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FOREWORD

The course of study guide, Seience in the Junior High School, was
developed under the direction of R. C. Roberts, Supervisor of Science,
Division of Instruction, Mississippi State Department of Education, with
the cooperation of a staff of junior high teachers, senior high teachers,
school administrators, college and university personnel, and a consultant
from the U. S. Office of Education- A special study of the junior high
school science curriculum was initiated in the summer of 1962 and was
continued in successive summers up to the time of its completion in
1966. Special recognition is due those members of the Curriculum De-
velopment Committee for their dedication to this task during the four
years in which they were engaged in the project. Grateful appreciation
is expressed to all commiitee members for their contributions.

-Special attention is called to two major sections of the bulletin, “The
Courses of Study, Part ITI” and the “Handbook Section—Comprehensive
Experiments, Extended Activities, and Demonstrations.” The courses of
study may bec used in their entirety as teaching guides, or the teacher
may adapt any part of the courses of study to the school’s program. The
Handbook Section contains many suggested experiments and demon-
strations designed to enrich the science program in grades 7, 8, and 9.
Further suggestions for the use of the bulletin are found in the Introduc-
tion.

The bulletin is provided to the schools of the State to help the teach-
ers to lead boys and girls to become actively engaged in the science process
and to acquire the needed understandings, skills, attitudes, and apprecia-
tions in science.
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PART I INTRODUCTION

In this age of rapidly expanding horizons, and technological advances,
science educators have a vital responsibility toward the youth of our
nation. The numerous thresholds of discovery extend many-faceted chal-
lenges to the teacher, who must prepare today’s children for everyday
living in a world which is striving to conquer inner, as well as outer, space.

_ . The concept of junior high school, based as it is upon the physical,
biological, and emotional development of adolescents, requires special
knowledge, skills, and dedication of its teachers. It offers rare opportuni-
tliges, eill)leclally to the teacher of science, for meeting the individual needs
of youth.

ORGANIZATION OF THE CURRICULUM

The curriculum committee kept in mind several aims as the writing
of this study guide proceeded: to develop a three-year sequential program
of study; to avoid needless repetition ; to provide material, which is ample,
flexible, and comprehensive.

THREE-YEAR PLAN

This three-year plan is designed to be a transition from the generaliz-
ed science program of the elementary school to the relatively specialized
program of the senior high school.

The underlying structure of the three-year plan is to introduce the
student to the broad area of secondary science study with a definitive
approach to its major disciplines at the seventh grade level. Therefore,
each of the seventh grade units is “An Introduction to . . . ” earth science,
physics, chemistry, and biology, respectively. Thig is the only one of the
three courses which could be called “general science” in any form. It
should give the student an overview of science study while helping him to
acquire some feeling of what specialized study in one of the rields would
be like. Since its various units are six to nine weeks in length, there is
time for students to discover their affinity for particular areas of study.
Yet, the interest span for most seventh grade groups is not over-reached.

The eighth grade course is two separate semesters of work. The first
is given to earth and space science, the second to life science. Specializa-
tion to some depth can be done within a semester. If the students have
had the seventh grade course of study, they should have some basic under-
standing and knowledge in the other fields so that application can be
made in the eighth grade studies. For example, the basic understandings in
chemistry and physics are needed for rocketry in space studies, for topics
in geology in general, mineralogy in particular, and for anatomical and
physiological studies of the human body.

The ninth grade course of study develops into a year of study of the
physical sciences. The principles of chemistry and physics, which were
introduced in the seventh grade, are extended to a degree which should
prcavi@ela good base for modern high school courses in chemistry, physics,
and biology.

One major aim was to include enough activities with each concept
to allow the teacher a choice. It is neither expected nor suggested that
all activities be used in teaching any single topic. Many creative teachers
may choose to add or to substitute original ideas which they have found
effective in helping students understand certain ideas, facts, and prin-
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ciples or laws in science. The organization of the guide is built on its con-
cepts at grade levels. Any activities, methods, and techniques which a
teacher can apply to help the student achieve these understandings are
acceptable. It is hoped there will be an increase in the use of quantitative
measurements and mathematical processes. It is also hoped that wider ap-
plication of the principles of problem solving, involving discovery and
critical thinking, will be made.

F Every effort was made by the curriculum study committee to avoid
repetition of concepts and activities. However, the organization of the

courses of study is such that the seventh grade units may be used for hack-

ground review where necessary. '

Realizing the impossibility of formulating any course of study which
would be applicable in its entirety to every local situation, the committee
first established one broad goal. This was to produce a study guide
which would be developmental in sequence and nature and flexible in
use for the teacher while offering the student a comprehensive study
in modern seciernce.

The courses may be taught in whole or in part as presented in this
: publication, or they may be adapted to the objectives of science study
! in the local school system. Regardless of the way in which this guide
: is used, in whole or in part, it is hoped that the publication will prove
helpful to teachers of junior high school science. :

Lo

PROPOSED PROGRAM OF STUDIES

; The proposed program of studies will provide for the general edu-
' cation of all students, as it contains a common learnings program for all
students through the 10th grade, including one biological science and one
physical science above the 8th grade.

At the same time, it will meet the needs of science-oriented students
and allow for their acceleration at any of the junior high years.
2 Common Learnings Progran:
’ 7th grade—General Science
8th grade—Earth, Space, and Life Sciences
9th grade—Introduction to Physical Science
10th grade—Riology

For More Thorough Science Preparation
11th grade—Chemistry
12th grade—Physics

Alternate Accelerated Program
9th grade—Biology
10th grade—Chemistry
11th grade—Physics

12th grade—Advanced Science Course (Advanced Biology, Si)ecial
Problems Course in Physical
Science, or other courses.)




An accelerated program may or may not be desirable when all factors
are considered. They are successful in some situations and not in others.
If there is a sufficient number of high ability students, well qualified
staff, and other favorable conditions for establishing an accelerated pro-

gram, it is suggested that the following criteria may be used for the selec-
tion of students for the accelerated program.

1—Academic achievement
2—Test scores

8——Counseling with the students
4—Consent of the parents

SOME IMPORTANT SAFETY RULES IN THE LABORATORY

Safety in the laboratory is essential to prevent serious accidents. First
aid supplies should be readily available. A fire extinguisher should be
placed in every science department.

Notes to Students:
Most accidents can be prevented if you make safety a habit.

1. Read and follow all posted directions.

2. Never mix, touch, taste, heat or inhale chemicals unless you are told
it is all right to do s0 by your instructor.

8. Always wear protective devices such as goggles, gloves, and an apron
when these safety devices are needed.

Handle all hot objects with clamps or tongs.

Take extra precautions in handling dangerous chemicals.

Do not perferm any experiments unless your instructor is in the room.
Turn off the gas when it is not in use.

Read the labels on all bottles carefully before using.

Never point a test tube you are heating toward anyone.

10. Pay strict attention to your own work. Don’t let your intereét or atten-
tion wander.

A AR A

FIRST AID FOR ACID AND ALKALI BURNS.

1. Flood the tissue with water.
2. Notify your instructor.

8. FOR ACID DURN: Neutralize with a Weak alkali (base) such as a
sodium bicarbonate solution.

4, FOR ALKALI BURN Neutralize with a weak acid such as a boric
acid solution.

5. When mixing acid and water-—-always add the acid to the water, using
the greatest caution.

—_—8
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6. When inserting a glass tube into a cork, always lubricate the tube
and cork with water.

7. The science laboratory is a place for intelligent adult behavior.

OBJECTIVES AND PRINCIPLES FOR TEACHING SCIENCE

Every science teacher should periodically establish the answers to
three questions in his or her own mind: (1) “Why am I teaching my stu-
dents science?”’; (2) “What am I teaching my students in science?’; and,
(3) “How am I teaching science to my students?’ The answer to the
first question will help the teacher to evaluate his objectives. The answers
to the other two will help the teacher to evaluate his total course content
and teaching methods.

The whys of science teaching are included in those general objectives
: of education which seek: (1) to enable the student to find his place in
’ today’s world; (2) to fill that place in a manner which will be satisfactory
to himself and to others concerned. In order “o reach these objectives,
the study of science must help the student discover and develop his poten-
tial interests and aptitudes. It must also help him build @ foundation for
higher academic studies and career opportunities. Bach of the generalized
objectives and their specialized components is important in science teach-
ing. The degree to which the general objectives of science education for
students are attained will be determined by the “whats” and “hows” of
science teaching.

Probably, the widest response to the question of what we are teach-
ing students in science would be “subject matter” in its broadest sense,
with its advantage of easily observable achievement. The history of edu-
, cation and current evidence support the continued vital need for academ-
3 ics. However, there are other needs, more subtle in nature perhaps,
3 which also must be met. Because of the unique characteristics of the
Junior high school age group, the junior high school science teacher has
a responsibility and an opportunity unlike that found in any other level
of teaching.

1 The objectives for junior high school science are not only functional
in nature, a criterion which should be applied to all teaching, but they
are social in their implications as well as scientific. In addition, the
achievement of these objectives requires a related involvement of learn-
ing gkills from other areas of study, such as the language arts, mathe-
matics, and social studies. Because of its intermediate and transitory
position in the progression of grade levels, junior high school science has
certain objectives, as listed below:

SKILLS:

1. Observing accurately and discriminately, developing the ability to dis-
tinguish components and relationships

"; 2. Gathering sufficient data and dealing with it quantitatively
; 3. Recording and treating data completely and honestly

4. Performing fundamental operations and simple manipulatory activi-
ties with reasonable accuracy

] 5. Measuring accurately; reading with comprehension

—9 —




s

Identlfylng and defining “hidden” problems as well as the obvmus Ry
ones

Steting ‘and testicy hypotheses discriminately =~ R g
Making generalizations and drawing conclusions

Communicating effectively through oral and written techniques
10. Functioning effectively as an individual and as a member of a group
11.. Thinking - " '
(a) eritically
(b) creatively

(¢) inductively
(d) deductively

® o N

. L4
'~,!'

UNDERSTANDINGS l‘ . o | " : :7 Co
1. The determinate nature of living thmgs ' A
2. The interdependency of living: tnmgs

3. The orderliness and orgamzatlon of physwal nature m both physmal
and biological sciences - e

4. Cause and effect relationships, simple and multlple | '

5. Prediction of occurrences as the result of partlcular causes _
6. Conversion:and diversion as means of control and preservation -
7. The actual and relatlve value of knowledge (facts)

8. Conservatlon of human, physmal and natural resources‘

ATTITUDES ,

1. Personal responsibility

2. Intellectual honesty
. .Openmindedness 7
Receptiveness to challenge
Reasonablenesg; rationality
- Suspended judgments
Independence in academic pursuits
Respect for rights and property of others
Wholesome curiosity
1¢." Cooperativeness
11. Objectiveness

oo

S T L

APPRECIATIONS:

1. The role of science in the development and mamtenance of c1v1llzatlon
and cultures

2. The achievements and contributions of scientists °

—10—




The breadth and limitations. of science -
The value of pure science and technology '
'Aesthetic and moral values of our natural environment -

S Sk @

The existence and processes of nature

BEHAVIORS: o .
1. Applies science learnings to solving social and academic problems
2. Develops potential aptitudes and interests L

3. Extends endeavors in science beyond the classroom and continues be-
yond required study : -

4. . Accepts science for. its constructive addition to living as well as its
. potential in the future . T T :

PROCEDURES AND TECHNIQUES OF INSTRUCTION
METHODS—The science teacher must be able to adjust the content

and methods used to the many types of organizaticns and curricula that

he will encounter in various teaching situations. Methods must be flex-

ible and interchangeable in order to meet the needs of the junior “high

school student. - :

Knowledge.of psychology and methods of science teaching have ad-
vanced just as has the knowledge of science. More is known about motiva-

tion, learning, and transfer of learning. The teacher of junior high school

science must make an honest effort to keep informed, not only in the area
of subject matter, but also in the realm of current educational practices.
There must be a constant search for methods which will improve the
teaching of science. - S Y S .

Communication, motivation, and participation are some desired out-
comes to be observed in students as a result of the teacher’s ability to
organize the study, to adapt to the learner’s ability, to narrate interesting-

ly, to recognize the worth of each individual student, and to accept the
obligation to see that desirable learning occurs. o

~ Methods and procedures are important in that they make possible the:

operation of effective principles of science teaching. Just as subject mat-
ter differs, so should methods of presenting it differ. Variety avoids
monotony, and to be effective, variety must be planneq. o

The following methods are suggested, but one must keep in ‘mind that
the success of any method or composite of methods depends upon the
teacher’s being individual, dynamic and creative i the use of the methods.

Inductive teaching should be the underlying current and basic pai-
tern of all science teaching, so that scientific principles, concepts, and
generalizations will be the end point of teaching rather than the starting
point. The scientific method of problem-solving remains the basic proce-
dure through which discovery. is made and is.very important for inductive
teaching. Therefore, the teacher will need to employ the steps of scientific
thought and fluid inquiry throughout all his teaching.

The unit method of teaching science lends itself so well to the. sub-
jects of science there is the danger of placing all subject matter in separate
units and as a result continuity is lost. For example, this method would -be

—11=




most useful in the seventh grade general science, rather than in the ninth
grade physical science. This method demands teacher preparation and
planning. Units are generally planned in three stages: (1) introducing
the unit, (2) developing the unit, and (3) terminating the unit. Evalua-
tion follows as it does in any teaching method.

The unit method provides for some student participation in planning.
Students at the junior high school level in particular, like to share in
planning, such as devising or suggesting means to answer pertinent ques-
tions. The “Let’s try it out” request by a student is the teacher’s key to
open the student’s mind to further inductive-deductive learning. This stu-
dent participation aiso includes the use of the text book. Work in the text
should be presented as opening new doors to more exciting knowledge
rather than as “seat work.”

The lecture method has little value in a junior high school science
class since emphasis should be on student participation rather than on
a teacher centered activity. However, modifications of lecturing prove
effective when the teacher can project subject matter in an interesting
and possibly narrative form. _

Discussion. reporting and mote taking are comsidered as integral
parts of any method. These devices should be used and directed to bring
about desired learning and not as a “time killer” or a task to be endured.

Creative teaching may not be considered a method, but creative teach-
ing discovers or awakens interest in order that each student may develop
his unique talents. This method requires more of the one-to-one and one-
to-small group relationships. Creative teaching does not need to be un~
orthodox as the name might imply, but the teacher must have keen insight
into the nature and abilities of the student and then devise ways of de-
veloping these abilities.

The activities as listed on Jater nages should be interwover into the
various methods used, just as audio visual aids, charts and models sup-
plement and strengthen the method used.

In all activity where student participation is involved, intellectual
honesty should be stressed and taught as a basic principle of education.

LEARNING ACTIVITIES—Most science topics lend themselves to
a variety of types of student activities. The problem becomes one of se-
lection of the particular {ype of activity which will be most effective
and practical with available resources. The selection of an appropriate
type of activity is important, but the skill in conducting the activity is
of greater importance. The success of the class exercise will depend greatly
on the class preparation done in advance, and the techniques employed
during the class period.

Science carmnot be properly taught at the junior high school level
unless the students are given ample opportunity for individual investiga-
tion and experimentation. Experimentation, investigation, and student
and ieacher demonstrations have in common the use of the laboratory,
equipment, chalk-board and some activity on the part of everyone in the

clags. However, these activities differ in their presentations.

One or more class periods per week (or the equivalent) should be
devoted to experimental work. Demonstrations are useful in some cases,
but students need the experience of going through the sequence of mental
and physical processes involved in an experiment.

—12—
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A number of experiments should be done employing the “discovery
principle,” which results in the formulation of laws or principles rather
than verification.

. . An experiment may be done with the express purpose of arousing
interest in the validity of the results, the variables acting on the out-
come, and ways to put the experiment to the test. From these activities
students learn new gkills, entertain an appreciation for pioneers in sci-
ence, apply and prove the scientific method, apply original ideas to
basic assumptions and develop original work which may require long pe-
riods of time for completion, :

There are times when nothing but a teacher demonstration will do
to begin a lesson, to end a lesson, to develop a point or to demonstrate
processes too dangerous or complex for students to handic. But for what-
ever purpose, its major function is to present evidence for a concept by
doing, seeing, and testing. Students present very good demonstrations
and are good “teachers” because at the junior high school age, students
enjoy performing and observing their peers perform.

Time for creative activities with the use of laboratory equipment
should be provided so that students can discover with actual eontact and
manipulation some of the principles we accept as common. In this manner,
tlfle t:;ls;t student is often led into investigations uncommon to the area
o s * A s !

The use of films and filmstrips in the role of activity in the class-
room needs clarification. Although films are entertaining and help to hold
interest, their purpose is not entertainment. Neither should films be
shown in the same manner (for instance, to introduce a topic) each time.
There is a great variety of free film material, and variety in accord with
function should determine when the film is needed. Films and filmstrips
may introduce a topic, present a problem to be solved, be a vicarious
field trip, an accessory microscope or micro-projector, act as an acces-
sory to an experiment, as a test, and in some cases a full-period lesson.

Topical charts, student posters, picture slides, opaque projections,
and overhead projections lend variety and purpose to the lesson. Student
participation is stressed to a greater extent if students are given the
opportunity to help organize, are allowed to contribute to the subject
:Inatter, and are taught to operate the machines where it is practical to

0 so. :

The use of recordings has been overlooked as an activity. They serve
a unique purpose in reproducing sound, otherwise not available, such as
bird ealls, animal “language” and animal sounds. Records based on the
science of sound are invaluable aids. Current television programs like
the recent space shots are opportunities to put into practical application
the recognition of many science principles previously learned.

The bulletin board and exhibit case should be the responsibility of the
student, with the teacher as consultant. Bulletin boards are not only
for notices, but also for current events, problems of the week, and spe-
cial events and dates relating to science. The exhibit case should be used
for exhibit of materials related to the topic at hand: projects; books and
printed material; laboratory sei-up for the day; student collections;
hobbies; local industrial exhibits.

The teacher and student, no matter what the lesson is, can make
good use of the chalk-board as an aid in demonstration, in illustration,
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as an aid to-discussion and reporting, as an aid in projections, as a remind-
. er, or to emphasize and reinforce. . 4 \ ] .

