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A PIIYSICAL SCIEICE SURVEY COURSE FOR HIGH SChOOLS 

CIIAPTER I 

INTRODUCTION 

Science i; one of the most influential factors in 

our civilization. Our entire manner of life has been 

changed because of the application of scientific prin- 

ciples. The scientific method has even influenced our 

ways of thin3cin. Scientific discoveries have expanded 

our vie;vpoint, Scientists have found that the earth is 

no longer the ultimate in size, but rather about mid.7ay 

in size between the largest star and the smallest sub- 

atomic particles. Our vision has increased, and vie now 

view stars in the vast roaches of the universe which 

were undreamed of by our ancestors. On the other end 

of the scale, the electron microscope brines the ver' 

niali to our vision, These discoveries have influenced 

our civilization to such an extent that every person 

should have sorne knowledge of the principles of science 

and how they affect us. 

K. Lark-Horovitz of tue Physics Department of 

Purdue University 3ays: 

Vie must not only develop a corps of scientists 
sufficient in number and competence to insure 
continued progress but also make a concerted 
effort for mass education of our citizens in 
scientific principles and attitudes. . . 
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The needs of our ::oern society are such that 
there must be included axnon the experiences 
contaon to all youth the oprtunity to ì.rnder- 
stand the eientif1c method, to beco:ie failiar 
with the influence of science on human lIfe 
and thoUt, and to know the facts fundaiìental 
to ari understanc1InL of themselves and of their 
environment, Science should also contribute 
to the social adjustment of children and youth 
and to thc:ir ability to solve their problems 
through careful thinking based on the methods 
and find1nC of cienco. . . , If cicntiSts 
are to function effectively they must work in 
a society where the indIvIduals appreciate 
science. And, obviously, capable scienbists 
will develop in larger numbers in a society 
where good instruction ïn science is a part 
of the general education. (22, p. 

The high schools have added new courses in science 

in an attempt to develop understandings of the prin- 

cipics of science and their application in our daily 

lives. The course in biology was developed to take the 

:lace of te iorc technical courses in zoology and 

botany. (6h., p. lF3) The 7hysical science survey 

course is a parallel development in the physical 

sciences, 

Statement of the Problem 

The problem of this thesis is to develop a physical 

science survey course for use in the high school. This 

course integrates material from the fields of cheraistry, 

physics, geology, and astronomy. It is designed as a 

one year course to be given in the eleventh or twelfth 



3 

year of high school. This course may be applicable to 

any high school, but is planned particularly for Oregon 

high schools. The materials developed in this study 

are to be used as a guide for the teachers and can be 

adapted to varous classroom situations. 

Factors That Should Thfluence the 

Content of a Course in Physical Science 

One of the primary factors influencing the content 

of a physical science course is designed so should be 

the first considered in developing the course. It is 

very important that the abilities, 1nterest, and voca- 

tional plans of the pupils he taken into consideration 

in developing a course in physical science. 

A closely allied factor is the community in which 

the pupil lives. The community will influence the con- 

tent of the course most by the way in which it has 

molded the pupil. The interests and Industries of the 

community will cause sorne topics to be emphasized where- 

as in another community, other topics will be emphasized. 

A third factor which varies from school to school is 

the materials and equipment that are available. The 

laboratory work and demonstrations that are done will 

depend upon the equipment available in the classroom and 

community. 
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The urpose of the course will influence the con- 

tent. This will be derived, to some extent, from a study 

of group of pupils for which the course is designed, and 

from the philosoDhy and purposes of education accepted by 

the school. 

A fifth factor influencing the content of a physical 

science course are the scientific principles which should 

be developed in the course. The content of the course 

should be built around the development of an understand- 

ing of these principles. 

The National Society for the Study of Education 

sums u the factors that should determine the physical 

science course in saying: 

The subject matter and activities of the phys- 
leal science course must be selected and the 
ìiethods of instruction must be adapted so as 
to reveal the importance of science in con- 
tributing to more adequate adjustment. The 
real problems of adjustment arise from the 
experiences and felt needs of daIly life such 
as the following: to provide the materials 
necessary to life (food, air, water, energy, 
eic.); to maintain better health; to develop 
wise consumership and increased economy; to 
promote more effective conservation; to se- 
cure ;reater comfort, convenience, and safety; 
to participate more fully in socioeconomic 
adjustment in a democracy; to understand more 
completely the science world-picture; and to 
substitute action based on critical thinking 
for action based on intolerances, prejudices, 
traditions, superstitions, and misconceptions. 
These are the criteria by which to judge 
whether or not particular materials and ac- 
tivities should go into the physical-science 
course. No subject matter can be justified 



solely on the ground that ft is 'good 
science" of a traditional sort or because 
it can he "presented in the classroom with 
a rniniyaum of effort and planning. (6L p. 
192) 

