as converied to mechanical a fairly efficient furnace
energy)

5. Ask students to read the directions for Exercisc I (page 40) and to complete it in their groups.
Go over the answers they have written for the Questions on page 41, Point out that every
conversion ,-"ocess involves entropy, but that some processes are more efficient than others.
Discuss what students can do to become more efficient energy users. .

15 minutes *

69
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QUESTIONS
1. How much enetgy 15 actually used when otl1s converted to heat? 362

2. How much energy 18 lost when patural gas 15 converted 10 heat? 56 Z

3. Which energy technology shown o page 4015 the most eilicient {wastes (he least energy)?

Sfeam %@

Which 1wo technologies are the least efficient? fine_bumed m
auloptobife ang o1f burned m faxqgce_

. Explain one way you could cut down on your use of one of the least efficient encigy

vechnologies shown on page 40, _ Studenf answers will va.:j;

EXERCISE HI
Direcitons. Below 15 some information about the amount 67 <ergy used and lost by different
sectors of society i the U.S.

Using the circle next to each se1 of informatton, make a aircle Eraph that shows
energy used and lost in cach area of society. Then. shade in the secuon of each
grabh that shows how much energy 15 tost

. Residennal (home) enerBY use:  76% used
249 lost

1

Commercial encrgy use (siores.  76%0 wsed
restaurzyts. schools): 24% los1

. Industnal energy use: )00 used
4% lost

Transportation energy use 22%% used
8% lost

. Generation of electnicuy: 33% used
67%% lost

&

ADDITIONAL INFORMATION

The residential sector uses energy to
heat space and water, to run appll-
ances such as stereos, lamps, and
dishwashers, to pump water for wells
and swimming pools, etc. It uses the
following percentages of these fuels:

Natural gas

Fuel oil and kerosenc .. 21.6%

Propane, butane, etc. .. 5.9%

Electricity
(From Paiterns of Energy Consumption
in the U.S., Office of Science and Tech-
nology, Executive Office of the Presideni,
washington, D.C., 1972. Note that these
percentages have not changed significant-
ly since 1972.)

The commercial sector uses energy to
heat space and water and (o run
lights and appliances.

The industriat sector uses energy for
a variety of manufacturing processes,
such as fabricating plastic, synthesiz-
ing chemicals, producing glass,
smelting copper, producing steel, etc.

The transportation sector ises energy
primarily in the automob:le, but it
also includes trucks, buses, ships,
d.ese! driven trains, troliey cars, etc.

The generation of electricity can be
from coal, oil, natural gas, hydro-
electric power, geothermai power, ot,
nuclear fission. In 1982, the percen-
tages of each used to gencrate elec-
tricity were:

Coal

Hydropower

Natural gas

Petroleum -..

(From National Energy Information
Centet, Department of Energy.)

et

Have students read the directions for and compleie Exercise III (page 41) in their groups.
Again, discuss with students ways in which they might reduce their energy use in those sectors
in which they have a role, i.e., residential, commercial, and transportation.

10 minutes




BAR GRAPHS

Each circle graph shows you one set of information zt a nme. With 2 BAR GRAPH you
can compare several different pieces of infotmatior according to the same tandard.

In a BAR GRAPH the standard is presented along the left hand sige of the paper, The
pieces of information are shown along the bottom. Each bar shows where along the sjandard
the mformanon falls.

Exumpic: The bar graph below shows some of the sanie information presenied on the cirele
Braphs 10 Exercise Fll, page 41. It shows the percentage of energy last 10 each
sector of sociely. The bar graph lets you compare the efficiescy of energy use of
the dilferent sectors.

wone 4
900

80%

0%

% of encrgy
loy

Sector of souely

* The left side of the graph is dinided mio persentages of energy lost.
This 15 the standard.

* The bottom of the graph shows cach sector of soctely that yses
energy.

* Each bat shows e percentage of enctBy lost 10 each sector of
saciely.

7. Ask students to read ‘‘Bar Graphs’ (page 42). Work through the Example on page 42 with
your students, clarifying what each part of the bar graph represents.

5-10 minutes
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EXERCISE IV

Drreciors: The bar graph below shows (he acival amounts Of ¢Rergy each sector of society
uses. The left side of the graph is divided into trillions of BTUs, or British
Thermal Units. A BTU isthe amount of enetgy needed 10 rakse the iempetature of
one Pound of water onc degree Fahrenheil, Each bar shows how many BTUs each
sector of society uses,

Below the graph are numbers which tell you how many BTUs of enetgy e lost
by each sector of soclety.

Using this information, shade 1n the part of each bar 1hal will show how much of '
the tora) energy used by cach sector of society is dost. The resdential secior bar
has been donc as an example. Then, answer the quesuons about the graph on
page 4.

ENERGY USED 8y SECTORS OF SOCIETY

19,344

Tollions of
BT

7

/

7
%

2

i

K

00
Sector of society

Energy Jost In iritlions of “TUs
Residentiai sector 24%, 2,486
Commerzsal sector 24% 1,701
Indusirial sector 40% 1,737
Transportation sé:r 8% 14,763
Electricny generation . 6% 12,148

8. Have students read the directions to Exercise IV (page 43}. You may want to go over the bar
graph for Exercise 1V with students before they begin the exercise so that it is clear to them.
When students have finished, discuss the responses they have given to the questions and the
implications of the information on the graph for their own energy use and choices.

15 minutes




QUESTIONS
1. Which sector of society uses the mosi energy? __Indust riaf
2. Which sector of societY uses the least energ? Farsporfathon

3. Which two seciors of society ar¢ least efficient if their energy use? M&m
electnc

. Which two sectors. of $0C1ety pse energy most ef ficemly?__F esilenfial

_commeratad
LINE GRAPHS

A third wype of graph 1s a LINE GRAPH. A line graph is bult on 1wo se1s of mfor-
manon, one presented along the left side or verttcal ays of the zraph, and one shown along
the'bovom of hortzonsat axts of the graph Each POt on the graph shuws you two pieces of
inflormanon,

By connecuing refated points on a2 hne graph. you can see how ine wnformanon changes
Os¢f ume of 15 related 10 other informanon

Example  The line graph below shows the amoum of energy used in the residennial and
commerial sectors of socicty i (he U.S. beiween 1950 and 1978. The graphk s
explamed on the next page. Look at the graph as you read through this explanation.

— |

Rosoental ang

9. Have students read ‘“Line Graphs’’ (page 44). Go over the line grapt: presented in the Exar le
on page 44 and the explanatinn of the example given on page 45, Be sure students can locate
and read the horizontal and vertical axes cf the graph. Ask students questions about the graph
to be sur2 they understand how t0 use it. “or example: How muci: energy did the residential
and commecrcial sectors use in 19707

16 minutes




Ex~anation

¢ The left side {veriscal axis) of the graph shows eneigy use 0 quads. A quad eauals one
quadrillion BTUs,

The bottom line (honzontal axis} of the geaph shows the years “elween 1950 and I9?ﬁ.

The line on the graph shows the change 10 the number of Quads of cnergy used in the
readential and commercial sectors between 1930 and 3978,

To find out how much cnergy the ressdennal and commercial secior of society used in any
onc year, lind that Year on the horizontal axys of the graph. Use a siraight cdge 10 find the
place on the tine dircetly above the yezr on the horizomal axis. Mark that point. Then, use
a straight edge 10 find the point on the venical axss directly 10 the felt of the pont you
have marked on the hne. That number on the vertical axs 15 the number of quads of
cnergy used 0 the residentsal and commercial seclors 1n the year vou are looking an.

Far example. m 1960, the resudential and commercial sectors used aboul 8 quads of encrgy.
EXERCISE ¥ '

Direcirons: The graph below 15 sirmilar 10 the graph in the Example on page 44, except that it
shows encrgy use 1n four differem seetors of soacty: residennal and commercial,
wndustrial, fransportation, and clecingity.

Look over the graph 10 sec what a1 wefls you. Then, use the graph 1o help you
answer the Guestions on page 46.

1970
KE¥

ana [Pu——
EMRCINC Al Ulifilie s i e—
THanIDoHlanGh +

ol 1 dndd o

10. Ask students to read the directions for Exercise V (page 45) and to complete the exercise in
“ their groups. When they are done, discuss the answers they gave to the questions on page 46.

15-20 minutes




QUESTIONS . .
. Which secto: used the most encrgy in 19787 -elechical etihifies
2. Which sector used the least energy m 19787 residential and commeraad

3. About how many quads of energy did the transportation sector of society usein 19707 __
1T anads
E)

[} -
. \\']‘llcl"llccml of society had the biggest ancrease 1n energy use between 1960 and 19787
{Subtract the cumbser of quads of energy used ing 960 rom the number used 10 1978 The
seetor i which the number s biggest increased its energy une the mant )

elechical vhihes

Explain one thing the U.S. might do 10 decrease ws energy usc in the secior of soctety
winch uses the most energy.

Sludenfs” answers will vary. fossible answers may include
o
‘fvrnmg off f:ghf's when Hol m use, Swnfchn:g To Solar____

£neray
i

[€)
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UNIT VI SUMMARY
GRAPHS

Graphs are pictures which let you see a lot of informanon al once. Grapiis also help you
compare picces of information so- you can make decisions or judgments abowt them,

CIRCLE GRAPHS are curcles divided ino parts,

8% enecgy ual) 62% energy loul

BAR GRAPHS put afor= ation wato a form that fets you vompare.
0%
0
W I l
10,
0 |

Industread

Sector of sooety

LINE GRAPHS presem the changes in informationgover time.

- Tramporianoen

1] i i 5
1950 1960 1970 1980

ENERGY EFFICIENCY

Erﬁc{mcy is an imporiant consideration in judging the appropriateness of a (echnology
and choosing which technology is appropnate. ¢

When converting energy from one form 10 another, encrgy ts ofien lost through
ENTROPY. Energy use is most cfficieny wnere the feast entropy occurs.

All sectors of society have some emropy. The most emropy occurs in the ransportation
and electrical generation sectors, It 15 in these sectors especially that we must develop more
elficient energy use,

47

11, Review the Unit VI Summary (page 47) with students.

59
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UNIT VII: SOLVING PROBLEMS
/ and
HOW MUCH DO TECHNOLOGIES COST?

STUDY SKILLS

Most scientific disciplines require students to solve problems. We ask students to begin with a
question or problem and to generate an answer or solution. But most students lack systematic
ways of approaching and dealing with the problems they encounter. They tend to depend on a trial
and error method and to ‘“‘freeze’” when their usual approach is ineffective.

This unit leads students through a five-step problem solving strategy. Each step in the
sequence is a skill in itself; together the steps provide students with one way of solving problems in
science and in their daily lives. The five steps are presented below.

1. POSING THE QUESTION: In this step, students analyze a situation and define
: the precise nature of the Droblgm in the form of a
question. . T

2. SELECTING DATA: In step two, students itdentify information needed to
solve the problem and plan how to get it.

3. GATHERING DATA: In this step, students carry out their plans to collect
* information needed to solve the problem. ‘.

4. ORGANIZING DATA: In step four, students organize the information they
' . have gathered, possibly into tables or graphs. Organiz-
ing the data allows students to see patterns that can

help them answer their questiorns.

5. DRAWING CONCLUSIONS: In this step, students examine the organized data and
’ try to corne up with an answer to their question or a
solution to the problem posed,in Step One.

Unit VII t .kes students through these five steps. If you find students lacking in one or more
of the skills which comprise the sequence, you may want to create additional oppommities for

them to practice these skills.
. a

A NOTE ABOUT LEARNING STYLE

. The strategy presented in this unit is a [inear one, consisting of a logical sequence of
processes. There are two important qualifications to keep in mind and to share with students when
working on this unit. .




1. Different problems may reqguire different problem solving strategies. No one problem solving
strategy will automatically equip students to soive any and all problems they may confront.
Ideally, students will eventually learn several strategies and develop. the skill of selecting an
appropriat¢ strategy from a.number of alternatives.

. Not all students will be comfortable with or perform well using a linear, logical strategy such
as the one presented in this unit, although it is still a valuable process for them to learn. Some
students can come up with a solution fo a problem but are unable to explain how they derived
it. Others may simply “‘know’’ the answer through some kind of intuition. Still others may be

~ adept at solving visual problems but be at a loss in approaching problems stated in words.

There should be room in the science classroom for the student whose problem solving
strategies are non-linear. Any strategy for solving problems which produces accurate results is
worthy of recognition. A goal in science teaching is to make students aware of several alter-
native problem solving strategies from which they can choose the one best for themselves and
most appropriate to the situation. This unit presents cne such strategy.

LIFE CYCLE COST ANALYSIS AND APPROPRIATE TECHNOLOGY

Life cycle cost analysis takes into consideration not only the initial cost of an item but also
the cost of using, maintaining, and ultimately replacing it. Products which are durable and reliable
are favored by life cycle cost analysis because they tend to have lower maintenance costs and last
longer, even though they may cost more initially.

Technologies are more appropriate when they use materials which are durable, i.e., exnected
to last a long time, and reliable, i.e., have a minima: need for maintenance and repair. There is
often a direct relationship between the durability of a technology and its degree of complexity.
Because less consplex products and machines have fewer moving parts, they tend to last longer
than more complex technologies.

The bicycle, the example used in this unit, is itself an appropriate technology for traveling
short distances. The unit takes this observation one step further and asks whether some bicycles
are more appropriate than others. Students are presented with a variety of data about two
different bicycles and are asked to organiize it in a way that permits them to draw a conclusion
about the appropriateness of each. Criteria for judging appropriateness include first cost, life cycle
cost, durability, and reliability.




UNIT ViI: SOLVING PROBLEMS
and
HOW MUCH DO TECHNOLOGIES COST?

INTRODUCTION

- Your teacher will ask three of you to read the conversation below aloud. As you listen
and follow atong, think about what Lisa's problem is and how she might go abous solving it.
Afier the conversation has been read, write your ideas in the space provided.

LISA'S PROBLEM
Mother:  Lisa. the local newspaper called today o say thal your application for a weekend
papet route has been approved,

Lasa: Oh. thank goodnesst | thought they'd never get around to calling me. How soon do
I have 1o fet them know | want it?

Mother: By next Monday.
Lisa: Tuat's no problem.

Mother:  Well, | don't know. How do you plan 10 defiver all those papers every weekend?
You know [ won't be able to diive you around the neighborhood 1n the car, andit’s
Joo much walking with ak that weight.

Lisa: I've got that all figured oul, Mom. | can take some money oul of my savings
account and buy a new bicycle with it

Now hold on! You're suppused w0 be saving that monsy for college.

Oh, Dad! I can replace w out of the money ! carn from the paper route, plus put in
a whole lot more.

Just how much do you plan on spending for this bicyele?

Well. there*s this greal 1en speed on sale down at the Bike Hug for anly $140.
On, Lisa! That's way 100 much money (o spend on just 2 bicycle!

Come on, Mother! It's 2 grear bike!

Wail a minute. Lisa, how much did the paper <ay you woud carn if you wake the
route? '

Almost 33 a week. | know it's not that much at first, but il goes vp each year.
Howie Larsen’s already making $4 2 week and its only his third year,

Well, let’s see. That makes $156 the first year. If you add on the cost of a bicycle
ticense and normal maintenance, it will take over a year to earn back all the money
you want 1o take out of your savings account. And that doesn't count the interest
you wobld earn if you left the money in the bank. .

Why don’t you find a used bicycike for less money? That way you'd make a profit in
the first year.

Suggested Directions for Unit VII

1. Organize your class into groups of three or four., -

2. Have students read the “Introduction’ (page 48).{Ask three students to read the conversation
between Lisa and her parents aloud for the whold.class. Have students answer the questions
found after the conversation. When students have fipished, ask several of thém to explain what
they think Lisa’s problem is and how she should try to solve it. Encourage tbem to think of
problem solving in terms of a sequence of events. Keep track of their ideas on the board. At
this point, accept al! student answers as possible approaches to the problem.

Approximate time: 10 minutes

79
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Lisas You're probably right, Mom. Bwt I'd rather not ride around town on some old
heap. That's too depressing even to think sbout.

Father:  Lisa, [ think you need to investigate this idea more carefully before we can make 2
decision. Why don't we talk about it again ;n » few days after you've gathered the
necessary informavon’? '

Lisa: Do | have to?

Mother: | think it would be best, Lisa.

s Lisa: Al right. I'll see what | can do. But it won'L be easy.
}_\‘\.,. |
What s Lisa’s problem? A&AMML”@‘_ML_&!?* ‘
_teasonable responge ) 3 : . N

How should she go about solving it?

PROBLEM SOLVING

Imagine trying (o get somewhere you have never been before without a map or a sei of
directions. You would wander around not knowing which way 10 turn of how far to go. If you
were Jucky, You might end up whete you wanted 10 be, but you would have wasted time and
encrgy along the way. A map or directions would help you get there much more easily.

Probiem solving is the same way. You stant with a question, and you end with an atswer.
If you have a map or a plan for solving the problem. you will be more successful at finding the
Answer.

In *Xis unit you will learn one possible plan you can use to help you solve problems in
science. The plan is made up of these fis - steps, each of which will be explained later in the
unit;

4 POSING THE QUESTION
SELECTING DATA
GATHERING DATA
ORGANIZING DATA
DRAWING CONCLUSIONS

.49

+

3. Have students read ‘‘Problem Solving’’ (page 49). Explain that this unit will present one
problem solving approach that will be useful in science and in their own lives but that other
ways of solving problems may also be useful to them.

5 minutes
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STEP ONE: POSING THE QUESTION 3

r

In the finst 190 10 Problem sohang. You hiae 10 ke mm on che prodlem 1yl hie 3
shaspahooies rakes auen on the rached before finng You must know €vourds wial Guestion you
W UYINg L0 RRAwer RS fram lh,f natr OF POu MY waMt y pluable lime

The it ep un 10dang 2 Pobler.. then, w1o 0K Younsell, W b cxairly do T want 10
fnd ™

EXERCISE |

Dreenony Re read the connertabion of PABey 48-4% tetuten Lo gpg Ber Pdican Then
wOfk with vour group 1o devde Cagatly whar Fisas Boblem s Wrne the Problem
et form of ¢ Qutihion on the e Belowm

Avswos il vory Ste Sugested Ducchan belon for

LITE CYCLE CGST

in Univ V. you Searned that i was useful 10 Bave STHEDAIn mak!Bg [0SEMENs Cepena
ar¢ abo usefud 1 helpeng 10 30t problems Mo sohang Lia's prodlem, § key Shitenedd 15 the
Nic evele cost of dhe brchile she will by

When you §o 10 buy @ Product or & puece of machuncry, you suglly kook a2 how much it
€osks Before you buy 1t That 19 Whe Produch's fiess cosr Hur Y0u sho need oo think abou other
idden costs befose you make your deubuon

The f1f¢ cvcée cost 05 the Produch O macting W Bow Much sl will £03t duean the nme shat
you ot and wie i Tha includes wharce et 1 cosS 10 Bup 1t £ srv 31, 10 M2tidm 1 of keeP ol
runoing and eentoally 16 #6800t 11 when 1k wers out

The hf¢ Sycle cont of & Ploduct or machine witl be Jowent of the Product 18

Gurable = 1 will lau 3 long Lme, ond

- _-.__91149_&"_‘5 - - - -
- I C oo - . retiotle = 1w doesn’ need much municninee oF e

A 1284 %% more SppProp i 1s bife €343e oot v bow. Uhat sh of ¥ 1 dusable and
selcabie Lish peeds 1o find our whach achese wit] have the lowest hic c¥<he cost so vt she can
1€PIacC e mone? she will Lgke out of hes Bank sccount & 10011 & POsble

. Read '‘Step One: Posing the Question®' (page 50) aloud, or have a student read it aloud.
5 minutes

Have students read the directions to Exercise I (page 50) and complete it in their groups. When
they are done, ask one student from each group to write the group’s question on the board.
Help students select one question to serve as the basis for the rest of this unit. If none of the
questions will sefve, help them write another question, drawing on as many ideas from the
group-generated questions as possible.

No une question works best in this unit. We suggest, however, that the question you choose
addresses Lisa’s parents’ concern that thesmoney she withdraws from her savings account to
buy the bicycle be replaced as soon as possible. One possible question is:

Which bicycle — new or used — will pay for itself faster?

Groups may generate questions such as:

Which bike is best for Lisa to buy?
Which bike is the better buy?

Students need to understand that such vague questions will make their search for an answer
difficult. The question must include some criteria for judging the relative merits of each bike
so that students can identify the information they will need to draw a conclusion. Stating the
question clearly is crueial for effective problem solving.

10 minutes

Have students read “Life Cycle Cost’ (page 50), or read it aloud. Be sure that students under-
stand the terms first cos:, fife cycle cost, durable, and reliable. Ask students for examples from
- their own experience that illustrate these terms. Point out that this section provides students
with specific criteria, or ways of judging, which will help them solve Lisa’s problem.

5-10 minutes .
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STEP TWO: SELECTING PATA

Now that you know what the problem is and have stated it i the form of a guestion. you
are ready for the next step.