The use of transparencies in overhead projectors can be used very
. effectively. There are many ready-made transparencies and through the
use of transparency makers, teachers may make their own. In using over-
-head projectors, the teacher can face the audience in a partly lighted
room. : . T : : c

~_The g:(itivity pursued should lead students to examine carefully all
evidence and to formulate hypotheses or conclusions in terms of the
evidence rather than blind acceptance of “laws” or “authority.™

Make special assignments in line with ability level so that sver: stu-
: dent may have a sense of belpnging_apd a sense of achievemint.

A "© The elements of critical thinking do not follofv a rigid -bat’:;ern, but
some efforts: to analyze the process have revealed that it encompasses
the following: . - - - C o

1. Sensing and defining the problem
' ~2.\ .Collecting and organizjhg‘ evidence on the problem

. 8. Imterpreting the evidence and forming tentative ‘hypotkeses re-
lated to the problem ‘ x A

‘ 4. Tgsting the hypotheses
" 5. Formulating conclusions

-Regardless of the type of ‘activit’y employed, scientific attitudes é.ild
scientific practices should be in evidence. Here are some tips which have
been found helpful: ; : ~

1) :I'h'e teacher should joir;‘ with the students in exploring an_(i learn-
(2) Every student response should be considered for what it is worth. It
may not be simply right or wrong. .

(8) If class interest seems to be lagging, perhaps the lecture or discus-
_ sion activities are being overdone, and students are not getting the
! types of class participation needed. Tk

' (4) Avoid the role of the teacher as absolute authority, knbwing all the
answers, asking all the questions and deciding the final answer.

" (B) The teacher should _néf be an information b,ureau' supplyihg'all the
_answers. Lead students to answer, their own questions, when only a

thought process is required, or when an investigation can be made.
* (6) In doing a demonstration, don’t tell students what is going to hap-

pen before it is done, but keepi them guessing or ‘have them to' pre-
... dict what may happen. . : ,

(7) Demonstrations are »notb a substitute for laborator& experiments,
but can be considered as group experience since students take notes,
observe, qugges!: procedures and draw conclusions.

(8) The tc'halk'-bo’;a,i'(‘l is the handiest, cheapest, and most dependable vis-
ual aidd in the classroom, and it is possibly the most neglected and
misused.

.l (9) Use films anﬁ filmsfrips in a lessbn, not aé a substitute for a lesson.

Yy
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SCIENCE PROJECTS—The science project should be included among
‘the activities as a regular part of the science course, The  science
project is an effective means of involving the students in problem-solvmg

. lsltuatlons ‘One minor problem after another arises in connection with the

major problem. Solving these minor problems and resolvmg the diffi-
culties encountered prove to be a most satlsfymg experience.

The student gains much basic education or. condltlonmg', as well as
special abilities and knowledge of science from his project. It involves
the making of decisions, careful planning, the assuming of responsibilities,
acquisition .of community resources, skills of construction, appreciation
of artistic display, the use of good Enghsh and clear writing, the sense of
::hl&:'ement and the satlsfactlon of commumcatmg his accomphshments

others

Special ablhty and mterest in science may be greatly enhanced
through the doing of science projects. In proposing and evaluating science
projects, the ability and inherent interest levels of the individual student
should be considered.

EQUIPMENT AND MATERIALS — With all the NDEA funds or
ESEA funds made available, it would seem that the junior ‘high school
science class would have the necessary equipment and materials. How-
ever, this is not always the case. The lack of equipment and materials will
impose some limitations on experimental or other types of -activities, but
the initiative of a good teacher may serve to offset the handlcap of- equip-

ment deflclency

Many times non-commerclal equipment, home-made or home-brought

. eq1u pment and materials, may serve the purpose. Substitutions of equip-

ment for the expenment may often be made. The work of the PSSC in
]lllllOl‘ high school science has shown that simple equipment may be ‘used
in the doing of a variety of experiments.

The teacher should have ready access to the items on the list of basic
junior. high school experlmental equipment, included in the appendix.

. If the basic items on this minimum list are not avallable, then prlorltles

of purchases should be. glven to them
It is believed that most teachers W111 fmd use- for the 1tems on the

 basic list;, but it is suggested that each teacher requisition. equipment
_ needed in. terms of the demonstratlons and experlments to be- done

If the room is not already equipped w1th tables or Work areas (or
laboratory not available) then efforts should be made to secure make-

_ shlft tables untll proper laboratory tables may be prov1ded

Refer to Mlsmssmpl Bulletin, No. 153 Scle . ncz!ztzes fOr MlSSlSSlp-

2 ;51 Schools, 1962 publication. -

- 'The; school system should make all efforts to correct makeshlft lab-

K oratory table deficiencies i in science classrooms.

“FIELD TRIP—The field trip provides science expenences that can-

" not he otherwise gained. Many benefits may come from a well-planned

and well-conducted field trip. Some of these are listed below. '

" 1. Students become acquainted with theu' sclentlflc commumty and
its surroundings.

2. They get an insight into vocational opportunities;:for example,
a {rip to a weather station may lead one to become a' meteorolog'lst l
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3. Opportunities are provided for collections and preparations for
museum displays.

o 4. Desirable hobbies may develop from interests acquired on field
rips.

... 5. The opportunity is afforded for students to observe many scien-
tific relationships in their natural settings.

The success of a field trip depends very much on the preparation
made in advance and the extent to which students are aware of the ob-
jectives and the follow-up activities to be pursued.

Preparation for a field trip involves the following considerations:
When? A
Where?

Who?

Why?

How?

What to carry?

What to expect?

The follow-up may involve discussions, explanations, library work,
readings, reports, classifications, and many other activities, depending
upon the nature of the trip. It is suggested that every school system
develop and maintain a list of places suitable for making field trips.

DEVELOPMENT OF SCIENTIFIC ATTITUDES

The personality factor called “attitude” is such a nebulous quality
that it cannot be completely or satisfactorily defined in its entirety with-
out illustrations and examples. Regardless of their indefinable quality,
attitudes are recognized as being a vital influence in the learning of sci-
ence. For this reason, they are listed separately from skills, under-
standings, and behaviors, in the list of objectives for learning junior
high school science. (See Introduction—Objectives and Principles.) Also,
they are treated as an introductory unit in the seventh grade level of
the series of courses of study offered in this guide.

The goal for fostering the building of effective attitudes for science
learning is to develop the personalities of science students so that they
become as intellectually and emotionally mature as possible. They need
to become persons who not only behave outwardly in desirable ways, but
do so as the result of inward control based on self-understanding. Klaus-
meier suggests eight steps that teachers can consider in planning for atti-
tude building, and which also may be used to facilitate the acquiring of
correct attitudes by students. The following suggestions from Klausmeier
have been adapted to science teaching:

(1) Scientific attitudes must be taught through precept, example,
and experience with scientific processes and personnel.

(2) Clarity in meanings and values of the vocabulary used to de-
seribe scientific attitudes must be achieved.
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(3) Models of desirable scientific attitudes, in the person of out-
stanq(ilnﬁ scientists, exemplary peers, parents, and the teacher, must be
provided.

. (4) Informative experience about attitude “objec ”,‘such as various
situations that occur in the problem-solving process, should be provided.

(5) Pleasant emotional experiences should accompany the learning
of attitudes. : : ,

(6) Appropriate contexts for practice and confirmation should be
arranged. '

(7) Group techniques in associziion viith investigative and discovery
methods shonld be used to facilitate undr:rstandings and acceptance.

(8) Deliberate cultivation of the desired attitude, with teacher-
guided learning, should also be encouraged.

As mentor and model for the fostering of desirable scientific atti-
tudes, the science teacher has prime responsibility. “Pupils cannot learn
attitudes that their teachers don’t have.”* The classroom is not the place
to teach scientific attitudes and principles, but rather a place to practice
them. For this reason, it behooves the science teacher to ad4 “‘attitudes”
to his personal inventory evaluation.

Although every student of science will not become a acientist in the
true sense of the word, all are scientists to some degree. The following
list may prove helpful in describing and profiling a good scientist.

A good scientist is (1) observant, (2) curious, (3) intellectually hon-
est, and (4) studious, He (5) reads intensively, (6) makes decisions,
(7) imagines, (8) wonders, (9) thinks, (10) makes reports, (11) ques-
tions data, (12) draws conclusions, (13) keeps records, (14) uses illus-
trations, and (15) questions the validity of his conclusions.

EVALUATION OF STUDENT ACHIEVEMENT—Periodic evalu-
ation is nmecessary in any learning procedure. Various attempts to eval-
uate should be made by students as well as by teachers. Any evaluation
should be done in terms of the four groups of objectives—skills, under-
standings, attitudes, and behaviors. It may be formal or informal, and
measured qualitatively or quantitatively. Since some achievements, in
terms of the objectives, are more easily measured than others, a variety
of techniques in evaluation must be employed. In any case, complete
and discriminate judgments must be made in all aspects of evaluation
before an honest decision can be made concerning a student’s progress.

Various techniques can be employed by the teacher and by the stu-
dents to measure progress. Some of these are fests, check lists, rating
scales, and deseriptive critiques, Where quantitative measurement is
required, some value should be derived for the degree of attainment of
goals other than those which are measurable by tests.

When tests are used, science teachers should strive to create tests
which are learning devices as well as evaluation tools, They should
apply diligent thought to the nature of their tests, to the validity and
reliability of the test questions themselves. Tests which are factual in

1 Richard E. Haney, “The Development of Scientific Attitudes,” The Science Teacher, XXXI
(December, 1964), pp. 33:85.
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nature often give a-decided advantage to students who are capable of
.memorizing and interested in doing so. To reach every student and to
achieve the objectives of science teaching, tests should contain questions
and problems which call for knowledge, computations, analysus, synthems
- of ideas, orgamzatmn of facts, and evaluation, .

Although 1t is possible for a teacher to be biased or non-objective
+in-the'oral evaluation of:a student, it must be kept in mind that the
teacher is an educated person with discreet ability to evaluate fairly
a student who hag been observed. Student evaluation has definite value,
“but in the final’analysis the manner in which a student manipulates and
nlrllprowshes in laboratory and classroom situations is best eviluated by
the teacher. : . o . )
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Part II. TOPICAL OUTLIN E TO COURSE CONTENT

7th Grade-—GENERAL SCIENCE

I. Introduction to General Science

A. What Is Science?

B. The Nature of Science
1. Pure science (basic)
2. Applied science (technology)
8. Science disciplines - -
a. Physics
b Chemistry
Biology
d Earth and space science
e. Mathematics
4. Work of scientists
a. Gathering evidence
b. Measuring evidence
c. Recording evidence
d. Evaluating evidence

C. How Science Is Related to Other Subject Matter Courses
1. Mathematics — measuring and evaluat.on skills
2. Social studies — social skills - -
8. Language arts -—— communication skills (ora‘l and written)

D. Attitudes Toward Learning
1. Everyday living as personal mvolvement in sctence
2. Reasons for studying science
3. Value of planned study
4. Value of science study beyond the classroom

E. Developing a Good Attitude Toward Sclence
1. Intellectual honesty
2. Awakening cur1031ty
8. Orderly study in scope and depth

F. Skills Which Help the Learning Process

Organizing gathered evidence of science study (notebooks)
Improving reading skills for science study

Developing a working science vocabulary

Organizing ideas in science study — outlining skills
Developing the ability to take notes for various purposes
Developing effective study methods for classroom perform-
ance

Developing the ability to write sclentxflc papers
Developing the ablhty to measure completely and accurately
Developing skills in cntlcal thinking for problem solving
( Note The above skills are ini~.duced and taught throughout
the course where most ttmely for emphasis of study Subse-
quent, continued application is requlred) .

II. Introduction to Earth Science

A. The Earth
1. Parts of Earth.
a. Atmosphere
{ (1) State of matter
(2) Layers

PN S”S"PS*’N'."
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b. Hydrosphere
(1) State of matter
(2) Features
¢. Lithosphere
(1) State of matter
(2) Features
d. Interrelationship of parts
2. Layers of Solid Earth
a. Crust
(1) Divisions
(a) Continents
(b) Ocean floors
(2) Layers
(a) Arrangement
(b) Composition
{c) Functions
b. Mantle !
¢. Outer Core |
d. Inner Core
3. Rock Cycle
a. Classes of rock
b. Processes by which rocks are made
¢. Distinguishing characteristics of classes
d. Kinds of rocks as examples of classes
4, Minerals and ores

B. Atmosphere

1. Layers
2. Water Cycle
a. Hvaporation
b. Condensation
¢. Precipitation
8. Obtainingz weather data
4. Conserving water supply

III. Introduction to Physics

A. Matter

1. What is matter?
2. States of matter
a. Behavior of molecules
b. Density as basis
3. Properties of matter
a. Physical properties
(1) Definition *
(2) Measurement
b. Chemical properties
4. Changes in states of matter

B. Energy and force

1. Definitions

2. Relationships

8. Kinas of energy
a. Definitions
b. Examples
¢. Conversion (basic principle)

4. Sources of energy
a. Distinguishing characteristics between groups of sources
b. Specific sources as examples of groups

90—
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5. Forms of energy

Mechanical

Light

Heat

Chemical

Electrical

Solar

Sound

Magnetic

. Atomic and nuclear

(the extent of development of the unit should depend upon
the school’s course of study for the sixth grade science
and also the ninth grade science.)

C. Simple machines

1. Mechanical amplifier
2. Mechanical advantage
3. Balance
a. Principle and definition
b. Problems
Kinds of machines
Levers
Inclined planes
a. Principle and definition "
b. Classes of inclined planes (Principles only)
(1) Simple inclined plane
(2) Double inclined plane (wedge)
(8) Spiralled inclined plane (screw)
7. Efficiency (further option)
a. Definition
b. Problems
8. Power (further option)
a. Definition
b. Problems

D. Atoms and Molecules

1. Atoms
2. Diagram of simplest atom
3. Molecules

E. Basic Magnetism and Electricity

1. Magnetism
a. Domains
b. Poles
¢. Lines of force
d. Magnetic fields
e. Sources of magnetism
f. Destruction of magnets
2, Electricity
a. Definition
b. Sources of electricity
¢. Definition of electrical circuit
(1) Behavior of electrons
(2) Parts of circuit
(a) Source
(b) Conductor
(e) Device using electricity
d. Open and closed circuits

PR P e TP
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e. Series and parallel circuits
(1) Physical differen~cs
(2) Examples

f. Conduction of electricity ‘ '
(1) Conductors—materials and substar.ces
(2) Resistors—materials and substances
(3) Insulators—materials and substances

g. Evidence of electricity in human body

h. Safety measures in using electricity

. F. Study of light (basic principles)
1. Solar spectrum

2. Refraction
3. Reflection

G. Sound (basic principles)

1. As a form of energy
2. .Yave form principle
3. Characteristics

Introduction to Chemistry

A. Review of Atomic and Molecular Structure

B. Table of Elements

C. Mixtures, Compounds and Chemical Changes

D. Significance of Chemistry in Other Areas of Science

Introduction to Biology

A. Basis of Life—The Cell (structure)

1. Typical cell
a. nucleus
b. cytoplasm
c. cell wall, membrane
d. chromatin bodies
e. vacuoles
2. Plant cells
a. structure
b. arrangement
¢. examples
3. Animal cells
a. structure
b. arrangement
c. examples
d. comparison to plant cells

B. Cellulay processes

1. osmosis
2. photosynthesis .
8. respiration and transpiration

C. Growth and Development of Cells

1. Means of growth
a. buddiag
b. division (»asic principle only)
2. Regeneration L
3. Ahct;nding arrangement in organism (determining func-
tion
a. tissues-
b. organs

) ) A
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c. systems
d. organism
4. Sequence and rates of growth for boys and girls

D. Living Societies—Plants and Animals
1. Kingdoms

2. Factors affecting balance of nature

The Science of Soil and Water Conservation (Optional Unit)

(Kit from Department of Agriculture, Mississippi Office of Soil
and Water Conservation) _ :
A. Our Lives Depend on Soil and Water :

B. What is Soil? o g

C. Soil Erosion '

D. Good Land Use Conserves Soil :

E. Hugh Bennett—Father of Soil Conservation

F. Soil Conservation Districts

G. How Mississippi Farmers Plan

H. What Will Our Future Needs Be?

I. Team Work in Conservation

J. You Can Study Your Own Country
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8th Grade—EARTH AND SPACE SCIENCE; LIFE SCIENCE
First Semester—EARTH AND SPACE SCIENCE

I. The Earth

A. Location
B. Size
C. Shape
D. Divisions
1. Lithosphere ‘
a. Crust
(1) Internal forces
(2) External forces
b. Land forms ’

(1) Built by earth movements
(2) Formed by destructive processes

c. Theories of movements
(1) Isostasy
(2) Contraction
(3) Convection
(4) Continental drift

2. Hydrosphere

a. Oceans
(1) Currents
(2) Minerals
(3) Life
b. Other ground water
(1) Storage
(2) Movement
c¢. Hydrology
(1) Chemical processes
(2) Features in earth
3. Atmosphere
a. Physical characteristics
(1) Pressure
(2) Temperature
(3) Humidity
b. Air masses
(1) Front
(2) Winds
(8) Storms
(4) Weather forecasting
c. Climate

E. Age
1. Geological Time
a. Cryptazoic Eon
b. Phanerozoic Eon
(1) Palezoic Era
(2) Mesozoic Era
(38) Cenozoic Era

Lok A i et ot Ll AR Rt i B . o
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Ii. Solar System

A. Theories of Origin
B. Planets

1. Comparative Sizes and positions
2. Relative distances from the sun
a. Astronomical units
b. Bode’s Law
3. Natural satellites
a. Phases
b. Eclipses
¢. Tides
4, Gravitational attraction
5. Revolutionary and rotational movement
a. Units of time
b. Time belts
¢. International Date Line
d. Calendar
e. Seasons

IIl. The Sun— Our Star

A. Size

B. Composition

C. Temperature

D. Energy Source
E. Surface Features

Iv. The Stars

Composition

Size

Magnitude
Temperature and Color
Location and Distance
Motion and Effects
Coastellations

. Galaxies

Other star-like bodies
1. Comets
2. Meteors
a. Composition
b. Origin
. 3. Asteroids
b a. Composition
: b. Origin
4. Nebulae

V. Space Exploration

A. Satellites and rockets

1. Types of roc.ets

‘ 2. Launching rockets
; 2 Tracking rockets
5

MFEaEEEORP

. Rocketry problems
(Example of development of topic by fluid inquiry)
. Gravity
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B. Space Problems for Man

1. Weightlessness . ,

2. Temperature and pressure

3. Food , . : C

4. Radiation = = - et
C. Survey of Artificial Satellites (Optlonal)

1. Communications

2. Weather
3. Observation

Second Semester — LiFE SCIENQE
L. Living Things
A. The Nature of Living Things

1. Physical Basis of Life
a. Cells
b. Protoplasm : :
c. Carbohydrates as source of energy
(Note: This portion of the unit provides an introduction
to chemical formulas in biology.)
2. Typical Cells _ i
8. Life Functions ST
a. Food getting and use C e
b. Oxygen getting and use Coe L, el
c¢. Movement - -
d. Growth
e. Reaction to stimuli
Reproduction
4. Blographles ‘ ‘
a. New knowledge and discoveries built on - work of others
b. Development of biology related to development in other
areas of scientific knowledge
5. Microscope
a. Use
b. Care

B. Life Functions of Animals
1. Kinds of life functions e
(Study of selected characteristic ammals) !
2. Specialization of body parts
(Serves as basis for introduction to classﬁmatmn)
3. Adjustment to environment

C. Life Functions of Flowering Plants

Roots

Stems

Leaves

Food-making

Seeds

Tropisms

Leaf—special adaptation f0r photosynthesm
. Flowers

Il Interdependency of Plants and Ammals : |

~A. The Oxygen Cycle
" B. -Photosynthesis
C. The “Food Chain”

90 AP Ut 00 PO
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IIl.

V.