Need for a Physical Science Course 

Vlhat is the situation in secondary schools? 
First and foremost is an overcrowded curric- 
ulum, in which science is hardly represented 
to a ciecree in keeping with the needs of our 
times. All available data indicate that the 
percentage of high-school pupils enrolled in 
science courses has been declining. The 
typical pupil takes two science courses du- 
rIng four years of work; one in general 
science and one in biology. The coritri- 
bution which physical science can make to his 
educatIon Is not rrovided beyond the elemen- 
tary concepts treated in general science. A 
small number take the course in physics or 
chemistry at the eleventh or twelfth grade 
level; but the courses seem to be oor1y de- 
s1pned for the ouroses of general education. 
(Ss, p. ilk) 

Thus, Lorris Lieister sums up the situation in many of 

our high schools. The situation In the Oregon high 

schools closely parallels the above mentioned study. 

Table I shows the comparison of enrollments in the 

various science courses by grades. (L..6, p. S; 86, p. 58; 

87, pp. L2, 66) T'ne national figures for 1950-1951 

are not yet available. 

II 



6 

TABLE I 

ENROLLMENT IN SCLNCE COURSES 

SCIENCE COURSE PERCENT 0F PUPILS ENROLLED 

NATIONAL OREGON 
19L7-19L.8 19L.7-19L8 1950-1951 

Ninth grade general 
science 66.2 69 80 

Biology 7L.9 75 8L 
Chemistry 20.1 12 11.5 
Physics 13.8 8.95 8.3 

In the first two years of science, Oregon is above 

the average, but in the last two years, Oregon is consid- 

erably below the average. The large number of small 

schools In Oregon is one of the major factors in causing 

this. Nearly L1..7 of the schools in Oregon had six or 

less teachers while 69% had twelve or less teachers in 

1950-1951. (88, pp. l3L.-l2) Tot only do these small 

schools have an inadequate staff for offerIng a good 

science program, but they are handicapped by lack of 

supplies and. equipment. In a national survey of science 

teaching made by the United States Office of Education, 

they found that the most troublesome problems of science 

teachers were those related to supplies and equipment. 

These problems were most frequent in high schools with 



enrollments between loo and 300. (t6, p. ILl) Most of 

Oregon's schools fall in this category. 

The physical science survey course is proposed as 

an answer to nany of the problems of the small school. 

Philip Johnson, Science Specialist of the United States 

Office of Education, makes this recommendation: 

The most hopeful means of adapting the sci- 
ences to the needs of the students in the 
smaller high schools are those urovlded by 
general courses with differentiated assign- 
ments so that individual needs and interests 
can be given some recognition. These schools 
can offer a one-year course in the biological 
sciences and a corresponding one-year course 
in the physical sciences. . . . Through re- 
vised courses and individualized instruction, 
sciences can be adapted to the needs of 
students in even the small high schools. 
(22, p. li..5) 

Peterson found that the physical science survey 

course is superior to either physics or chemistry. He 

says: 

Under controlled conditions in vhich intel- 
ligence quotient and chronological ages were 
statislically equated, the physical science 
mean scoresCon an achievement test developed 
by the author of this study3of students who 
had had one year of the Fusion of Physics and 
Chemistry were significantly higher than that 
of students who liad had either 1. ono year 
of traditional physics; 2. one year of tra- 
ditional chemistry; 3. one year of Senior 
Science; or one year of traditional 
physics plus one year of traditional ehem- 
stry. The general conclusion can also be 

drawn that the Fusion group does as well or 
better than the other groups on most of the 
objectives represented by part-scores on the 
comprehensive examination. (67, p. 2ES) 

7 



If it is true, as revealed in ?eterson's study, that the 

physical science course achieves as good or better re- 

suits when compared viit1 the traditional scionceE, it 

should be substituted for them in many schools. 

Some Cuide is needed to show the teacher vihat con- 

stitutes a Dhysical science course. After studying 

several physical science courses, obert Carleton says: 

No clear-cut pattern for the modified course, 
or courses, has as yet evolved. 50111e courses 
consist of apparently unrelated blocks of sub- 
ject matter, and there is little evidence, in 
so far as the course outlines indicate, of any 
integrating or unifying theme. On the other 
hand, there is Cenerai agreement on the desir- 
ability of such integration, and it may he 
assumed that the methods of instruction em- 

ployed point in this direction, possibly with 
considerable success. (10, p. 21) 

This study was undertaken to provide a guide for teaching 

a physical science course. 

Organization of the Prorosed Physical Science Course 

This course has been divided into eight subject 

r:latter units. Though all units contain material from the 

various physical sciences, some units will contain more 

material from one of the physical scIences than freni the 

others. 