If you had & travel all the way across town 10 a friend’s house where you had never been
before. you would need information in order 1o gét there. You would need to know names of
streets. turns 10 Take. and distances to travel,

Problem solving is similar.“There are certain pieces of information. ar DATA, which you
need 10 answer the gquestion posed in Step One. 1n Step Two, SELECTING DATA, you
identify the pieces of information You need and decide where to look for them.

EXERCISE 11

i
Durectigns;: Working with your group, list the pitces of information Lisa needs 10 answer the
question your <lass has posed for her. Next 10 &ach pizce of information on the
hst,write wheee you think Lisa can get that information. Use the space below 1o
make your lists. Keep in mind the life cycle costs {use. mainienance. replacement!
described above.

3

zxmmm

Fossible answers.

1

7. Read “‘Step Tv .: Selecting Data’ (page 51) aloud, or have a student read it aloud. Discuss as
necessary. Ask students to read the directions to Exercise’ II (page 5I) and complete the
exercise in their groups. When they are done, have each group read its lists. Make a class list
on the board of all the ideas. Have students eliminate unnecessary or irrelevant information
for-answering the question posed in Exercise I, and add 4ny information that is missing. Have
students add or delete items from their own lists so that each student has a complete list of the =
information needed.

15 minutes




STEP THREE: GATHERING D~.TA

Once you know what it 1s you are trying to find out {(POSING THE QUESTION) and
what pieces of mformation you need 1 order 1o come 6P with an answer (SELECTING
DATA) you are ready for Step Three; GATHERING DATA. '

GATHERIN(‘J DATA means collecting the information you need and writing it down
cleariy and neaily éo you can read angd use W laler. You don™t need {0 figure out the answet (0
your problem yet, Just collect and recurd the preces of information you need.

EXERCISE It

Drrections. Read the conversations below with your group. Then, go tack hrough cach
conversabon and wiite down the information given which yYou will need 10 onswer
Lisa's guestion. Use the space provided after the conversations 10 wiie down
your irformaton. Be sure all information is clearly labeled

3 Userhe bist you wao1e on page 51 10 help you keep track of informanun You need.

A Y

LISA F;A;T HERS INFORMATION

Scene:  The Blike 1w

Lisa:  Excuse me, can you help me please?

Salespersont Ul try. What are you looking for”

Ly s‘u:]cl:. atinally | teed s9me nformation. 15 that blue ten speed in the wandow still on

€.

Sales,  Yes. [t will N for $140 through net Frulay. Then 1 goes back up 10 $175, Are you

thinking of buywmg n?

Lisa.  1I'm not sute yet. Can you give me some 1dea of how much 1'd have tosper = order
10 keep it iy goodd shape snd the cost of a icense and things hke that?

Sales:  You mican the life cycle cost?
" hat?
#t of buying, using, nantaiing, aml evemually replicing your bicycle.
Yes, | guess | need 10 know the hfe eycle cost.
Ohay To begin with, a bicycle license costs $15 no matter whar bike you buy.
Wil | have 10 buy a new one each yeat? |

No, just once, As far as maintenance goes, it’s not bad at all. It will vary from year to
year, but 1f you 1ake good care of n, you shouldn't have 1o spend mote than $15 a
year (¢ keep it 10 working order.

That's great! How long do you thank n would last before I'd have 10 replace it?
Oh, ten years 2' least. Now, were you thinking about getting some surance?
No, why?

8. Have students read “Step Three: Gathering Data’’ (page 52). Ask them to read the directions
for Exercise 111 (page 52} and complete the exercise in their groups. Discuss each group’s
findings as a class to be sure that all students have identified the information they wili need.

15-20 minutes
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Sales;

Scrne!

Edutor:

Lisa:

“Editor:

Lisa:

Editor,

Lisa:

Editor:

Scene:

A lot of ten speeds have been stolen around town lately. You (an mnsure the bike
you're interested w for onky 35 a year. That way. if 1t's stolen, you'll have eaough
modey to replace i,

I think I've got all that down. Not , my mother wants mé 0 find out about a used
bike, too. Just In case the ten speed is (00 much.

We have a pretty good one in the back for only $55, but i don't think it will last more
than three years.

How much do you think } would have 10 spend a year (o keep that one going?

Probably around $45. But you'd have 10 rent a reptacement bike while the used one
was in the shop being fixed. That would cost around $135 a year.

A used bike sure docsn’t sound bike a good idea.
Weli, it all depends on what You plan to use it for.
A Paper route.

Weil, that would :cﬂamly wear It out last. You'd end up having i, replzce 1t after
three years, By then, 2 1enr speed bike like the ope 1a the window will probably cost
around 3267 -

Well, that tells me all 1 need to know. Il tet you know what | decrde. Thacks for
your help.

You're welcome. Good luck!

‘The local newspaper office

What can | do for you, Mss?

i'm trng 10 fipd out how much I'N make a week if | take the weekend paper route
your paper has offered me,

That's easy. §3 a week your first year, $3.50 your second, $4 your (wrd. and $4.50
your fourth. Keeps going up 50 cents a year,

Thai's u?
Yep. except for ups from your cusiomers, but you shoukdn® count on that,

Okay. Th .
¥ _jg&s.a.l.qs
Any pme

¥

Lisa*s bank

Can you telt me how much wnterest | would lose in a year if T withdrew 3140 from my
savings account?

Yes, that comes 10 310,

How abouwy if | only withdrew 3557

Then you would only lose 33 1nerest.

Thank you very much,




] . *

o

INFORMATION GATHEKED FROM LISA'S CONYERSATIONS: '

-

~ STEP FOUR: ORGANIZING DATA

Mow that you have gathered your data, you may be tempted 10 jump right in and start
drawing conclusions. Beware! Unless you have « rgamzed your dana, you may be wasting your
ume.

‘ The fourth step in problem solving is ORGANEIZING DATA, by putiing it into achan of
) graph ghat helps you make sénse obnl of 1t. (wRamizing the nformaiton oficn shows You
. panesns or ideas which will lead you 10 the answer you yre looking for.

Exampte- Below 15 2 daia tuole whach grBamize. the information Lisa gathered abown the
two Dicycles 2i the Bike Hut.

Daia Table #§
o o COST OF BICYCLES
Uses Bicyele New cle
Ussfythfle e ~ 3 years 10 years
- . Furchase price N ___5'55 - $140
' Unearned mnterest (on money withdrawn
irom bank) $ 3 $ 10
4 Lwtnse . S5 $15
Insurance {each year) 3] 5
Mawntenance ¢ach year $ 45 $ 15
Rewial bike dunng sepa . g e 0
Replacement cost afier 4 years $200 0 *
- {for a new bicyele}
TOTAL COST afier 1 year o L1 ] $185
TOTAL COST afrer 2 years . . . h41 ] 205
(2nd year costs + ISt yeas lotal)
TOTAL COST afier 3 Years £253 $225
(3rd vear cosis + Ind year total)
TOTAL COST afier 4 years . - . 483 $345
(4ih year costs + 3rd year total)

9. Read ‘‘Step Four: Organizing Data" (page 54) aloud, or have a student read it aloud. Go over
the data table, “Cost of Bicycles’ given in the Example (page 54). Be sure that students under-
stand the TOTAL COST for each year at the bottom of the data table, since they will need to
use that information in Exercise IV.

5-10 minutes
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EXERCISE 1Y

Dreections. Below and ot page 36 are two more data tables to hielp you orgamaze the data yon |
have gathered about Lisa’s problem. The data table “EARNINGS Frew
WEEKEND NEWSPAPER kQUTE" has been completed for you.

Use Lk 1 Table #1 i the Ecample on page 54 and Data Table #2 below 10
complete Data Fable on the next page: “PROFIT FROM NEWSPAPER
ROUTLE." You will find the mformation you need wSout ¢ost 1 Data Table #1
and 1hi¢ information about easnings wa Data Table #2.

Data Tatir #2
FARNINGS FROM WEEKENLD NEWSPAPER ROUTF
Y. ! Weekly Pay Yearly Pay Cumulative Pey*
K $300 3136 3136
2 $3 50 $182 $338
3 $4 00 $208 $546
4 $4 50 $i $780

“Cunlutative pay & the 144 amount Liva has carned at gthe end of cach bear I
tw luddes abi the maney she has carned thas Year phus al! fier earungs from the
Year(sh before

Lisa’s Data Table #3

Use information from the data tables on page 34 and above to complete the data table o
the nexi page, "PROFIT FROM NEWSPAPER ROUTE."

Coszs come [rom the total costs at the bottom of Data Table #1,
“COST OF BICYCLES.™

Farngc come from the Camulative ®ay column of Data Table #2,
“EARNINGS FROM -WEEKEND NEWSPAPER ROUTE ™

Prdir = Eanwnks minus Coss,

10, Have students read the directions for Exercise IV (page 55). Befor¢ thev begin working on the
exercise, discuse the information given to them in the data table, ¢ arnings From Weekend
Newspaper Route’’ (page 55). Also, be sure that students are clear about what information
the third data table, “Profit From Newspap2sr Route”” (page 56) requires. Have students wor¥
in their groups to complete Exercise IV. When they are done, have groups compare their data
wables to be sure that they have completed them correctly.

20 minutes
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PROFIT FROM NEWSPAPER ROUTE

Time {lem Used Bicyele New Bleyele
End of ist Earnings #1156 # 156
year Cost $133 F /25

: Profit N F 232 —% 2?_ e
Endof 2nd |EOORE #2338 | __$23%
yeas it | Pz i $205 _ _
Profu 5 !42__ 3332
Endof 3¢ ;LAOM0ES 54 1 #5%
you Cost $253 $225
Profi $293 # 321
End of atp | EAONRS £780 78
yeat Cost 3488 $ 245

e L Profi 4222 $ 535

STEP FIVE: DRAWING CONCLUSIONS
So {zr, i sohuing Lisa’s prohlem. you kave
POSED THE QUESTION,
SELECTED DATA you needed 10 answer the quesuon,
GATHERED DATA needed (0 answer the question. and

ORGANIZED DATA 1n a way that allows posssble patierns 1 the data o

catell your eve. .

Perhaps you have already notced a paern w]thn}'n the dasa vou hazve ocganized. The
wOTd paftern = Jgpests [epetivon, hie the pattern on walipaper. The same picture or 1dea keeps
reappeanng as you [ook at it

Data ¢z~ repeat 46elf 1n the same way. As yov look at the data you have eoilected and
organized, +.¥ to find faers that (it together to form a pattern or a complete pictare.

To DRAW A CONCLUSION or solve yout probi=m, ask Yoursedf the same question you
poted back 1 S1ep One. Then. look for the patierns in your orgamzed dara 1f an answer 1o
your queshon e.usts, that's where you are most hike'y ro find 1.

11. Read *Step Five: Drawing Conclusions’’ (page 56) aloud, or have a student read it aloud.
Discuss as necessary.

3-5 minutes




EXERCISE ¥

Direcupns Turn back 10 page 56, and exvamine Lisa’s thurd data sable Look for patterac iy
the dara which wibi help you ansuer the quection you posed 0 Sicp One

Wrie sour 3wl 10 (2t aeshion and souf feasons fod Choosing (hat abswer on
the haes below Keepan 1 ind the wdeas of first cast, fefe ucle cont, turabuling, and
rehobshn in makang sous desiaon

Afvner te guestion oned 10 Siep Onc (oh page SOF

Se¢ diseussion 10 ’J%(JM Deceotien 12 belew

Reasomn Fof choodng shat 2wl

LIsA CHOOSES A BICYCLE

Fber  Well, 11sa. what did you fin* ~m®

Tia Fo begm with, Mom was night about that used bise 1t would pay for wsslf fackvr
than the Aew one

Maother | had a feehing i wonld
lather | guews shat seftle 1
I I don't think so. Dad
Father© W pot?

Ina Becanse | alsa lound ous that the gew bike will allow me (0 make mois mongy 10
the long tun  Look at ths daia table and 1I'l show sou what | mean

Methen  Yes. ! do see what you nean 1 guess u jusi goes 10 show that duraility can be jusi
as impostant as how much something costs,

Lica What d- von think, Dad?

Fathes 1tk son beier hudy down to th: Bike Hut and bus that hew ten speed before
the sale ends*

h¥)

12. Ask students to read the directions for Exercise V (page 57) and complete it in thcir groups.
Have each group read its conclusion, and then discuss the groups’ reasons for their con-
clusions.

These questions may help focus the discussion:

Why is the more expensive new bicycle actually more profitable over the ong run?

What are some of the hidden-costs in buying the-used bicycle?

Which bicycle is more durable? More reliable?

Which bicycle will provide Lisa with the more appropriate form of transportation?
A number of possible conclusions can be drawn froin the data in table #3, ‘“Profits From
Weekend Newspaper .'onte," but there is only one answer t0 the question, *Which bicycle
will pay for itself faster?’* The data shows that the used bicycle pays back its cost during tlie
first year of Ljsa's paper route, leaving her with $23 profit the ™ st year and $145 profit the

second vear. The new bicycle only pays back $133 in pref{its after two years. The usec bicycle
pays for itself faster.

Vour students should notice that the new bicycle becomes the more profitable purchase some-
time during the third vear of the paper rou:e, and that in the fourth year, the purchase of a
new bicycle to replace the worn out used one actually results in a significant loss ia nrofit.
{0 minities

Have three Students rewd the parts in ““Lisa Chooses A Bicycle'' (page 57) aloud while the rest
of the class follows in their text. Discuss Lisa’s decision.

5 mi-utes




UNIT Vi SUMMARY

PROBLEM SOLVING

Soiving problems is easier when you have a plan or set of directions that helps you get
from the problem 1o an answer One pocaible plan is o follow these five steps:

13 POSE THE QUESTION: Figure owt exacily what the problem is and put it into
question form.

2) SELECT THE DATA:  Decude what pieces of information of gala you need [0
solve the problem and where you can find them.

3} GATHER DATA: Find angd wnite down the information you aeed 10 solve 1he
problemn or answer the Quesnon,

4 ORGANIZE DATA Use data 1ables. graphs. or charts to help you put the
formanon wgether so you can see palierns in the data.

$) DRAW CONCLUSIONS: Look for patterns 1n your greamrzed data. 2nd answer tie
Juestion you posed 10 Step Once.

APPROPRIATE TECHNOLCGY - LIFE CYCLE COSTS

So far, we have scen rhat Llechnologies are more appropriale when they:
» use local resources
* are comamunsty operated
» us¢ renewable energy
« have hde effect on the eavirontent
« use energy cffiviently.

Life cycle cost must be considered wnen choostag an appropriate tochnology. The hie

cyele cost inctudes the first cost of the technology as well as the COSE Over LUMIC L0 use, repinr.
and replace.

A technology s morc appreprtate if 1c 15 durabie angd r<hable over uate. P is durable if i
Tasts A fong wume, and 1 1 rehable of M docs not need much 1natnienance OF repair

14, Review the Unit VII Summary (page $8) with students.
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UNIT VIII: BECOMING A SKILLED TEST TAKER
and :
APPROPRIATE TECHNOLOGY IN REVIEW

STUDY SKILLS

This unit introduces students to the idea that test taking involves more than reviewing on the
night before the test. Students will iearn some strategies for icsé preparation and try out some test
taking skills such as surveying the test and organizing questions by level of difficplty. Unit VIII
also suggests to students that understanding how to work through different kinds of test questions
(multiple choice, true/false) will help them become more skilled and effective test takers.

APPROPRIATE TECHNOLOGY

Unit VHI asks students to q’emonstrate their understanding cof the concepts presented in Units
I through VII of this book. This summary exercise will prepare students for later uni:s in which
they will apply many of these ideas to their own projects in appropriate technology.

NOTES ABOUT TEACHING UNIT VIiI

t. The test on Units I-VII is found in the Teacher’s Guide only. You may choosé'o use it in
one of two ways:

a) The test can be used as a teaching too! in the unit as wel! as a way of finding out
what students have learned about appropriate technology. To use it in this way,
ydu would give students poriions of the test to use in Exercises II, III, and IV. You
may want to have students work in pairs or alone on some or all of these exercises.

b) The test can be used as a test only and given as a whole at the er.d of this unit, In
this case, you wou!ld need to substitute another test in Exercise II for students to
survey and some multiple choice and true/false questions in Exercise III on which
students can practice their test taking skills. The test provided on Units I-VII
would then be given to students in Exercise IV.-

2. This unit vull require two class periods to teach. Note that Exercise I is a homework
assignment. You may want to have students carry out this assignment (preparing for the
test) over several days. During this tinie, you could begin to work on Unit IX in class.

. This unit Jous noi specifically address the skill of answering essay questions, although
there is an essay question on the Review Test. If students are not skilled in answering essay
questions, you may want to discuss how to organize and write a response to essay test
questions.

The essay questior on the test can be assigned as homework or done on a separate ddy if
students need more time.




UNIT Vill: BECOMING A SK!LLEﬁ TEST TAKER and
and )
APPROPRIATE TECHNOLOGY IN REVIEW

INTRODUCTION

In almost any subject you study 1n vchool. sooner of later you will probably be tested on
how well you knoa Mie matenal Some students don®t mind tests or see them as a chalienge
Ohers think Yhey arcfa bother Soime students are fightened by 1esis They feel that no matter
how well they knowthe marenal. they will ot do well on the 1est

Good 1es1 1akang skalis can help you do better on 1ests and 1nake vou feel more confident
abouwt taking them 1o this wror 0o witl tearn several shalls  hich will help you +how what you
has e-teacned i science Soine of the <Xills are gencral st 1aking shills Others will help You
ath certam lands of guestions, soch as muliple Lhowce and nwey false questions.

N,

Suggested Directions for Unit VIII

1. Have students read the ““Introduction’ (page 59).
Approximate time: 3-5 minules

-




PREPARING FOR A TEST '

Studying for a test can be an important pary «  arnIng N science. [t 15 your chance 1o
pull together 2., of the new 1deas you have learned, Who knows what other Rew ideas ». |
become clear (0 you along the way?

To be a skitled 1est 1aker, You need 10 staet reviewing before the day of the exam. Use the
ups below (o prerare for the test.

I.- Look over Your notes und assignments soveral thnes before the tesi. Once YOU find
out when the 1eg will be, figure out how much time you'll need to study for n. Plan
two or three siud¥ tlimes duning the week before the test. On the last Right before an
exam. YOO should be looking over your notes gnd assignments for the last ime, not
the first Gme. 4 .

Keep your noewes and aisaxnmenrs i chronoforical order (Y date) You aght try put.
ting dyyiders between anas 11 15 easter to go over mateqnial in the same order 1 which
you studsed 1t. This 15 espeaially true when (he ideas buidd on one another. as they do

n s book .

. When you go hack over a unit’s worth of notes fof the first nme. wndertiine the main
ideas and key words with a brrghtly colored marker. Then. each ume you review that
URiL, +OU can 2410 10 OR the key words

. Some textbooks, ke this one, have summaries at the end of cach crapter or umit.
Revtewing dUmimiries 15 4 good wa¥ to study for a test.

EXERCISE |
Errections For homework toneght, begm to preparc for a te,t OR Units 1- VI of this book.
Fallow the steps below
13 Plan sevcral stod¥ umes.
2) Organize all of your notes am:l. asvgminents
3} Underine mamn adear aud Mey v or
A1 Read the unit summiaries

£y
Read ‘*Preparing For A Test” (page 60) aloud, or have a student read it aloud. Discuss the tips
with students. Ask students if they have any other ways of preparing for a test that have been
svccessful for them.

5-10 minutes

Y

Ask students to do Exercise 1 (page 60) for homework. If you plan to give the Unit I-V1I
Review Test as a separate test, announce the test date. In either case, give students enough time
to prepare for the test.

When students have completed Exercise I, discuss their experiencc: in preparing for this test.
Was it time consuming? Helpful? How might they improve?

10 mimues (for discussion) -
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. TAKING COMMAND OF THE TEST

g Once you have reviewed for 2 test and know the matenal, you cai use other skills to
become 2 betier west aker.

When laced with a wst, most students ackle the questions 1 the ordet 10 which they are
given. Sometimes they arc slowed down by difficult questions and pever reach questions they
could have apswered towards the end of 1he test.

You can avoid this problem by TAKING COMMAND OF THE TEST To do thes. stant
by quickly reading over the test from beginning 10 end. Like surveymg before you read, this
gives you an idea of what 1o ¢xpect.

As you survey the test. fi cach question mto ¢ = of these four vatcgones, This will help
you organize how you will answer the quesuions,

1. Quick and easy questions — Questions you know the answer 10 night away Jhat take
Intle ume 1O answer.

These will probably be wuluple choice. rue/ false, or shor answer questions, ARswer
these questions as you find them.

2. Euasy bur rrme consumng questions — Questions 10 which you know the answer but
whith will 1ake more ume,

Ihese Questions may wavolve solving a math problem or wnwng a short essay. Dot
siop sueveying the test o answer these questions. Instead, put 2 check () m the
margin Rext Lo these questions and go on wuh the sorvey. Once row have surveyed the
tew and answered all of the quick and casy quesuons. go back and answer the
ouestwis you have checked.

. 3. Hard questiorns — Quedions yoo are Aot sure you kAow the answer to of problems
yau're pot sure yoo can solve, -

When you find 1hese qUestons as you supvey the est. put af "X ™ 0 1he margim next .
10 them. Work on these questions only after you have answered those in proups |
i and 2,

4, lmposstble guestions — Questions or problems you are Rot sure you can answer.