VL.

Classification of Living Things

A. Ciassification in General

1. Planned system

2. Homologous structure cf animals
8. Major divisions and sub-divisions
4. Bases for differentiation

PB. Divisions of Plant Kingdom
1. Four major phyla
2. Distinctions

C. Classification of Plants
(Laboratory study)

D. Divisions of Animal Kingdom
1. Major divisions and sub-divisions
9. Studies of selected invertebrate phyla
3. Studies of vertebrate classes

Geneties

A. Heredity and Characteristics
B. Components of Reproductive Cells
C. Cell Division (basic understanding)

a. Mitosis
b. Meiosis

Human Biology

A. Anatomy
B. Physiclogy
1. Basic processes of selected systems
2. Enzymes
8. Vitamins
4. Cancer
C. Metabolism
1. Energy for cells
2. Cell oxidation
8. Calories

Conquest of Disease

A. History of Progress

1. Germ theory

2. Selected biographies
8. Recent discoveries

4. Extension of life span

B. Diseases of Man

1. Pathological diagnosis

2. Control, prevention
a. Serums
b. Vaccines
¢. Immunization programs

3. Community and personal health
a. Sanitation
b. Water purification

"




VIL

c¢. Water pollution
d. Public Health Department
e. Harmful use of narcotics, alcohol, and tobacco

Areas of Hobbies and Vocations

rEaEETQRR

Birds

Fish

Insects

Trees

Flowering Shrubs
Evergreens

Plant Culture

. Wild Flowers

Lawn Grasses
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9th Grade — INTRODUCTION TO PHYSICAL SCIENCE

Introduction—Physical Science and Its Areas

Al Unification of Physical Sciences
B. Basic Assumptions in Scientific Pursuits

Relationship of Mathematics to Physics and Chemistry

A. Comparison of English and Metric Systems

1. Metric system as universal scientific system in calculations
2. Study of prefixes and basic units
3. Use of capitals in symbols
4, Internationally accepted notations
5. Advantages of metric system over English
B. Basie and Derived Units
C. f_cientific Notations and Significant Figures and Approxima-
ions
1. Scientific notations

2. Significant figures and approximations
a. Approximate measurements
b. Precision instruments

D. Conversion of Units
E. Use of Slide Rule (Skill Optional)

Organization of Matter

A. Identification and properties
1. Basic propeiiies
a. Mass
b. Volume
¢. Density
2. Specific properties
a. Physical
b. Chemical
B. States of Matter

1. Kinetic-molecular theory
2. Solids, liquids, gases, and plasma
a. General characteristics
b. Mass inertia-definitions and relationships

C. Classification of Matter
1. Heterogenous mixtures and alloys
(To acquaint pupil with the behavior of maiz: 1ig)
2. Homogenous Substances

a. Solutions

(1) Identifying characteristics

(2) Identifying elements and compounds
b. Pure substances

(1) Elements

(2) Compounds

(8) Use of symbols and formulas
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Fluids

A. Density and Specific Gravity
1. Definition of density
2. Definition of specific gravity
3. Numerical relationship to metric system

B. Pressure

C. Buoyancy

1. Archimedes’ principle

2. Effect of downward pull of gravity
D. Hydraulics

E. Fluids (liquid or gas) in Motion

Force and Motion

A. Gravitation and Gravity
1. Universal law of gravitation
2. Inverse square law
-3. Advantages and disadvantages in gravity
B. Velocity and Acceleration
1. Definition of velocity
2. Definition of acceleration
C. Newton’s Laws
1. Inertia
2. Force-mass-acceleration
3. Action and reaction

Energy, Work, and Power

A. Energy

1. Manifestation

2. Conversion

3. Constancy

4. Law of Conservation of Matter

B. Work
1. Definition
2. Forms of resistance that oppose work
a. Inertia
b. Gravity
c. Friction
3. Work of simple machines (See 7th grade unit on physics)
a. Levers
(1) First class
(2) Second class
(3) Third class
b. Pulleys
c. Inclined planes
d. Wheels and axles
4. Mechanica' advantage of machines
a. Theoretical
b. Actual
Efficiency

Power

o o
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IX.

Heat

A, Kinetic Theory (including gas laws) ST
1. Relationship of radiant energy to molecular actw;t)
2. Movement of thermal energy .
B. Specific Heat and Thermometry
1. Thermal energy in relation to welght
2. Use of thermometers -
3. Specific heat standard of water
C. Calorimetry and Heat Transfer

1. Methods of heat transfer
a. Conduction
b. Convection
¢. Radiation '
2. Conversion of BTU and calorie measurement
D. Mechanical Equivalent of Heat

1. Mechanical equivalent of heat-ratio of. work done
to heat produced
2. Machines operated becauee of heat prmclples

Introduction to Chemlstry A Few Basic Concepts

(See Tth grade section for background rev1ew)

A. Atomie Structure

1.. Proton
2. Electron
3. Neutron

B. Terms

Atomic number

Atomic weight . e
Isotope ORI
Periods

Groups (periodic table)

Others

C. Electron Configuration

D. Valence (oxidation number)
1. Definition Lo
2. Examples oL
Inorganic Compounds

A. Acids
B. Bases
C. Salts

D. Oxides

Chemical Bonding

A. Definition
B. Types of Bonds
1. Covalent
(a) Polar
(b) Nonpolar )
(¢) Coordinate covalent . o
- 2, Electrovalent , S Voo ;
8. Others

& g 000 1
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XI. Conductivity of Solutions
A. Electrolytes
B. Nonelectrolytes

XII, A Clasgification of the Elements

XIII. Chemical Reactions

A. Atomic Weight

5 B. Formula Weight

. C. Combining Ratios ]
'~ D. Evidences of Chemical Reactions

1. Noticeable energy changes
2. Noticeable physical changes
3. Endothermic reactions

4. Exothermic reactions

E. Some Types of Chemical Reactions

; 1. Combination reactions

4 2. Decomposition reactions

' 8. So-called displacement reactions
4. Oxidation-reduction reactions

F. Effect of Catalysts on Reactions

XIV. Electricity at Rest

A. Nature of Electric Charge

B. Charged Bodies

1. Reason for charged bodies

2. Danger of excessive static charges
C. Conductors and Insulators

1. Definitions

2. Determinations

e

E D. Electrical Attraction and Repulsion
3 1. Electroscope
K 9. Van de Graff generator electric whirl

E. Electrical Fields i
1. Existence i

z 2. Uses |
XYV. Magnetism

A. Nature of Magnetism

B. Terrestrial Magnetism
: C. Magnetic Attraction and Repulsion
D. Magnetic Fields

XVI. Electricity in Motion

A. Chemical Energy

1. Sources

2. Electro-chemistry
B. Current and Charge

1. Static electricity as compared to current electricity
2. Electric current
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8. Measurements of current
4, Electromagnetic waves
C. Voltage
1. Definition
2. Measurement
D. Resistance
1. Definition
2. Measurement
E. Ohm's Law

F. Series and Parallel Circuits

1. Basic electrical symbols .
2. Laws of series and parzli<l circuits
8. Measurement of resistances in a circuit

XVII. Electromagnetism

A. Producing Magnetic Fields—Electromagnets

B. Production of Electric Current
1. Changing magnetic fields
2. Transforme:a

C. Alternating Current

1. Generator
a. Principles
b. Principal parts
2. Motor
a. Construction
b. Uses

XVIII. Applications of Electrical Energy

A, Mechanical Energy
1. Transfer of electrical energy
2. Determination of mechanical energy
B. Heat, from Electrica! Energy
1. Conversion of electrical energy into heat energy

a. Cause of heat
b. Commercial heating elements
¢. Measurement of heat released proportional to resistance,

current, time
d. Measurement of heat released proportional to diameter

and length of wire

C. Conversion of Electricity to Light

1. Production of light
2. Lamps

D. Chemical Effect of Electrical Current
1. Electrolysis

2. Electroplating
< XIX. Sound

A. Definition
B. Producing Sound
C. Transmitting Media of Sound
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D. Aspects of Sound

E.

F.

1. Identification of aspects
2. Transverse waves

3. Longitudinal waves

4. Modulation of waves

Acousties

1. Intensity of sound and inverse-square law
2. Reflected sound waves
3. Materials

Music and Noise

1. Distinction
2. Uniformity of amplitude
3. Uniformity of frequency

G. Musical Instruments

XX.

1. Source of sound
2. Principles of sound

Light

A,

Definition

1. Electro-magnetic radiation

2. Wave lengths

3. Theory that light exerts pressure

. Nature of Light

1. Wave theory
2. Corpuscular theory

. Source

1. As form of radiant energy
2. Source of electrons
3. Relativity of speed to source

Intensity of Illumination and Brightness
1. Light intensity
2, Strength of light or brightness
a. Candie power
*b. Relation between foot candles and candle power

Refraction and Reflection

1. Variation with refracting media
a. Plane mirror
.b. Comncave mirrors
c¢. Convex mirrors

2. Refractive index.

Visible and Near-visible Portions of the Spectrum
1. Function of rods and cones of retina

2. Visible light portion of spectrum

3. Infrared rays

4, Ultraviolet rays

b. X-rays

Invisible Electro-magnetic Radiation

1. Discovery and uses of
s. Radio
b. Radar
c¢. Cosmic rays
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d. Gamma rays
e. Micro waves
2. Special instruments of detection

XXI. Radio and Television

A. Radio

1. fgig:yiples based on understanding of magnetism and elec-
rici

Developinent of instruments preceding radic

Radio circuits :

Radio waves .

a. Relationship between light and electromagnetism

b. Predicted by Maxwell

c. Maxwell’s predictions confirmed by other scientists
Vacuum tube

How it works

Historic discoveries in development of radio

B. Television
1. Photoelectric cells
2. Iconoscope tube
8. Kinescope tube
4. Color transmission

Lol ol M

Rk

XXII. Nuclear Science

A. Nuclear Particles and Radioactivity

1. Alpha particle

2. Beta particle

8. Gamma rays

4, Sources oi radiation
b. Geiger counter

B. Isotopes

1. Definition
2. Radioactive isotopes

C. The Release of Nuclear Energy

1. Terminology
a. Fission
(1) Transmutation
(2) Critical mass
(3) “Breeder” reactor
(4) Accelerator
(6) MEV (Million Electron Volt)
b. Fusion
(1) Principle
(2) Increase of energy in fusion explosions compared
with fission explosions
(83) Limits of contro! for peaceful uses
2. Instruments
a. Geiger counter
b. Electroscope
¢. Dosimeter
d. Scintillation counter
e. Film badge
f. Cloud chamber
8. Civil Defense
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D. Peacetime Applications of Nuclear Energy

1. Applications in various fields
a. Industry
b. Agriculture
¢. Medicine
d. Space exploration
e. Research
2. Nuclear Reactor

XXIII. Career Opportunities

A. Manpower
B. Literacy
C. Leadership
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& For Use As A Teaching Aid—Unit I
SEVENTH GRADE COURSE OF STUDY-—GENERAL SCIENCE

Correlation with text Other | Refer-
Units [Chapters | pages | Mater. | ences

1. Introduction to General Science
A. What Is Science?
! B. The Nature of Science

C. How Science Is Related to Other
Subject Matter Courses

Attitudes Toward Learning

Developing a Good Attitude
Toward Learning Science

Skills Which Help the Learning
Process

. Extended Science Activities
II. Introduction to Earth Science

A. The Earth

B. The Atmosphere
III. Introduction to Physics

A, Matter

B. Energy
Simple Machines (optional)
Structure of Atoms & Molecules
Basic Magnetism & Electricity
Study of Light
. Study of Sound
IV. Introduction to Chemistry

A. Review of Atomic & Molecular
Structure

B. Periodic Table of Elements

C. Mixtures, Compounds, and
Chemical Changes

D. Significance of Chemistry in
Other Areas of Science
V. Introduction to Biology
A. Basis of Life - The Cell
B. Cellular Processes
3 C. Growth and Development
k D. Living Societies-Plants & Animals
3 VI. The Science of Soil and Water
Conservation
. Our Lives Depend on Soil & Water
What Is Soil?
Soil Erosion
Good Land User Conserves Soil
Hugh Bennett-Father of Soil Ccaser.
Soil Conservation Districts
How Mississippi Farmers Plan
What Will Our Future Needs Be?
I. Team Work in Conservation
J. You Can Study Your Own County

Portions of text not specifically correlated
to Course of Study Outline (for enrichment)):

@ m By

eEEPe

HeEmPpowp

v e o e w7 oo tatem W ks v R Wk i £ A e




Teaclnng Aid—Unit I

Unit [ - Earth and Space Science - Topic: Atmosphere, Temperature
(Lab lesson) )

The two scales most commonly used in measuring temperature
are centigrade and Fahrenheit. (Find out what other scales

c. areused and why). Centigrade is the scale prererred by most
of our scientists. (Can you determine why this is true?

(¢) Onme degree on the centigrade scale is equal tn .
degrees on the Fahrenheit scale '

(d) One degree on the Fahrenheit scale is equal to____ !
degree on the centigrade scale.

Referring to the above, explain why these two formulas are

correct for convertmg temp. from one scale to another

9 b ;
_—c—|—32 ¢ =— (F-32) -
5 ' 9

230H {110 Examme a centlgrade and a Fahrenheit thermometer, notic-
220 ing the difference in the spacing of divisions. Place each ther-
21011199  mometer in a 250 ml beaker of water. Heat each to boiling:
200
10l {190 C boiling point
il F boiling point
'
::: Place 250 ml beaker of water in a solution of ice and salt. 1
1% 7  Check the freezing point with both thermometers.
140H [{60° C freezing point.
120 . .
120l Hso F freezing point.
110 o Imagine the degree on the two thermometers to be steps. The
100 - distance is the same but the steps are not the same length.
ol 110 We can compare the two thermometers by saying that one has
ol || short steps and the other has long steps.
:: 1 (a) Whlch thermometer has the long steps?
soHR{0 How many times as long are they as the short
: Io steps?
| ] N (b) Which thermometer has the short steps?
ol The short steps areonly____ as long as the long
': {20 steps (Give fraction.) :
~20
-30
—d0

Try these problems
1. What will 10 degrees on the centigrade equal on the F thermometer?

2. If the temperature drops from boiling to 90 degrees C what would it
drop to'on F?.

3. Whlex; lt is O°F, how many degrees below freezmg is it on this’ same
scale

4. What is the ldeal indoor temperature in C°® if it is considered to be
. 68° on the F scale? :

5. Alcohol thermometers are used in polar reglons where temperature
is below freezmg point on.Mercury. What is the freezing pomt of
mercury in F*?in G°? !
' —42—
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AL i

Teaching Aid—Unit II.
CROSS-SECTION OF GLOBE (SPHERE) SHOWING THE FOUR MA-
JOR PARTS OF THE LITHOSPHERE.
(All depths are approximate.)
North

CRUST (3 to 26 miles thick)
Continents-made of granite, avg.
25 mi. thick.

Ocean floors,-made of basalt,
avg. 3-45 mi.”,

(Mohoroveic discontinuity - base
of crust)

MANTLE (1809 miles thick)
Made of rock, probably oli-
vine.

OUTER CORE (1300-18360 miles
thick) Made of molten (semi-
liguid)iron & mnickel. Origin of
earth’s magnetic field.

1NNER CORE (860-900 miles th.ck

to center, ie., the radius; dia-

meter-1720-1800 miles.) Prob-

ably iron & nickel in solid state.
(Some geologsts favor the theory
of an iron-silicate composition of
earth’s core.) .
Earth’s diameter — approximately
8,000 miles, .
Earth’s circumference - approxi-
Pole mately 25,000 miles,

CHART: PARTS OF EARTH ACCORDING TO THE FORMS OR
STATES OF MATTER.

Forms of Matter:| Parts of Earth: Includes:
1. gas atmosphere gases, clouds, ete.
2. liquid hydrosphere | water of earth (rivers, 6ceans, ete.)
3. solid lithosphere rocks, minerals, soil, ete.
LAYERS OF EARTH’S CRUST (SOIL PROFILE).
Ability to
Layers:  support
growth:

TOPSOIL Fertile Fine rock particles,
Minerals — inorganic ma-
terial .
Humus—organic material
Microorganisms——living
‘Water and air; space

SUBSOIL Semi-fertile Larger rock particles.
Much smaller amounts of
humus, microorganisms,
minerals, ete.

(Parent  Source of
Material) subsoil

BEDROCK Comes from
mantle rock.
Non-fertile

References: LIFE'S Picture Atlas, 1961; Science Service Program ; National Geographic Magazine: Steck
Co. Science Series; Van Nost:"and World of Science Series; Macmillan Co., Book 8: Brinckerhoff, The
Physical World; Zumberge, Elements of Geo.
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Teaching Aid — Unit II1, Basic Magnetism and Electricity

THE BEHAVIOR OF MAGNETIC SUBSTANCES IS KNOWN AS GILBERT’S
LAW.