As outlined the units are: 

Unit l The Sea in thich We Live 1. to weeks 
Unit 2. The Earth: Our Home ti.. to weeks 
Unit 3. The Universe 3 to L weeks 
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Unit tk !1atter: Â Manifestation 
of Energy 5 to 6 weeks 

Unit 5. Matter in Motion 5 to 6 weeks 
Unit 6. Energy in VTaves 3 to 1 weeks 
Unit 7. Electricity L. to 5 weeks 
Unit 8. New Molecules for a New 

Age L. to 5 weeks 

There is nothing sacrosanct about the order in which 

the units are given. The first unit which studies the 

atmosphere and the weather is used as an introductory 

unit because it is something with which the pupil is 

familiar. The study of the earth and of geology follows 

as many of the changes of the earth's features are the 

result of the action of the weather. Having studied the 

earth, it i logical to expand our thinking and study the 

place of the earth in the universe. As a foundation for 

many of our other studies, a irnowledge of atomic struc- 

ture is necessary so that is the topic of the next unit. 

Mechanics, light, sound, and electricity are then studied. 

As a final unit, many of the newer developments in chem- 

istry are discussed. 

General i1lan of the Units. After having studied the 

various types of units developed in a number of textbooks 

and courses of study, the essential features of a unit 

were decided unon and then a unit skeleton was developed. 

The units were then developed according to this plan. 

The features included in these units are: 
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I. Overview 
II. Objectives 

III. The Problems to be Studied 
IV. Outline of Content 
V, Development of Problems 

A. Objectives 
B. Approaches 
C. Activities 

VI. Audio-VIsual Aids 
VII. BIbliography 

Under 1oint number fIve, each problem is developed 

according to the three different aspects. 

Source of Laterial Used 

The thesis of Vaden Miles (9) and the work of 

Harold Wise (105; 106) were helpful sources for the 

principles of physical science whIch are included in 

this course. 

Many laboratory experiments and demonstrations 

were suggested by the books of Carleton Lynde (5t1; 5), 

After Dinner Science by Kenneth Swezey (91), and Demon- 

stration xerIents in Physics by Richard Sutton. (90) 

A large number of demonstrations and bibliographic 

articles viere obtained from the Journal of Chemical 

Education. Other journals which proved helpful were 

School Science and Liathematics, The Science Teacher, and 

Science Education, 
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CHAPTER II 

HISTORY OF THE PHYSICAL SCIENCE SURV'Y COURSE 

The first hysical science course was suggested in 

191L It was not exactly as we think of the course to- 

day, but it was a beginning. A committee headed by James 

H. Smith made the statement: "In the physical science 

series, the subjects should bo taught in a more compre- 

hensive way, perhars from the point of view of so-called 

engineering science." (7g, p. 168) 

The early courses did not try to Cuse the separate 

subjects of chemistry and. physics into a single entity, 
but they taught chemistry for half a year and then physIcs 

for the remainder of the year. The first actual survey 

course was begun in l93L. (59, p. 8) 

One of the early courses ws that developed at 

Lincoln School of Teachers College, Columbia University. 
This course was developed by rorme (5, p. 21) between 

the years 1935 and 1939. It was designed to he a two 

year course for senior high school. This course con- 

tamed the following fifteen units: 
Unit 1. The Region Nov Occupied by New York 
City lias Come into Existence as the Result of 
a Long Sequence of Geological Events Involving 
Forces Thich, Today, as In the Past, llave 
Onerated to Change the Surface of the Earth. 
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Unit 2. The Climate of a Given Region is the 
Result of the Operation of a Number of Natural 
Causes--Wind, Topography, etc. Climatic Con- 
ditions Are Correlated with Racial Character- 
istics and Economic and Social Conditions of 
the Peoples of the Jarth. Soil Erosion Is the 
Result of the Combined Effects of Climatic 
Conditions, Geologic Forcez, and ¡an's Faulty 
Use of the Soil. 

Unit 3. Loving Bodies, Be They Liembers of the 
Sun's Family of Planets or Objects on the 
Earth's Surface, Seem to Lovo in Accordance 
with the Same Laws. Knowledge of These Laws 
Furnishes an Intellectual Basis for Social 
Action in the Control of the Speed of Auto- 
mobiles. 

Unit I. Our Solar System Is Part of a Universe 
Which Is Vast in Extent. Man Has Been Able to 
Discover Organizations of Stellar Material into 
Various Systems. 

Unit 5. Almost All Available Energy on the 
Earth's Surface Is Derived Directly or Indi- 
rectly from the Sun in the Form of Radiation, 
Important Effects of thich Are Called Licht 
and heat. 