You may have fotgotten to siudy for these questions. ot you may Aot naderstand
them Maybe you just can™t remember the answer. No matter what the reason, when
von find these questions durmg your surscy, put a question mark (7) next to them,
Work on these questions only when you have answered all of the other questions.

WARNMING: Don't spend wo much time dividing up the west questions nto these fout
groups. If you.can't make up your mind about a question. put it in the harder
of the 1w groups you are considering and go on. Remember: You only earn
powts by answering questions. ol by grouping them!

If you are not allowed 1o wiite 0n the test. use scrap paper for your sufvey.

*
.

4. Read “Taicing Command of the Test”’ (page 6i) aloud, or have students take turns reading it
aloud. Clarify how to survey and categorize test questions, &

L}

5 minutes
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EXFERCISE 1

~Direcions: Your 1eacher wall give you a copy of a test on the first seven units of this book {or
another west for practice). You will have around 7 munutes 10 take command of
this 1est by surveying the questions. Remember these steps as you sutvey,
1) Antwer he guick and easy questicns
2) Put a check () next 10 questions thas ary easy buf tme constinning  Then, go

on, F]

3) Put an "'x"" next to quesuons that are hard. Then go on.
4) Put a quespon mark (?) next to questions thal look tmpossible.

>
MULTIPLE CHOICE AND TRUE/FALSE QUESTIONS‘
You can do better on aest if You know how to answer different kinds of rest quesuons.,

Multsple choioe questions ask you 1o choose the tight answer I'rom several possible
ans\uc-s’ ~o answer muluple choice questions:

I Read the quesuon carellly. Then, (ry to answer the question :n your mind
before You look at the choices.

2. Read all of the choices given and pick the best answer, Sametimes two
answers Mmay be right in some way, You need to choose the better one.

e sure to read all of tive chowes given, even if the first or second one seems
night. The best answer may be the last choice. Sometimes the fasi choice 15
*all of the above.” 4 4

-

. I you are not sure'nf the answer, lightly cross put the chowes you know are
wrang. Then, pick the best answer from the remaining chowees. Il you still
aren't sure, make a good guess. If you will lose points for wiong answers,
you should guess only 1f ¥ou can cross out all but two answers.

Fruefulse questions ask You 1¢ decide whether a statement is true or ralse. To
answer true/false questions:

1. Read the statcinent carefully, If any purt of the statement 1s false, then it is 3
false starement. Mark i false,

2 Wakch for key words such as aiwavs, only. alf, never, oftern. These words
. give you clues about whether the statement is true or false, *

On most muluple choice and true/ false questions. it is worth guessing if ym&e unsure
« of an answer. Ef you will [ose points for weong answers, You should onlY guess il you can
nartow #0uf choices down 10 two. Don't guess if your teacher 1ells you not to do so.

62"

-

5. Ask students. to read the directions to Exercise II (page 62). Give them a coﬁy of the Unit
[-VII Review Test or another test if you plan {o give the entire Review Test at the end of the
unit. Then, have them complete Exercise 11. Remind students to answer only those questions
for which they know the answers immediately and to categorize the others. Allow students only
seven or eight minutes to complete this exercise. When they have finished, discuss their
expericn es in surveying and categorizing.

NOTE: Explain to students that this process may take them some time at first. They may need
to Keep the categories in front of them, and they may need a few extra minutes for the
test. As students become more skilled with this process, thev will be able to do it more
quickly. They will find that it will ultimately save thent time in many testing situations.

15 minutes

6. Read ‘“Multiple Choice and True/False Questions” (page 62) aloud, or have students take
turns reading it aloud. Discuss as necessary. .

5 minutes
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7. Ask studetits to read the dlrectlons to Exercise 111 (page 63) and c.omPlete it, using the multiple
choice and true/false questions on the Unit I- VIl Review Test or other questlons you provide
for them. When they have finished, discuss their answers and how they used the suggestions on
page 62 to help them answer the questions. . .

10-15 minutes

Read ““Other Test-Taking Tips'' (page 63) aloud, or have students read it aloud. Discuss’as’
necessary, Students may have other tips — things to do and not to do when taking tests — to
strare with classmates. ¢

Have students read the directions for Exercise 1V (page 63). If you have not already done so,
give students a copy of the Unit I-VII Review “Test. If students have been working with the
Review Test throughout the unit, have them use this time to complete the short answer and
essay questlons If students are taklng the entice test at this time, give them a full class perlod
to complete if. When they have finished; review both the answers and the test taking skills
students used to cornplete the test. This review may take place the day after students take the

test.
40 minutes
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UNIT vill SUMMARY

Preparing for tests } ?
Part of being a good test taker pafing n advance for the test
) Look over noles and assignments several times.
2. Keep noies and assignments m chronological order (by date).

3 The first ime 308 review, pnderhne maun adeas and hey woeds  Each ume you
review, yOu can focys on what you have wndedined

4. Resiew unit summanes

Taking command of the test
When you get i the mest, 1iFst survey and calcgoiire (he questouns
b oAnswer ditch and easy greitons Hght awiy.

2. Chech (o 3 eust Diet frne camupinng guestions Go bach 10 thet as v00n as you
hm.c“mx\:)cd the test and answ ered the guich and Lasy guestions.

3 Pwan neat 10 haref questtons. AnSweér them after you have done the easier

ones

4 P a queston mark {?) next 10 wmpossible qug'sl-'mm‘ Try these questions afier
304 have answered af) of the others.

. Multiple choice and trus/false questions
You van be a bettdr test taker if you know “ow to anwer differemt kinds of Questons.
Mulyple thou e guestions. Read Whe guestion and try o think of the answer before read:
mg the choices, Read aff of the choices. and pueh the besr answer. 1 you are not sure

of the answer. crots out the choices you think are wrorg and choose the best
(EMADING aNsw er, g

True: faise questions: M the starement is paply false, mark st false  Watch out for key
words such as afways, often, ar neves, These words can help you deade of the siate.

ment 15 rue or false, ~ -
/o
. 'F T
Other tips for test takers .
™ 1."Keep aware of your time,

2, Beware of *quicksand queshons ** Don™t get siuch On one question; go on ;5 the next.
You can always come back’if there s tme.

1 Pur your memars 08 automatie for answers that seem (o be on the up of your tanguc
- 4, Read drections and quesuons carefully.
5

. Draw diagrams to hélp orgamize sdeas and answers.

6 .

-

9. Review the Unit VIII Summary (page 64) with students.
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REVIEW TEST UNITS I-VII
APPROPRIATE TECHNOLOGY

Part I (Each correct answer is worth 2 points)

Directions: Circle “F’ If you think a statement is a fact. Circle “O” if you think it is an opinion.

F O . The United States would be much better off if it did not use three billion barrels
of i*s own petroleum each year.

. The sun’s energy can be used to produce electricity.

. Most of the energy we use should come from non-renewable sources of energy
such as coal, petroleum and natural gas.

Directions: Circle “T*’ if you think a statement is twe. Circle “F*’ if you think it is false.
T F 4, The residential sector of the UJ.S. economy uses the most energy.

T F 5. Biomass is a renewable energy source.

Part II (Each correct answer is worth 2 points)

Directions: Circle the ietter of the statement which best completes the sentence.

. A technology is appropriate if it

a) harms the environment in which it is used.
b) lets you get things done faster.

¢) puts people out of work.

d) uses local talents and resources.

. A technology is inappropriate if jt

a) seriously damages the environment.

b) uses renewable energy.

¢) uses energy efficiently.

d) is understood, created, and maintalned by the peopie who.depend on it.

. Appropriate technologies are usually

a) smaller and more expensive than other technoiogies.
b) larger and more expensive than other technologies.
¢) smaller and less expensive than other technologies.
d) larger and less expensive than other technologies.




. Comuinunities can use appropriate technologies to

a) 1~y for food grown in other states.

b) raise taxes.

¢) solve their own problems and meet their own needs.
d) all of the above.

. Relying on non-renewable sources of energy makes a technology

a) subject to shortages and cutoffs.

b) more expensive to operate due to transportation costs.
c) useless once the energy source is all used up.

d) all of the above.

., If the U.S. continues to use about three billion barrels of its own oil each year without
discovering large new deposits, its proven reserves will be used up by

a) 1992.
b) 2005.
c) 2105.
d) 2585.

. Which technology uses energy most efficiently?

oil burned b) | windmill
in furnace

gasoline burned steam
in car engine




13. Which technology uses energy most efficiently?

Millions
of gallons
of oil

useful

energy

wasted

energy

14. In what year did the imaginary country of Conservia use energy most efficiently?

Energy used

per person
{in millions of
barrels of oil)

a) 1971
b) 1973
c) 1974
d) 1975

5

1971

2 3 4 5 6
Goods and services produced per person (in $1,000)




Part III (Each correct answer is worth 4 points)

Directions: Write a d=finition for each of the following words or phrases.

. entropy

. hydropower

. proven reserves

Part IV (Each correct answer is worth 8 points)

Directions: Answer each of the following questions. Answers should be written in complete
setitences except in guestion #22.

18. How is the planet Earth’s energy supply like a spaceship’s energy supply?

19. What four criteria would you use to judge how a technology affects the environment?

20. Describe three differences between renewable and non-renewable energy.




. The city of Everett, Waskington, would like to set up a system that converts trash to
energy. The cost of such a system is about three million dollars. Two of the three millics
dollars pays for equipment which sorts the trash, separating inetal, glass, paper, etc.

Everett has only one million dollars to spend on their system to convert trash to energy.
Explain how this community could set up an effective system using appropriate
technology that would cost only one million dollars.

. Your family is planning to buy a new refrigerator. Before you choose one, you want to
consider the life cycle costs of the refrigerators available.

In the space below, list four pieces of information (facts) you would need to kzow in

order to make a good decision about which refrigerator to buy.

Information needed




Part V (This question is worth up to 20 points)

Directions: Write an esszv of 100 to 200 words describing an appropriate technology which could
be used in your community. Tell what the technology is, and explain what it is used
for. Then, give all the reasons why it is an appropriate technology for your com-
munity. Use the paper provided.

(Feel free to draw a diagram if it will help you!)




Answers (0 Review Test, Units 1-VII

Past 1
1. O

ona o on 0 o

Part 111

15. Entropy is the amount of energy which has been lost through conversion and is unavail-
able for work.

16. Hydropower is a technology for using the energy contained in falling water to produce
electricity or perform mechanical work.

17. Proven reserves are that portion of an oil, coal, or natural gas deposit which can be sold
for more than it presently costs to extract and prepare it for sale.

Part IV (Students’ answers will vary. Below are the general idexs which should be included
in their responses.)

18. The earth’s energy supply is like a space ship’s energy supply in that both are limited. In
both, we need to conserve the energy we have so we do not run out. This is especially
true if the earth continues to rely on non-renewable energy sources.

. The four criteria used to judge how a technology atfects the environment are:
1) The technology should have little immediate or long term effect on living things.
2) The technology should not make the environment smell or look unpleasant.
3) The environment should be able to recover quickly from the technology.
4) The technology should not produce a lot of waste material.

, Three differences between renewable and non-renewable energy are:

1) Non-renewable energy is finite; renewable energy is replaced almost as fast as it
is used.

2) Renewable energy has less harmful effect on the environment than non-renewable
energy.

3) Non-renewable encrgy sources are subject to cutoffs and shortages; renewable
sources are not.

- g 103




21. Student answers will vary but should include the idea that if people in the community
could sort their own trash, either at home or at a centrally located place, they could

avoid spending two million dollars on sorting equipment.

22, Information needed;
1) first cost of refrigerators
2) operating costs of refrigerators {electricity costs)
3) durability of cach refrigerator; how long each will last
4) reliability of each refrigerator; costs for maintenance and repair

5) replacement costs

Part V¥

23. Students’ answers will vary. In the ¢ssay, students should describe the technology and
what it does and provide several reasons why it is appropriate (considering life cycle cost,
effect on environment, use of locally available and simple technology, use of renewable

energy sources, efficiency).




PART TWO:

THE SOLAR GREENHOUSE AS AN
APPROPRIATE TECHNOLOGY




UNIT IX: USING SCIENTIFIC MEASURING TOOLS
and
~L_TRAPPING THE SUN’S ENERGY

STUDY SKILLS

This unit introduces students to two measuring tools, the thermometer and the protractor,
which are useful in the science classroom. It then gives students the opportunity to use these tools
in a set of experiments about the solar greenhouse.

THE SOLAR GREENHOUSE: TRAPPING THE SUN’S ENERGY

In this unit, students carry out a sequence of experiments which illustrate how a solar green-
house traps and retains the sun’s energy. Through these experiments, students disccver the follow-
ing principles for solar greenhouse design and construction:

I. A solar greenhouse has the potential to collect more energy than it needs for its own
use. The excess energy can be used to help heat an adjoining building. This excess
energy will be available, however, only if the greenhouse takes full advantage of the
shorter intervals of daylight experienced during the winter months. The south slope of
a solar greenhouse should therefore face within 30 degrees east or west of true south,
the point on the horizon above which the sun reaches the highest point in its arc
across the sky.

. The sun’s ability to heat the air inside a solar greenhouse is greatest when its rays
strike the south sloping glass at a perpendicular angle. In order for this to occur
between the hours of 9:00 a.m. and 3:00 p.m. throughout the winter months, the
glass should be tilted up from the horizontal at an angle ranging from 50 degrees in
the southern U.S. to 70 degrees along the Canadian border.

. For a solar greenhouse to share surplus energy with the adjoining building, it must be
efficient in its own use of energy. All exterior surfaces should be well insulated and
tightly constructed to minimize heat loss to the outside air. This pertains to the
window area as well, which should have two iayers of glass throughout most of the
U.S. and three layers in the extreme northern states. An air space is needed between
the layers of glass. Somessort of night insulation such as a shutter or roll-down shade
will make the windows even more energy efficient.

The solar greenhouse is an excellent example of appropriate technology because it uses a
locally available and renewable source of energy. It has minimal impact on the environment, is
efficient, and is easy to undersiand and construct. The solar greenhouse is a technology which
fosiers self-sufficiency in both heat and food production.

NOYE: This unit will take two or three class periods to teach.
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UNIT 1X: USING SCIENTIFIC MEASURING TOOLS
and
TRAPPING THE SUN’S ENERGY

INTRODUCTION
The wlar greenhouse 1 gpe exaniple of an approprne rechnology.
At Fardy supple to buld and use.
= It uses sunlighe. which s a locally availpble and repewable energy souree.
= It has hte. & 203, harmul effect on the em ironmen.

10 the et our unis, 20w will experiment with wme of the 1degs whach go uno making and
wang a whar 2reenhowse.

Uni IX will dhvw 30u how 1o use a0 wientitie niedairing tools — a thermometet and a
protrawor — which will help = ou experinem with solpr encrey.

READING THERMOMETERS

You have probably wwed 2 thermometer at home vo Find ow the temperature outwde or to
see if you had a Pever. A thermomerer  also @ wsetul waicnufie tool.

In a thermomenrer. the hgud mvide the glass iube cypands when i is heated aad comracts
or shrmb whies it cools. The seate prnted on the thermomener helps you “read™ die empera-
ture. The posinon of the hqued on she seale 1 ihe temperature OF the gar. waier, O whakever it
AU gre medsurnng

Evgrgrde: The thermomerer below shows 2 reading of 30°C,

Snggested Directions for Uni¢ VIII

I Organize your class into groups of two, three, or four. Group size in this unit may depend on
the amount of equipmeni you have available for the experiments in Exercises I1I and IV.

2, Ask students to read the ““Introduction” (page 65) and ‘‘Reading Thermometers” (page 65).
Answer any questions students have about these readings.

Approximate time: 5 minutes
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EXERCISE L

Directions: Below are sketehes of four thermometers. ¢ach showing a different temperatore.,
All of the thermometers use the Celsius scale. With your partner or group. flsure
out the temperature shown on each thermometer. Wiite the temperature in the
space provided below the thermometer.,

,;f,jfvf/ YT IR

0% v.*.o.s?.tpj
)

3. Have students read the directions for Exercise 1 (page 66) and complete the exercise in their
groups. When students have finished, ask severa! of them to share their answers with the class.

Discuss as necessary.
10 minutes




PROTRACIORS: MEASURING ANGLES

Sometinies yau need (u be able 1o meawre the use of an angle i order 10 do a waientifie
cupermment, Angles are meanred ni degroe, agim the samples shown Lelow.
Y
o0 135

1 o 4i. - —

Yow use o protewtor 10 meture ingles. Look at the depwmng of the proteactor beluw as
sy el the esplavason of how 10 wve o,

{apluaatnnt. * All proteactors o e o flat edge (1) with a wark exactly in the center (2).

The curved edye off the protraceor is mathed off jo degrees, 0° won the
flar edge of the proveaceor, and 90° i 1. the tup of the curve,

A provractor may have two scales, The scale than stares with the 0 ar the

nght i uted 10 nieasuse angles ihal open to he rights _/_

The seale with the 0 an the kete w used 10 measare angles that open to the

feles :

To measare an angle, place the Mt cdge of the protractor along one e
of the angle. Yhe cemter marh should be on thre pomt w here the iwo lings
meet, Follow the other e of dw angle oul 10 where w crosses the wale
san are wvng, The pormt an e seabe where e T crowes s the
wieitsere of ke angle

4. Read “Protractors: Measuring Angles”” (page 67) aloud, or have a student read it aloud. Give
each student a protractor, and go over the Example on page 68.

S minutes

ERI
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Exantple: The angle below measures 65°,

EXERCISE i

Directions: Use a Protracior 10 measuse the anghes below. Write your answers in the space
Provided below each angle.

= N\

5. Ask students to read the directions for Exercise II (page 68) and complete it with their group.
Discuss student answers as necessary.

10-15 minutes




EXERLILY: N

Derevirons I abiy oversase v aod your Daiteat or group will da an opehiment thae will
shiow YOU Bow wlas entrgs <an be *1apped™ and used 1o heyt a2 in thes £4Pes
ment yau witl AVSE 1 GE, B OATIER AND RECORD DALA, 2nd € § DRAW
COMCLUYONRY Bollow st stel betow 3 wdirs 0ut thiy exPeamien

A SFTTIMG P
b Gather 1he Sollwaing naicreal,

2 Thermueneis iy

3 PEOUE M

FEC T

4 dark cardbosnd dwides snd o pregy o1 cardbagard Large ruvgh o
shade The ruehouk

& latge ghava pat with a wiow on bd

a wardh ot chonk

el

 Dight sourse ou wdl wie sunlight 00 o 2mP Provedad By your tch her )

2 Movud jeached s on st 300 s w3 hamint dnd il fo make o bk o the Bd al
the ar snlg whah gad iieamomeia 1Ay Ty du st Janone the Ikd i The jaf and
saicfully hamows dhe nal throvgh i Make the hole Lirge cnough for the thecasmaeter
by mawng the nal dround

3 It you arc unpd the wn as your TN sourcr, Labe wiur matcib sutuwde angd Hnd 2
lovdl place 1 0t up 11 y00 2rc uueg 2 Wmp clear @ 4pave on whkh 10 wurk

AN A

A joserd the s ardbosrd deder aptu the Jar Pol the IE on, and amsent the ihetmometer
through the bole i ahe par hid Til the Jar and prop o up so than o coven o dareut bk
all aloa ung wdr Make wie the @rebotd n Blwetn the hphi source dnd 1he thet,
momceer The divader wall Leep the Bght from hiling the thermometer direndld Use a
Potrauior 10 measyre the Janghe the Botlom ¢f the jar make with the level wirtaer,
Wit the angle you hyve nicdwired bete

4,

X
"\\\‘

Plawe 3 ntebood va the ground et W the jar. tmmediaieds Prop the secomd preee of
Itoard 0 M cumpletely shades the aoichbook  Then. Place the souond thermameter

om the ~haded ngichool

[ITr TR T

6. Exercise III (page 69-71) asks students to prepare, carry out, and analyze an experiment.

Before students begin:

a. Have the following equipment ready for each group or pair:

2 thermome:ers
glass jar with screw-on lid
protractor

light source (preferably the sun, but a 200 watt bulb will work)

cardboard

Each jar lid must have a hole in it through which the thermometer can be inserted.
Punch a hole in the lid by removing it from the jar, placing it on a stack of folded
newspapers, and hammering a nail through. Enlarge the hole by moving the r
around. You may choose to punch the holes yourself, ask one or two students to do .
for the whole class, or have each group do its own.

Each jar must also have a cardboard divider to keep the sun or light source fr.
striking the thermometer directly. The cardboard divider should have holes in it or be
cut so that alr can flow from one side to the other. You may prepare these for each
group or pair, or have the students make them. Their jars should look like this:

{continued)




b. Explain to students that the overall purpose of the experiment is to see how a solar
greenhouse traps solar energy.

¢. Briefly describe the steps in the experiment. These steps are described in detai in the
student text, but many students find it helpful to have heard all the procedures before
they read and carry them out one at a time.