The lines of force (magnetic field) around the poles of magnets:

‘o vy e o - * .
T e e, cre *o
- ® et .
. M AR ...'ll . . -
~ Cd o ™0
.
. S ¥ cenen
. ST
PEEP TN ]
.. RTINS .
PR L L * % ®we S TP
M N N A PEBCAA I RCRES AL I ARy S IR DS o200, .',0‘ .. ..'.l .

Two Bar Magnets Two Bar Magnets
Like poles Unlike poles
(repel) (attract)

KINDS OF MAGNETS: Nmseeking
a. natural—example, lodestone

b. artificial i 1 PR
N,
7

- Single Bar Magnet

(1) temporary
(2) permanent

- -
THE THEORY OF MAGNET- A 3E

A magnetic substance is made b Q. g g N )
up of domains, each of which is A =
a magnet itself. When the sub- R "3 - 3 f"‘ T e, VA
stance is magnetized, the do- }.‘ SR RE] TNy
mai}gf, aria arrapgéd with all t(}ll.e \Y %
north poles pointing in one di- . 3

reqtign and 3}1 t}g}el so?lt.:h Iigles S=geeking

pointing in the other direction. . .

When the substance is not mag- Magne‘blzed Bar Unmagnetlzed Bar
netized, the domains are ar- .

ranged in a disorganized fash-
ion. N

Cutting a bar magnet in pieces
can prove the magnetic theory. N

MAGNETS ARE MADE BY N S » /N
ONE OF THREE WAYS:

1. Conduction N S\ \ N S { rN
2. Induction

3. Electricity B TP O R R TR g
(electromagnets) w"(’ Rl R R A AL e P’

{ magnet 5 -; -+ IHE BARTH_IS.A MAGNET -

-
- * C - - ® o o

North geow | /i Nopth-gecking

N - graphic poks”: X i_:f"-,/'{\'.majgrx_et::n.c pols
£ '. ' ! LI 1/ ; ‘

o
.

R R e
S VEERSERES

Nail —3 il g ’ . .
' [ )

iron ' . .
filings . l,\» ’ :
TN, PR ' ! .

rlltt‘;. %

’f:;; ¢ tor

TEMPORARY MAGNETS ARE
DESTROYED BY TWO WAYS:

1. Heat * \
2. Sudden jarring . v e R . . .
THOUGHT QUESTION: Can heseekite - %t e ath’ geo=
you relate the Electron Theory Sou'th seek i et : SO’l.l‘bh ggo

fo the Theory of Magnetism? magnetic pole S iafmigin gi‘é}phlp pole

i

-

c. . e e e % .
-




Teaching Aid — Unit III, Basic Magnetism aind Electricity

| ' rent L/ .
Tource £ N2
Swcke?.

0PEM CiRCVIY
(sultch open)

LLamps in serfes«
e

+— Ho

gy -

In a series circuit, the current
flows through each and all the
- electrical devices (such as cells,
light bulbs, switches, etc.) before
returning to the source. If there
is a break in any part of a series
" circuit, or if an appliance is turn-
ed off, the entire circuit becomes
<f)lpened and the current no longer
ows.

BREAK IN FILAMENT

Lumps m parsljel:

Cells in paraMel:
+ ==k

A parallel circuit consists of a
number of branches, each of which
is independently connected with
the source. If there is a break in a
parallel circuif, only that branch
is affected. All other branches re-
main closed circuits and thus the
current continues to flow through
them. For this reason, all electri-
cal appliances in the home are
wired in parallel.




e

. RS BT

oL g

sekies

—5—

IC

Aruitoxt provided by Eic:

E




Teaching Aid — Un: III, A Study of Light
LIGHT MAY BE EITHER REFRACTED OR REFLECTED.
There is a principle which explains each process.

REFRACTIGN means the bending of light rays. When light is refracted
the rays may be not only bent but also separated into the segments which
make up the ray of light. Substances or objects, such as water or a prism,
may serve as refractors of light.

When a prism is used to refract light, the ray of light may be broken
into its separate segments of different lightwave lengths. Each of these
different wavelengths will result in a different ray of colored light. The
density of the substance will determine the degree to which light may
be bent. The ray of light bends toward the perpendicular on entering
the denser medium, away from the L on leaving the denser medium,

The drawing illustrates a ray of white light being refracted by a prism.
The right hand column of terms indicates the wavelengths of energy from
the sun in their respective order.

SRR S S

Sound waves
Long waves
( Standard broadcast ) } RADIO

Short wave
VH

Radar UHF

™V
Infra-red waves )
RED White light
ORANGE and the
YELLOW THE SPECTRUM 1 spectrum
GREEN (band of are the
BLUE color) only visi-
VIOLET ble por-
Ultraviolet waves tions of
X-rays | light.*

Cosmic rays (mostly in space)
THE PRINCIPLE OF REFRACTION: As light energy passes through a
substance it is bent and/or separated into different lightwave lengths.
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i THE LAW OF REFLECTION: The angle at which a ray of light reflect-
i ed from an object strikes the mirror EQUALS the angle at which the
: reflected ray leaves the mirror. In other words, THE ANGLE OF
= INCIDENCE EQUALS THE ANGLE OF REFLECTION.

Reflected ray

Ray striking
from mirror

mirror

mirror

Angle of incidence equals Angle of Reflection

*(Note: This means without the aid of special devices. Under special
conditions ultraviolet and infra-red rays may be seen.)

—
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Teaching Aid — Unit III, A Study of Sound
TABLE ON CHARACTERISTICS OF SOUND:

Characteristics Described as: Depends upon:
1. pitch high, medium, low number of vibrations per second
(frequency)
2, volume loud, medium, soft energy of the sound wave
(amount and intensity)
3. tone or “sounding like . . ..” manner in which object is
quality pleasing or displeasing; vibrating (wave form)

good or bad, ete.

ALL THESE DIAGRAMS ARE PICTURES OF SOUND WAVES.
Each shows one of the characteristics of sound.

PITCH: Number of vibrations (rate) per second. The human ear
cannot hear below 16 nor above 20,000 vibrations per second,
on the average. The scientific way of expressing this fact is to
say that the range of human hearing is from 16 cycles to 20,000
per second.

0 Sp SR M0 ap wm w0 en

NoeSec: 1. 9. 10, 11,

VOLUME: Amount and intensity (strength of sound wave),
Pictured as height of wave:

- (Equal frequency)

_ ™ 7\ "soFT
3 _ N SNOLME

QUALITY : Pictured as shape of wave (wave form).
Determined by manner in which sound is made.
Described as “sounding like . ... .”

THE HUMAN EYE IS LIMITED TO THE SIZE OF THE WAVE-
LENGTH OF LIGHT IT CAN SEE.

THE HUMAN EAR IS LIMITED TO THE RATE OF SOUND WAVES
IT CAN HEAR.

VOCABULARY STUDY. Include these terms:

1. compression 3. auditorium b. audio-oscillator
2. transmitter 4. auditory nerve 6. oscilloscope

T8
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Teaching Aid—Unit III, Simple Marhines

| (D) / (-Da?‘__\

Q000000 © ©0
l?n g7 ¢S :32.

~
(5')" FIGREL O™

BALANCE~—a state in which the combination of factors on one side of a
point equals the combination of factors on the other side of
that point.

QO

(- X 0O C
1 23 49 l ll)..

4‘0
~00

™

00O
79
\ 4

(20ad) (force)

A [y Few

(Mcmm)

FIGURE 3 FIGURE 4

(2nd class lever) (3rd class lever)

o et B e o o

o

o e ey v

S e




Teaching Aid—Unit III, Simple Machines

FIVE STEPS FOR SOLVING PROBLEMS OF SIMPLE MAICHINES:
(These must always be done in the order given.) :

Write the equation or formula.

Rlewrite the equation substituting thé known values 1n theif proper
places. - : ( ‘

Assign the letter “X” to the unknown value. |
Solve the equation or formulas for X.

CHECK YOUR SOLUTION BY:

(1) Writing the equation or formula. ..

(2) Rewriting the equation gubstituting the known values in
their proper places. ’ P :

(3) Substituting the value you received for X when solving the
problem. R

(4) Working the problem. If you get the same figure on both
sides of the equation or formula, then your solution for X
is correct because the two sides are in balance. S

FORMULAS FOR SOLVING PROBLEMS OF SIMPLE MACHINES:

1. Balance: WiD; = W:D:  Weight times distance on one side equals
weight times distance on the other side.

L: length of force arm of lever

guhw b

2. Lever: Theor. MA =
. length of resistance arm of lever

3. Fixed pulley: Unity one; no increase in force (Only the di-
rection is changed.)
4. Single mcveable . which is derived from:
pulley: d diameter of pulley

Theor. MA = 2:1 —
r radius of pulley

5. ‘Wheel and axle:

T radius of wheel
Theor. MA = —
r2 radius of axle
6. Inclined planes:
a. (Force applied 1 length of incline
parallel to the ‘ Theor. MA = —
plane.) h height raised
b. (Force applied parallel to base.)
2 b length of base
e Theor. MA = —
> h height raised
7. Wedge: ‘
(A double in- h height
¢lined piane.) Theor. MA = — ——
b base

&

(Note: There are other formulas than these for solving
the mechanical advantage problems of simple ma-
chines. Some teachers may prefer to use their own.)
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Teaching Aid—Unit III, Simple
Machines -

SAMPLE PROBLEMS ON BAL-
ANCE AND LEVERS:

(Apply the 5 problem - solving
steps. )

What is the formula for solving
problems on balance?

IN FIGURE 1, S is hung at 4 in.
and T is hung at 6 in.:

1. If 8 weighs 9 pounds, how much
does T weigh?
What part of the formula did
you solve for?

2. If S weighed 10 pounds, and T
weighed 4 Ibs.; and, if T were
hung at 5 in.; where would S be
hung? What part of the formu-
la did you solve for?

3. If your known values are:
S=8 T=6; D=9,
what is the value of the un-
known? What part of the prob-
lem did you solve for?

4. If your known values are:
Wiis8; Wais 4; D, is 8;
what is the value of the un-

kncwn? What part of the for-
mula did you solve for?

PROBLEMS ON LEVERS: (Fig
ure 5)

What is the formula for finding
the theoretical mechanical advan-
tage of simple levers?

If the rock weighs 75 lbs., and, if
K is 3 ft. long, and M is 9 ft. long:

5. How much force (F) would the
man need to move the rock?

6. What is the theoretical mechan-
ical advantage of the lever?

If the rock weighed 120 1bs., and
if 1; is 8 ft., and the man used 20
lbs. force:

7. How long would 1; have to be
to move the rock?

8. What is the theoretical mechun-
ical advantage of the lever?

Write your problems Prove your
in these spaces answers in these
using the formulas: spaces:
a - ‘
WiD:1 = WaD: - :
9X4=XX6 9 X4=6X6
. -8 =6X . | 8= (6)6
: 36 = 36 36 — 36
2) - u
WiD: = WzDz WiDy = W:D.
10X X=4X5b 10X2=4xX5
S 10X=20 10(2) = 20
. X=2 20 = 20
(3) - o
WiDi=WsDs
I XX=6X9 - 3X18=6 X9
3 X=54 3(18) =54
X = 18 b4 =54
(4)
WiDy = WzDz WiD; = W:2D.
3X8=4XX 3X8=4X6
24 = 4X 24 = 4(6)
6=X. 24 =24
(5) S .
WiD1 = W2D. WiD; = W2D:
HBX3=XX9 B5X8=25X9
225 = 9X 2256 = (26)9
25 =X 225 — 225
(6) ‘ o
L: F X MA = Resistance
Theor. MA = — 25 X 8 = 75, rock
A P =175
9 — e e () e e
Theor. MA = — R ..F:7—5_—.25
3 MA 3
Theor. MA = 3 25 = 25
(7)
WiD; = W.D; WiD, = W:D.
120 X X =20 X 8 120 X 11/3 =20 X 8
120X = 160 - 160 = 150
X=11/3 ,
(8)
Ly
Theor.MA:-I-; "FXMA=R
8 20 X 6 = 120
Theor. MA = —— 120 = 120
11/8
Theor. MA = 6
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Supplemental Exercise for Chemistry Unit

SYMBOLS—Using symbols of the elements, list the gases in air. (O
Ns, H;, CO;, and minuts quantities of others.)

A. Have the gases of the air combined with each other? (Students
may answer, “yes,” but actually they have not, by definition of
mixture and compounds.

Do you find the same amounts of each in the air in all localities?
Is there & chemical reaction between these gases? Why?

B. What would you call this combinatior. >f gases? (a mixture) Why?
(There is no chemical reactior: betw~en the gases. and no special
chemical process is necessary to r<iurn them to an original state.
Also varymg the amounts of the gases present does not change the
fact that it is air.)

FORMULAS—What are the two elements whlch combine chemically to
make water?

C. (Hydrogen and oxygen)
What is the chemist’s way of writing water? (HzO)

ngat ¢oes this way of wrxt!ng “water” tell you about it8 chemical
naturc?

(It is composed of hydrogen and oxygen It takes 2 -atoms of hy-
drogen in chemical combination with 1 atom of oxygen to make
1 molecule of water.)

(See Unit II)

Chemically, what is water as compared to air? (a compound)
EQUATIONS—Using the information you have gathered from the for-
mula for water,

D. Show how these elements combine mathematlcally to make a mole-
cule of water. This form of statement is called an equation.

2 atoms of Hydrogen plus 1 atom of oxygen makes 1 molecule of water
2H + 0 = " HO

(Important note: Actually oxygen in the air is found in the molecular
state, Oz, rather than the atomic, O.)

Other factors and special conditions are usually necessary to complete
this chemical combination.

Note the use of the arrow instead of equal sign.

Other chemical processes may be used to reverse this reaction, in which
case the arrow would also be reversed.

Another simple equation:

H: + Ch -> 2HCl
(One molecule (One molecule yields (two molecules of hydrogen
of hydrogen)  of chlorine) chloride)

o e
.
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Teaching Aid, Unit V. '
PRINCIPAL PARTS OF A CELL!

Living Substances: , Nonliving Substances:
Protoplasm . . : Cell Wall
Cytoplasm : Vacuoles
Nucleus , ‘ Cell Sap
Cell Membrane : -

Plastids

Mitochondria

DIFFERENCES BE;I‘WEEN PLANTS AND ANIMALS?
In the final analysis there are no criteria which enable us to divide

all organisms into two clearly defined groups . . . the plants and the
animals. The following differences hold true in most cases.

Plants 3  Animals

(a) Have cellulose cell wall. (a) Have no cell wall.

(b) Have no powers of locomotion.  (b) Have powers of locomotion.

(c) Are less irritable. (c) Are more irritable.

(d) Grow throughout life. (d) Grow to a definite size.

(e) Manufacture own foods. (e) Re&q(ilre complex foods from
outside.

1Sam S. Blane, et. al., Modern Science 1, (New York: Holt, Rinehart,
and Winston, Inc., 1963), p. 203.

2Gordon Alexander, Biology, (7th ed,; College Outline Series; N.Y.:
Barnes & Noble, Inc., 1959), p. 27.
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SPECIAL LAB EXERCISE

Unit I Earth and Space Science
Occluded Front

Take a small rectangular jar or small aquarium; place a clear glass
section to divide intc *-. Fill with water and heavily salt one section
of the water. Put r¢ - . . :oloring in one end, green in the other. Stir
quickly and remove &, . .ln¢s section. Observe the occlusion in color.

Hz:0 and red salty H:O
color and green color
glass panel
Red
occlusion
Green
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TABLE OF GRAVITY CORRECTION FACTORS FOR OLYMPIC
RECORD KEEPERS

h Latitude degrees | Javelin throw Broad Jump Shot Put
; 90 +24.47 +2.47 +5.64
70 +419.80 - 4200 +4.37
60.2 (Helsinki) 41415 - |- +1.43 +3.26
52.3 (Berlin) ,+'9.oo +0.91 +2.07
5o - - | 4724 | +ors +1.67
48.88 (Paris) . 4640 4065 4148
% 419 (Rome) .| a1aT 4018 40.41
40 (Columbus) 0.00 40.00 40.00
37.7 (Melbourne) | —160. | -—016 | —0.37
34.1 (Los Angeles) —413 . —042 —0.95
20 —1235 —1.25 —2.85
10 —15.97 . .. —161 —3.68
| 0 (Equator) 1723 | —1.74 —8.97
‘Application: Some athlete using the same amoupt of energy would throw
a javelin a shorter distance at Helsinki than Columbus due
to the pull of gravity. Therefore, add 14.15 centimeters to
the Helsinki score.
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TIME BELTS — U. S.

A- PsT
o
- ¢s
M- st

Sun directly over 90th meridian

The irregular lines on the map represent the adjustment in time belts
to consider preference of towns and railroads.

(a) What time is it in chicago? (CST)

(b) What time is it in New York? (EST)._ . S
(c) What time is it in Denver? (MST) . —

(d) What time is it in Los Angeles? (PST)

What time will you see a T.V. program in Los Angeles if it is shown
in New York at 8 P.M.?

If you call a relative in Chicago at 9 P.M. his time, what time should
you place the call from your home in Seattle?

What time will you arrive in Dallas, Texas, if you board a plane at
8:40 A.M. in New York for the 2 hour and 15 minute trip by jet?
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INTERNATIONAL DATE LINE

The International Date Line is the place where travelers set the day for-
ward if traveling westward and backward if traveling eastward. If it is
Sunday on the east side, it is Monday on the west side of the International

Date Line. When it is midnight at the International Date Line, it is noon
at the prime meridian.

G0’ E

Diagram A

1. 380 min. past noon at prime meridian = ... at the interna-
tional Date Line.

2. On the diagram above write in the time at each meridian when
it is 12:88 P.M. at the ¢° meridian.

3. Shade the part of the diagram that is the new day between mid-
night and International Date Line. How old is the new day?.. .. -
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LAB EXERCISE
- TOPIC: FOOD CHAIN
Balanced aquarium CLonl LLow g L s T

Gallon jug

Granite chips, washed thoroughly. Use enough to cover the bottom
of the jug when laid on its side.

Plants—2 or 8 water plants from pet store or from local ponds

Fish—a small gold fish or a guppy. B T U

Wooden blocks to hold jug in stationary position on its 81de

Put in the washed granite chips. Place the plants-in the granite layer
(use. long tongs or bent clothes hanger). Add water to as near the top-as
possible -and allow it to set for 2 or 3 days to condition the water.- -Add
the fish. Seal the jar. Secure jug in position on its side. Keep air space
as small as possible at the top. This aquarium can be kept successfully
for several months.