Unit 6. The Increased Application of Energy 
to Man's Uses, Resulting Mainly from the Dis- 
covery of Ways to Utilize the Energy of Fuels 
in Doing the Vlork of the ior1d, I-las Wrought 
Profound Effects upon Present-day Life. 

Unit 7. Today's Technological Civilization 
Has Been Made Possible by the Increased Use 
of Electricity, a Form of Energy Capable of 
Transmission Over Long Distances. 

Unit 8. Energy in the Form of 1aves Consti- 
tutes an Important Means by Which Information 
Is Received and Imparted. 

Unit 9. The Development of Techniques for 
Reflective Thinking and the Perfection of 
ore Precise Measuring Instruments VIere Es- 
sential SteDs in the Grovith of i.&flts Mnowl- 
edge of Chemical Change. Chemical Changes 



13 

Arc Important Because of Their Coimnon 
Occurrence in Daily Experience and Because 
of Their Use by Industry. Ideo1oica11y the 
Concept of Chemical Change Furnishes a Basis 
for Cystematizing Many Hitherto Unrelated 
Phenomena. 

Unit 10. The Process by Which Our Natural 
Resources of Fuels Are Lade Available for 
Consumer Use Are Fundamental to Our Present 
CivIlization, 

Unit 11. The Use of Netals Has Played and 
Continues to Play a Fundamental Part in Our 
Present Civilization. 

Unit 12. Cheniical and Physical Changes Aro 
the 3asis of All the Activitics of Living 
OrCani sus. 

Unit 13. Modern Scientific Tecbno1oy Is 
Equally Capable of Being Used for the Good 
or the Ill of Mankind. 

Unit iLk Information and Techniques of 
Science May Be Employed to Insure the Con- 
sumer a Higher Quality 01' Goods. 

Unit 15. The Development of Scientific 
Knowledge and Techniques lias Reached Such a 
Point as to Make PossIble a Better Society 
and a Better Living for Everyone as Judged 
by All the Factors That Constitute Couslete 
Living, (5, pP. vii-ix) 

The first year's woric in this course covered units one 

to eight and units nine to fifteen covered the second 

year's work, 

Another Dhysical science course lists the following 

to;ics: 

First Year: 

The earth, our home; 
The ever changing face of the earth; 
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Motion; 
Energy, the agent of all change; 
The molecular nature of matter; 
The atomic constitution of mattcr; 
Electricity, at rest and in motion; 
The electrical nature of matter. 

Second Year: 

The chemical reaction; 
Atomic structure and chemical behaviour; 
Ions and ionization; 
Metals and non-metals; 
Carbon, the element of life; 
The history of the earth; 
The earth and its neighbors; 
Vlaves as carriers of energy; 
Atoms and stars. (3, pp. 157-159) 

After the beginning in 193t1, the number of schools 

offering physical science courses ra2idly increased in 

the next few years. 1.111es quotes Ilavighurst as saying 

that there was a record of eighteen physical science 

survey courses taught in 1935. (59, p. i5) Lany schools 

introduced a senior s cionce e ourse or a consumer science 

course at this time, but these viere not physical science 

survey courses. 

Vatson made a study of the physical science courses 

taught in 250 cities with a population of over 25,000. 

These cities represented forty-two states and the Dis- 

trict of Columbia. Fifty-four cities or 21.6 % of them 

replied that they did teach a fused physical science sur- 

vey course in at least one high school. (100, p. 16) 

The city havIng the greatest number of schools offering 

the course was Los Angeles. Viatson made a particular 
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study of the cities of California. He found that L6.7; 

of the California cities which he studied had such a 

course. He also found that 28.S2 of the high schools 

of California offered a fused science course above the 

ninth grade in 1938-1939. (100, pp. 17-18) 

The largest percentage of the physical science 

courses were begun in the period from 1937 to l9t.O. 

Watson said that 67.1, of the California high schools 

and 75.0 of the non-California high schools started 

their physical science courses in those years. (100, 

p. 19) 

In Oregon the growth of the enrollment of students 

in the physical science courses may be followed by noting 

the figures given by the Superintendent of Iub1ic Instruc- 

tion in the biennial reports to the state legislature. 

(83, 3; p. )3; 85, p. 50; 36, p. 53; 87, p. 66) 

Table II shows enrollment figures and percent of total 

enrollment. 

or1d Jar II seems to have slowed dovm the intro- 

duction of physical science courses and to ìave caused 

the abandonment of some already s tarted. If one will ob- 

serve the data of Table I, he will see that after the 

initial upswing in enrollment there was a decrease during 

the war years and then a post-war rise. 