R GATHERING AND RECORDING DATA
1. Wete down the followimg preces i informanmn s the spaves provided:
TemPCrature gutside when you 140y the eapermem: e

TemPeratore m tlve jar when you stact ihe eaperimens: - .

2. You are goang t cheed the venreratore of ihe air inside the ar and vhe vempetatore of
the air amside the jar evers 2 mnwtes for 10 mmuotes, Use the dana yable below 10
ahite down the 1empPeramsies vau read every 2 nunuies.

LT TEMPERATURE 1M THE JAR | TEMPERATURE QUTSIDE TIIE JAR

(O punngs |

2 minuiy

& Bnvtey

& s

& minutes

10 minines

3. Afier yab hase revorded the temperawees for 10 mi.tes. have your panier stand in
the apor wihicre his gr her shadow blocks the sun from 1he par or yurn off the hghr).
Contite 10 read the teidperatures mside and outside the jar every 2 minutes 1or the
e 10 nnautes as yuu did before, recording your formarion on Wie (data vable
vontinued below.

1IME, | IEMPERATURL 1N 1HE JAR TEMPYRATURE OUTSI0E THE JAR |

A0 pmures | '

12 minates

14 minune

16 minues

18 iminutes |

Wwinvten | __.,.J

w0

Have students complete the experiment in Exercise III, recording the data they gather in the
data tables on page 70. An optional exercise at this point that may help students organize and
analyze their data is to have them graph the results of their experiment. By graphing the
temperatures inside and outside the jar over time on the same graph, students will be able to
see the differences. Their graphs would look something like this:

4wt
o} Inside jar

temperature
oulside jar

107

0 2468 101214 16 15 20
mihutes passed
NOTE: This graph is not included in the studerit |e1'51.
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C. DRAWING CONCLUSIONS
Use the information on Your data tables to answer the questions below.

1. Which was hotter £‘ier 10 minutes, inside the jar or outside the jar?
udenfs shoutd find Hhat i was holler inside ‘ﬂteu}ar.
2. Why do you think this happened?
Studest answers will vary. See Gresnhouse Effect
below.

3. What happened 1o the temperalures when the shadow was on the jar?

Inside the jar: 4@1&@? decreases

Ouside the jar: & (decreas more

Jhon_inside Hhe lar)

4. Why do you think this happened?
_ Student answers will varg. See Greenhouse Effect
below .

THE GREENHOUSE EFFECT

‘What you have observed in this experiment is the GREENHOUSE EFFECT. When light
passes through glass and touches cool surfaces, most of it changes 10 heat. As heat, it cannot
leave the jar as easily as it entered, 50 the temperature in the jar rises. A solar greenhouse
works in the same way that your jar did 1o trap the sun's energy and change it inte heal. The
cartoon on page 72 may help you undersiand the greenhouse effect.

In the experiment in Exercise 111, you had 1o tilt the jar o let in as much sun as possible.
Then you measured the angle between the jar and the ground. When you compare this angle
10 those of your classmates, you will probably find that they are about the same. The best
angle for caching the sun depends on how high the sun is above the horizon. if you did this
experiment again al another time of day, you would probably choose a different angle 1o tilt
the jar. I you did the experiment during another season of the year, or in a different place on
earth, the best angle would again be different.

I you were building a solas greenhouse, you would have to find the best angle for
catching the sun. The greenhouse should be positioned so that most of the glass faces south.
The glass should be tilted so that it raps as much solar energy as possible during the winter
months. You would also have to watch out for trees and buildings which might cast a shadow
on the greenhouse during the winter, culting it off from its energy source.

N

When students have gathered and recorded their data, have them answer the questions in
“Drawing Conclusions’’ (page 71). These questions could be assigned for homework and dis-
cussed the next dav. Discuss students’ findings and their explanations for what they saw
happening.

30-40 minutes

NOTE: There are no correct answers for the experiment in this exercise. Students’ answers will
vary, but they should be similar from group to group.

Read “The Greenhouse Effect’’ (page 71) aloud, or have a student read it aloud. Discuss how
the cartoon on page 72 illustrates the greenhouse effect. Have students report the angle
measurements they took in the experiment in Exercise III. Discuss how the angle would be
different at different times of the day, in different seasons, and at different places.

10 minutes
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INSULATION

Glass is good au wapping heat but no: good at holding iv. A solar greenhouse uses
INSULATION in the walls and roof to keep the heat in during the winwer and ouwt in the
summer. Some solar greenhouses aiso use insulation gver the glass on winter nights.

EXERCISE 1V

Directions: Follow the steps below to carry out an experiment about insulating a solar green-
house.

I.  You will need these materials:
2 jars with lids {and cardboard dividers}
2 thermomete.s
light source {sun or lamp}
some kind of insulation {construction papet. cloth, wool}

PL_u a thermotnetzr into each jar. and place both jars in fromt of the light source for 10
minutes. Be sure the cardboard dividers are inserted into she jars beiween the thermome-
ters and the light source.

After 10 minutes, immediately wrap ope of the jars with whatever insulation ¥ou have
chosen and remove both jars from the light source (Put them in a shady place).

Check the temPeratures of both jars every 2 minutes fo 10 minutes. Record your tem-
pecature readings in (e data 1able below.

TEMPERATURE IN TEMPERATURE IN
TIME INSULATED JAR UNINSULATED JAR

0 minutes {measured 25 soon
as you put the jars in the
shade)

2 minutes

4 minutes
6 minules
£ minues
10 minutes

Write two or thres sentences that explain what happened in this experiment.
aferiods h in, se
that in some caises  Yhe insalafed jar wilf stglq wanmer
Ed
__ $han Yhe wynsulofed jar.

J

8. Read “‘Insulation” (page 73) aloud, or have a student read it aloud. Discuss as necessary.

Have students read the directions for Exercise IV (page 73). Provide students with a variety of
materials they can use for insulating their jars, such as construction paper, foam, cloth, and
quilting. Ask students to complete the experiment described in Exercise IV, recording data on
the table on page 73. When students have completed the exercise, ask them to share their
results with the class. Discuss how their findings could be applied to a solar greenhouse.

30 minutes
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UNIT IX SUMMARY

MEASURING TOOLS

Mleasuring tools can help you catry out sciemtific expeniments and answer guestiuns about
whings you see aruupd You.

In a THERMOMETLER, the hgwd expands or <ontracts 10 show he
iemperaiure of air, waier, or whatever you irc imeasuring.

You usw 4 PROTRACTOR o medsure angles.

TRAPPING THE SUN: THE SOLAR GREENHOUSE

A rolar greenhouse traps the sun’s epergy and uses it 10 heat Lthe 4ir inside. This 15 called
1he greenhouse effect. A sokir greenhouse is most effective when:

1) the greenhouse faces south so that it receives as much sun as possible in the
winter,

2) the glass is vihed 50 thar as much suntight gs possible strikes it at a 50° angle for
as long cach day as possible. and

3) the outside surfaces of 1he greenhouse are well insutated and tighuy built o cm
down on heat loss 10 1he owside air.

The solar greenhouse is 2 good example of appropriate sechnology. It uses a locally avail-
able and renewable source of energy. It also does linle 1o change or hurt the environment. A
solar greenhouse uses energy efficienty, li is a wchnology which is casy to undersiand and
build, and one which helps people be more seif sulficiem in producing heat and food.

9. Review the Unit IX Summary (page 74) with students.
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UNIT X: APPLYING SCIENTIFIC LAWS
and
HOW DOES ENERGY BEHAVE
IN A SOLAR GREENHOUSE?

STUDY SKILLS

This unit introduces students to scientific laws which describe the behavior of matter and
energy. It then suggests a procedure which students can use for recognizing what scientific law is at
work in a particular situation. In this procedure, students are told to:

1) OBSERVE the situation carefully,
2) RECORD their observations,

3) COMPARE their observations to other situations in which similar phenomena occurred
and {or which they know the law, and

4) Decide which scientific law best explains what has been observed.

This procedure is actually a variation on the problem solving scheme introduced to students in
Unit VIL. This could be pointed out to students and similarities and differences between the two
processes discussed. This discussion may reinforce for students the idea that different problems
may require different approaches and that each student may be most comfortable with a pardcular
approach.

At the beginning of this unit, students are asked to use skills of reading and note taking intro-
duced carlier in the book. Students have an opportunity in this unit to practice what they have
learnea and to apply recently learned skills to a new situation.

SCIENTIFIC LAWS AND THE SOLAR GREENHOUSE

In this unit, students are first introduced to the concept of matfer, which is made up of
mofecufes. Students learn that in solids, the molecules are very close together; in liquids they are
further apart; and in gases they are quite far apart.

Students then read about and experiment with three scientific laws that determine the
behkavior of matter when it 15 heated and cooled. An understanding of these laws helps students
recognize what is happening in many natural situations.

These three laws are at work in the solar greenhouse:

The Law of Conduction: When one part of a solid is warmer than another part, heat
travels {conducts) from the warm area to the cooler area.




The Law of Convection: When a liquid or gas is heated, it expands and rises. When a
liquid or gas is cooled, it contracts and sinks.

The Law of Radiation: All matter constantly emits energy in straight lines. The
warmer a particle of matter is, the more energy it radiates.
Particles of matter struck by radiant cnergy absorb heat
energy and become waimer.

In a solar greenhouse, heat conducts through walls common to the greenhouse and the
attached building, providing a source of heat for the building. Heat also conducts through the
glass and the exterior walls of the greenhouse. Insulation must be used fo stow down the rate of
heat loss which results from conduction.

Convection patterns in a solar greenhouse can also be helpful or harmful. Convection can
help move warm air from the greenhouse to the adjoining building. At night, however, convection
can draw warm air from the house into the cooler greenhouse unless proper safeguards are taken.

Radiation also works for and against the solar greenhouse. Radiation from the sun is the
energy source for the greesthouse. Radiation is also partly responsible for the transfer of heat from
the greenhouse into the adjoining house through the common wall. Insulation must be used to
reduce the amount of energy radiated back into space by the exterior surfaces of the greenhouse.

A NOTE ABOUT TEACHING THIS UNIT

Because this unit, like Unit IX, involves some experimentation, it will probably take two class
periods to complete. We recommend that Exercise I (pages 75-80) be assigned as homework which
is due on the day you wish to work on the uait in class. This allows students to make the best use
of in-class time.




UNIT X: APPLYING SCIENTIFIC LAWS
and
HOW DOES ENERGY BEHAVE
IN A SOLAR GREENHOUSE?

INTRODUCTION: SCIENTIFIC LAWS

Eser though you imay have i few more years 10 g0 before y0u can gel a driver's license,
you probably hnaw abont whe Faws sliar 020l dreers what 1bey <an and cannos do in a «ar.

Laws evse in science. 100, Scremific 1aw s are people®s anenipis 1o explain whai happens
w pavwre. Socntific kaws cannor be broken. Encrey and matier could not disobey them if they
ined!

As @ seence WIRlcm you can we soeimilic Bws as keys for understanding nature, The
nmore wiehtfic Llaws 30U hnow sl wndersiand, the more heys You will have. The ek 15
hnowing which hey 10 15e, This wmnt will help you learn she shill of applying sciemific luws to
what you e,

EXERCISE ]

Directions: Using the shlls sou hase learned in carlier chapiers, SURVEY and READ she
mlomation on the following pages. Use ihe space following cach section of the
readmg to MAP or OUTLINE shar <eciion. Then, you will be able 10 use jhe
infonmation larer n the won,

As 2 review of what you bave read. do the REVIEW on bage 80,

WHAT 1S MATTER?

Mutter is the *siuff” thar eseryahing s made of. It wsually occurs as smakl clumps or
bunches called smolecides. Molevules are 100 small 10 see pven with a powerful mivroscope.

Maner esists in three torie  sold, fiepned, and g,

When a few billion Molecules are very close rogether, they form a fold, suclt as a
roch. @ wree, o 2 bird. Solids 1¢nd to have @ definite shape.

The mobecules it a feptad, Ihe warer, are much tanher apare than they age in a solid,
in a tigwd, the molecules tend 10 take on the shape of she comalner which holds
1hem,

The moleeules which make up a gas, like air, are cery far apan. The molecules of a
gas rend W spread ow 1o fill a comainer. like slic inr moleenles in a balloon,

tComltnued in puke 76}

Suggested Directions for Unit X

1. Read “‘Introduction: Scientific Laws’ (page 75) aloud, or have a student read it aloud.
Discuss as necessary.
Approximale time: 5 minutes

2. Have students read the directions to Exercise I (page 75). Assign Exercise I as homework due
on the day you wish to continue work on the unit. Explain to students that they will survey,
read, and map or outline the readings on pages 75 through 79 and do the Review on page 80.

(contintied)
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MAP OR OUTLINE:

OUTUNE

I Matler- whalthings are made of
A. Exisls as moleCules

| Moecules close Together = solid

2. Molecutes farther apost = higud
3 Molecules W}}ﬁu apart = gas

LAW OF CONDUCTION

The Law of Conduction describes how heat behaves jn a solid. This law says that when-
ever one part of a solid is warmer than another part. heat will travel from the warm part to the
00 part, until all parts of the solid are the same température. Conduction alse explains how
heat 1ravels from one material 1o another when the malerials are louching. These materials can
be the same or different forms of matter. Heat flows from the warmer material to the cooler.

Conducnion occurs whenever one molecule in a solid is warmer than the molecules next o
il. The warmer molecule comains more energy, which makes it vibrate faster than the others.
Because the molecules in a solid are packed closely rogether, the warmer, vibrating molecule
bumps into irs cooler neighbors, This causes thetn 1o vibrate fagier and become warmer. The
first molecule gives up, or conducts. some of its energy when it bumps into its nelghbors. This
makes il vibrate more slowly and become cooler,

Meanwhile. the other molecules have begun 10 vibrate faster. Each of these motecules
bumps into its neighbors. transferring energy in the form of heat even further away. Conduc-
tion stops when al) the molecules in a 30kid are vibrating at the same rate and are therefore the
same lemperature.

The picture below shows how conduction works.

When students have completed Exercise I, have several of them present their maps or outlines
and their examples from the Review. Discuss the laws of conduction, convection, and
radiation, giving other examples to clarify these concepts if necessary, One way to demonstrate
the law of conduction is to line up four or five students shoulder to shoulder at the front of the
room, facing the class. Bump the student on your end hard enough to tip the student on the
other end of the line off halance. Each student represents a molecule, passing its energy along
to the next. If you have the students spread out 50 there is a foot or more between each of
them and repeat the demonstration, students will see that only the first and second students are
affected., This is an example of a material in which the molecules are further apart. Such a
material would be a poor conductor but a good insulator.

10 minutes {for discussion)
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Some solids conduct heal betier than others becauss their molecules are closer together.
Examples of gi. | conductors are metals, conerete, and brick. Other solids are Rot guod ¢on-
ductors becay + the molecules are farther apart. Examples of poor conductors are fiberglass,
foam, and dr wn. Poor conductors are good insulators, because they slow down the movement
of heau

MAP OR OUTLINE:

DUTLINE :
I OGonduclion- how heat behaves in Solids
A. Heal rovels from warm o cool part of sotid
1. Warm molecules bump cool ones and pass energy
2 Stops when all molecules are same Temperafure
B. Some sohds conduct heat betfer thon others
. Bad conduclors Mjood msulafors

{Connnued on page 78)




LAW OF CONVECTION

The Law of Convection explains what bappens when a liquid or gas is heated. This law
says that when 2 liquid or gas is heated, it expands and rises, When a liquid or gas is cooled. 1t
shrinks. Or contraets. and sinks.

Liquids and gases are both fluids. The molecules of which they are made vibrate faster
when they are healed, just like the molecules in a solid. Bu because the molecules in a liquid
Or gas are less tightly packed than the molecules in a solid, they yranfer heat in a different way.

When the molecules in a fluid (liquid or gas) are heated and begin 10 vibrate faster, they
raove farther away from cach other. This is what we mean when wz say that a liquid or gas

expands when it is heated. As the liquid or gas molecules spread apart, (hey rise, so the heat is
uansferred upward.

The same 1hing happens in reverse when the molecules in a liquid or gas cool. As they
vibrate more and more slowly, they move closer together. We say that the liquid or gas is
contracitnk. As the molecules maove ¢loser together, they begir 10 sink.

MAP OR OUTLINE:
QUTLINE :
L. Low of Convechon - heafing hgwd or - gos
A Heat maokes malecules of flud vibmaie faster
! When molecules whrale faster, move away from each dfwer - expand
2 Molecutes spread aparf and float upward
3. Heal goes up
B When pwlecules Cool , wibrafe more slow!
! Molecues ﬂq‘ closer Jogether - cortr,
2 Molecales sink as cool

Mép -

LAW OF
guid or gas cooled | comvecTion

%, 3 %QQ/

=% 2 Q\‘;

Y

%
e

Note that in the section on the Law of Convection, the concept of density is not
explicitly discussed. Students can understand the law more easily when it is
presented in this way. A fluid’'s density, or how many molecules there are in a
given volume, governs its tendency to rise or fall. The molecular weight of a
material is aiso a factor.

122
104




[€)

ERIC

PAFullToxt Provided by ERIC

LAW OF RADIATION

‘The Lav: of Radistion says that master gives of( or rodiaies energy all of the time. The
warmer matter is, the more energy it radiates. When other matter is hit by this radiating
energy, it becomes warmer.

When & materiad i$ heated, the molecules on its surface vibrate faster. These molecules
then give off encrgy which travels in straight lines in ) directions. When this enesgy reaches

the molecules in another object, it starts these molecules vibrating faster and raises their
temperatures.

Radiation is 2 way of transferring energy from ope piece of matter 10 another withovt the
vibrating molecules touching each other or moving from one place 10 another. As the piciure
below shows, You don't have 10 touch the stove 10 get wi m, because it radiates energy.

OUTLINE :
MAP OR OUTLINE: %), Soe o v hon
A. Matfer gives off

B, Warm putfler r more. enemy Fas ool malfer.
i Molecwdey, on Surface vibrafe fasfer
2. Motecules 4 ve off energy in shaight lines
3. Whew radialed energy hifs ofher e, new

molecules Vibrafe ﬁ%- object gefs warmer

ey

LAW OF
RADIATION




REVIEW: Look back over the notes you have taken. With a partner, choose one of the
sclentific laws explained in the readings. Think of an example from your own
expetience in which you saw the scientific law oPtrating. Write a few sentences
below that describe your example.

LAW: MMM'MWP
EXAMPLE: _possible responses are
H i

_gmmmg:jg_mr_mwm fo warm he bed.
Law of Convection- Top toors of house are warmer in smpwer a5 heal 21805

law of Radiation: Heal L?ive;: off by sun

—

RECOGNIZING SCIENTIFIC LAWS

To tecognize scientific laws as they operate, You can use the three Step process of
OBSERVING, RECORDING, and COMPARING described below.

1} OBSERYE what is going on in the sitvation. Every movement. colot, sound,
smell, taste, and touch can tell you something.

2} RECORD your observations. You may be able to remember many details, but the
best way 10 remember all of them is 1o write them down. Sometimes there may
not be enough time 10 record everything.

3) COMPARE your observations to other sitations in which you saw similar things
happening. What law was opetating in those situations? Decide which scienific
Taw best explains what you observed and tecorded.

EXAMPLES OF THE LAW OF CONDUCTION

You have experienced the law of conduction many times. Perhars »0v have had ope of
these experiences:

1. You leave a cool spoon in a bowl of hot soup. When You pick up the spoon, it has
become very hot. Heat has been transferred ftom the soup to the spoon and vp
the handle 2ccording to the law of conduction,

2. Youlean your arm on the desk for a long period of time. When you lifuit up, you
find that the place where your arm has been is warm. Heat has been conducted
from your anm to the desk top.

Exercises 11 and 111 will show you examples of the laws of convection and radiation.

80

The Review (page 80) can be done in several ways. Students can be assigned or choose a
partner to work with, and the Review can be done with the readings in Exercise I as home-
work. Students are responsible for calling or meeting with their partner to complete the
Review. OR, students can be given 5-10 minutes to complete the Review at the beginning of
the class following the homework assignment. A third option is to have students complete the
Review individually.

Organize the class into groups of three or four.

Reau “Recognizing Scientific Laws” (page 80) aloud, or have a student read it aloud. Discuss
how this process is similar to and different from the problem solving process presented in Unit
VIL

S minutes

Have students read “Examples Of The Law Of Conduction’’ (page 80). Discuss as necessary.
Ask students for other examples.

5 minutes
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EXERCISE I
Directions: Yoot teacher will demonsirarc another scientific law for you. Follow thy sicps
below 10 see f Yon can recognize what i 5.

I. OBSERVE what th¢ icacher does.
2. Use this space 10 RECORD what you sce happering:

3. COMPARE this 10 other situmions what secmed similar.

4. Which sciemifiv faw does this experiment show?

EXERCISE 1l
BDirevaons: Follow the sweps betoss 10 see a vhird soientific baw a0 work,

SET UP

1. You will ”ced: 2 lighy buld (plugged in}
a plece of vardboard

Connmwd e batte 82)

Have students read the directions and steps for Exercise II (page 81). Carry out the following
demonstration of the law of convection.

1) Fill a beaker with water and place it on a rack. Place a Bunsen burner under the beaker
$0O that the flame is to one side of the center of the beaker (see picture above).