SIMPLE TERRARIUM

Jar—a wide mouthed mayonnaise jar or glass cookie jar.
Moss—turf about 2 inches or more thick

Small animal—a small lizard or other small terrestrial animals
Plants—small fern, or other small green plant

Place turf in bottom of jar. Water it adequately but not too much. Put
animal in the terrarium. Top to the jar need not be sealed because it will
have to be removed to feed the animal. Do not leave the terrarium in the
sunlight or near other heat source. Light in the room will be sufficient
to keep photosynthesis processes in operation.

Turtle Terrarium-aquarium

Glass tank-—allow one square foot for every 2 inch leave out turtle.
Water—enough for the largest turtle to be completely submerged.
Some species feed only under water.

Arrange so that the turtles can climb completely out of water if they
want to. Temperature of water should be kept between 75 and 85 degrees
F. Water may range from 65 to 90 degrees F' but extremes should be
avoided. Controlling the water temperature may be helped by a goose-
ngck laam.}; with a 40 watt bulb over the aquarium end. Check the temper-
ature daily.

Sunlight is essential for growth of a turtle’s shell and to control
growth of algae. Shade must also be provided so the turtle will not be-
come overheated.

Glass cover over the container will keep out the dirt. Saran-wrap or
plastic can also be used as long as it is not tightly fastened. Air must
have reasonable circulation.

Granite chips or sand can be used in the terrarium. When sand is
used it should be baked at 850 degrees F for about 15 minutes to kill bac-
teria or algae. Rocks should be thoroughly cleaned.

Turtle feeding will contaminate the tank. If possible, the turtles
:?'hg&l'ld be fed in another container; if not, be sure to clean the tank after
eeding.

Avoid temperature changes in adding water.
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Feeding must not be more than 2 or 3 times a week. Food should be
chopped into small pieces. Prepared food is not adequate. The following
is a good turtle diet and should be varied from time to time:

Cod liver oil or bone meal
Flies

Hamburger

Qatmeal

1ettuce, if carefully washed.

Hibernation will be discouraged if (1) no place to hibernate is avail-
able, or (2) turtles are kept at uniform temperature all year.

If turtles’ eyes close, it indicates lack of sunlight, or poor dirt and low
temperature.

Fungus can be killed by putting turtle in solution of one tablespoon
of salt to one gallon of water for one hour.
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Problem :How characteristics are related to classification.

Material: Set of paper figures: «s follows (Number from 1 thru 16)

A. 1 red diamond—edges 3 inches long
1 red diamond — edges 1 1/3 inches long
1 yellow diamond—edges 3 inches long
1 yellow diamond — edges 1% inches long
1 red circle—diameter 3 inches
1 red circle — diameter 1% inches
1 yellow circle—3 inches diameter
1 yellow circle — 1'% inches diameter ‘
-1 red rectangle—11% by 4 inches pinked edges
1 red rectangle 3/4 by 2 inches, pinked edges
i yellow rectangle 115 by 4 inches, pinked edges
1 yellow rectangle—3/4 by 2 inches pinked edges
1 rec vectangle—114 by 4 smooth edges
1 red rectangle—3/4 by 2 inches smooth edges
1 yellow rectangle—1%% by 4 inches smooth edges
1 yellow rectangle——3/4 by 2 inches smooth edges

B. - Set of organisms: ) Will be handed out in pairs. .
ivy and philodendron each pair is to be numbered. .
cricket and roach each erganism is to be letter-
housefly and honey bee - ed

grasshopper and katydld
frog and toad :
sowbug and pill bug
earthworm and centipede -
salamaander and lizard
black oak and white oak
sliver maple and

sugar maple
butter{ly and moth -

Activity : List numbers of figures _
- A. Write a deseription of each flofure after its number. What four-

’ <characteristics are involved in each figure? If a figure were
~described to you without the number being given, could you
“pick it out?
What would be the easiest way to learn the characteristics and
the -quickest? -
Arrange the figures into 3 groups by characteristics
Reeard how you divided the figures.
Arrange the figures into 2 groups by characteristics.
Record how you divided the figures.
Is there any other characteristic on which you could
arrange the 16 figures into two groups?
Record how this can be done.
Re-arrange the figures into three groups as dome prevxously
What sub-groups do you find within each of the three groups?
Re-arrange the figures into the 2 groups done before and find

the sub-groups.

How is. this like tke “set” theory in modern math?
Diagram your sets.
On the basis of what characteristic could the figures be said to all
be in one group?

*Note to teacher: at the conclusion of the work on the figures the “class-
ification” may be worked out on the board as a summary for the work.

¥
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Problem: How characteristics are related to classification.
Materials: Listed on previous lab sheet under (B)

Activity: List the number of each group and under it the letters of the or- |
ganisms in the pair

Write a list of ways the individuals in each pair are alike; then,
make a list of the ways they are different.

‘ : On the basis of what characteristics would you arrange the

: organisms into two groups? ,

" On the basis of what characteristics could they all be arvang-
ed in one group?-

What are the main characteristics you considered in arranging
the groups?
List the pairs you think could be grouped together and tell why.

Write a description of two individual organisms omitting their
number and letter.

When the whole class is ready each group will read its classifi-
cation description. Each student should write down what is
described and check to see if he is right. Each student
should be ready to justify his selection on the basis of char-
acteristics.

*Note to the teacher: After the above work is complete, introduce the
class to the divisions of biological classification such as king-
dom, phylum and on through genus and species. Help the stu-
dents draw parallels between these groups and their grouping
of the paper figures. Then help them place the organisms
into the proper classification. Point out that “arranging” into
groups is classifying. Difficulties the students have in deciding
how to place the organisms should be pointed out as similar to
the trouble experienced by biologiats in classifying plants and
animals. ,

This material was adapted from “Laboratory and Field Studies in Biology”
by Holt, Rinehart and Winston Inc. Pages 37-44.
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Problem: Aye all members of a species alike?

Materials: 100 leaves from the same tree
Information as to what part of the tree the leaves came
from was taken.

Ruler, paper, pencil

Activity : Measure the leaves as accurately as possible using metric
measures. Round all figures to nearest whole number.

Be careful to record the lengths along with the location from
which the leaf came.

Make a histogram similar to the one shown helow, using vour
measurements. First you determine the longest then the
shortest. Divide the remaining distance between the ex-
tremes into regular intervals. Mark the position for the
blecks that represent the length of leaves in various groups.
Count the measurements that fall into each length-of-leaf
group. Complete as shown below:

1% 1
" 0
3 T
< e
?"’

Conclusion: Does there appear to be a pattern for your histogram?
Explain.
How does it compare to the patterns formed in other groups
in your class?
Would you expzet to find variations in the following
traits?
a. weight of radish seeds
b. thorniness of honey locust trees
¢. color of scng sparrows
d. length of rabbit ears
One of the factors responsible for variations within a spe-
cies is age. Both plants and animals show change as they
grow older. Young birds are different in color from adults;
a Siamese cat grows darker as it grows older. Can you
suggest other faciors that might alse affect variations?
*Note to teacher: This lab lessor introduces the students to a new way
of showing their findings or conclusion. This method can be used in
other lab lessons.
Material in this lab lesson comes from “Laboratory and Iield Studies
in Biology” by Holt, Rinchart and Winston Inc. It has been
adapted for class use,
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NATIVE PLANT PROTECTION LIST FOR MISSISSIPPI

Below is a list of native plant materiai found in decreasing amounts in
ihe State of Mississippi; and in order to protect them from extinction, it
is recommended that they be placed on a conservation list and not be
permitted to be shown in any standard flower show.

1. RARE SPECIES

Flowers and seed pods of these plants should not be removed.
Plants should not be disturbed unless site is to be destroyed. Such
site should be considered a wildflower preserve and protected as
such.

Pink Dogwood* Lady Slipper*
Yellow Violet Closed Gentians
Indian Pipe* Gingseng

. NOT COMMON

Not found in quantity throughout the state, but in relative
abundance in limited areas. Roots should not be disturbed and
enough flowers left to go to seed. Site should be considered wild-
flower preserve.

Cowcumber Redbud
Flowering Dogwood** Tulip Poplar
American Holly Bloodroot
Cardinal Flower Gayfeather
Hepatica Indian Pink
Puccoon (Yelow Trillium
phlox) Wild Larkspur
Wild Columbine Wild Ferns

Wild Iris
Yellow and white
fringed orchids

8. COMMON

Common in certain areas, such as longleaf pinelands, loes-
sal bluffs.

Blue stars (blue Blue lobelia

dogbane) Bird’s foot violet (Johnny-Jump-Up)
Bittersweet Coral bean
Cornflower Jack-in-the-pulpit
Crabapple Mandrake (common May apple)
Lupine Pitcher plant
Oak leaf hydrangea Ked haw tree
Poppy mallow Silver bells
Rose gentians Viburnum (maple leaf)
Swamp iris Wild azalea (bush honeysucle)
Wild phlox Yellow false foxglove

(Sweet William) Yuceca
Wild verbena False dragonhead

Yellow jasmine
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4, ABUNDANT

Found in most regions in quantities. Most absent from Del-
ta. Many classed as common or abundant are not in danger of
extinction, but they should not be subject to wanton destruction
for seasonal decoration, mass transplanting, or invasion by exotic
plants used in soil erosion projects. (Kudzu)

Ground nut vine Milkweed
Huckleberry Smilax (trailing ground cover)
Wild geranium Red or native cedar

5. VERY ABUNDANT
The following plants are not in need of protection at this

time:

Asters Blackeyed Susans
Coreopsis Dandelion
Evening primrose Goldenrod
Morning Glory Mullein
Mustard Pokeberry
Queen Anne’s Lace Sweet Clover
Sunflower Trumpet creeper
Vetch Wild lettuce

*Very Rare

**In danger of being completely destroyed.

Acknowledgement is made to Dr. James D. Ray, Botany De-
partment, Mississippi State University, and Mrs. Louise Gray of Green-
ville, who helped compile this list for MISS GARDNER, official publi-
cation of the Garden Clubs of Mississippi, Inc., from which this informa-
tion was derived.

BERRIED SHRUBS THAT WILL
ATTRACT BIRDS TO YOUR GARDEN

RED CEDAR (Juniperus virginia) attracts Bluebird, Cardinal, Chipping
Sparrow, Mockingbird, Robin

DOGWOOD (Cornus florida) attracts Brown Thrasher, Purple Finch,
Robin, Towhee, Vireos

HOLLY (Ilex opaca and others) attract Flicker, Robin, Thrushes

BARBERRY (Berberis thunbergi) attracts Catbird, Chipping Sparrow,
Thrushes, Junco, Song Sparrow

BEAUTYBERRY (Callicarpa Purpurea) attracts Robin, Catbird, Tow-
hee, Brown Thrasher, Bluebird, Mockingbird.

BLUEBERRY (Vaccinium spp.) attracts Bluebird, Brown Thrasher, Cat-
bird, Thrush, Mockingbird, Towhee

HONEYSUCKLE VINE (Lonicera halliana) attracts Bluebird, Waxwing,
Chipping Sparrow, Goldfinch, Purple Finch, Song Sparrow
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EUONYMUS (Euonymus spp.) attracts Cardinal, Finches, Towhee,
Brown Thrasher, Catbird.

PYRACANTHA (Pyracantha spp.) attracts Cardinal, Robin, Catbird,
Mockingbird

SUMAC (Rhus candensis) attracts Bluebird, Finches, Robin

VIBURNUMS (Virburnum spp.) attracts Bluebird, Waxwing, Flicker,
Finches, Kobin, Thrushes.

VIRGINIA CREEPER (Parthenocissus) attracts Flicker, Mockingbird,
Purple Finch, Robin and many others.

SRR RERRkE

To attract Seedeaters of the bird population plant:
PRINCESFEATHER (Amaranthus hypochondriacus)
LOVE-LIES-BLEEDING (A. candatus)

ASTERS, ROCKPURSLANES, BLESSED THISTLE, CENTAUREAS,
CALIFORNIA POPPIES, COSMOS, MARIGOLD, SUNFLOWERS, TAR-
WEED, FORGET-ME-NOTS, PRINCESPLUME, SAGALINE, PORT-
ULACA, SILENE, ZINNIA.

GRASS Also: MILLET, BARNYARD GRASS, FOXTAIL, CANARY

For Game Birds: ALFALFA, BEGGARWEED, BUCKWHEAT, CLO-
VER, CORN, COWPEA, FLAX, HEMP, SUDAN GRASS,

WHEAT, and SOYBEAN
TREES: "Alder, Birch, Ash, Boxelder, Elm, Pines

EREKBRRAER

To attract the Fruit-eaters, plant the following: JUNIPER, HACK-
BERRY, BAYBERRY, THORN APPLE, FLOWERING APPLE, MOUN-
TAIN ASH, HOLLY, VIRGINIA CREEPER, SOUR GUM, PERSIM-
MON, SNOWBERRY, BUSH HONEYSUCKLE -

For Humming:bii'ds, plant any of the following: ABELIA, ALTHEA, MI-
‘ "MOSA, AZALEAS, BEAUTYBUSH, BUDDLEIA, HONEY-
SUCKLE, TRUMPET VINE, WEIGELIA

HONEYSUCKLE (Lonicera spp.) attracts Catbird, Brown Thrasher,
Mockingbird, Robin, Towhee.
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DISTILLATION

Experiment 4:
INTRODUCTION

Chemieally pure water is often a requirement in chemical reactions.
To prepare chemically pure water it is necessary to evaporaie the water
and condense the resulting vapors. This process is distillation. Distilla-
tion is used in the preparation of petroleum products, acids, aleohols, and
many other products. There are some liquids which canrot be distilled.

PURPOSE
To prepare chemically pure water by distillation.

MATERIALS

500 ml florence flask, Liebig condenser or about 4 ft of 6mm glass
tubing, ring stand, ring, wire gauze, bunsen burner, one-hole stopper,
small beaker, copper sulfate solution, ammonia water, white vinegar or
acetic acid, litmus paper.

PROCEDURE
1. The class will be divided into three sections.

2. Group A will prepare their solution by dissolving 6 grams of
copper sulfate in 250 ml of distilled water. .7ote the color.

3. Group B will prepare their solution by diluting 10 ml of acetic
acid with 240 ml of distilled water. Note the effect of the solu-
tio.l(ll on litmus paper. White vinegar may be used for the acetic
acid. .

4. Group C will prepare their solution by diluting 5 m} of ammonia
water with 240 ml of distilled water. Note the odor of the am-

monia gas as it eseapes from the solution and the effect of the
golution on litmus.

5. Set up the apparatus as shown
Q‘ in the illustraticn.

6. Heat the solution until it begins
%o boil. Keep it boiling slowly.

7. Collect the distiliate in test tubes.
Collect for & period of two min-
utes in each test tube, remove,
and replace with a clean test
tube.
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Coptinue replacing test tubes every {wo minutes until you have
boiled the water for twenty minutes.

9. Check the distillate.

a. Group A—Use a watch glass over a beaker 1/3 full of boil-
ing water. Evaporate a few drops of the first distillate to

dryness.
b. Group B—Check the distillates for odor and with litmus
paper.

c. Group C—Check the distillates with litmus paper.

OBSERVATIONS

Group A
1. What was the color of the original solution?
2. Was a coior observed in the first distillate collected?

8. Did a solid residue remain after evaporation of the first dis-
tillate?

4. How chemically pure was the water collected?

Group B
1. Describe the odor of the original solution.
2. How did the original solution affect litmus paper?

8. Which test tube of distillate, if any, did not affect litmus pa-
per? Explain. ,

4. How chemically ure was the water collected (distillate)?

Group C
1. How did your original solution affect litmus?

2. Which test tube of distillate, if any, did not affect litmus paper?
Explain.

8. How chemically purc was the water collected?

FURTHER RESEARCH

i. Activated charcoal is used to remove odors from city water
supplies. Would boiling water in an open container produce
the same results? If boiling water does remove odors why do
cities not use this method?
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PULLEYS

Single Fixzed Pulley and Single Movable Pulley

1. Set up a system as in Fig.

2. Record the amount of effort force needed
to raise a resisting force of about 4.9 lb.
(Remember to raise the resisting force with
a slow uniform speed after giving it a slight
start.)

3. Record the distance the effort force moves
in order to raise the resisting force 10 cm.

Double Fized and Double Movable Pulley

2RI

1. Set up a system as in Fig.

2. Record the amount of effort force needed
to raise a resisting force of 9.8 Ib. (approx.).

8. Record the distance the effort force moves
if the resisting force is raised 10 em.

OBSERVATIONS

1.

The ideal mechanical advantage of a pulley system can be easily
determined by:

Why is the efficiency of the pulley system not 100%?

If a person were holding a 50 Kg object by means of a single
fixed pulley, how much work would he be doing?

How far must the effort force move if the resisting force is
moved 8 cm? Suppose you were using a single fixed and a dou-
ble movable pulley combination.

A block and tackle is found to raise a weight 3 meters when the
effort force moves 15 meters. The effort force is 60 newtons
and weight is 2256 newtons.

Note—Force (Newtons) = Mass (Kilograms) X a (Meters
Per Sec.:

a. The actual mechanical advantage is
b. The ideal mechanical advantage is
¢. The work input is
d. 'The work output is
e. Th~ <Fficiency of the block and tackle is

Does a pulley system save work?
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DISCOVERING ELECTRICAL MEASUREMENTS*

The story of the discovery of electricity is not only a fascinating story
of the past, but it also describes the pattern of experimentation that even
today sets the pace for modern research. When you wish to enjoy an
occasional evening of good interesting reading, read in your schools li-
brary books about some of the following early investigators of electricity:
Volta, Oersted, Ampere, Ohm, Faraday, Henry, Gauss, Hertz, Edison,
Fleming and DeForest.

WHAT IS THE RELATIONSHIP OF CURRENT TO VOLTAGE?

6 VOLTS In the foliowing experiments your teacher will
() use an electrical test circuit like the one shown
at the right. )

a. Complete the test circuit by touching the

clips together. Note the brightness of the
" blub, remembering that the brightness of
VOLTS the bulb depends upon the amount of cur-
rent (electrons) that flows through the fila-
ment of the light bulb.

b. Now stubstitute a 11 volt battery for the 6 volt battery. Again note the
brightness of the bulb. i

c. What do you think this shows about the way current varies with the
voltage?

d. Is there a mathematical expression for this relationship ? DISCUSS.