TABlE II 

ENROLLLIENT IN PHYSICAL SCIENCE COURSES IN OREGON 

PER CENT OF 
YEARS ENROLLîENT TOTAL 

E1'RO LLNEITT 

19L.O-19L11 85 0.13 
19.1-1912 959 1.59 
192-19.3 300 0.53 
19)..3-19L4 157 0.29 
i91.-19LL5 227 O .ti 
19t5-19t.6 
19L.6-191.7 

2i8 
tb7 

0.39 
0.75 

19L7-198 738 1.15 
19L.8-19L9 lj.77 0.73 
19t.9-195O 655 0.98 

The recommendations of leading educators have given 

an impetus to the development and introduction of hys- 

ical science survey courses in our high schools. 

sid; 

The harvard Committee on the objectives of education 

Those who plan advanced work in science and 
mathemattcs in college should go beyond sec- 
ondary-school biology to a year of chemistry 
or physics or both. An integrated course in 
physical science might be of particular value 
to such students, A course like this can pro- 
fitably extend into a second year. hen prop- 
erly designed such a two-year sequence should 
make a greater contribution to the student's 
general education and his oreparation for 
future study than separate one-year courses 
in physics and chemistry. (12, p. 160) 
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Morris Meister gives a summary of the recommendation of 

the rerort sent to the President of the United States 

by a scientific research board headed by Jobn Il. Steel- 

man. (76, p. 93) Meister says: 

The recommendation also carries with it the 

implication that three years of science be 
required of all high school students. A 

strong plea is made for a year of physical 
science (rather than physics or chemistry) 
to follovi the courses in general science and 
biology. (S8, p. 15) 

PhIlip Johnson, Science Secia1ist in the United States 

Office of Education, also recoiends an integrated 

science course. ills reconrni.endation: 

present differentiation of high scuiool 
science into a large number of special 
sciences, chemistry, biology, domestic 
science, etc., is questionable. Fundamental 
and thoroughgoing experimentation to develop 
new and broader grouping of subject natter 
which will cut across the present differen- 
tiated sciences is greatly needed and should 
be definitely undertaken whenever possible. 
(1j5, p. L8l) 

The National Society for the Study of Education reports: 

The devising of satisfactory courses in physIcal 
science is one of the greatest challenges in 
the field of secondary-school science. Their 
development is especially important for the 
snaller schools i' îhich equipping and ached- 
uling of separate courses in physics and chem- 
istry is often a serious problem. (6L.., p. t6) 
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CHAPTER III 

TITE COUIWE IN PHYSICAL SCIENCE 

Objoctives 

Since this course is beIng designed for Oregon high 

schools in particular, the writer has thought ït '.7150 to 

state the objectives of the course so they will fit In 

with the general objectives of science as given by the 

State Department of Education. As given In Science for 

Oregon Schools, the objectives of science are: 

The major purpose of education is to enable 
pupils to acquire those understandings, ap- 
preclations, attitudes, skIlls, mnd methods of 
thought by means of which they can make more 
satisfactory and effective adjustment to the 
natural and social environment. Science edu- 
cation should contribute to this purpose by: 

1. Awakening and developing a varIety 
of enduring challenging Interests 
and satisfactions 

?, Creating an awareness of the exist- 
once of many problems for which 
solutions are needed 

3. Cultivating the ability and desire 
to aptly scientific attitudes and 
methods to the solution of all 
prob leans 

,z_. Equipping Individuals with the prac- 
tical scientific irnowledge and req- 
ulsite skills necessary to make 
effective adjustment to their envi- 
r onment 
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S. Developing a functional under- 
standing of the major concepts 
and generalizations of science 

6. Developing an appreciation of the 
contributions of science to modern life (u2, P. II) 

Croiubie in the course developed for the flidgefield, 
Washington High School gives his objectives as: 

1. To provide students with a course which 
will serve a s a final science course for 
those not continuing their 'ormal educa- 
tion beyond high school and also to show 
directly, the relationship of the sciences 
with their daily lives. 

2. To adapt instruction to the needs, 
interests and abilities of li and 12 
grade pupils who desire some science but 
do not wish, or are unable to take chem- 
istry or physics. 

;3. To provide opportunity for the pupil: to 
learn the scientific method; to secure an 
appreciation of this method; to apply it 
in his daily life. 

i. To teach (some of) the basic 'orinciples 
of ience through the familiar objects 
and occurrences of everyday life so that 
the students will gain facility in apply- 
ing these princIples in their thinking 
about and solution of life problems. 

5. To provide students with a functioning 
knowledge of science. (iÌ., p. 7) 

Considering the general objectives of science edu- 

cation as given by the State Department of Education, 

six general objectives have been developed for this 
study. The purposes of this course shall be: 
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1. to cive the uu1 a functional 1mov1edge 
of the phy1ca1 sciences; 

2. to help the pupil form and understand the 
fìmdamental concepts of the physical 
sciences; 

3. to help the pupil use the irinciples upon 
which the physical sciences are based; 

. to develop a scientific attItude toward the 
phenomena of the physical sciences and also 
in all aspects of life; 

. to lead the Dupil to appreciate the v7ork of 
the physical scientist; 

6. and to cultivate an interest in the phys- 
ical sciences which will outlast the years 
of school. 