2) Let the water come to a boil. Instruct students first to observe and then to record what
they see happening next.

3) Drop a small handfu! of sawdust into the boiling water. Give students a few minutes to
observe the results.

4) Ask students to complete Exercise II.

When students have finished, ask several to explain what they saw and what law of heat
transfer was uemonstrated.

10-15 minutes

Have students read the directions for Exercise III (page 81) and complete it in their groups.
When they have finished, ask a member of each group to share her or his group’s findings and
conclusions with the class. Discuss how this experiment illustrates the law of radiation.

10-15 minutes
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OBSERVE AND RECORD
2. Plug in the light bulb. Hold your hand to one side of the bulb without touching it.

What happens to the temperature of your hand? _hmﬂ_gdm,—
fernpemfure goes up
J Ll

3. Leave your hand to one side of the light bulb, Hold the cardboard between your hand and
the bulb,

What happens t0 the temperature of your hand? __Coofs

COMPARE

4, Can you think of other situalions jn which you experienced something similar? What laws
were In action in those situations? Discuss this with your group.

S. What scientific law does this experiment show? M‘ﬁ_’-‘"




SCIENTIFIC LAWS AND THE SOLAR GREENHOUSE
The sotar greenhouse aperares according to the sciennifie laws of conduction, convection,
and radiavion. Rememiber: s
One example of condiction is the wransfer of heat through sohd matter.

Convecnon is the wansfer of heat i a qued or gas. Heated Muids cxpand and rise.
Cooled Nwds contract and snk.

Radwtton is whe wransfer of cnergy from the surface of an object into space.

The arrows in the solar greenhouse below show where conducnion is occurring. Read the
explanation as you look at the picwure.

Exptutiation.! Hzat s condudted through wails and rooi 1o the ounide farrons #1). IF
waliy contain materials that are poor conduciors (insulation). heat will be
lost more slowly.

Heat is conducied through the glass o0 the outside {arrow #2} If there are
1w0 layers of glass with an air space betvieen them, heat will be lost more
slowiy.

Heat is conducied through the celling to the attie (arrow #3). Again, insula-
tion here would slow down heat foss,

Heat is conducted through the wall 1o the house, helping 1o heat the house
{atrow #4)

Read ““Scientific Laws And The Solar Greenhouse’’ (page 83) aloud, or have a student read it
aloud. Discuss with students how the arrows in the picture of a solar greenhouse on page 83
show where conduction occurs,

5-10 minutes
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EXERCISE 1¥

Directions: The pictures below and on the next page show the same solar greenhouse as on
page 83. Each picture has arrows which show a scientific law of heat transfer in
action. For each picture:

1) Observe = look carefully to see whan is happening.
2) Record whal is happening at each arrow in the space provided.

3} Compare what you have recorded 1o the examples of scienific laws in Exer-
cises Il and 111,

4) Explain which scientific taw is shown by the arrows.

1. Observe what is happening.

2. Record: What is happening at arrow #1? _t‘{am_ar_u:u_and_gmﬂb_‘l&.

What is happening at arrow #27 _Cool air sinks ond re-enfors

greenhouge rephemng Yhe awr hﬂlﬂs_@&ﬁcgunhw—-‘&_

B

8. Ask students to read the directions to Exercise IV (page 84). Have students complete the
exercise in their groups. When they have finished, discuss their responses to the questions on
pages 84-86. Students should be able to explain what law of heat transfer each arrow
represents, Discuss what would happen in each picture if a) it were night and/or b) tempera-r'
tures outside, in the greenhouse, and in the building were different (see the additional sugges-
tions at the end of this unit for pictures of these situations).

15-20 minutes

mo 128




. Which cxample from Exercises £ and HI is similar 1v what you see happening with these
anows? __Exerase [T with wafer i beaker,

How are they alike? _%M_&M&&@d_@td_mm&_

. Which scientific law do thesc arrows show? __baw of Gonvechon

AR

1. Qbserve what is happening.

2. Record: What is happening at asrow #1? _Sun rachafes energy

What s happening at the arrows marked #2? _Glass and walls
_m_%f ouf mfo space.
What s happening at the arrows marked #3? _Comman wall radiafes

energy | cesing radiates energy nfo affip

85 {Continued on page 86}
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. Which scientific law do the arrows in this picture show?

Compare: Which example from Exercises IT and T is similar 10 what you see happening

in whis picore? ___ Exereise JIL with fjg‘ﬂ‘ bulb,

How are they alike? S

o cooler mafer

Low of Raghafion




UNIT X SUMMARY

APPLYING SCIENTIFIC LAWS:
Tu figure om which scientific law w operating i a siwanon. follow these steps:
OBSERVE what ¢ happening,
RECORD all of your obsenations.

COMPARL what you see to other gqmanons w which yuu huow shat law 15 uper-
atng. Then. decide which seientifiv law esplany your ubservarions,

SCIENTIFIC LAWS AND THE SOLAR GREENHOUSE

Sciemifie taws describe how matier and encegy behave.,

Maiter 13 the “stoff** everything 1s made of. 1t exists in cery small bunches, called
Hudecules.

When the molecules are close together, the mauer forms a soind.
When the molecules are farther apart. the maner is a frguid.
Wihen the molecyles are very far apart, the maller is a gas.

Three sciennific laws of heal transfer operate in a solar greenhouse.,

The Low of Conduchon: Whenever one part of a solid is warmer than another part. heat
travels from the warm part vo cooler parts until the solid is all the
same temperature. Through conduction, hear escapes through the
solid surlaces oF a solar greenhouse. To slow down this heat loss,
You Must use materials that are poor conductors 10 insulate walls
and ceilings,

The Law of Conveciion: When a liquid or gas is heated, it expands and rises. When it cools,
it comraets and sinks. Warm air from a solar greenhouse rises by
convection and modes into the attached building. Cool air from the
building moves back ineo the greenhouse. 1o be reheated.

The Low of Roedwnon:  Matter radiates encrgy in straight lines. Warm matter radiates more
energ than vool matter. When matier is siruck by radiant encrgy.
it becomes warmer. A solar greenhouse receives radiant energy
from the sun. At the same time, the cutside surfaces of the green-
house radiate heat back imo space. Hear zlso radiates from the
back wall of the greenhouse into the adjoining building, providing
a source of heat for the building.

9, Review the Unit X Summary (page 87) with students.

Var
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Additional Suggestions

I. Provide students with other pictures of solar greenhouses similar to those in Exercise IV (page
84-86) but with different structures and temperatures. Several examples have been given below
and on the next pags. Include arrows, and ask students what they represent, OR ask students
to draw in the arrows which show where conduction, convection, and radiation occur.

SAMPLE PICTURES:

BTN L

conduction

Lonvecton _ _

(>8)

radaton
NSNS D

P —




KeY
—Conduction
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conduction N




UNIT XI: WORKING WITH THE METRIC SYSTEM
and
HOW CAN WE STORE ENERGY?

STUDY SKILLS

This unit introduces students to the metric system and asks them to use metric measurements
as they experiment with ways of storing solar energy. More specifically, the unit presents the meter
as a unit of length, the liter as a unit of volume, and the gram as a unit of weight. It also explains
that degrees Celsius is a metric measure of temperature, and that a calorie is a unit of heat (one
calorie is the amount of heat needed to raise the temperature of one gram of water one degree
Celsius). Prefixes such as kilo, centi, and milli are added to metric measurements to indicate the

number of units.
A NOTE ABOUT TEACHING THE METRIC SYSTEM:

Any measuring system is more meaningful to students if they can visualize the units. Since the
United States still relies on the English system of measurement, most American students do not
“think metric.”” Students may find it helpful if meter sticks, liter containers, and materials
measured in grams (e.g., a box of sugar or salt) are in front of them and continually referred to as
they work with the metric system.

STORING SOLAR ENERGY

Non-renewable energy in the form of coal, oil, or natural gas is already stored; it is potential
energy until it is burned. Renewable energy can also be stored as potential energy. Solar energy is
stored in plants and trees (biomass) and in water capable of running downhill (the sun evaporates
water from lakes and oceans, in effect lifting it uphill so it can run downhill). When the sun’s
energy takes the form of heat (thermal solar), however, storage is more problematic. Some
materials are more appropriate for this purpose than others.

On a sunny winter day, a well-designed, properly sited, and carefully constructed greenlfouse
will collect an over-abunda“ice of solar thermal energy. The amount of extra energy varies from
state to state and even from town to town. In almost every part of the United States a solar green-
house will overheat unless the surplus is anticipated and dealt with.

There are three ways to avoid overheating:

1. Let in some cooler outside air by opening windows and vents. This solution is in-
efficient and wasteful.

. If the solar greenhouse is attached to another building, circulate the warm air through
the adjoining house. This would help reduce the occupants’ use of non-renewable
energy.

. Store the extra energy for use at night and on cloudy days. Materials appropriate for
this purpose are called thermal mass.

Most attached solar greenhouses share some of their excess energy with the adjoining building
and store the rest for their own use at night and on cloudy days.

In this unit, students will experiment with a variety of materials for absorbing and storing
thermal solar energy. Through experimentation, students will determine which materials are most

appropriate and effective when used in a solar greenhouse.

116 134




UNIT XI: WORKING WITH THE METRIC SYSTEM
and
HOW CAN WE STORE ENERGY?

INTRODUCTION: THE METRIC SYSTEM

in the United States. we are used to measuring distance in inches and feet and weighing
things in ounces and pounds. *.as is known as the English system of measuring.

In science, you wilk often find measurements in another system, the METRIC SYSTEM.
The rnetic systern is used in most other countries. This umt will help you learn 10 ""think
metric" and use the metric system as a scientific 1ool.

MEASUREMENTS IN THE METRIC SYSTEM

You may already use some metric measurements withow knowing it. For example,
tempetatures measuted in degrees Celsiug are metric, white those in degrees Fahrenheit are
English. Below are three other units of measurement in the metric system,

The METER is 2 unit of length. like a fooL or yard. A meter is about three feet long.

The LITER is a vnit of velume, like a quart or gallon. A llter is about the size of 2
quart,

The GRAM is 2 unit of rmass or the quantity of mawer. Anywhere on carth an
object’s mass is the same 25 its weight. One thousand grams is approximately two

pounds.

In the English system, we change from inches Lo feet to yards 10 show a longer length. In
the metric system, a prefix before the unit tells you the number of rmeters. liters, or grams
being measused.

KILO- means 1,000. A kilomete® is 1,000 meters, A kitogtam is 1,000 grams.

CENTI- means 17100, A centimeter is 17100 of a meter. A centigram is 17100 of
a gram. Or, 100 centigtams = 1 gram.

MILLI- means 1/1.000. . A millimeter is 171,000 of a mmeter. A milligram is 171,000
of a gram. Or, 1,000 millimeters = | meter. 1,000 rmifhgrams = | gram.

EXERCISE 1

Dircctions: Use the information you have just learned about the metric sysiem o answer the
questions below and on the next page,

I. 1t is three kilometers ftom one Lown 1o the next. How many meters is it?

3000 mefers

NOTE ABOUT TEACH.NG THIS UNIT:

Because this unit involves student experimentation, it will probably require two class periods.

Suggested Directions for Unit X}

1. Organize your class into groups of three or four. You may want to put one or more strong
math students in each group, as several of the exercises in this unit require students to calculate
their answers.

Read “‘Introduction: The Metric System” (page 88) and ‘““Measurements In The Metric
System’’ (page 88) aloud, or have a student read them aloud. Use examples of meters, liters,
and grams to help students compare these units to English measurements. Students can look at
a meter stick or 2 metric ruler to see how meters are divided into centimeters and millimeters.

Approximate time: 5-10 minutes

Have students read the directions for Exercise 1 (page 88) and complete the exercise in their
groups. When students have finished, go over the correct answers to the four questions.
Discuss any problems or questions students have about using the metric system in this exercise.

510 minutes
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2. A meter stick is 1 meler jong. How many centimelers are there on the meler stick? —..
100 cenfimefers

3. A container of water weighs 4,000 grams. How many kilograms does it weigh?

4 k:'!ogr_ams

4, A feather weighs 1 milligram. How many grams does it weigh? _f,@m_

STORING SOLAR ENERGY

The solar energy entering a solar greenhouse turns into heat when it strikes the flocr, the
walls, and even the plants. On a sunny day. the greenhouse can quickly get 100 warm. There
are several ways 10 prevent overheating. The most common one is to store the extra energy lof
use a1 night or on ¢loudy days.

There are many ways to store ¢nergy. A car battery stores electrical energy produced by
the running engine. A waltch spring stores energy when you wind it. A dam siores energy when
it holds back water which can be released to generate electricity. Non-renewable eneigy is
already stored in the form of ¢oal, oil, and natusal gas.

For a solar greenhouse tp store energy, it must contain materials which can soak up heat
like a sponge. Materials used in this way are called thermal mass. An ideal material for storing
energy in a solar greenhouse would hold large amounts of heal and take up a small space. It
would also be 2 material that loses heat slowly.

In Exercises Il and 111 you will experiment wilh‘scvera! dirferent materials to see which
would be most appropriate for use as thermal mass in a solar greenhouse.
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4, Have students read ‘‘Storing Energy”’ (page 89) to themselves. Discuss as necessary,
5 minutes
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EXERCISE [
Directans: Follow the steps below o canty out an expenmieal abaul how differem mateoals
sture heat.

SET up

L. You will nped \hese materials:
3 identical glass jars with screwsan hids {one hale in each lid)
3 Celsivs ihermomelicrs
0 ehergy sobice (sun or heat laap)
niatenal 1o put in jars, such as saod, ock, aw, wuter, wood chips, clay

. Weigh yhe emply jars, Use a scale that measures in grams. Wie the weight of each jan 0
the appropriate spac  s2low.

—— e ot — ——— —— e ——————

Jar 1 Sar 2 Jar 3

. Fill cach jar with a different material, Weigh each jar. Recard these weights in the appro-
priate cpaces velow. Then. subiract the weight of jar | when empty from the weight of the
same jar when filled. The difference is the weight of the material in che jar. Write jhis
wurber  the appropreyte space. Then, da the same for jars 2 and 3.

Malerinl Weight of filied jar | Weigh of emply jar | Weight of material in jar

Jar |
Jar 2
Jar }

. Screw on the jar lids, and tnsert @ thermometer thraug b the hole in each lid, Place all three
jars at an equal distance from the light source. Be sure thar none of the jars is shaded and
that all have the same amount of surface facing the light sousce,

OBSERYE AND RECORD

5. Record whe beginning temperature of each jar in Data Table #1 on the next page. Then,
measure e temperatuee in each jar at 2 minute intervals, recording your information in
Data Table #1, Continue measuring the temperatures until all the iemperatures yeem 10
stop rising.

90

5. Have students read the directions for Exercise }{ (page 90). Explain that they will be doing an

experiment similar to those they carried out in Unit {X, Before students begin work on
Exercise II, go over the steps of the experiment with them, or have them read the entire
exercise through on their own. Have necessary materials available for students. You may want
to have all students experiment with the same three materials, or you may want to have
different groups working with different matenals.
Ask students to complete the experiment, data tables, and questions in Exercise II. When
students reach the step COMPARE (page 92), you may want to help them find out what other
groups have discovered about different (or similar) materials. For example, you might have a
member of each group put the group’s data tables on the board. Students could find the
average high temperature of each material used and make a graph of all of the averages. Or,
one table for each material used could be put on the board and the results compared.

When students have finished the exercise, discuss the questions on page 92. Point out that
although water did not have the highest temperature, it absorbed the most heat and therefore

cooled more slowly.
30-40 minutes
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Dais Table #1

Jar ) Jar 2 ) Jar }
Muderiah: Mauterinh: __ .. Material: ...

Beginmng temp

2 imannes
4 nmitintes

O RN ey

& mmnutes

10 mainures

12 nunutes

. Remove the jars Trom the energy souree, Measare the temperawares ae 2 minute intervals
for 10 mimutes. Record your data i Data Table #2, below,

Darg Table #2
ar i

Maierial:

Begning temp

2 snnles

4 minutes

6 mimtes

8 minutes

10 minuies

fContinied on page 921
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EXPLALN
7. Usng the wformanou Irom Datd Lables #1 a0d #2, answes these questions
a) Whih maerial seached the haghest icaperaiure? .. _
by Winch maerial staved the eoolest” ... _ . .. . Lo . R
<) Whih oratesiat drapped the fesest number of degrees attet you temesed the jars rom
the energy source”® s . -
d) Whiclt inaienal drapped e grediest ambes of degrees adier yon fervned the fars

frotn the energy source?

COMPARE

& 0 other groups e vour ¢lass wsed delferent matenals, campare your resules 10 thars, Look
Tot- Wluch matenal got hoteest?
Which muteral stayed the cooles”
Which materral had (he greatest temperature drop e the gien tnne?
Which maveral had (he least temperawre drop?

MEASURING HEAT: CALORIES

It & possible 0 measwre the amount of heat 3 natenal abyorbs, or 1akec In and holds.
The unn of heal 81 the mictne system s the CALQRIE.
Oune CALORIE 15 the amount of heat needed 1o rane the emnerature of 1 gram of water

b degrve Celsien, 1F 1 geamn of water siarty at 10 degiees Celyins and 15 heared 10 11 degrees
Celsius, 10 has absorbed | calane of hear. 111t heated ta 15 degrees Celsis, it has absorbed 5

calories of hear.
To find out how many calones of heat a4 materal has absorbed, muliply us weight in

grams hy (e change w temperature. 1n the example above, | gram of water x 5° Celsius =
5 calofees.
Example:  IF 100 grams of water 15 heated and us temperature 15 faised 20° Celsias, how
many catones hase been added?
100 grams of water »x 20° Celsius = 2,000 calotics

Remembers Heat, measured 1n calofies, and temperature, measufed i degrees, are nof the
same, Hear depends on the amoun of matenal, Temperaiure does not. A tea-
spoonful of water and a hathiub full of water may both be at the same temper-
ature: 30° Celsms. Bur the bathtub contans more heat, or calories, and will

therefore cool more slowly,

6. Read ‘“Measuring Heat: Calories" (page 92) aloud, or have a student read it atoud. Go over
the Example on page 92. If students need more practice, provide them with other examples
that help them understand what calories are and how they can be computed.

NOTE: The English teria comparable to calorie is the BTU, It is defined as the amount of
heat needed to raise the temperature of one pound of water one degree Fahrenheit.

5 minutes
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EXERCISE [H

Directions: Use the infopmation ¥ot recorded in Exerciss [1 1o fill in the blanks below. First.
wrile the name of each materin) you used in the spaces provided. Then, for each
material, write the information asked for. This information will help you find out
how much heat each material absorbed.

(H an g On and amouwnd
MATERIAL 1: -Shuden] answers will vary degerding o}("e e ard ot
1. What was the weight of this material? ___  _ grams

2. Wha was the beginning emperaware? ___ *Calsius

3. What was the highest temperature this matetia) reached? —— °Celsius

4

. What was the change in temperature? {Subtract the beginning temperature from Lhe
highest temperawre.y _______  *Celsins

. Find how many calories the material absorbed. Multiply the weight in grams by the change
in temperature.

Write your result here: grams x *Celsivs = ______ calories

MATERIAL 2: _
1. What was the weight of the material? ___________ grams

. What was (he beginning tempetature? ___________ *Celsius

2
3. What was the highest temperature this material reached? ___ _ *Celsius
4

. What was the change in ten:perawre (highest iemperature minus beginning temperatare)?
*Celsius

. How many calories did this material absord? {MultiPly grams x change in temperature.)
grams x — ___ °Celsius = _____ calories

MATERIAL 3:
[. What was the weight of the material? ___________ grams

2. What was the Seginning temperature? ____________ *Celsius
3. What was the dighest temperature this materia) reached? ________ *Celsius
4, What was the change in Lemperature (high.st Lemperature minys beginning temperature)?
*Celsius
. How many calories did this material absorb?
grams x —— ____ °Celsivs = calories

{Continued on page 94)

7. Have students read the directions for Exercise 111 (page 93). Point out that they will be using
data gathered in Exercise II to find out how many calories of heat €ach material absorbed.
Have students complete the exercise in their groups. When they have finished, discuss their
answers to the questions on page 94.

15-20 minutes

122 1490
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Now answer these Questions:

1. Which material was exposed 10 the most heat? __All maferals were ggﬁ;gé
fo Yhe some amowd of heat-

2. Which material absorbed the most heat (the greatest number of calories)?
e Shedents' gnswers voll yary.

3. Which material wonid you choose 1o stose heat in & solar greenhouse?

why? __If wafer was one of Yhe maftials fested , studerts will usually
ﬁd_ﬁg‘ i_absorbed the most heaf QHMMJEM
most suifoble maferaf 4o use ﬁr heaf gﬁ# M a sojar %emhg,sg.
If water was not fesfed , sfudenfs should choose whichevér maferial
absorted he 3"20?‘2# amound of heal.