W R LY

current (=) (is proportional to)

WHAT IS THE RELATIONSHIP OF CURRENT TO RESISTANCE!?

; Using the 6 volt battery in the test circuit, add a 12 inch section of coiled
= nichrome resistance wire to one clip. Nichrome wire is used in hot

plates and toasters.

; 2. Now take the other clip and move it along the resistance wjre tqwards
‘ the other clip. Observe the light bulb and note how it varies with the
amount of resistance offered by a greater or lesser amount of resis-
E tance wire in the circuit.
b. What do you think this shows about the way current varies with the
resistance? Y

c. Is there a mathematical expression for this relationship? DISCUSS.

Current (=) ‘

OHM’S LAW !

A German physicist, George S. Ohm, in the early 1800’s, noted the rela-
tonships that you have observed above and combined them into a single
mathemtical exprassion or formula. Can you also discover that formula?
Try it! DISCUSS.
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Current =

UNITS: Current (measured in Amperes of current); Voltage (volts);
and resistance (ohms).

APPLYING OHM’S LAW
Many electrical problems can be solved using Ohm’s Law.

a. If you were designing an electric toaster that was tc use a current of
5 amperes and be used on 110 volt house current, how much resistance
would the resistance wire have to offer? |

emreeeem —._.ohms,
b. What current is used by a lamp that has a restistance of 55 chms and
uses house voltage of 110 volts? __________amperes.

Printed by Permission

* Reference — “Investigations In Physical Science”; by Warren L.
Strickland, Burgess Publishing Company.

—234—




$3INOII0 8Y3 ur
paoeld aq pinoys
sdwre; Auswr moxy

JwrT A
Srora 'l

‘uorgeniis Axojexoqu] Lxmbur ssay
‘carsstwzad e ur jidnd ayj Aq pPaxaA0dsip 9q
pInoys s3moard [dexed puv s91I3Ss JO sMe]

‘garjrpuenb
989Y] JO SjudUIBINSEBIW I}BW puUB SINDIATD
[Ol[eded pue §9lI9S O[qUIISEE SJUIPNIS O]

*S[OqWIAS [BOIX}OR[® d188q
dwos 3uIsn SUOIJOPUUO0D SILIDS puw [drexed
Surmoys apBul 3q pIROYs SIUTMBIP 138U

$31 98N £3yg Moy
aUIIId3AP NOA UB) ° NI qUINY3,, B 5B 2A0(®E
Y} 9SN SIWIJOUIOS SUBIILIIOAID [BO1ORIT

(8[2)
NV

*SUOI}BINO[BD
AYBUI ¢ S3INOATO SAIJUS UT PUB SHNIAID Jo s3x6d
Ul SJUSWLINSTIW MBI — SWO[qoxd MIOM

832220230y Papsabbng

1010 [oraxed ayj

Jo jaed jJusuodwod Yous £50J08 SOUBIDIIIP

18l3uajod ay3 03 [8nbs J0 swes 9y} St NI

[eljered ® ss0x08 JOUSISIIIP [BlU0d pus

‘A19338q 9Y3 YBnoxi[j} JSUIMO[F JUdIINd [830}

9y} 03 [enba s 3mMAII0 [dfeaed B Jo sjred
qusuodwod [[e ul s3UaIINd Yy Jo wns aYyf,

‘A30338q oY}

Jo 23e310A 9Yyj s[enbo INOIID 8Y3 Ul JO0ISIEDI

yows 80198 sdoxp adwjoA 3y} jO Wns Y],

‘sjaed juouoduwrod ayj Jo sa8oue)sIs
-3 3Y3 9Y3 [{8 JO Wns§ SI DUBISIFAX [8303 YT,

‘susuod

~WI0D YOBO UI SMO[J FUSIAND JO JUNOWE SWBS
9y} :S9LIaS Ul PajodUU0d sjuduUodwod Joq

"pasn
J09SISOX SO[eWIS JY) JO 9OUW)ISIEAX Y} uvy)

§89] sAeMm[e SI [o[[BaBd Ul SI0)SIE_L JO J9G
-wnu Lug Aq paI9yJO 90UBISISAI DAIJO9FFD YT,

*3INoaI0 9y} JO uorjrod ¥ 03 £8 [[oM §8
10019 Xjue ue 03 9[qeordde sy M8 SWYO

T (0]
— = ] 0 — = Y °30uvjsIsal ayj o3 [e

C S A
-uorjrodoad A[OSISAUI PUB SOUIIDIFIP [BIFUI)]
-od ayj 07 peuonrodoad ApdaaxIp s1 JI1039Np

~U0d B Y3NOIY} JUIXIND Y, : SMO[[OF §8 Juax
-INd JO SUII9} Ur pajw)s 9saq SI Mer] SWYQ

SBUIPUDISAIPU[]

[eIead ‘g

sorI98 °T

—~236—

s3InoaL)
[oleaeg pue sIIIdS ‘o

Me] suyo |

sowdo,z,




[SUOL{B3IABIY PUB “OB[H WSHOUSEIY :U(id
*3ouUSBUN0II09[0 9} JO UY3uda)s oY) 98BI
-U 0} MO0Y TLIBY] *JOUIBWOIIB[O U do[eAs(

‘g3 WOl W51 WL 00§ (gH) HPuSel
YA SJUIIIND ‘O] 9INPOIJ 0} MOY WL
= 5=y

Fey 4q wuvysiseg dq 2390381504
NPIFIY (040 FIMYOIN OF Y0 BINGOIW oy

. Je[jpuiroy ayj
jxoddns SIUSWIAINSBIWT dY} O( ‘VUBIRIEA
9A1399JJ0 [B}03 9y} SUIWLIOP Ppoyjowr awes
ay) Ag 'JIN9a10 B UI S0UB)SISAT d)earedas oY)
AUIWADIOP ‘TOJPWIWE PUB XSJOWI[0A Iuls()

"§913
-LIB[IWIS PU® SIOUIIIIFIP Moys pur [d[[vaed
Ul pue S3I98 ur sIY3I] 99d) SBWISIAYD JO
§pa02 3ulry |postadang "s3ndaLo [o][Baed aie
YOIYyM pue s91I98 ax8 YOIyM. [[93 puB.9snoy Jo
[00Yyds 8 JOo juilxd anjq SUBIOMOIO Y} YBJ,

891720230y PISIGANS

*q030NpU0d
oy} punoxs aq 03 sxvadde paiF d1juIvUr Y3
J0JONPU0d 8 YINOIYy} sessBd 9BABYD O[O
Bupsom oy} uUSYA ‘PIolF OoIoulswr ' Yum
PojBIoOsse S1 9JI8Yd JOIJ9[e Bulaowr AUy

- | *q g i |
(—+ =+ —==)
! ! I !
‘sqauouodurod ay} Jo S3dUB)ISISIX Y3 JO S[Ld0X
~-d1031 3y} Jo wns 8yj 03 [Bnba SI JMOID 9]
-[Basd B8 JO S90UBISISAL Y} JO [Bo0ad109X Y],

L

sbulpuvISLIPU/)

$J0UuBvmW-01309[F

PRl
o1jeusSsy 3uronpoid v

WSPUIBWOXJNT TIAX

8910, f,

—236—

LEST a  aR o s




'apeur aq Lsur s10jeIoULS ArdwIg

‘pasn aq Avw
A313u3 ‘299 Jo suonedndde snoiAqo AuUB

; W0y oY}
avou puw sjus[d UOI}BIIUSS )8 SIBULIOISUBLI}
SSNOS[(] ‘9INSBOUI PUB SPIS SUO UI S[I0D 258D
~U] ‘opIs Yoro 9INSVIUI Puv JSULIOFSUBI) 0)
UOIJ00UU0D I5I9AII ‘OPIS Youd U0 9383[0A pue
JUBXIND SINSBIWI ‘IOULIOISUBA) S[dWIIS B OBI

Jymagat
9q JouBswW I8q B JO Y}BUIILS 9Y} P[NOD MOF[
‘$3 "ou Wt 4s1] Wity 99g (dH) SpPPIA

821320190y Pa38aBNg

*A[U0 uoIodIIP
U0 UI U®Yj} J9Yjel I030NPUOD B Ul YJI0F pur
o8] 2A0UWI §93ABYY) “9INJBULIE POXIJ B UIYHM
S9AOW ploI¥ O1joUIBW 9Y3 SI03BIIUSS Jo8XB[
Ul ‘S8aIaUM ‘FI01RISUS3 [BIOISUIWIOD [JRUWIS UI
PoIF 9oIjouUIBW PIXIF B UIYIIM FS9A[0ARA BaNj
-swae 9yJ, ('siojBIauad D' Uo) JojBINW
~W0d J0 s3uLx dis puB aInjeurie ‘s[rod pely
dljpudBW 948 SI0)BIOUAS JO sjxBd [BdID
-urad ayJ, ‘uorgoaaip adusvyo Aqeaporred [[rm
J030NPUocd Y3 Ul §93I8YO Y} UOIOW JB[ND
~I10 YA pasowr SI J1030npuod ayy jr ¢ ppir
Y} YSnoJayj s2A0W I0JONPUOd BYJ YIIYM Ul
uorjoeaIp uo spusdep 23x8Yo 8Y3 JO UOIjOW
JO U0I709IIP 9YJ, ‘JUdIIND OIXJO09[e U® sIIN}
=13SU0D 3ZABYD |} JO uUoroUr SUINSAIX Y],
‘PleIF d1j9udswr JurL3ueyo oYyj 03 anp 9dI0J
8 9OudlIadxa P[aIF d1joudBW B S50I98 POAOW
ST YOIYM J0JoNPU0D B Ul SUOIIOID 93I] Y],

*A[0 UOI}OAIP SUO UI UBY) IdyJex J0)
-dnpuod ¥ U0 YJIOF PUB }oB8q dA0W saJILYD

© 1 °J030NpU0d Aq-I89U

B Ul 2A0W 0} §93I8YO 90NpUl [[IM (100 3Y)
Y3noayj juaiind Jo uorodxip ayj Iurdusyo
£q 00 B Jo peIF S13duldBw e Burduvryd
‘?AIM Y)Y

JO AIAIISISAT § UOIPOD8-SE0ID DXIM JO 9ZIS ¢ [10D
utr axIm Jo yjsuo[ {eldvxodwe {a3wi[oa :uodn
spuodep poIF d1joudBUr 8 Jo Yj3uax)s 9yyg,

sbuypunISLIPU)

X0}BI9UdY) °[

—~237—

JuaxIn) IunBuUIANy O

JuaxIn)

"9 JO uoIPnpoay ‘g

sawdo,J,




*£319U3
[8011303[2 donpoad 0} pasn Sl A3I3Ud [BIIUBYD
-9UL MOY pue ‘A31ud [EoTUBLDIW anpoad
03 pasn st A3I3ud [ed1AJo3[? Y} Moy moys o}
ALusdwod AN [800] WOIy Jd)eads & Y8V

2qudino Jamod [BOBUIYIIW Y}
aq pInroM JEYM ‘JUdNIIId %06 ST J0j0U a3
JI (Iomod spyy 3e sojexado 1 J1 s9nuild (g
Ul pasn o¢ pom A31dud [e911309[@ Yyonw
MOH °SI0j0W JLIJOI[d UO ajerd suoryeoryonds
ayj uo 3unea adeljem Y} PpEdY L £IAIPY

: *S1030UW
3y} uo ®jep I9Yjo pue sIurjel Jomod 30N

*SI0JOUWI J1IJOD[@ UIBIUOD
Yorym awoy 9y} Ul paIsn sI01AIP Fuauliciog

¢ pajjruo Io
oAT)O9gep oxom jaed Aue JI sjmsax ayj 9q
pinoa 1eyM “Jred yoed Jo sIsn [[93 pue syaed
ayy AFuspl ‘Tojowr do1I30d[e Idurls € BN

8310010y PaSabONS

LHI = U
awtry X sjoa X soradwe = HIW

‘auIl} pue ‘o38j[0A ‘QUITIND JO jonpoad 03
reuoryrodoxd s1 A319u9 [BOIUBYIUL JO JUROUIE
Y], "JuUN0d0B OJuUl USHE] JouU dIB FBIY pue
uorjoLay 03 Inp ssof Y3 JI A3I0Ud [BITUEYIIW
7O JUNOV:E JUS[BAIND Ue dnpoId J[IM A3I3U9
[BOLIJ03[@ JO junowre UdAL3 Y ‘039 ‘s[eaym
1893 ‘sq[aq ‘sdaqnd yo susowl Aq A3I3ud JO I3
-SRI} B YINOAY) HIOM [NJISn op LUl siojow
011309[0 9y, "A8I9Ud [BOIUBYOIW JO ULIOJ ® SI
YOIYM ‘TOjoUr JLIJ0[d UB U UOL0W [euoijsjolL
oonpoad 03 pesn aq ABur ABIBUd [BOLIIOINH

-22[NPAId 8¢ [[M Uoljow SUINSaL Y} Iy
-gULI® U2 OJUI PUNOM I8 $I0J}ONPuU0d 3y} JI

"PPRIF onpU
-3ew ay) 0} so[3ue Y3 }B dAow 0} 10jonp
109 B 95NBI [[IM P[o1F d1joUdBW B Ul pajBmyls

ST UOIYA J0JONPUOd B Ul SUIMO[F JudIMd Y

sburpuvsLapul)

A313uy
[BOIUBYIIIN 'V
A3xouny [eol}

-99p Jo suoywolddy ‘IIIAX

I0J0IN °Z
sndog

—288—

i




CONSTRUCTION OF AN ELECTRIC MCTOR

An electric motor is a device used to convert electrical energy to me-
chanical energy. This device makes use of some common principles of the
electromagnet. The field coil and the armature are electromagnets, Other
parts of an electric motor are the commutator, brushes, and frame. No-
tice that the commutator and brushes are a specialized type of switch for
changing polarity. If any difficulties arise, consult your instructor.

To construct, operate, and study a simple electric motor.

MATERIALS i

b meters #22 or #24 magnet wire, celloulose tape or plastic electrical
tape, small pieces of wooden dowel, or small bore glass tubing, pins, paper
clips, thumb tacks, rubber band, copper or aluminum foil for commutator
strips, one large U magnet (must be strong), two to four 114 volt dry
cells,, knife switch, plotting magnetic compass. :

PROCEDURE

ElecTric
Moror

Measure off 5 meters of No. 22 or 24 magnet wire. Make a fold at
the midpoint. Leaving about 5 centimeters for connection, make a coil
by winding the wire around the first two fingers until the mid point of
the wire is reached. Wind tape around this coil to keep it from unwinding.
Wind the rest of the wire into a similar coil and tape it. Tape the two coils
to a wooden stock (or glass tubing) as shown, one on each side for balance,
Remove the insulation from the ends of the coil for about rme inch. Cut
two small pieces of copper (or aluminum) foil to serve as es.v:utator sec-
tions. Fold one of the coil ends into an S. place one piece :~ <¢opper over
it and tape it to the shaft. Do the same with the other end, making sure
that the two pieces of copper do not touch. Put a pin in each end of the
shaft. Fashion bearings, using paper clips, so the shaif is mounted hori-
zontally. Adjust it to swing freely and balance the coil, using small pieces
of tape. Use two or more paper clips for brushes as shown. Place a U-shap-
ed magnet so that the armature will spin in the magnetic field. Connect
two to four dry cells in series and attach them through a knife switch to
the brush clips. Sometimes a spin with the fingers is neded to start the
motor. The rubber band may be used to hold the brushes lightly against
the commutator. :
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OBSERVATIONS

After the motor has been run and is operating in good shape, open
the switch. Reverse the U-magnet, pole to pole. Close the switch and ob-
::rvq. (zpen the switch and reverse the connecting wires on the brush

rminals. ; .

Close the switch and observe. With the plotting compass, determine
the polarity of the U-magnet and mark the poles with chalk. Remove
the magnet. With the plotting compass determine the polarity of the
armature coil. Rotate the armature one half turn and again check the
polarity of the armature coil. Turn the shaft very slowly and notice the
function of the brushes and commutator.

Compare with motor in the diagram.

FURTHER RESEARCH

1. Can you think of some way to measure the speed at wheh your motor
operates?

2. You might dsmantle a commercal electrc motor and observe how it
is the same and different from your simple motor.

3. Is there a way that you could calculate the maximum power that
this small motor might develop?
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HANDBOOK SECTION — PART 1V
Expermiments, Demonstrations and Extended Activities
Electrolysis, Page 264
Quantitative Preparation of Oxygen, Page 265
The Chemical Nature of Matter, Page 266
A Study of the Development of Modern Acid-Base Theory, Page 266
Heat and Temperature, Page 267
Collections, Page 267
Heat Energy Produced by Plant Respiration, Page 267
Regeneration in Planaria, Page 268
Endocrine Glands and Hormones, Page 268
Detailed Study of a Specific Area, Page 268

Laboratory Reports, Page 269-271
Horizontal Linear Motion, Page 272-275
Study of the Pendulum, Page 276
Determining Latitude, Page 278-279
The Path of a Satellite, Page 280
Some Problem-Solving Activities, Page 281-282
Combining Understandings of Force and Motion, Page 283-284
Using Solar Energy, Page 285
Mirrors and Light, Page 285
Lenses and Light, Page 286
Light and Color, Page 286-287
Sound Waves and Their Characteristics, Page 288
Resonance, Page 288-289
Some Applications of Force, Page 290-291
Using Forces in Liquids, Page 292
Electromagnet, Page 292
Parallel Circuits, Page 293-294
Series Circuits, Page 295
An Electric Motor, Page 296-297
An Example of Fluid Inquiry, Page 297
Rocketry, Page 297-303
Activities Using Process Teaching, Page 304-307
(1) The Siphons
(2) Rate of Flow of Siphons
(8) The Candle and Jar
{4) Radiobiology
(5) Effect cf Temperature on Bacterial Growth
(6) Inaibition of Bacterial Growth
(7) Measuring the Oxygen Consumption of a Small Animal
(8) Inheritance of Taste Ability
Demonstrations (106 different demonstrations) Page 308-317
(See index to demonstrations.)

—263—




ELECTROLYSIS

Electrolysis is decomposition by means of electrical energy.

Decomposition of some compounds may be accomplished by means of heat.
For example, Priestley, in 1774, decomposed mercuric oxide, using a lens
to focus the sun’s rays on the red powder, according to the equation below.