Selection of Principles Used in the Course 

The subject matter content of this course was 

derived fron two major sources. One source was the 

subject matter covered by physical science textbooks. 

The second sourcewas a list of the principles necessary 

for developing a course in physical science, 

The list of principles was determined first by 

Harold .Visc who listed the principles of chemistry, 

nhysics, and geology of imDortance for grades one to 

fourteen. (105; 106) This list of princIples was 

judged according to the following criteria: 

To ho a principle, a statement 

(1) Must be a comprehensive general- 
ization describing some fundamental 



process, crtstant mode of behaviour, 
or property relating to natural 
phenomena. 

(2) Must be true without exception 
with in limitations specifically 
stated. 

(3) Must be capable of illustration. 
(t) Must not he a definition. (105, 

p. 371) 

ThIs list of principles contained l0 principles of 

physics, 69 :rInciples of chemistry, and 21 principles 

of geology. (106) 

Vaden i.iles took this list of principles and had 

them judged according to their suitability for inclusion 

in a high school course In physical science. A total of 

21 principles was given positive value by the judges. 

In the present studies, these principles of physical 

science are grouped according to subject matter areas. 

The principles used in this study are given in the units 

as part of the objectives for the various problems. 
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Unit I. The ea in înich e i4ve 

I. Overview. 

There are two oceans on tie earth. One is the 

familiar water ocean and the other is the ocean of air. 
We live at the bottom of this second ocean. If we are 

taizen out of it, we would be like a fish out of water. 

This air presses on every square inch of the earth's 
surface with a pressure of fifteen pounds. If we mul- 

tipiy this value by the area of the earth's surface in 

inches, we find the atmosphere weighs 6 x iO tons-- 

that is six quadrillion, or six thousand million million 

tons. e do not realize the great amount of it and its 
great weight because it is so common. 

This unit will cover the properties of this vast 

ocean of air in which we live. We will study its ehem- 

leal and physical properties. VIe shall sec how its phys- 

ical and chemical proDerties are related to the weather 

and how this affects us. Also some of the uses that 
man has made of tuis vast resource will be studied. 

II. Objectives. 

1. io develor an understanding of the importance 
of the ocean of air in which we live. 

2. To develop an understanding of the manner in 
which changes in the atmoshere affect us 
through changes in the weather. 
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3. To develop an understanding of the properties 
of gases. 

Li... To become acquainted with the properties of 
the gases which compose the air. 

. l'o develop an appreciation o1 the ways in which 
man adapts to his environment. 

The kroblems l'o Be studied. 

Problem 1. How does the weather aIfect us? 

-roblem 2. 'that are the properties of the air? 

i-roblem 3. How do the properties of the air 
affect the weather? 

Problem Lh. How do meteorologists study the weather? 

t'roblen . How does man seek to control the 
weather? 

Uutline UI Conient. 

A. How does the weather affect us? 

1. l'he type of houses in which we live. 
2. The type Of clothes which we wear. 
3. i'he crops which may be raised in a given 

area. 
tl_. It affects our energy. 
fi;. Veather affects travel. 
6 

affects business. 
7. It affects our cooking. 

B. What are the ropertics of the air? 

1. Air has weight and exerts pressure. 
2. Air is a mixture of gases. 

3. Air shows the general properties of gases. 

C. how do the properties of the air affect the 
weather? 

1. Differences in temperature cause differences 
in air ressure. 
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2. Movement of air is due to differences in 
air pressure. 

3. Rotation of the earth causes a movement 
of the air. 

14. Changes in temperature cause changes in 
the amount of water vapor in the aIr. 

D. How do meteorologists study the weather? 

i. By studying the air pressure changes. 
2. By measuring vnd velocity and direction. 
3. By gathering weather data over a large 

area of the world. 
. B noting cloud shapes and wind directions. 

5. Accurate weather forecasts are of economic 
importance. 

E. How do we control the weather? 

1. By wearing proper clothes. 
2. By building suItable houses. 
3. Air conditioning. 
L. Rain making. 

V. Development Of The Problems. 

Problem 1. How does the weather affect us? 

A. Objectives: 

1. To develop an understanding of the great 
role whIch the weather plays in our lives. 

2. To interest the students In studying this 
unit by showing Its relevance to their 
lives. 

B. Approaches: 

1. Discuss the ways in which our lIves are 
affected by the weather. 

C. Activities: 

1. The effect of differences in air pressure 
on cooking may be shown by cooking some- 
thing under atmospheric pressure and then 
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under either i'educed pressur'e or under 
a pressure Creater than atompheric 
pressure or both. 