The maferial whith absorbed The most heaf would be the
mos} appropriate choice for Yhermal russ in a solar greenhouse

berause:

0) if would store the most heat fov lafer use

gdif would be mosf effective n ,orevenﬁvﬁ om—heaﬁn&




UNIT Xf SUMMARY

WORKING wiTH THE METRIC SYSTEM
The metric system 15 a way of measuring distance, volume. weight, wemperature, and
heat. 1n vhe meinic system:
A meter 15 2 unn of lenkih,
A liter is 2 umv of volume,
A gram 15 3 unit uf mass or weight,

Temperature 15 measured In degrees Celslus,
A calooie 15 2 unit of heat. A calorie s the amount of hear needed 10 raise the tlem.
perature of 1 gram of waier 1% Celsius.

In the metrie system, prefices are added 1o show the number of each unit being measwred.

Kilu = 1,000, A kilometer = 1,000 mnecters.
Centi = 17100, A centimeter = 17100 meter. 100 centimeters = | meter.
Milli = 171,000, A millimeter = 171,000 meter. 1,000 millimeters = 1 meter.

STORING ENERGY IN A SOLAR GREENHOUSE

Energy ean be stored for use at a later rime. Non-renewable energy is already siored in
the form of oil. gas. and coal.

A solar greenhouse will overheat on @ sunny winter day wnless something is done with the
extra heat, One solurion is 10 store the exura heat for use a1 night or on a cloudy day.

Materials which absorb and sware heat are called hernal muass. Air is not an appropriate
thermal mass because it cannou store very much heaw without becoming 100 hot for a solar
greenhouse. Wawr is a very appropriate thermal mass because il ¢an store a lot of heal at a
fow temperature, It also cools very slowly.

8. Review the Unit XI Summary (page 95) with students.

L 142
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Additional Suggestions

l. To gain more familiarity with the metric system, students might begin to examine packaged
food and beverage containers. Almost all of these packages have metric as well as English
units. Students could design a bulletin board displaying these labels and other uses of the
metric system that they find.

. More advanced students might want to work through the following problem to determine the
amount of water storage material needed to prevent a solar greenhouse from overheating,

Assume that this solar greenhouse is 4 meters wide, 10 meters long, and 3 meters high where
the roof meets the back wall. This greenhouse can collect 60,000,000 calories of solar energy
on a sunny winter day, only half of which it needs to maintain a comfortable temperature,
How many liter-sized containers would be needed to store this extra heat?

a. Water stored in a solar greenhouse usually ranges from 15°C to 25°C over the course of a
sunny winter day. How many calories of heat can each gram of water absorb and store?

1 gram X (25-15)° Celsius/gram = 10 calories
. How many grams of water are needed to absorb and store the extra 30,000,000 calories?
30,000,000 calories = 10 calories/gram = 3,000,000 grams

. One gram of water occupies one cubic centimeter (cm*). How many cubic centimeters of
water storage are needed for the amount of water you found in question b?

3,000,000 grams x 1 gram/cm’ = 3,000,000 cm?®

. One liter equals 1,000 cm*, How many liters of water storage are needed?
3,000,000 cm* = 1,000 cm?®/liter = 3,000 liters

. The area of the back wall of the solar greenhouse is 3 meters high by 10 meters long, or 300
centimeters X 1,000 centimeters = 300,000 square centimeters. A liter measures 10
centimeters by 10 centimeters by 10 centimeters. The surface area of one side of a liter con-
tainer is 10 centimeters x 10 centimeters = 100 centimeters. In question d you found out
how many liters of water storage were needed in this greenhouse, Would that number of
liters fit against the back wall of the greenhouse if they are stacked one on top of anotier
one row thick?

300,000 cm? + 100 cm?®/liter = 3,000 liter containers




UNIT XII: WORKING WITH LARGE NUMBERS
and
HOW CAN WE CONSERVE ENERGY?

STUDY SKILLS

To work with the large numbers involved in energy use and conservation, students need to be
familiar with scientific notation. This unit introduces students to the use of scientific notation. It
also gives students practice in adding, subtracting, multiplying, and dividing numbers written in
scientific notation.

A NOTE ABOUT TEACHING SCIENTIFIC NOTATION

If students are not familiar with scientific notation, you will need to provide more examples
and extra practice problems to supplement those given on pages 97-99 of this unit. Some extra
problems have been provided in the Additional Suggestions to this unit.

This unit requires a great deal of computation. Your students will find calculators useful in
multiplying and dividing the coefficients of numbers written in scientific notation. The use of
calculators will not detract from the activities presented in this unit.

CONSERVING ENERGY

It serves little purpose to attach a solar greenhouse to a home or building if the extra energy
produced by the greenhouse is wasted through inefficiency. This unit presents several ways in
which heat can be conserved in a home or building:

keep the furnace running efficiently,

insulate the attic,

install storm windows,

close drapes at night; re-open each morning, and
lower the thermostat when people are out or asleep.

The unit explains that heat is measured in British Thermal Units, or BTUs. One BTU is the
amount of heat needed to raise one pound of water one degree Fahrenheit. Students can find out
how many BTUs their home or school uses by multiplying the number of BTUs in one gallon of
oil, a cubic foot of natural gas, or a kilowatt of electricity by the total number of units of fuel
used.

Students are asked to work with one method of co serving energy — insulation — to see how
much energy can be saved by using it and what its costs are. Examples of savings from other
methods of energy conservation are included in the Teacher’s Guide for this unit under Additional
Suggestions. You may want to use these with your students for comparison.

After students have completed this unit, you might want them to gather information about
energy loss and conservation in their homes or in the school. The formulas given can be applied in
etther situation and will reveal several ways in which real energy dollars can be saved through
conservation.
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UNIT XIi: WORKING WITH LARGE NUMBERS
and
HOW CAN WE CONSERVE ENERGY?

INTRODUCTION

Heat vscapes from many different places 10 a howse or budding. Look at the sheich
below, Draw arrows o vhow where youw think heat eseipes fromn this house or 13 wasted in tis
house Thesn label cdeh arrow. One arrow hias been drawn and labeled as an example.

(NEFFICIENT
FURRALE

THRovGK
THE RoOF

ThRouGn
GM"& PROUM')
THROVGH GAFS

AROUND WINDOWS
F:- - . )
; : TROUGH THE

F
TR,
TE woa. I — Wibows
THRUSH THE
WALS
THROWVGH THE

\‘ gL FOUNDATONS

- BETWEEN FouNDATION
— A WALS

CONSERVING ENERGY

So far you bave learned about 11appIng and storing solar ¢RCIBY in 2 solar greenhouse,
But trapping and stonag cacrgy 1s of lle use if the energy is allowed 10 escape into the
outside air. We also nced ways of keeping cacrgy from being lost of wasted. This is called
conserving energy. This unit will show you several ways of conserving energy in a house or

building.

Suggested Directions for Unit XI

1. Organize students into pairs or groups of three to four. If students are using calculators, they
will need one calculator per pair or small group.

2. Have students read the “Introduction’’ (page 96) and draw the arrows showing heat loss.
Draw a similar house on the board. When students have finished, have several come to the
board and draw and label the arrows they have on their papers. Add any arrows suggested by
other students or by the illustration in the picture provided above. Discuss as necessary.

Approximate time: 10 minutes
3. Read “Conserving Energy’’ (page 96) aloud, or have a student read it aloud.
2-3 minu‘es
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WORKING WITH LARGE NUMBERS

To understand the amount of heat which enters and beaves a building, you need 1o be able
1o work with very large numbers. These numbers are too big for most hand calculators.
Fortunately. scientists have developed a system of dealing with large numbers. This system is
called SCIENTIFIC NOTATION.

In SCIENTIFIC NOTATiON, the aumber 1,000,000,000,000.0 is wyitten as 1.0 x 10

* Notice that in scientific notation the decimal point is moved so there is only one
digit 1o the Jeft of the decimal point, in this case 8 ). The number of places the
decimal point hos been moved 15 shown by the number gbove and o the nght of
the 10. This number is called the exponent. In 1 x 10" the exponent is 12, This
means the decimal has been moved 12 places to the Jefi.

* The number with the decimal point is called the coefficrent.
Look at the examples below.

Faponca
a)  1.000,000,000,000 = l'.O x )0

coelfigrent

Sxponem
b) 150 = ll.S x 10

coefficaent

ponent
<) LB50.000 = ll.BS x 10

coelficient

EXERCISE 1
Directions: 1n Part A, put each number into scientific notation.
In Part B, wine out the number that is shown in scientific notation,

PART A Scientific Notation

1. 1.000 1. | x 19?
2. 3,250,000 s 325 x 10t
3. 4,000 2 4.3 x ot

PART B Number Written Out
4. 6x 10 4, 400 000
5. 12x10° s, 120

6 71.32x 10 . 7320

£

4, Read ‘'Working With Large Numbers®’ (page 97) aloud, or have a student read it aloud. Go
over the examples on page 97. Provide other examples if necessary.

If students are not already familiar with rounding off, you may want to show them how to
round off in scientific notation (e.g., 1.47893 x 10* = 1.5 x 10°),

10 minutes

Ask students to read the directions for Exercise I {page 97} and complete it with their partners
or groups. When they have finished, review the answers and discuss any problems students had
in doing the exercise. Provide other examples if necessary.

I5 minutes




WORKING IN SCIENTIFIC NOTATION
Numbers wneten 1 sqctinfie notatan < be added, subtracted, multiphed, and disided.

Adding and Subiracting

To add of subnact numbers in sciensific notalion. you must be sure that the exponenrs
are the same.

You can add 4+ 10" and 3 x 10%, but you vabnot add 4 x 10* aad 3 108,

If you have 10 add 4 x 10*and 3 x 107, you can change one of them s the cxponents arc
the same. For example, you eould say;

4x 10° = 4000 = 40 x 10
Then you vould add 40 x 10° and 3 x 10°,

Ot ¢ Tire CAPONCAIS GF¢ The Same;
TO ADD: Add vhe coefficienss,
O X10F) + (3XI0°) = (40 + )X 10° = 43210 = 43 x IO?

TO SUBTRACT: Subtracr the coefficients,
(O 10%) = (3 10F) = (30 - 3 10 372102 3

Muitiplying and Dividing

When you mubiply or divide in scfentific notation, the exponenis de not have (0 be the
same.

TO MULTIPLY: Muluply the coefficients gnd add the exponens,
(6109 x (4x10") =
Gxd x (10°Y = Ux10 = 24 x 10"
t f

Muluply Add
coefficents  Sxponchits

TO DIVIDE: Divide the coefficients and subtrocs the exponess,
G0y - 3210 =
-3 x (IO; o= 2x100 = 20
1

Dinide Subtracy
coetfalnts  Sxponents

6. Read ““Working In Scientific Notation’’ (page 98) aloud, stopping as you read to work through
the examples given for adding, subtracting, multiplying, and dividing in scientific notation.
Provide other examples if necessary.

10 minutes
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EXERCISE Il

Directions: Do the problems below to practice adding. subtracting. multiplying. and dividing
n scientific notation. Use the examples on page 98 for help.

Lo6x10h + Sx10n e (6+5)x 10> = 11 x 10 = 11 x 10*

L9x100 - BxI0) = (9-8)xi0® = | x 10

eI x ex10) = __[2x6) x (10%**) =12 w10%= 12 x10”

L Bx 100 - Wx10) = (8-4) X (m’”)- 2 x10°

. (4x10 + (3.2x10%) = (4 + 3-2) x 104 = 72 x 10*

L (5.6x100 - Ox10) = {56-3) x 10% = 246 x10%

L Ox10) x @x 10 = (3 xfg) X (,0543): 27 x10% = 2.1 x10°

L ox10) - Gxi0y = (923} x (1074 = 3x10°

7. Have students read the directions for Exercise II (page 99) and complete it with their :*artners
or groups. When students have finished, have a student explain how he or she solved each
probiem. Discuss as necessary. Provide other problems if students need moie practice.

15 minutes
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HEATING YOUR HOME

Scientifie noration can be lelpful n figunig out how 10 keep heat 1 your house 1 the
winter.

Heat is measured v Brtish Thermal Units, o BTUs, 2 BTU is the amount of heat
needed to raise the wemperature of one pound of water one degree Fahrenheit. A gallon of ruct
oil contains wbout ¥30,000 BTUs (1.4 x 107} of heat,

Envthe northern part of the US., a three bedroom house might use 1,000 (1 x 10*) gallons
of fue) oil each wimer, To find oun how many BTUs of heat this house would use, you would
multiPly the number of BTUs contamned in one gallon of fuel ol by the 10ial number of
gailone of fuet ol used,

(L4ax10 x t1x10'y = 1L, 4x10° BTUs
t t
HTUs fom Toral
I gallon of gallons of
fuel ol fuel oil used

This sample hopse uses 1.4 x 10" BTUs cach wintcr, 3 you can find out how much fuel ol
Jour home uses every winter, you can use the same formula 1o find how many BTUs you use.
If your home is heated by clecinwity or nawral gas, you can use a similar formula. One
kitowant hnur contains 3,414 BTUs. One hundeed cubic feer oF natural gas contains 103.000
BTUs.,

CONSERVING HEAT

Anything which can be done to keep heat from leaving the house saves encrgy and
money. One way to conserve energy is 1o be sure thar your furnace works efficiently, Other
ways are:

1} insulating your house,

2) Putéing up siorm windows to stow down the 10ss of heat from windows.
3) closing drapes every mght and opening them 11 the morning. and

4) turning down the thermostiat when peopls are out or asleep.

EXERCISE 111

Durecirons: 'Work through the steps of this Problem to find out how many gallons of oil can
be saved by insulating the atilz of a house, Use sciemific nolation to help work
with the large numbers.

Read “Heating Your Home”’ (page 100) and ““Corserving Heat” (page 100) aloud, or have a
student read them aloud. Discuss as necessary. Note that the English unit for heat, BTU, is
used rather than the comparable metric unit. This reflects common commercial usage.

5-10 minutes
Have students read the directions for Exercise I1II (page 100) and the ‘‘Background Informa-

tion”’ (page 101) provided for this problem. Have students complete Exercise 111 with their
partners or groups. When they have finished, discuss how much energy can be saved throvgh

insulation in this particular probiem.
Students may find calculators useful in this exercise.
13 minutes
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Background (nformatlon

Houses A and B both have 1,000 square feet of floor area in the attic. House A's attic is
insulated. House B's attic it not.

A B

HSULATED UHINSULATED
House A loses .66 X 10* RTUs every hour through the c¢iling.
House B loses 3.6 x 10* BTUs every hour through the ceiling.

. The heating season for these houses consisis of 3,000 (3 x 10°) hours.

a}) How many BTUs will House A lase through its insulated ceiling during a heating
season?

&6 % 10 BTW/hour x  3x 10 hours = {98 x fo6 8Tus

i
BTUs lost each Moor Number of houn BT st in e
per beatlng season heatind $eR1ON

b} How many BTUs will House B lgse through its uninsulated ceiling during a heatng
season?

3.6x 10°BTU/hour X 3x 10 hours 8 x10° BTUs

. How many BTUs does House A save by being insulated? Find the difference between the
total number of BTUs lost in House B and House A.

10.8 X10°BTUs _ 198 Xi0°8TUs . 8.82')“0"37«;

!‘l'Usth BTUs wied In BTUS saved
House B House A

. Find owt how many gallons of ofl are saved by inswating House A. Divide the number of
BTUs saved by the number of BTUs in one gatlon of oil (1.4 x 10°),

832 %10° 8TUS _ 14x10'BTU/gallon = 6.3 x10'= 63 gall

BTUs saved BTUs in I gslion Gulions saved




THE COST OF SAVING ENERGY

Two of the fow  aggestiots gneti on page HX) FOrF saving energy cost mo extra money,
Clostng the drapes and g dowa the thermostat sive energy and money but cost you
nothitg,

It dovs cost money to add storrs witdows or msidatior o your house, You can find ot
how such 1 costs and compaie il 10 how aruch ¥ou sas ¢ 16 an gy take several tnonths or years
10 pay buck the cost of the insulation or siorm windows om of the money they save you, But
once this amout of tiine has passed, the savings awd the conservation of energy continue.

By investing money 1n your house 10 save CUCIRY, YOU CaN ofién save MOre moncy on
heating bills than you could have earned by puting the satne amount of money 1 the bank.
You bave also helpad to conserve a fimte source of cnergy.

Read “The Cost of Saving Energy’’ (page 102) aloud, or have a student read it aloud.
Discuss as necessary.

Additional Suggestion #2,0n page 135 of the Teacher’s Guide, is an exercise in which students
compute the cost of insulating a house and the length of time it takes to pay back the initial
expense. This exercise could be inserted at this point in the unit.

5 minutes
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UNIT X{I SUMMARY

SCIENTIFIC NOTATION

Scientifie notauon is a system For working wuh large numbers. In screnuific notauon, the
number 1,000,000,000 is wrinen as: 1.0 x 10,

The 1 1s the coefficient

The 915 the exponent. L ghows how many places the decinal point has been moved
10 the Iefi.

Numbers 1 sciennfic notanon can be added. subtracted, wultiplicd, and divided.

To ADD or SUBTRACT . the exponents musl be the same.
TO ADD: Aad the eoefficients. Keep the cxponent the same,
32000 + t6x 10°) = $x 107
TO SUBTRACT: Subiract the cosfliciepts Keep the exPeaent the <ame.
(B0 - @x 10y = 4x 10

You gz wmultiply or divide w scienufic notaon even o the exponents are different.
TO MULTHPLY: Muliiply the coefficents and add the exponents.
(2x 10} x (65 16} = 125 10¢
ro DIVIDE: Divide the coelliciems and subtract the exponenis.
9210 - 3107 - 3 108

CONSERVING ENERGY

It 15 not epough to trap and swore solar energy for later vse, We mus also find ways 10
stow down the [0ss of heat from a house of buldng. Otherwise, much of the heat collected by
1he preenhouse will be wasted. Slowing down the rate of heat logs 15 2 method of comserving
vty

There ¢ many ways o comerse heat,

13 Be sure that your furnace i workmng Sfficently.
2 Insulate the ame.
W PPw up worm windows that keep air Trom eseaping from windows.
4} Close the drapes cach nighy and re-open them cs<ry moming.
5) Turn down the thermosiat when people are sut or asieen,
All of these forms of consensation will save eneryy and money. The first three ways of

consceving encrgy lisied above will also cost money, 1l may yake several monthis of years 10
par back the cost of sonserving ou of the savings. But once the payback time hay Passeds the

conservauon and savings continve.

11, Review the Unit X11 Summary (page 103).
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Additional Snggestions for Unit X1

1. Additional practice problems for Exercise I:
Put each number into scientific notation: Write out the number shown in scientific notation:
2,300 23 x 109 4.3 x 10 43,000
320 3.2 x 10? 9.1 x 10¢ 9, 100,000
120,000 1.2 x 10° 3.66 x 10° 3,660

Additional practice exercises for Exercise iI:
@4 x 10°) + (5 x 107) 9 x 107
4.2 x 10°) + (2 x 10%) = _ (42 x 10 + (2 x 10)) = 44 x 10* = 4.4 x 1O?
@ x 10)) — 4 x 10°)) = _4 x 10¢
6 x 10°) -~ (3 < 10°) (60 X 10°) — (3 x 10°) = 57 x 10’ = 5.7 x 10
5 x 10°) x (4 x 109 20 x 10° = 2 x {0
6.1 x 10*) x (3 x 109 183 x j0* = 1.83 x 1¢¥
8 x 10%) + (2 x 10%) 4 x i0®
(6.3 x 10°) = (3 x 10°) 33 x i»

2. Have students use their answers in Exercise III to compute how much it would cost to insulate
the ceiling of House A and how long it would take to pay back this cost. You should substitute
the current oil prices for those given if the difference is significant, and substitute cost per
KWH or Therm (100 ft*) if electricity or natural gas is used by the majority of your students.

Directions: Follow the steps of the problem below to find out how much it costs to insu-
late the ceiling of House A,

. Suppose a gallon of oil costs about $1.25. Find out how much money House A saves by
insulating the ceiling. Use your answer from Exercise 111, question 4 for the number of
gallons of oil saved in a heating season.

63 gallons

$1.25/gallon _ $78.75

X

t t
Number of gallons saved Cost per gallon Money saved

. It costs about $ .30 per square foot to install insulation in an attic. How much would it cost
to insulate House A, which has 1,000 (1 x 10%) sguare feet of attic ceiling area?

$ .30/sq. ft. y 1,000 sq. ft. _ $300.00

t t t
Cost per square foot Number of square feet Tots} cost

. In Step 1 you found how much money you would save each heating season by insulating
your attic. In Step 2 you found how much it cost to put in the insulation. If you saved the
same amount every year, how many years of saving would it take to pay back the cost of
the insulation? Divide the cost of the insulation by the savings per year.

$300.00 - $78.75/year - 3.8 years
t t t
Cost of insulation o Savings per year Years to pay back
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3. Have students figure out the number of BTUs delivered by an average oil burner.

Because some hieat is lost up the chimney, a furnace which is 100% efficient can stil}
only get §0% of the BTUs in the fuel. If a home uses 1.4 x 10* BTUs in a winter,
how tany of those BTUs are actually avaitable after ertropy?

1.4 x 10* BTUs x 80% = 1.4 x 10° BTUs x .8 = 1.12 x 10* BTUs
Most oil burners have an effici~r cy of only 8§0%. That is, they can deliver only 80%

of the energy available tc *them after entropy. How many BTUs would an average oil
burner deliver to the 1ome used in this example?