A
2 HgO - 2Hg + 02 ¢
(red powder)

This method proves ineffective with a compound such as water. Heating
water would serve only to convert it to the vapor state. Decoraposition of
water is possible, using an electric current. The equipment is shown in
the diagram below. \
Test Tubes :
- Electron Flow <
== \\
N —— Stopper
Carbon Rods

Direct current electricity is passed through the water. Oxygen gas 02 col-
lects at the positive terminal, hydrogen (H:) gas at the negative. A small
quantity of dilute sulfuric acid is added to make the water a better con-
ductor of electricity.

elect. '
2H0 »> 2H: + 0 %

This method of decomposing water is a good industrial water preparation
of both gases, oxygen and hydrogen. The raw material for the process 18
cheap and easy to obtain. Electricity, the power needed, is also rela.tlvely
inexpensive. These conditions are necessary for the success of any indus-
trial process.

If the reaction is allowed to continue until one test tube is filled with
gas (H:), the other test tube (contai:ang 0z) will be half full, Simple tests
for these gases (a glowing splint for O, careful igniton of tl}'e hydrogen)
may be conducted. It can thus be shown that the volume ratio of the two

gases produced from the decomposition of H20 is 2 : 1 .
(hydrogen) (oxygen)

Examination of the test tube after igniton of the hydrogen will show a
few drops of H-0.

et ey v o "
3 ¥ LAl i Sl 5 B iR L S G A Bt A i b Sadtinciiie

et i S R A

T TN, L 4

(ignition)
2 Hy 4 02 - 2H30
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The Chemical Nature of Matter

Scieni.sts are interested in matter and energy. Every chemical change
is accompanied by an erzrgy change. Is there a loss, gain, cr no change
in the amount of matter present as a result of a chemical reaction? This
experiment will help to answer the previous question.

1. Pour 50 ml of water into an Erlenmeyer flask. To the water add
5 grams of barium chloride. Pour a small quantity of silver nitrate solu-
tion in a test tube and lower this tube into the flask without spilling any.
Stopper the flask as shown in the accompanying diagram. Weigh and then
carefully tip the flask upside down so that the silver nitrate mixes with the
barium chloride solution. What do you observe? Is there physical or
chemical change? The complete and balanced equation should read:

2AgNO; + BaCl: - Ba (NO;): -+ 2AgC1.

2. Weigh the flask after the chemical change to see if there is a
change in the amount of matter present.

-

A Study of the Development of Modern Acid-Base Theory

Use the historical approach, beginning with the earliest use of the term
acid. (Perhaps the first acid known to man was acetic acid, found in vine-
gar.) Boyle, Lavoisier, Davy, and others had their own ideas as to what
constituted an acid. Throughout the years the term acid has meant many
things to many people. Today, one has to specify what kind of acid he is
talking about when he uses the term. It is an Arrhenuis acid, a Bronsted
acid, et cetra? !

Any good history of chemistry will provide material for the beginning
study of this topic, whic!: can then be developed into a long range, library
researchk endeavor. !

If this subject is pursued by the group as a whcle, perhaps some class time
should be devoted to the development of an outline. If it is to be dore on
an individual bagis, for extra credit, the student shovld be encouraged to
deveiop his own outline, which could be submitted tc the teacher for ap-
proval before the writing of the paper actually begins.
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Heat and Temperature

Perform this experiment to learn the difference between heat and
temperature. Fill one beaker (A) with 50 ml of water, and ar:other beak-
er (B), of equal size, with 200 ml of water. Take the temperature f the
water. Place each beaker on a tripod over a Bunsen burner, kesiinug the
flames of the burmers as alike as possible. Take the temperature of the
water every minute for 4 minutes and record it in a chart.

Plot your results on a graph, using a red pencil to record the data
for beaker A, and a blue pencil for the data of beaker B.

. Compare the amount of heat added to each quantity of water. What
happened to the temperature of each, beaker? What is the difference be-
tween temperature and neat? (Temperature measures the average activi-
ty of the molecules. Heat measures the average activity also, but takes into
account the total number of molecules being heated.)

Collections

Collecting merely for the sake of piling things in a heap is far from
scientifie, but collecting can be an activity conducive to learning. If ob-
jects collected are studied, classified, and appropriately displayed, the
collection will prove helpful.

‘Students should be encouragzed to make collections on an individual
basis and as a contribution to a group enterprise.

Heat Energy Produced by Plant Respiration

Germinate a cupful of beans, peas, corn, or other seeds. When they
have begun to grow put them into a small Thermos bottle. Fit a labora-
tory thermometer into the hole of a one-hole stopper and place the stop-
per into the Thermos. Record the temperature at the beginning of the
experiment, and again the foliowing day. How has it changed? Continue
the experiment for another 24 hours and again record the change in
temperature. How do you explain it?

Control the experiment by placing dry seeds in a second Thermos
and inserting a thermometer as before. .

- What do the results of the experiment indicate?

Variable Control
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Open End Experiment
Regeneration in Planaria

Find some planarians by examining underwater logs in pords or
lakes. When you have found a log with worms, bring it onto shore or into
the laborqtory (keeping it moist) and submerge in a pan of water. Strip
off the pieces of wood and the worms will usually come to the surface
and you can collect them in bottles. Note: you can also attract planarians
by putting down a bit of meat tied to a string. i

When ready to cut the planarians you will find they are easier to
handle if you add a few teaspoons of 1% Epsom salt solution to a collect-
ing jar. Then place one of the anesthetized animals into a drop of water
on a microscope slide. Cut the planarian across the middle with a sharp
razor. Put each part into a separate petri dish of aquarium water and
keep covered in a dark place. Change the water frequently. How soon
do you observe changes? What happens to the iail part of the animal?

If you wish to keep planarians for a long>r time place them in jars
that have been coated with black paint, or in opaque bowls. Change the
water frequently, adding aquarium water when you do so. Feed the :
worms pieces of hard-boiled egg yolk and finely chopped meat, such a3 |
bleef liver about once a week. Remove excess food to keep the water
clean.

This might be carried on as an open end experiment testing environ-
ment, and other variables on the growth of planaria.

Extended Experiment

Endocrine Glands and Hormones

This experiment may be conducted to help see that growth regulators
are chemicals. Collect 30 tadpoles of about the same age that have Just
begun to develop legs. Place 15 tadpoles in one jar, A, containing one
liter of pond water. Place the remaining 15 in a second jar, B, containing
, two liters of pond water. Prepare a solution of 10 milligrams of thyroxin
] dissolved in 5 milliliters of 1% sodium hydroxide. To this, add water un-
, til the volume of the solution reaches one liter. (This solution you will
add to jar A only.) Add 25 milliliters of this solution to jar A, then add
pond water until the volume of the liquid in the jar equals 2 liters. Keep
a record of the development of the tadpoles. Notice any difference be-
tween the tadpoles in the two jars. Each day place a lettuce leaf on the
surface of the liquid in each jar to serve as food for the animals. Be
sure to remove the uneaten parts at the end of each day. Change the water
if it gets cloudy remembering to repeat the addition of the chemical.
(The tadpoles in Jar A would metamorphose more rapidly than those in
jar B but would not grow as large.) Other experiments using other
chemicals may be tried. Other animals may be substituted for the tad-
poles. ;

DETAILED STUDY: OF A SPECIFIC AREA(

This may be a small area of one’s yard, a small section of the school
ground, or a wooded section. The choice is almost unlimited.

The study should include:
1—a map of the area (drawn to scale)
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2—soil samples

(a) taken at different depths
(b) tested for acidity, organic content, organisms, etc. f
(c) classified as to type '

3—plant life
(a) classified (phyla,-—species, variety)
(b) displayed in poster form if possible
(c) evaluated (economie, scenic) i
4—animal life (if any)
(a) birds
(b) insects
b—rainfall
(a) drainage
(b) water content of the soil
{c) erosion {
6—time limitations (to be set by teacher and class) |

T—records of observations

(a) notebook
(b) periodic

Laboratory Report

Early in the study of science a atudent should learn how to write
a report on a laboratory exercise, r.ooject, or experiment.

The following sample illustrates a form of writing which is accept-
able. Technical Writing is a separate and distinct course, which the
science student will encounter in college or industry. The form below is
a modified version of that recommended by the authors of textbooks on
technical writing.

Note the divisions (problem, purpose, discussion, diagram, mater-
ials, procedure, data, calculations, solution to problem).

The personal pronoun is not used. Instead, the verb form is past
tense, passtve voice.

B S bl kel i

ol
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] AN EXPERIMENTAL ACTIVITY ON FORCE
‘ AND HORIZONTAL LINEAR MOTION

{ A frictionless cart, well-oiled ball-bearing rolier skate, or a dry-ice
; puck can be used to demonstrate many properties of motion, such as in-
ertia of motion, force, friction, velocity, acceleration, and the effect of
raass. The puck must be used on a glass surface which, is absolutely level,
Such a surface is also best for the cart. The skate may be too heavy and
hard for use on glass. R

Strobe photographs, using either standard camera with a time or
hulb shutter setting, can be taken. These photographs provide visual rec-
ords of the actual experiment and a means of d~termining time factors
from the motor speed of the stroboscope in rpm. (Simply divide by 60.)

Using 15” paper tape with a bell timer clapping against carbon paper
underneath the tape also gives a visual record. In conjunction witk the
stroboscope and camera a picture of the experimental device can be taken i
as it moves along the path of motion. A meter stick in the background, é
horizontal to the table surface, will indicate the distance traveled. A
slender pointer mounted on top of the experimental device is useful in
measuring the distances accurately.

When the more ~ophisticated timing devices are not available, a stop ]
waich serves nicely.

_ Directions for making the apparatus described above may be found
%’ in Figures 1, 2, 8, and 4.
? ACTIVITY: Force-Mass-Inertia Measurements.

i) i

TR T S TEARR STE T TR ST TIME R LT SR R T S AR A TR, TR SRR A TSR

Principles.
: (1) The inertia of rest can be overcome Ly a force,

(2) An object, when set in motion by a force, wil tend to continue
in motion.

: (3) The time which an object will travel is directly proportional to
: the force, if the mass is held constant.

(4) The distance which an object will travel is directly proportional
to forece, if the mass is held constant.

i (5) The time which an object will travel is inversely proportional to
an increase in mass, if the force is constant. !

(6) The distance which an object will travel is inversely proportional
* to an increase in mass, if the force is constant.

Variations in force for linear motion may be had and controlled to
some degree by the use of the sling-shot principle. A heavy rubber band
or strong elastic stretched loosely between two ring stands clamped to eith-
‘s er side of a table (at least 2 feet from the end) with C-clamps will provide
the force. Mark a line where the band reaches across the table. Tape a
meter stick from the line to the end of the table for measuring force (by
inference.) By tying a string to the cart or other vehicle, it can be pulled
back selected distances, then cut to allow the force to act.

(1) Weigh the cart and give it a small push with the rubber band
ie and record the results with the strobe or timer. Record the weight, time,
' and distance traveled. Then repeat the experiment by adding increased

AT e TN RS T
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measured force on the cart. Keep the weight constant for each trial. (The
dry-ice puck is not usable without adaptation for adding weights.) Record
the data for each trial on a table.

a. Graph the data for force and time. Draw conclusions from the
graph. What is the effect of force on time traveled?

b. Graph the data for force and distance traveled? What is the effect |
ol force on distance? :

(2) Select a measured force for the cart, and repeat the experi-
ment, varying the amount of mass with each trial. Table and graph the
data. What is the effect of mass on time, on distance traveled?

tended Activities.—A principle which holds true for one quantity
(of mass, time, or distance) will hold true for proportionate quantities.

Repeat eack of the experiments for various forces and masses. Table
and graph the data for each set of experiments. Draw conciusions for each
set of experiments. Compaie the results of the various sets of experiments
for a variable of force, for a variable of mass.

1Film Strip of the Month Clubs, “Laws of Motion”, Teaching Guide
ggxé 1Filmstrips No. 608, New York: Popular Science Publishing Co., Inc.,
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Note — B, at center, is a balloon
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STUDY OF THE PENDULUM

Problem : What effect does the weight of a pendulum and the length of the

Material ;

Activity

pendulum have on its behavior?

Upright support with extension

100 gram weight and 50 gram weight or two balls of different
known weights,

String,

Yardstick or meter stick.

Attach the 100 gram weight to the string and then by loop
to the extension of the crossbar.

The weight should just clear the table top as it swings in an
arc. Set the pendulum swinging in wide arec and note its height
above the table so you can duplicate the arc as needed.

Count the number of complete arcs the peadulum makes per
minute.

Record results. i

Shorten the arc and repeat as before. Record results

Change the weight to 50 grams.

Repeat the wide and small arc as done above. Record results
Record results on arcs of other weights if you have time.

What effect did changing the weight have on the number of
arcs per minute?}

Cglange the length of the pendulum and repeat the work done
above

What effect does the change in the length of the pendulum have
on the number of arcs per minute?

What application of the pendulum principle do we have in
everyday life?

Conclusion: Based on the facts you recorded above, make a statement of

fact about the relationship between the weight, pendulum
length, and its arec.

Check this statement against the findings of Galileo in regard
to the pendulum.

What part does gravity play in this activity?-
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Extended Experiment:

a. Show the relationship of kinetic energy and potential energy
and calculate the velocity of the pendulum at the midpoint of its
awing.

Facts In this Casge:
Potential energy=Wh (where W is weight and h is vertical
height lifted) '

Kinetic energy=1 W/g V2 \

The velocity, V may be found by equating the two formulas,
(transfer of energy).

16 W/g V2:=Wh

=\/2gh
Knowing g as 32 ft/sec? or 980 cm/sec? the velocity is readily cal-
culated. !

Further exercise—Could the velocity of a bullet fired into and imbedded
into a wooden pendulum bob be determined? How?

- b, The pendulum formula, T=2=\/1/g is sometimes used to calcu-
" late the value of gravity. Determine the period of oscillation (T) of a pen-
dulum; measure the length from the center of gravity to the point of at-
tachment and sole for g, the value of gravity.

Note—An oscillation is the complete swing away from and back to
the highest point.
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THE PATH OF THE SATELLITE

Maps which show the paths of satellites show them in a spiral pat-
tern. Why? The activity described will help you understand the reasons
for the strange path of a satellite.

1. Examine the drawing and collect the materials that are shown
and arrange them as they appear in the diagram.

Ceiling

Golf boll \ =
Globe

2. Imagine that the ball on the string is a satellite that has been
launched toward the northeast from Cape Kennedy, Florida. Start the ball
swinging in an orbit around the globe. Do not move the globe. Observe the
path the ball takes around the “earth.”

3. While the ball is still orbiting the earth, turn the earth from
west to east. While the ball is still orbiting, try to rotate the globe from
west to east at about the same speed as the ball is orbiting. What kind of
path does the satellite trace over the surface of the globe?

Analyze the reasons for the apparent ‘variable’ path of a satellite.
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USING SOLAR ENERGY

On a sunny day turn a concave reflector toward the sun and determ-
ine the location of the point where the parallel rays meet as shown in the
accompanying picture. It is usually found at a distance from the center
equal to one-half the radius of curvature of the reflector. This point is call-
ed the focal point. Fill a cup, which has already been painted black, with
water. Record the temperature of the water. Set the cup in the ring sup-
port and position it at the focal point as illustrated in the second picture.
After several minutes, record the temperature of the water. Is there a
change? How could this be improved to give more heat? Could it be made
a practical source of energy? Try to taink of a way to convert this to other
forms of energy.

Sun's roys

reflector

|

/o

L

| b
c

£ -

MIRRORS AND LIGHT

Problem: How does the behavior of light rays differ when the rays strike
curved surfaces? :

Materials: Aluminum foil ,
Piece of styrofoam about 12 by 8 inches
Several small mirrors
Beaker or other cylindrical form
Piece of plain paper ...no lines

; Activity: Fold the foil several times to make a firm rectangle about
1 by 3 inches.

Curve the foil by pressing it against the sides of the cylinder.

Set the foil on the paper and turn it toward the sun or other
source of light. Tilt the paper slightly toward the light
source. ‘

Find the point at which the rays come together.

Explain what happens.

Now turn the curved foil around, reversing its previous posi-
tion.

What happens when this ig placed in the light path?

Malltp a sketch of each position and show the light rays with
ines.

Take the small mirrvors and arrange them in a concave curve
in the styrofoam pressing down on them lightly to embed
them in the foam to hold them upright.
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Expose this arrangement to the light and sketch the results.
Reverse the arrangement to convex and repeat the activity.

Slgetch the results. ; .
Write your conclusion in the form of two statements.

Extra activity: Repeat, using straight lines instead of curves. Compal_'é
or contrast the results. \

LENSES AND LIGET

Problem: How do lenses alter light rays? ' ,

Materials :WMicroscope slide, light wire loop akout 14 diameter)
ater
Erlenmeyer flask
Glass bead or marble (cleay)
Concave lens and convex lens
Object to be viewed (Newsprint or a dime) ‘

Activity : Place small piece of newsprint or a dime under a microscope

slide.
Does the print change in any way? Explain
Add a drop of water to the glide over the object.

What happens? Explain .
Try holding a drop of water on the wire leop and looking at

the object through it.
Place a small amount of water in the flask. Stopper the flask.

Observe the newsprint or other object through the flask held on

ite side as you look through the water.
Try looking at the print through a clear marble or glass bead.
How does this differ from previous observation through
{

water?
Now observe the object you are working with through the
concave lens and the convex lens. Describe what you see.
Which of the lens would a near gsighted person need to cor-
rect his vision? ‘
Research: What is the meaning of the word focus?
Make a sketch of the eye showing: !

one nearsighted.

one farsighted. ‘ .
How is focus concerned with near and farsightedness?

LIGHT AND COLOR

Visible radiation, or light, makes up o
electromagnetic spectrum. Yet, this narrow
contains the
study how this visible radiation is related to color.

For the activity you will need the
two prisms; a piece oi cardboard sligh

jector; red, yellow, green and blue gel
photography shops) ; and small squares of red, yellow, green, and

cloth, or construction paper. You will also nee
can be darkened.

Arrange the equipment as indicated in th
1 no filter should be used.).
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1. Darken the room, then turn on the projector, focusing the beam
of light on a wall on which you have fastened a large sheet of white pa-
per. Insert one of the prisms in the beam of light and move until a clear
color spectrum can be seen on the white surface.