2. Have a student get a list of novels, 
short stories, and poems dealing with the 
weather and its affect upon our lives. 

3. The ieather has featured in rusic. For 
example, one of the iiovements in 
Beethoven's sixth symphony is entitled 
11t1ìunderstorm.' Ferde Grofe has written 
a very descriptive piece entitled "cloud- 
burst' which is part of his "Grand Canyon 
Suite." If these are available, they 
could be played for the class. 

Problem 2. What aro the properties of the air? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 

A gas always tends to expand throughout 
the whole space available. 

The atmospheric pressure decreases as th 
altitude increases. 

The volume of an ideal gas varies inversely 
as the pressure upon it, providIng the 
te1I:Grature remains constant. 

If the same pressure is maintained, the 
volume of a gas is varied directly as the 
absolute temrerature. 

If the volume of a confined body of as is 
kept constant, the pressure is propor- 
tional to the absolute temperature. 

Diffusible substances tend to scatter from 
the point of reatost concentration until 
all points are at equal concentration. 

Equal volumes of all gapes under similar 
conditions of teraperature and pressure con- 
tain nearly the sa:e number of olocules. 
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2. To become familiar with sorne of the 
properties of the gases which compose the 
air. 

B. Approaches: 

1. Do a demonstration of the crushing power 
of the air. A large square can is evac- 
uated by boiling water in it until all 
the air is driven out. Then the top is 
sealed shut, and the can is cooled con- 
densing the water vapor. The can collacses 
due to the force of the air pressure. 

2. Use the film, "Properties of the AIr." 

C. Activities: 

1. Demonstrations: 

a. To show air pressure, breaic a board 
which is held on the table by a 
piece of newspaper. (91, p. 3)1 

b. Boil some coffee using ice to show 
the effect of reduced air pressure. 

C. A barometer may be made using a milk 
bottle with a diahrRrn stretched 
over the mouth. (5L, p. 19) 

d. Note the change in a barometer reading 
as it is moved from the basement to 
third floor of a building. 

e. Open a bottle of mmnonia water. The 
odor can be detected at a considerable 
distance from the bottle. 

f. To demonstrate diffusion and differ- 
ences in speed of molecules, some 
ammonia and hydrochloric acid are 

:i. A more detailed description of the dernonstra- 
tion or experiment may be found by referring 
to the reference given after the demonstration 
or exeriment. 



27 

placed in opposite ends of a long 
glass tube whIch is then closed. A 
white ring is foi'med where the two 
gases meet. 

g. To demonstrate the diffusion of 
hydrogen gas uso a ìorous cun con- 

nected to a long tube which dips 
imder sorne water. A container of 
hydrogen gas is placed over the 
porous cup and the hydrogen diffuses 
into the cup causing bubbling of the 
water by the displaced aIr. (102, 
pp. 

2. Laboratory experiments: 

a. The properties of the gases in the 
air may be demonstrated by the 
oxidation of copper and magnesium, 
by bubbling. 

b. Use experiments to show the prop- 
erties of the gases in the air. The 
presence of oxygen may be shown by 
the oxidation of copper and magnesium. 
The per cent of oxygen in the air may 
be shown by the rusting of iron. 
Carbon dioxide iiay be detected by 
bubbling air through lime water. 

c. Use a Charles Law experiment on the 
expansion of a gas with heat. 

3. 1eport and research activities: 

a. Ozone and Its uses. 
h. The uses of oxygen. 
C. 'fhe molecular theory. 
d. The kinetic gas theory. 
e. The uses of nitrogen. 
f. The fixation of nitrogen. 
g. The carbon-dioxide-oxygen cycle. 

iroblem 3. How do the properties 
of the air affect the weather? 

A. Objectives: 
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1. To develop an understanding of the fol- 

lowing principles: 

The higher the temperature of the air, the 
greater the smount of moisture required 
to saturate it. 

Bodies of land heat up and cool off more 
rapidly than bodies of ator. 

The prIncipal cause of wind and weather 
changes is the unequal heating of dif- 
ferent portions of the earth's surface 
by the sun; thus all vInds are convec- 
tion currents caused by the unequal heating 
of different portions of the earth's 
atmosphere, and they blow from places of 
higher atmospheric pressure to places of 
lower atmospheric pressure. 

Condensation will occur when a vapor is at 
its saturation point if centers of con- 
densation are-available and if heat Is 
withdrawn. 

The atmosphere of the earth tends to 
prevent the heat of the earth's surface 
from escaping and the earth begins to 
cool only when the amount of heat lost 
during the night exceeds that gained 
during the day. 