1.12 x 10* BTUs x 80% = 1.12 x 108 BTUs x .8 = %.96 x 10" BTUs

4, Swudents can begin to look at ways ¢f conserving other forms of energy, such as electricity.
They might, for example, look at the lighting used in their school, and answer some of these
questions.

Incandesceni lights use far more <nergy than fluorescent lights. A 150 watt
incandescont light gives abous the sume illumination as a 40 watt fluoresrnt
light.

Your classroom is probadly lit wiih iluorescent bulbs. Count the bulbs and find out
their wattage. How many watts does your classroom use?

If the lamps were incandescent You would use four times as much. What would the
wattage be if the lamps were incandescent?

How many watts are saved by using fluorescents?
How many hours a day are the classroom lights on?

Multiply hours x watts X number of schiool days to find out the total number of
watt/hours used in a school year. Divide by 1,000 to get kilowatt/hours.

How many kilowait hours would you save if you reduced the number of hours of
usage by 1/3?

How might you achieve this reduction?

Find out how much your school pays per kilowatt/hour. How many dollars ¢ould be
saved if every classroom in the school reduced usage by 1/3?




PART THREE:

APPROPRIATE TECHNOLOGY AT WORK




UNIT XIH: DEVELOPING AND TESTING AN HYPOTHESIS
and
APPLYING APPROPRIATE TECHNOLOGY

STUDY SKILLS

In this unit, students will work through the steps of the scientific method.

1. They OBSERVE how an appropriate technology which they design and build per-
forms in comparison to those designed by their classmates.

. They DEVEL. AN HYPOTHESIS about their device based on observed similarities
and differences.

. They TEST THEIR HYPOTHESIS by improving their device in a way suggested by
the hypothesis and then retesting the device.

. After observing the performance of their device a second time, they DRAW CON-
CLUSIONS about the accuracy of their hypothesis.

Students have practiced observing in Unit X, “‘Applying Scientific Laws,” and have had to
draw conclusions in Unit VII, “Problem Solving.”’ This unit incurporates these skills into the
scientific method and introduces the new skills of developing and testing an hypothesis.

APPROPRIATE TECHNOLOGY

Unit XII] gives students the opportunity o build devices which capture rénewable energy.
Through this process they discover some of the technical problems found in the application of
appropriate technology. They also identify some of the variables which determine the success of
such devices.

Studsnts are given the option of building a passive solar collector, similar in function to that
used in their experiments in Units IX and XI, or a wind machine, The Additional Suggestions in
the Teacher’s Guide for this unit include information on building an active solar collector. This
can be offered to students as a third option or used as an additional activity.

NOTE: Answers have not been provided in the Teacher’s Guide for this unit. Students’ answers
will depend on their devices and tests.




UNIT Xiil: DEVELOPING AND TESTING
AN HYPOTHESIS
and
APPLYING APPROPRIATE TECHNOLOGY

INTRODUCTION

This umt will gne you a chance to Ury ont many of the weas you have learned abows
appropriale technology by creating a dewvice 10 1rap and pse renewable encrgy. By comparmg
your device 10 those created by your classmvates, you should be able 10 come vp with some
changes which will improve its performance.

PASSIVE SOLAR COLLECTORS AND WIND MACHINES

1 Exercise [ on page 105 you will butd etther a passive solat collector or a wind inaehne,
Both of these devices are explained below and on the next page. The explanatons describe the
purpose of both devices, how you will kest thewr Performance, and what matenals You can vse
10 build them.

Passive Sotar Collector

Furpose: To maise the a temperawre 10 3 comforiable tevel and maimtain that
iemperatate for as long as possible.

Test: You will tess this device by letting it collect <olar energy umil the fir inside
reaches 3 temperature of 21*C, You will then remove it from the light source
and measure how long it sakes before \he temperature falls 10 15°C.

Pan Commercial Materisé Your Materinl Purpose

Transparent glass, pleniglass plastic wrap altows hehy 10 enter
cover
Structure 10 house, greenhouse shoe box, coffec can, uses hear

be heated jar, wood box

Storage state. rock. dark. dark stones, gravel, $tOFcs heal and rewurns
matenal colored oles. waler dark samd, water It to space gradually

Insulanion fiberglass. cellulose, any wselanng keeps heat from leavng
st¥rofoam material space too quiekly

PASSIVE SOLAR COLLECTOR

1

Suggested Directions for Unit XIII

1. Organize your class into groups of two to four.

2, Have students read the “‘Introduction” {page 104). Read “‘Passive Solar Collectors And Wind
Machines” (pages 104-105) aloud, or have students take turns reading it aloud. Discuss the
material in the data tables and the kinds of passive solar collectors and wind machines students
might build.

Approximate time: 10 minutes




Wind Machine
Purpuse 1o inuke an axle paen 28 quickly as possible, gencrating energy for otiver uses.

Fese: You will test this device by Painting one blade a bright color, You will then
count how many 1imes (e blade 8025 around N a three ininuie pentod when
exposed (0 a wind source.

JPan | Commercial Matedal | Your Material | Purpose
Bladets) light metal. wood, Ccardbouard. baba vatches wingd

cloth wond. metal. Plasoe. encrgy
el

Asle (may be | metal metal. wood. platie tufny @s blades tuta.
horromal or praducrg electrcal or
_\_c[ucall__ mechanical chivrgy

Suppott fower | mietal wood. metal sipports axle and biade
and ranses them e
wind cor rent

WIND MACHINE

CATRCISE ©

Directians: With your pariner or group. bwld cither 2 possive solar colfecre Ot @ word
migchine. The purpose and materials for exch are described above, Bring your
device 10 class. Be prepared 1o test it on the day set by your tcacher. { Yoo ; teacher
will 1ell you if there are size and marenials limitations.)

3. Have students read the directions for Exercise I (page 105). You may want to have all students
build the same kind of device (either passive solar collectors or wind machines). You may also
want to set limits on size (e.g., less than two feet across) and materials (e.g., no aluminum
foil). The goal is to allow students the flexibility to be creative while keeping the devices similar
enough so that students can identify the reason(s) for differences in performance.

Tell students when the devices will be due. You may want to give students up to a week for
construction. The devices can be built at home, in class, or in industrial arts class if other
teachers are willing to participate in this activity. Unless you provide class time for students to
work together, students must understand that it is their responsibility to meet with their

partners or groups to build their devices.
Have students bring their devices to class on the assigned day.
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SCIENTIFIC METHOD

Once ¥ou have built your passive solar collector or wind machine. you must tese ats abibity
10 perform the task for which it was designed. No mater how well it works, there will
probably be changes you can make in us design which will improve its performance.

When engincers ot scientists wish 10 improve the performance of a echnology, they
usually use the scientific method.
I. They OBSERYE the technology or device in operation.

2. They FORM AN 1HYPOTHESIS aboutl why the device perfopmed as it did and what
they could do 10 miake it perforn better,

3. They TEST THEIR HYPOTHESIS by changing their device and observing it in
operalion once again,

4. They DRAW A CONCLUSION about the truth of their hypothesis.

n the rest of ts unit, you will have a chance 10 use the selentifie method to improve the
perfurmance of the device you build,

EXERCISE N
Dyrections: Try oul your device, using one of the tests described below. Then, compare your

device to those 1esied by other groups, List all of the differences you ¢an observe
between the devices that worked well in the test and thase that did noi.

L Test for Passive Solar Collecror
1. Insert a thermometer into your passive solar collecior.

2. Place the solar collector in the sun {or next 10 a refiecior lamp). Leave it there
until the thermometer measores 21°C.

. Remove the solar collecior from the light source, Time Row long it takes for the
remperature in the solar collector to deop 10 £5°C.

Record the time here:

I Test for Wind Mackine
i. Paini one blade a brigil volor.
2. Place your wind machine outside in the wind (or in front of a fan.}
3. Counl kow many times the eoloted blade goes around in a three minute period.

Record the number here:

Read ‘‘Scientific Method” (page 106) aloud, or have a student read it aloud. Discuss with
students how this process is similar .o and different from other problem solving strategies
introduced in this book.

S minutes

Have students read the directions for Exercise II (page 106). This exercise may be set up as a
contest, so that students compete to determine which device is most successful at capturing
energy. If students are testing passive solar collectors, they will need to be out in the sun or
have access to a reflector lamp. Because they will need the same conditions when they re-test
the device in Exercise IV, a lamp may be the best source of energy. They will also need ther-
mometers. If they are testing wind devices, they will need a wind source. A fan will probably
work best, because it will allow students to re-test their devices under the same conditions.
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A note about testing wind machines: 1f it is a windy day or the fan is set on high, students
may have difficulty counting blade rotations for three minutes. One alternative is to have them
count rotations three times for a minute each time. They can then average the three numbers.
Another alternative is to tie a string with a weight attached to one end to the axle of the wind
machine. As the blades turn, the string will wind around the axle, pulling the weight up.
Students can time how long it takes to lift the weight. If students want to compare times using
this test, the weight at the end of the string and the axle diameters must be the same for each

device,

Have students test their devices and compare results. You may want to make a class data table
for each type of device so students ¢an compare.

Example:

NAME

Passive Solar Collectors/ Wind Machines

TIME CHARACTERISTICS OF DEVICE

Bob and Wendy

Jean and Mel

Brenda, Paul and Alice

20-30 minutes




Wi, Compare Your resnlts to those ol nther groups

If you bt 2 sutar collector, Int all of the detferences ¥0u see belween collectors that
worhed well and those that did not.

If you bwit a wind machne. hst all of whe differences between those gy worked well
and those that did not.

Kind of device you buile:

ffcrences:

DEVELOPING AN HYPOTHESIS

An HYPOTHESIS is an idea abowt why something happens the way it does. It iv usually
based on miornsation vhat has been gathered or observed. An hypOthesis 15 & 8ood guess based
on faces: it 15 not a sure vhing watil it has been tested and proven.

You have just gathered information about how differenmt passive solar collectors andsor

wind machmes work. You can now devetop an hypothesis from this information that explains
whiat makes 1 passine solar cullector ~r wind machine work most effectisely For example. one

hypothesis might be:
A passwe solar coltacior will work better of o 15 msulaied.
EXERCISE I

Directiom: Look agmn ar the list of differences You found between devices {Exereisc 1.
abovel. As & group. wrne thzee hypotheses about what makes the kind of deviee
you buh (either passive solar collector or wind machine) work most effectively.

Hypothesis 12

Hypotheses 2:

Hypothesis 3:  _

Read “‘Developing An F.ypothesis” (page 107) aloud, or have a student read it aloud. Discuss
as necessary.

Have students reaq the directions for Exercise 111 (page 107) and complete it in their groups.
When they have finished, have one student from each group read the group’s hypothesis.
Discuss.

10-15 minutes
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TESTING HYPOTHESES

Once you have developed an hypothesis, You must test it 1o determine whether 0r not it is
true. You can do this by changing your device in the way suggested by your hypothesis. Then,
you can re-test your device to see If it is actually more effective. If it is, the hypothesis is
correct. I it is not, the hypothesis is probably incorrect.

To be tested, Your hypothesis should involve only one idea or part of your device. Then,
you will know which one thing to change before you re-test your device and will have only one
reason for any difference in its performance. For example. il your hypothesis is:

A good passive solar collector has insulaiion and dark-colored storage materials,

you would not know whether the change in the insulation or the change In the storage
materials caused a change in performance when You re-tested your device. A better hypothesis
would be:

A good passive sofgr coflector is well insulated.

You could then change the kind or amount Of jnsulation in your passive solar collector 1o fest
this aypothesis.

FXERCISE IV s

Directions: Follow the steps below 10 Test your hypothesis.

. Look over the hypotheses you wrote in Exercise 111 (page 107). Choose one of rewrite one
that you can test. Be sure that it tnvolves changing only one thing about your device.
Write the hypothesis you will test here:

. Change Your device (improve it!) in a way thai allows you 1o test your hypothesis.

. Use the same test you used in Exercise 11 (page 106) to re.test your improved device.
Remember that the conditions of the test must be the same, 50 that the only change is the
one you made 10 the device, Record your results in the space provided below.

Passive solar collector: Time for temP¢rature 10 fall from 21°C 10 15°C:

Wind machine: Number of (imes the blade goes around in three min?;lcs:

. Compare the results of your first 1est in Exercise 11 and this re.test.

Was the performance of your device improved?

v

Was your hypothesis correct?

Read “Testing Hypotheses®’ (page 108) aloud, or have a student read it aloud. Discuss as
necessary.

Have students read through all of the steps of Exercise IV (page 108). You may want to have
them complete this exercise one step at a time, stopping to discuss their results after each step.
Have stucents choose one of their hypotheses to test. Give students time (in class or on their
own) to improve their devices. Then, have students retest their devices, record their results, and
decide whether or not their hypotheses were correct. Discuss students’ results.

20-30 minutes
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DRAWING A CONCLUSION

Alter you have observed somcthing bappemng and developed and tested an hypothesis
about w, you are ready to draw a conclusmn A conclusion 18 3 statement which says whether
ot nol your hypoihesis s true.

For example, suppose your frvpodhess was:
A Rood passwve solar colfecior needs mmsulfataon.

If. when you added insulanon 10 your device, you found that it was more effective a1 rapping
and holdmy heat, Your conciuston would be:

A gond possive aoler coflecior neecls tsiutton.

I your testing proved that insulation did not gesuly i improved performance, your ¢ oncluson
would be:

fisulation does aot wiprove o Possive solar collector.

EXERCISE V

Directions: 'Wrile a conclusion that explains whether the h¥pothesis you tested m Exercise 1V
was irue or false. Write your conclusion On the lines provided below.

CONCLUSION:

8. Have students read ‘‘Drawing A Conclusion’’ (page 109). Discuss as necessary.

Ask students to read the directions for Exercise V (page 109) and complete it in their groups.
When they have finished, have one student from each group explain the group’s conclusion.

10 minutes
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UNIT XiilI SUMMARY

DEVELOPING AND TESTING AN HYPOTHESIS

An hypothesis is a careful guess about why something happens. It is based on observed
facts.
You can use the SCIENTIFIC METHOD 10 develop and test an hypothesis.
I. OBSERVE 10 vollect information,
2. DEVELOP AN HYPOTHESIS that explains your observalions.

3. TEST YOUR HYPOTHESIS through some k.nd of experiment, and observe
your results,

4. DRAW A CONCLUSION that states whether your hypothesis was true o false.

APPROPRIATE TECHNOLOGY

Passive solas collectors and wind machines are examples of appropnate technology at
work, In this unil you have seen how changes can be made 10 improve the performance of
these technologies.

9, Review the Unit XIII Summary (page 110).

i
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Additional Suggestions

1. Below is information siudents would need to build an active solar colicctor. This could be
presented to stucents as a third option in this unit, or it could be used as a follow-up activity
after the unit has been completed. Students could build active solar coilectors, test them,
develop k. ,theses, improve and retest the collectors, and draw conclusions.

Active Solar Collector
Purpose: To heat water to the highest temperature possible.

Test: You can test an active solar collector by measuring how much the temperature
of a standard quantity of water increased in a given amount of time, i.e., 1/2
liter of water increases °C in 20 minutes. (You will need a thermometer,
containa s for water, beakers to measure water, and a timing device.)

PURPOSE
allows light to enter

COMMERCIAL MATERIAL YOUR MATERIAL
plastic wrap

PART

Transparent cover

glass, plexiglass

any material which absorbs heat

absorbs hear well

copper, aluminum
(black on side which
faces sun)

Absorber plate

carty hear transfer
medium

plastic or rubber
tubing

Pipes copper

waler, propylene glycol, any fluid transports heat from
air absorber plate to
storage

Transfer medium

saves heat for use at

Storage medium

watar, rock, air

any material which
can hold heat

another time

Insulation

fiberglass, siyrofoam

any insulating
material

keeps hear in storage
tank and colecior

Pump*

1/4 hsp. pump

aquarium pump

pumps heated transfer

medium from panel
to storage tank

a—

*A thermosyphoning panel needs no pump. The storage 1ank is placed higher than the panel 2nd convection moves the
heat transfer medium.

An active solar collector can be any size. Commercial panels are three feet by seven feet and weigh approximately 150
pounds.




UNIT XIV: PUTTING IT ALL TOGETHER

In this unit, students are asked to apply the skills and knowledge they have learned in this
program to solving a school problem through the use of appropriate teclinology. The particular
skills and ideas students use in this unit may depend on the problems they identify and choose to
solve. Students should be encouraged to use other units in this book as a resource as they solve
their problems.

In solving the problem, students will also be using a wide range of study skills. They will need
to use problem solving methods suggested in Units VII, X, and XIII. If they choose to interview
peopie for information, they will need to practice their listening skiils. Depending on the problem
they choose and the kinds of information available, students will need to read for meaning, take
effective notes, and interpret charts and graphs. They may also need to use the metric system and
scientific notation. Students should be encouraged to use the study skills they have learned in
effectively sclving their problems.

NOTES ABOUT TEACHING THIS UNIT

1. Encourage students to choose a problem which can be solved within the time limits you set
for the project. Some of the examples cited on pages 112 and 113 of the student text took
sever. years of work by teachers and students. These examples should be regarded as long-
range efforts, not necessarily as direct models for your studer:s’ projects.

. Exercises 1 and I can be done in one or two class periods. Exercise III asks students to
car.y out their project. Swadents will need approximately three weeks to complete 2
project. You will need o set a due date for the project and assign interim progress reports.
You will also need to decide if students will be given class tinie to work on the project, and
if so, how much. Communicate these decistons to students when they reach Exercise III.

. ‘The directions below suggest that students carry out the projects in groups of three or
four. Another approach is 1o do a class project about a problem of concern to everyone.
You will want to cons‘der carefully which of these approaches you choose, because they
offer different rewards and challenges.




UNIT XIV: PUTTING IT ALL TOGETHER

INTRODUCTION

‘This book has intreduced yuw v Informatun and weas aboul appropriate iechnotogy. tn
this unit you will have the chance 10 vse your knowledge m a real wivanun, Wulb a group uf
your classmates, you will idennfy a problem in your school which could be solved wsing
appropnaie iechiology. You and your classmates will then work 10 solve the probler. using
the wience study skills and ideas You have learned in 1his book,

Some cxamples of problems worked on by other Eroups of studel.ts include:”

1y lincer,
2 wanled encrgys
3 wasted food,
4) garbage disposal, and
5 iramsporiation.
EXERCISE §
Dyrectrons: With your group, identify four problems in your schoo! which could be solved
using appropriaie technotogy. Yuu may want 10 use the list of problems above for

1deas, but the problems you identify should be more specific to your situation.
Write the problemas on the lines provided befow.

Exaple: In our school, hights are lelt on in emply classrooms 50 that €P2I2v iS wasted.
Problems:

111

Suggested Directions for Unit XIV

1. Organize your class into groups of three or four. You may choose to assign students to groups
or allow them to torm their own groups. The groups will need to be able to work together on
the project they choose. If you choose 0 do a class project, students will work in smal' groups
on Exercise I only.
Have students read the “Introduction’’ (page 111). Discuss as necessary.

Approximate (ime; 5 minzites

Have students read the directions for Exercise I (page 111). Emphasize that they should list
problems which are specific and can be solved. They should also try to choose problems on
which they can have an effect. Suggest to students that they talk to people in the school —
other students, teachers, principal, custodians, secretaries, cooks — to uncover problems. You
might want to invite one or more of these people into your classroom to talk to students about
school problems.

Have students complete Exercise I (page 111) in their groups. When they have finished, ask
one student from each group to read the group’s ideas. List each problem on the board.
Discuss the problems students have identified and how they might begin to solve them.

10-15 minutes
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SOLVING THE PROBLEM

Onge you have Wdentified & problem, you have to plan a strategy for solving i, Remember
how Lisa solved her problem in Unit V1I?

The paragraphs below describe several examples of siratcgies used by students 10 help
their eommunities solve problems through the use of appropriate Lechnolngy. Your local prob-
lems may F: different from those presented here. You may also have less time to solve your
prablem than some of these groups did, But perhaps their ideas will be usefut to you in
organiong your own proble.a solving project,

Exsmples of Local Problem Solving

1. In San jose, California, a group of 20 third, fourth, and fifth graders formed an Energy
Patrol 1o help thelr school save elecuricity. Each day, four Energy Patrol members picked
up special jackets, name tags, and keys kept for their use in the office. During morning
recess, they eheched unoccupied arcas (o see that lights had been turned off, If the lights
were on, patrol members turped them off and auached a picture of their school mascot
<ryng about energy waste. If the lights were off, they attached a pictare of the mascot
smibng. The Encrgy Patrol saved their school thousands of kilowatt hours of electricity in
each of rhe first three months of heir project.