9. Hold the second prism about six inches from the first prism in
the light that is transmitted by the first. Adjust the position of the
second prism until a beam of white light falls on the white surface.
(The two prisms are placed in such a manner that they are similar to
a thick piece of glass with parallel faces) What happens to the beam
of light?

3. Remove the second prism. Then adjust the first prism so that
a clear spectrum appears on the white suriace. Insert the colored filters,
one at a time, between the light source and the prism. Observe the ef-
fects on the spectrum. Place all the filters in between the light source
and the prism at the same tlme. ‘What do you observe?

4, Again adjust the prlsm to produce a clear spectrum on the white
surface. Now hold each piece of cloth or paper, one at a time, in each
of the colors of the spectrum. Observe the color that each sample of cloth
or paper appears to be. Be sure the samples are pure colors not mixtures.
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SOUND WAVES AND THEIR CHARACTERISTICS

In this activity you will “draw pictures” of wave patterns produced
bx using three different tuning forks. Use cellophane tape to secure the
wire and set up as in the accompanying diagram.

Wav'e pattern
mwom
vibrating wire

Cellophane tape

Tuning fork

¥ Ring stond—3

Smoked glass
plate

Smoke six small glass plates, about 4 inches square. This can be
done by holding the plate close to a candle flane. Hold the glass with
gloves or tongs.

1. Gently strike the fork, causing it to vibrate. Hold one of the
smoked glasses in a stationary position under the wire on the fork, so
that the wire vibrates against the glass, drawing a line on it. Repeat
the same procedure, this time striking the tuning fork harder and holding
the glass in a new position.

Repeat this procedure with each of the remaining forks. Summarize
your observations.

1 2. On each of the remaining smoked glass plates, draw a straight
h base line with the point of a sharp pencil. Strike one of the tuning forks
that is still attached to the clamp. This time place one end of the glass
g under the wire, and draw the glass rapidly toward you but at a constant
speed. The vibrating wire should then make a wave pattern similar to
the one shown in the accompanying diagram.

Repeat the procedure with each of the three tuning forks. Make
sketches of the wave patterns that result.

RESONANCE

To study the effects of resonance place one end of a hollow glass
tube in a 4000 ml beaker of water. Strike a tuning fork that vibrates at
956 vibrations per second on a rubber stopper. Hold the vibrating fork i
above the open end of the tube as shown in the accompanying picture. ]

Raise and lower the tuning fork and tube together. Notice the point
at which the sound is much louder. Measure the length of the air column
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in centimeters at this point. Determine the wave length (use 1100 feet
per second as the velocity of sound in air) and record these figures in a

1100

chart. Wave length = Velocity/Number of Vibrations——- ete.
266

Repeat the experiment with tuning forks of several higher frequencies.
What happens to the length of the air column when tuning forks of dif-
ferent frequencies are used? In each case, what relationship do you no-
tice between wave length and the iength of the air column?

SOME APPLICATIONS OF FORCE

SKIDDING CARS. Should automobiles, with two-wheeled brakes,
have these brakes on the rear wheels? Most people believe that they should
be. The car illustrated may be used to show that this is not true. Each
wheel is mounted independently and is held in place by a wing-nut on
the outside end of the axle. The nut may be adjusted so that the wheel
cither runs freely or is rigidly clamped. (See drawing below.)

The car is permitted to slide down an inclined wet board. If the rear
wheels are clamped the car reverses itself and slides down rear end first.
If the front wheels are clamped the car slides down without skidding.

—289—
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The simplest explanation. Assume the car is travelling in the direc-
tion of the arrow V but starts to skid. The free-wheeling end tends to go
in a direction perpendicular to the axle-——shown by the arrows on the
figure below. The locked end tends to continue in the direction of V.

locked end EEER. " _ﬁ: ‘.?d.. ling
free wheelin ~
od e locked end

MOVING FLUIDS. Bernoulli’s principle applies to fluids (air) in
motior. Accordingly to this principle—at a point where the velocity is
high, the pressure is less than at a point where the velocity is low.

This principle is used to exﬁlairi the éﬁrvilig 6f a baseball. The curv-
ing ball may be illustrated with the simple equipment shown below.

This equipment is made by gluing felt to the outside of a mailing
tube. One end of a cotton tape is attached with scotch tape to the tube
and wound arcund it. The other end is tied to a meter stick. If the
meter stick is swung like a basebail bat the tube is thrown forward and
curves upward, making a complete loop.

SURFACE TENSION. A rather graphic demonstration of surface
tension 18 shown in the drawing on the next page. Two small thorizontal
thin wooden sticks are joined by a pair of threads. If this is dipped into
a soap solution and removed, it takes the position: shown. Some may
like to think of this as showing that a free surface acts like a stretched
membrane but it is perhaps better to think of it as showing that bodies
tend to acquire minimum potential energy.
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Since molecules in the surface of a liquid have more potential energy
than those in the interior, decreasing the surface area decreases this po-
tential energy. However, raising the lower stick increases the potential
energy of the stick. The final position represents the minimum total po-

tential energy. ;

. INDUCTION MOTOR. Many students are surprised to learn that
there are no electrical connections to the rotor of an induction motor.
A model of a two-phase induction motor is illustrated in the drawing to
the ri%ht. Two coils, one horizontal and one vertical, carry alternating
current., : o

‘ Placing & condenser in one of the lines produces a phase difference
of almost 90 degrees and a rotating magnetic field. If a coffee can
mounted on a spindle is held in the field it will rotate like a rotor in an
induction motor. , 4

Ut 2087

TORQUE. Torque is defined as the product of a force and its lever
arm. If a body is in equilibrium, the sum of the clockwise torques is equal
to the sum of the counterclockwise torques. (See below.) It is not surpris-
ing that a pair of one-kilogram weights produce equilibrium when placed
on the platforms which are spaced equally distant from the fulecrum. along
the norizontal member.

Many students are surprised, however, that equilibrium is maintained
when the left-hand weight is moved to the lower platform.

A spool and cord may also be used to demonstrate the principle of
torques. Having fastened one end of the cord to the spool, wind it around
the spool. Whether the spool rolls to the right, rolls to the left, or slides
without rolling when the cord is pulled depends upon the angle at which
the cord is held. :

i
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USING FORCES IN LIQUIDS

This experiment is to see if water pressure is equal in all directions
at different depths by testing a sample with a manometer.

Attach a piece of U-shaped glass tubing to a wooden support with
three nails as shown in the picture. Stretch a piece of thin rubber sheet-
ing over the mouth of a long-stem funnel and secure it with string. Pour
colored water into the U-tube until it is half filled. Attach the funnel
to the manometer with a piece of rubber tubing. Push the funnel into a
pail of water. Watch the manometer. Measure the pressure just below
the surface and then at the bottom of the pail. At each level turn the fun-
nel upward and twist it sideways. Does the pressure change with depth?
Is water pressure equal in all directions at any one depth? r

ELECTROMAGNET

INTRODUCTION ]

This experiment involves an electrical circuit including a switch.
Be certain that the switch is open when the circuit is not in use. This is
a low resistance circuit and if the switch remains closed for any length
of time it will completely discharge the battery.

PURPOSE : ‘
To construct and study a simple electromagnet.

MATERIALS

#22 insulated copper magnet wire, large nail or soft iron rivet, small
pile of 34 inch flat head brad nails, two 115 volt dry cclls, connecting
wires, knife switch, magnetic compass needle. i

PROCEDURE

1. (A) Wind 25 turns of magnet wire on the soft iron core. Con-
nect the electrecmagnet in series with the knife switch and
one dry cell. Momentarily close the knife switch and pick up
as many brads on the end of the core as possible, Open the !
switch. Count and record the number of brads. f

(B) Wind 25 more turns on the core (50 in all) and repeat the |
procedure as in 1-A above. Record the number of brads lifted
by the core. ‘
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2. (A)

(B)

3. (A)

(B)

Repeat #1-B above (50 turns) by using two 14 volt dry
cells connected in series as an electromotive source. Record the
number of brads now attracted to the core.

With the magnetic compass needle, determine which end of
the electromagnet is a north pole. Change the direction of
the current through the electromagnetic coil by reversing
the battery connections. Again determine the north pole of
the electromagnet.

Slip out the iron core from the electromagnetic coil so that the
electromagnet now has an air core. Attempt to pick up brads
by using the electromagnet now with an air core. Record the
number of brads attracted. d

By using the magnetic compass needle, determine the north
pole of the air core.

CONCLUSION

1.

2.

What seems to be the relationship between the number of turns
of wire and the strength of the electromagnet?

By increasing the voltage of the source as it is connected to
the same length of wire, or resistance, and observing Ohm’s
Law, what quantity have you increased in the electromagnetic
coil? State how this electrical quantity is related to the strength
of the electromagnet.

What is the effect of the core material on the strength of the
electromagnet?

Make a statement about the relation of current flow to polarity
of the electromagnet.

FURTHER RESEARCH

1. What effect will be observed by using other materials such as
core materials; copper, brass, wood, etc.?

9 What effect will be observed by making a “short fat” coil on
the end of the core as opposed to a long thin coil?

3. What effect would be observed by using a hard steel bolt for a
core rather than the soft iron rivet?

4. What would happen to an electromagnet if half of its coil had
reversed windings?

PARALLEL CIRCUITS
INTRODUCTION

Read the safety precautions on the use of .meters, switches, and care
of equipment before proceeding on the experiment.

PURPOSE

To study the relationship between current, voltage, and resistance
of resistors connected in a parallel circuit.
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MATERIALS

Copper wire #20 insulated, knife switch, 2-134 volt dry cells, a
D. C. voltmeter—(0-5 volts), a D.C. ammeter (0-1 amp.), 3 flashlight
bulbs as resistors, 3 bulb sockets.

PURPOSE—To study the relationship between current, voltage, and re-
sistance when resistors are connected in parallel.

PROCEDURE !
1. Connect three bulbs and a battery of two dry cells in parallel.

2, Connect the ammeter and knife switch in series between the
battery of cells and the first resistor.

3. Unscrew the two bulbs farthest away from the battery. Close
the switch and record the current flow through the ammeter.

4. Repeat this procedure and ammeter readings when two bulbs
are lighted, -nd finally with all three lighted. Record the cur-
rent flow in each instance. :

5. Repeat the above procedure, but measuring the voltage across
each lamp, with the first bulb lighted, then two, and finally all

three bulbs lighted.
TABULATION '
Calculated
No. of resistor Voltage Amperage Resistance
R1
R1 } R2
R1 4 R2 4+ R3

OBSERVATIONS AND CALCULATIONS

Calcrlate by the use of Ohm’s Law the resistance of Ri, R: -+ Re, and
1];;1 Ta tfltz + Rs. Record the calculated resistance in the last column of
e e.

Make a drawing of this circuit.

CONCLUSIONS

What is significant about the voltage across a parallel circuit?

How does the iotal resistance of a parallel circuit change as the
number of resistors is increased?

FURTHER RESEARCH

1. If all three lamps ave lighted in the parallel circuit, can you pre-
dict the voltage that would be measured across the first, second,
and third resistor? )

9. What would be the effect of using three different sized resistors
in the parallel circuit?

3. What amount of heat is liberated by different sized resistors in
parallel? ,

4. Can you predict the effect on resistance caused by using combin-
- ations of resistors in both series and parallel? ,
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SERIES CIRCUITS

INTRODUCTION

Read the safety precautions on the use of meters, switches, and
the care of equipment before proceeding on the experiment. Remember,
have the switch closed only while you are determining voltmeter and
ammeter readings. Keep the switch open at all other times.

PURPOSE

To measure the resistance of resistors connected in series and the
total resistance of the circuit.

MATERIALS

Copper wire #20 insulated, knife switch, 2-11%5 volt dry cells, a D.C.
voltmeter (0-5 volts), a D.C. ammeter (0-1 amp), 3 flashlight bulbs as
resistors, and 3 bulb sockets.

PROCEDURE

1. Connect the two batteries — to - which is in series, then connecting

the;hthree bulbs, knife switch, and the ammeter forming a complete
pa

2. Place the voltmeter across the terminals of the first bulb and close
the switch. Read and record the readirgs in the table. Open the
knife switch.

3. Move the voltmeter across the terminals of the second bulb, close
the switch long enough to take meter readings.
4. Repeat for the third bulb.

5. Open the switch and place the voltmeter across all three resistors,
on the outside terminal of the first and third bulbs. Close the switch
and record the readings in the table.

TABULATION

( . Calculated
No. of resistor Voltage Amperage resistance

R1
R2
R3 |
R4 —

.
e

CALCULATIONS AWD OBSERVATIONS

1. Find thc resistance of ezch bulb by use of Ohm’s Law.
Find the total resistance of the circuit by use of Ohm’s Law.

2
3. How does the voltage in each resistor compare?
4

How does the sum of ine md1v1dua1 voltages compare with the
voltage across all three?

6. How ;ioes the sum of the resistances compare with the total resis-
tance?

6. Make a drawing of the circuit using the necessary symbols.
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CONCLUSION
1. Make a general statement about totai voltage in a series circuit.
2. Make a general statement about total resistance in a series circuit.

FURTHER RESEARCH

1. What is the effect of different size resistors in series on voltage and
current? ‘
9. What is the effect of different material as resistors in series?

3. What is the effect of the length and the cross-sectional area of dif-
ferent materials as resistors in series?

4. What is the heating effect of resistors in series?

AN ELECTRIC MOTOR

You will need: a board about 8” x 10”; three 6" nails and one 5”
nail; two smaller nails and screws; test tube; insulated No. 24 copper
wire; 2” cork; two strips of sheet copper. 1% x 1”; electrician’s tape;
one or two dry cells.

Armature. Drill a small hole through the center of a board and
drive a 6” nail through it. Turn the board over so that the nail rises
from the lower side. Drill a hole through the 2" cork and force a 5" nail
through it. Wind about 40 turns of wire onte each end of the 5” nail;
following the diagram carefully. Note that the direction of winding on
the head end of the mail is opposite from that on the point end. Leave
five inches of wire on each free end. Strip the insulation from the ends

and scrape the tips.

Armature
40 turns - Field
each pole ~ magnet

Commutator
Test tube
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Gouge out the cork neatly, so that the closed end of the test tube
just fits. Insert the test tube.

Field magnets and brushes. Wind 100 turns of wire on each of the
two 6-inch nails, clockwise on one, counter-clockwise on the other. Drive
nails into the base 5% inches apart and equally distant from the center
nail. Drive two small nails into the board, diagonally from the line con-
necting the large nails and each 2” from the center, Strip the free
ends of the wires and wind them several times around the small nails,
leaving ends. Arrange the scraped wire ends so that they touch the cen-
tral nail. These are your brushes.

Commutator: Wrap the two strips of copper around the open end
of the test tube. Trim if necessary so that *here is about one-fourth gap
between the ends, on each side of the tube. Punch a small hole in each
strip and attach a free end of the armature winding. Than bind the
strips into position on the test tube witl: achesive tape, top and bottom.

Assembly. Set the test tube carrying the armature “ato position on
the center spike. Bring the brushes into contact with ihe commutator.
Connect the long free ends of the field magnet windings to the poles of
one or two dry cells and give the armature a slight push. It should re-
volve rapidly. If it does not, check your windings and make sure they
follow the diagram. You may find that a slightly different position of
brushes will help. Holding them always parallel, try different angles
while a classmate spins the armature.

AN EXAMPLE OF FLUID INQUIRY
Topic: Rocketry :

Understanding being discussed at the time of the situation: When a
rocket is being launched, it has to ‘overcome’ the force of gravity and the
resistance of the air through which it travels,

3 L. State an answerable problem: Previous study, displays of rocket
] models, bulletin boards with charts or rocket trajectory, ete. will
. stimulate interest and initiate questions such as:

A. Why are rockets not shaped like airplanes?

B. Why are airplanes not shaped like rockets?

Ci Why are some rockets needle nosed, some like ice cream cones?
D. Why not make them like flying saucers?

E. Some satellites are ball-like, why aren’t rockets?

Show the students through guided discussion that these questions
, are unanswerable in the manner in which they are stated. It can
3 be proposed that the prime question would be: “Why are rockets
: shaped like they are?” Of course someone will probably say “They
work better that way.” To this another student will retort: “How
do you know?” Then the possible comment of : “What way are you
talking about?” At this point it would be wise to narrow the field
of discussion into a hypothesis.

I1. State hypothesis that can be tested: Analyze the questions as con-
tributed above from the standpoint of what could be practically
tested in the classroom environment. Many side issues will arise
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III.

IV.

but can be guided into establishing hypothesis: Shape of the nose
cone effects the launching of rockets.

Introduce the term “assumption’ to your students as compared to
the term “fact.” Test the discussion which has occurred separat-
ing facts from assumptions. It will be found that you are assum-
ing: That due to your past experience you hold certain shapes to
be used on nose cones of rockets. (Existence of models in class-
rooms or pictures is literal proof of this.) Establish that we are
dealing with the fact: that we know from the laws of motion that
shape is involved in overcoming air resistance.

Plan to test: Students can draw on the board the suggested shapes
which might be used and narrow the selection to three: Ice cream
cone shaped (slightly flat on top), moderate nose, needle nose.
This leads into: “What are we going to use as the rocket body?”
followed by : “How are we going to propel it?” Eveantually balloons
can be selected as the vehicle. This leads to: “Round ba:ioons,
twisted balloons, or lorg balloons?” The logical selection will be
the long balloons. Questions will arise (and if they do not the
teacher should inject them in suitable places) concerning the (1)
length and diameter of the inflated balloons to be used kept con-
sistent (2) effect of adding a cardboard cylinder to the mouth of
the balloon to simulate real rocket control of the escaping gas
and (3) the assumptions which will necessarily become a part of
the set-up concerning the age and material of the balloons used
in multiple.

Nose cones will have to be established to be constructed of tag
board or similar material. These cones present the problem of:
“How will we hitch them on to the balloons?” Masking tape,
Scotch Magic tape, adhesive-all may be suggested and the end de-
cision may vary in different schools. A guide control system is
now in order. This can be tossed around and finally established
similar to Figure 1 on the attached sheet. Note that here are shown
factors which the students or teacher must expand to more nearly
simulate the real conditions of atmospheric characteristics; name-
ly; the fan to increase air resistance, and movement as involved
with speed, etc., and the slant to the string also contributing to
the resistance as well as reinforcing the trajectory pattern.

At this point the teacher has a natural lead into some expl