. A group of Shechan High School ninth graders in Wallingford, Connecticut were con-
cerned about e encrgy being wasted n their school. They formed a group called the
Wallingford Auditing Technical Team (WATT) to look al the ways their school could
save energy. WAYT presented its findings to the school board and convinced the boat
that tremendous amounts of energy could be saved through simple conservation mea .us
like the ones you learned about in Unit X1. The board appointed WATT as iis Energy
Management Team 1n the next iwo years, the school spent about $12,000 on conservation
and saved over $500.000,

. Since 1970. 250 Yowhs in La Crescenia, California have been helping to bulld Sunfire, a
S-Xlowatt solar collecior. These studems designed many parts of the collector, obtained
scrap marerial, and did most of the construction. They plan 10 donate the collector 10
Pitcairn island wn 1he South Pacific. The Island suifers from 2 severe energy shortage, The
students are currently involved in developing a successiul means of transporting the collec:
tor 10 Pitcarn Island.

4, Ask students to read ““Solving The Problem’’ (page 112). Then, read the “‘Examples Of Local
Problem Solving” (page 112-113) aloud, or have students take turns reading them aloud.
Point out that some of these projects took more than a year to complete, but they are
examples of what students can do. Discuss as necessary.

Note: Examples cited were provided by:

National Commission on National Energy Education Day Project
Resources for Youth, Inc. P. O. Box 2518

605 Commonwealth Avenue Reston, VA 22090

Boston, MA 02215

Further ¢xamples can also be found through the Center for Youth Development and Research,
University of Minnesota, 48 McNeal Hall, St. Paul, MN 55108

10 minutes
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Sinee 1970 Rverude Thgh School siudents i Ellwood, Pennsylvama base been the
moving force belund an appropnaie technology designed 1o conserve ther commuenly’s
enecgy and material resources. By 1982, these students hac recycled aver 2 mullion pousds
of glass, oser | midhon pounds of nn. ncarly 3 imlbon pounds of newsprint. over 50 1ons
of 1BM cards. and abow 1,000 used car battenies. As a rosult of their recychng efforis,
Ricersde students bave cominbured close 10 $6.000 toward school acd communiy
Progects.

. Nmvgjo yowh sn Winiou Rock School Disinict #8, Fori Defiance, Anizona demonsirated
how appropnare technology could belp ewr ther communinty's dependence on non-
renewable energy by using a plentiful local resource, sunhighi. Many of the siudents had
been thimhg of droppmg out of school before the project began. Instead. they pitched in
10 design and bwld a solar hogan, an erght.sided struciure which combines traditional
Navaje buldding with moders solar technology. The hogan, which stirred imerest
throughout ihe Navajo community, may become a model for future construction projects.

. Swderis mowo different parts of the United States came up with very different
appropriate wechaologies for sclving transporiavon problems in sheir communities, These
studenis were converncd about air poliunion, traffic problems, and the inefficient yse of
energy. In Jacksonville, Flonda, high school students formed Students for Mass Transit 1o
educale cinzens about the need for more public transpontation. Siudemts at George
Wasingron Lhigh School in Denver, Colorado found another appropriale solutios 1o a
ssmilar problem. They orgamized and opermied 2 computer carpooling service which is
used by many Denver businesses and state agencics.

T elve wenagers in Ava. Illinoss were rrained o idencily energy.wasting probkems and
how 1o correct thens wang 1o cost/low vos: weatherization techniques. This group was a
part of the Jackson Coumty Action 10 Save Encrgy. In onfy 10 weeks, these studenis
weatherized 50 homes betonging 1o clderly and low-income menibers of their community.

CAERCISE Il
Drrecrions: With your grcup. choose one of the problems you or your classmares have

identified that you think you can help to solve. Write the problem in the space
provided below,

Then. white down (he mformation, materials. aid steps you will need 10 1ake 10
solve the problem, Use the space provided on the next page.

PROBLEM: .

5. Have students read the directions to Exercise II (page 113). Suggest to students that they
choose a problem from the class list or from the four problems they identified in Exercise I.
Ask students to complete Exercise II (page 113-115). Emphasize to students that the more
detailed and specific they can make their responses in this exercise, the easier it will be to
complete their project. You might again suggest to students that other peogle in the school and
community may be valuable resources for them.

15 minutes
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{Use your own Paper of you need more space for any of these sections.)

intarmation needed v solve the prodlem:
Information

Where will You gel §t?

Materials needed to solve the problem:

Matenials

Where will you get #1?

Sieps yau wilt take 1o sohve the problem:

i

f Step

Who will do it?

By what date?




Who will do ir? By what daie?

- ———

EXERCISE I}

Directions Wuh your grouP, carsy ou your prablem solving strategy. Your teacher will el
you when during 1he project you need to repont Yous Progeess. and when the
project should be completed  Present your completed project to the Jass in one of
the ways described below

Project presemations:

1. A wrimen repopi describing Yous prosect rried 1t out. and what your fesults
were,

2. A feavare asticlke for the Jocal newspaper. i which »ou describe Yo Projea and Your
resuly {Read some leature sconey from the paPes 10 ger an 1dea of (he way this rmight be
written.)

An oral prescnarion 10 the class which explame the problem, yous planned solunon, and
you1 gesults. Chans and mctures will h2lp you i ahes presentanon,

A priuse-presenianon {for ¢xamples a bulletin board) which descibes your problem, how
You wem ahout solving m, and your resuls. This presentation could mdude wriung,
drawings, photographs, chasis, and whatever elss helps (0 expla, yousr project

115

Have students read the directions and presentation options for Exercise 1II (page 115). Tell
students when final presentations are due. Halfway through the project, have students turn in
an interim progress report that states what steps they have completed, what problems they have
encountered, and what they have ieft to do. Be sure to tell students when these reports are due.
Students will also need to knoew how much (if any) class time they will have to work on the
project. A schedule that shows studeats alt of this information will help them organize and
plan their project.

M T W TH F
3

. 18
Example; o

Iﬂ'*‘"'T1lo 12

ar[f;‘“,
15 17 I8 'ﬂ 9
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Note: Be sure to publicize students’ efforts on these projects. Newspaper publicity and recog-
nition from th .nayor, school principatl, the PTA, and the community will help students
see the value of their efforts and maintain interest in the activity.

When students have finished their projects, have each group pressnt what they have done to

the class. Discuss what worked and what dis not, and how students might be able to follow

through on these or other ideas about appropriate technology in the future.

Approximately 3 weeks
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UNIT XIV Summary

In this unit you have used many of the science study skills and ideas you have learned 10
help solve a school problem. By doing this you have shown that appropriate technology is
useful in solving local problems. You have also shown that you can be an important part of
YOO COMINUNILY's and country's cnergy and technology Nuure!
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GLOSSARY

Acldity - The perechtage of acid in something. An acid
turns blue iitmus paper red. Acids taste sharp and
sour. Some acids may burn the skin.

Acre - A unit of area equal to 43,560 square feet.

Aclive solar - A technology which uses the sun’s rays to
produce heat and then uses clectrically powcered fans or
pumps to move the heat where it is nccded or stored
for iater usc.

Alr tight - Closed so tightly that no air or other gascs can
get in or out.

Anthracite - A kind of coal that is hard and makes little
smoke when it burns.

Approprinte - Carefully chosen to {it the situation or usc.
Suitable, proper.

Atmosphere - The gas that surrounds a body in space, esp.-
cially around the earth.

Back-up heating - System designed to provide heat when
the main system cannot supply enough.

Barrel (of oil} - Equal 10 42 gallons and to 5.6 x 10* BTU.

Billion - 1,000,000,000 or 10,

Biomass - Any plant matcrial which can be turned into
energy.

BTU - British Thermal Unit. One BTU can raise the tem-
perature of onc pound of water one degree Fahrenheit.

Calorie ~ A unit of heat in the n.etric system. One calorie of
hcat must be added to raise the temperature of one
gram of water one degree Celsius.,

Carbon dioxide - CO;. A gas given off by fossil fuels when
they bum in an atmosphere containing enough
oxygen.

Carbon monoxide - CQ. A poisonous gas given off by a
fuel burning in ap atmosphere containing liitle oxygen.

Centi- - A prefix meaning 1/100. There are 100 centimeters
in a meter, One centimeter = 1/100 or .01 meter.

Climate - The average weather for a region; rainfall, tcm-
perature, winds.

Coeflicient ~ In scientific notation, the number multiplied
by the 10. In 3 x 10% 3 is the coefficient.

Commerclul sector - The part of the economy consisting
of offices, schools, retail stores, hospitals, nursing
homes, etc.

Community - A group of people living in tk same area
who act together in some way.

Compost - Partially decomposed organic waste {such as
leaves. food seraps, lawn clippings, animal manure)
used to enrich soil.

Cooduction - The transfer of heat encrgy from molecule to

molecule within a solid. Also the transfer of heat
energy from one material to another which touches it.

Conserve - Not waste, make last as long as possibie.

Contract - Shrink, occupy a smaller space.

Convectlon - Transfer of heat energy in gases or ligtids. As
convection occurs. warmer matter riscs and cooler
matter Sinks.

Converted ~ Changed from one form to another.

Cord (of wood) - A unit of measure for cut firewood. A
cord of wood is equal 10 a stack that is four feet high,
four feet wide, and cight feet long.

Cermrode - To wear away Or be worn away, especially by

chemical action. .

Crisis - A time of dangcr or difficulty in which great changes
can take place.

Cubic foot - A unit of volume which is onc foot by one
foor by onc foot.

Deposit - A pool or vcin of materia] likc 0il or coal which
has formcd beneath the surface of the carth.

Disposal - The act of throving away or geuting rid of some-
thing.
Domestic - At home; within the country.

Efficiency - Geuing good results without wasting time,
materials, or effort.

Eleciric resistance heating - Electricity flowing through a
wire heats up the wirc which can be used to cook food
or hcat space or water.

Energy - Ability 10 move objects or do other kinds of
physical work.

English system - A measurement systéem based on various
common forms (foot, yard) which have now been
standardized.

Entropy - A measure of the amount of energy unavailable
for work, or lost through conversion.

Envirooment - Surroundings in which a plant or animal
lives, including the air, water, and soil.

Expand - Enlarge; occupy a larger space.

Exponent - 1n scientific notation, the number above and to
the right of the 10, indicating the number of times the
decimal has been moved. It also indicates how many
times 10 is to be multiplied by itself. 1n 3 x 10%, 6 is the
exponent.

Finite - Having a definite end, ablc to be completely used
up,

First cost - The amount of money it takes to buy some-
thing.

Fluid - Matuter that is able to flow; liquids and gases are
fluids.

Fluorescent - A type of lighting in which gas molecules are
put into notion by electric current; as a result they
glow.

Fossi! fuel - A burnable material formed over a period of
millions of years from decaying plants and animals;
oils coal, ard nall.l.l'a] gas.

Friction - A force that slows down or stops the motion of
two objects as they rub against each other.

Fuel - A material such as wood, coal, gas or oil which is
burned 10 produce energy.

Gas - Matter in which the molecules are far apart and move
so rapidly they tend t0 escape from an open container.

Gram - Basic unit of mass or weight in the metric system.
1,000 grams are equal to approximately 2.2 pounds in
the English system.

Greenhouse effect - The increase in temperature which
occurs in a closed structure when light passes through a
clear material and is converted into heat.

GNP - Gross National Product. The total doilar value of
all the goods and services produced in a country in a
year.

Hydropower - A technology for using the energy contained
in falling water to produce electricity or 1o perform
mechanical work.
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inapproprisgte - Nol suitable or proper for a particular
situation or use.

Incandescent - A type of lighting in which a thin wire
(filament) glows when clectricity passes through i,

Industrial sector - The part of the economy involved in the
manufacture of products and the mining of fuels and
other ores.

Insula.ed - Surrounded with a material thar slows or stops
the passage of heat.

Insulation - Any material which does not conduct heat
casily. Used 1o slow down heart loss from a house or
building.

Kilo- - A prefix meaning 1,000. A kilogram = 1,000 grams;
a kilowatt = 1,000 watts.

Kilowatt-hour - One thousand waits used for one hour.
Ten one hundred wart light bulbs left on for an hour
would use one kilowatt-hour of electricity.

Kinetic energy - Energy that has to do with inotion.

Life cycle cost - The money it takes to buy, use, maintain,
and eventually replace something over the entire t'me it
is o #ned.

Liguid - Matter in which the molecules move more quickly
than in a solid. Liquid matter takes on the shape of its
container,

Liquified natural gas - To transport natural gas long dis-
tanoes, gas is cooled until it becomes a liguid, because
it 1akes up less space.

Liter - Basic unit of volume in the metric system. One liter
is approximately eoual to on¢ quart in the English
system.

Local - Nearby.

Maintain - Keep in good working order.

Marine - OF or living in the sea.

Matter - Anything which has mass and takes up space.
Mechanical - daving 10 do with machines or tools.

Meter - The basic unit of length in the metric system, One
meter is approximately equal 10 one yard in the English
system.

Methane - A burnable gas which is one part of natural gas
and which can also be produced from decaying organic
waste,

Metric system - A system of measur¢ment based on téns or
powers Of ten. In the metric systém. 100 centimeters =
1 imeter; 1,000 meters = | kilometer.

Milled - Ground up into fine pieces.

Milli- - A prefix meaning 1/1,000. A millimeter = 1/1,000
or 0001 meters.

Molecule - Two or more atoms joined by chemical bonds.
A molecule is the smallest piece of mater that stiil has
the properties of that form of m.uer.

Natural gas - A fossil fuel often found with petroleum.

Network - An organization which helps its members share
information, goods or services with one another.

Nlesogen - An clement that makes up 78% of the atmo-
sphere.

Non-renewable - Consumed faster than it ¢an be replaced.

Nuclear fission - The splitting of certain heavy atoms into
lighter atoms. This causes the release of cnergy

OPEC - Organization of Petroleum Exporting Countries.
Organle = OF or coming from living things.

Organlzation - A group of people who come togsther be-
cause they have a common interest Or want to accom-
plish a certain tas«.

Passive sokar - A technology which uszs sunlight 1o heat air
and water without the use of ¢lectrical fans or pumps.

Payback (or simple payback) - The time nceded 10 save
enough money 10 recover the cost of an investment.
{Does not consider the impact of inflaticn.)

Petroleum - A liguid fossil fuel.
Photon - A particie of light.

Photovoltaics - A technology which turns sunlight into
electricity.

Pollution - The process of making air, water, food, ets.
harmful to living things; the result of this process.

Protractor - A 100l used t0 measure angles.

Proven reserve - The portion of a ceal, oil, or natural gas
deposit which can be sold for more than it presently
¢osts 10 get it out of (he ground and prepare it for sale.

Quad - A unit of energy equall 10 one guadrillion BTUs,
Radiate - Send out in straight lines in all directions.

Radiation - Transfer of encrgy through space in all direc-
tions. Radiation can occur even in a vactum.

Radon - A radioactive gas produced by the element radium.

Recycle ~ Turn into something else 50 tha it can be used
again,

Reliable - Dependable, trustworthy.

Renew - To make new or like new again; to replace.

Renewable - Capable of being renewed. A renewable re-
source is replaced almost as quickly as it is used.

Residential sector - The part of the economy which is made
of the places in which people live, such as houses,
apartments, mobile homes, ¢ondominiums, coopera-
tives,

Resource - A supply of something that is available for use.

Revitalized - Put new life into, brought back to life.

Rural - Having 10 do with the country as opposed 10 the
city.

Jcarce - Hard 1o find, often because there is not much left.

Scientific notation - A system for writing large numbers as
single digit numbers times ten o some power. For
example, 3,600,000 = 3.6 x 0%

SERI - Solar Energy Research Institute.
Shortage - Lack of enough to satisfy a need or demand.
Short ton = A vnit of weight equal (o 2,000 pounds.

Sllicon - The second most common element found in
nature, used 1o make photovoltaic cells.

Solar - Coming from or having to do with the sun.

Solid - Matter in which the molecules are 50 ¢lose together
that it retains its shape.

Sprouted - Started 10 grow.

Standard of living - Measure of what a person spends to
support his or her life; the level of comfort in everyday
life.

Strip mining - Mining in an open pit after removing the
earth and rock covering the deposit.

Suifur oxides - Chemical compounds contaimng s-ilfur and
water. When these combine with water they produce
acids which may cause damagz (o buildings and may
be harmful 1o people.
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Sulfuric acid - Acid that resulis when certain sulfur oxides
and water combine.

Technology - Matcrials and method which peoble yse to
mect their needs,

Thermal mass - Material which absorbs and stores heat.

Tliermometer - A 100! ysed tO measure temperature. As the
liguid in the thermometer absorbs heat, it expands. As
it loses heat, it contracls.

Transportation sector -~ The part of the cconomy involved
in the movement o7 goods and people from place to

place. Includes cars. buses, trains, planes, ships, pipe-
lincs, etc.

Transported - Carried from onc place to another.
Trittion - 1,000,000,000,000 or 10",

Uliisately recoverable resource - A resource which can
be put to use at some future time, once if pecomes
profitable to mine and process it.

Uranium - A heavy elemewnt which is naturally radioactive,

Urban - Having to do with the city as opposed to the
country.

Yulnerable - Unprotected from danger.
Waste - Something which is thiown away.




APPENDIX A*
Petroleum, Coal, and Natural Gas: Proven Reserves and Production

Table 1: Petroleum, Coal, and Natural Gas Proven Reserves**

RESOURCE AS OF 1/1/80 AS OF 1/1/81 AS OF 1/1/82
Petroleum (in billion barrels)

U.S. 29.8 298 294
World 641.6 648.5 670.3

Coal (in billion short tons)

U.s. 472.7 Not Available Not Available
World 975.2 Not Available Not Available

Natural Gas {(in trillion cubic feet)

u.s. 201.0 199.0 201.7
World 2,573.2 2,638.5 2,915.0

*To update these figures, call the National Energy Information Center {DOE) at (202)
252-8800.

**U.S. (Domestic) figures from Annual Energy Review, 1982, World figures from /nter-
national Energy Annual for 1979, 1980, and 1981, Both published by the Energy Infor-
mation Administraticn, Departr-ent of Energy.

Table 2: U.S. (Domestic) Production of Petroleum, Coal and Natural Gas***

RESOURCE 1978 1979 1980 1981

Petroleum

Million barrels
per day

Billion barrels
per year

Coal

Billion short
tons per year

Natural Gas
Billion cubic
feet 19,974.0 20,471.0 20,379.0 20,178.0 18,462.0
Trillion cubic
feet 19.97 20.47 20.38 20.18 18.46

**+Figures from Monthly Energy Review, June 1983, published by the Energy Information
Administration, Department of Energy.
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Table 3: Number of Years Domestic Reserves Will Last at Present Rate of Prodnction

Petroleum

29.4 billion barrels (Proven Reserve as of 1/1/82)
3.16 billion barrels per year (1982 Production)

= Lasts 9.3 years

Natural Gas

201.7 trillion cubic feet (Proven Reserve as of 1/1/82)

; ; ; = Lasts 10.93 years
18.46 triltion cubic feet (1982 Production)

472.7 biltion short tons (Proven Reserve as of 1/1/8()
.83 billion short tons (1982 Production)

Lasts 569.5 vears




APPENDIX B
Units of Energy

BTU Values of Energy Sources (approximate) Nuclear

1 gram (0.0353 o0z.) of fissioned
Coal (per 2,000 pound ton) Uranium 235 = 74,000,000 BTU
Anthracite 25.4 X 10¢ BTU
Bituminous 26.2 X 10* BTU 1 kilowatt-hour electricity equals
Sub-bituminous  19.0 X 10¢ BTU 0.88 pounds coal
Lignite 13.4 X 10¢ BTU 0.076 gallons oi]
10.4 cubic feet natural gas

Natural Gas (per cubic foot) o
Dry 1,031 BTU 1 tef (trillion cubic feet or 10'*) natural gas

Wet 1,103 BTU equals 6
Liquid (average) 4,100 BTU 39.3 % }g, fons coal_
1 Therm = 100 cubic ‘eet of natural gas 184.0 x barrels oil

l 3 03’ BTU H1H
Therm = 103,000 1 million tons of coal equals

4.48 X 10® barrels of oil

Electricit
ctricity 6.7 X 10" tons of oil

1 kilowatt-hour (at home) 3,413 BTU 25.0 X% 10" cubic fee: natural gas
1 kilowatt-hour
(at the power plant) 11,600 BTU 1 million tons of oil equals

6.65 % 10® bbl. oil
Petroleum {(per 42 gallon barrel) 4.0 % 10° kwh electricity (when used to

Crude Oil 5.60 X 10¢ BTU generate power)
Restdual Fuel Oil 6.2 10° BTU 1.5 X 10° tons of coal
Distillate Fuel OQil 5. « %X 10¢ BTU 41.2 X 10° cubic feet natural gas
Gasoline

(inc. aviation gas) 525 x 10° BTU
Jet Fuel (kerosene) 5.67 x 10 BTU
Jet Fuel (naphtha) 5.36 10¢ BTU
Kerosene 5.67 x 10* BTU
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Gardenmng for All Seasons. The Complete Guide to
Producing Food at Home, 12 Months a Year.
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Mazria, Edward. The Fassive Solar Energy Book.
Emmaus, Pennsyivania: Rodale Press, 1979.

McCullagh, James C., ed. The Solar Greenhouse
Book. Emmavus, PA: Rodale Press, 1978,

Northeast Sun. Bratileboro, VT:New England and
Mid-Atlantic Solar Encrpy Associatiens. Published
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