The atmospheric pressure decreases with 
increasing water vapor content, other 
things beIng equal. 

In the northern hemisphere great volumes 
of air revolve In a counter-clockwise 
dIrection, and in the southern hemisphere, 
they revolve in a clockwise direction. 

2. To develop an appreciation of the many 
factors which are responsible for changes 
in the weather. 

B. Approaches: 

le Use the motion picture, "Atmosphere and 
It Circulation." 
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2. Demonstrate fog and cloud production 
using a milk bottle. The milk bottle 
is filled with water and then emptied 
except for about an inch of water in the 
bottom. Fog may be seen r ising fron! the 
bottle when it is held ur to the light. 
An ice cube held in the mouth of the 
bottle will cause thin streams of fog to 
move down into the bottle. A discussion 
as to what causes fog may be used to lead 
into bhis problem. Fog is formed in 
nature when warm moist air is cooled by 
cold air or otherwise. p. 129) 

C. Activities: 

1. Demonstrations: 

a. Snow or finely cracked ice is placed 
under similar pieces of white and 
black cloth (or metal) and then 
exroed to sunlight or Bunsen flame. 
Observe under which piece the ice 
melts first. 

b. The dew point may be determined using 
a beaker of water and ice. The mix- 
ture is stirred with a thermometer 
and the temperature at which moisture 
first becomes visible on the beaker 
is noted. The relative humidity may 
be determined from the dew ì,oint. 
(91, pp. 11J4-) 

C. Fill two similar cans (one painted 
black and the other shiny) with 
viarm water and note in which one 
there is a greater fall in temper- 
ature. 

2. Laboratory experiments: 

a. Note which of two thermometers 
registers the greater rise In 
temperature when held In bright 
white light, one with a white cloth 
wrapped around the bulb or one with 
a dark cloth wrapped around the bulb. 
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b. Fill one test tube half full with 
dry dirt and a second half full with 
water. Place In a test tube rack 
after boiling for five minutes. 
Which one cools off first? This 
shows which cools off first, the 
land or the water along a shore. 

c. Determine the dew point of the class- 
room. See 'ib" above. 

rob1em Li.. How do meteorologists study the weather? 

A. Objectives: 

1. To gain an understanding of the methods 
used by meteorologists in predicting the 
weather. 

2. To appreciate the value of weather 
Dredictions. 

B. Approaches: 

1. Discuss some of the weather proverbs which 
are currently used in weather prediction. 
The scientific background of some of them 
may be brought to class and also the 
unscientIfic background of others may be 
brought out. 

C. Activities: 

1. Do your own rorecasting. Check youx' 
results with those of the Weather Bureau. 
Keep a record of the actual weather as a 
check on your predictions. 

2. TIake a collection of weather proverbs. 
Differentiate between those with a sound 
scientific basis and those whIch are false. 

3. Study a weather map and become familiar 
with some of its features. 

k. If possible, make a field trIp to a 
weather station. 
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Problem 5. How does man seek to control the weather? 

A. Objectives: 

1. To understand the ways in which man has 
adapted to the weather. 

2. To understand the ways in which man has 
tried to alter the weather. 

B. Approaches: 

1. Review a magazine or newspaper article 
on rain making. 

C. Activities: 

1. Library ressarch and reports on some of 
the following topics: 

a. Type of clothes suitable for arctic 
weather. 

b. Type of clothes suItable for a hot 
sunmier day. 

e. Type of houses suitable for the region 
in which the student lives. 

d. Air conditioning. 
e. Rain making. 

2. ExamIne the heating and cooling systems 
in the school house. Look for possible 
recommendations for improvement. 

VI. Audio-Visual Aids. 

. A. Films available from the Department of Visual 
Education, Oregon State College, Corvallis, 
Oregon. 

1. Molecular Theory of atter 
2. What Iakes Rain 
:3. Atmosphere and Its CirculatIon 
Lt.. Clouds 
5. Water Cycle 
6. T'ne Weather 

B. Film available from the Civil Aeronautics 
Administration, Audio-Visual Training Aids 
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Staff, A-165, Commerce Building, Washington 
25, D. C. 

1. Properties of Air 

C. Films available from Castle Films, 1t!45 Park 
Avenue, New York 29, New York. 

1. The Chemistry of Fire 
2. Principles of Liquids and Gases 
3. Fog t. Thunderstorms 
5. The Cold Front 
6. The Warm Front 
7. Clouds and Weather 
8. Iiodern Weather Theory 

D. Filmstrips available from The Society for 
Visual Education, Inc., l3L5 West Diversoy 
Parkway, Chicago iL, Illinois. 
1. The Atmosphere 
2. Elementary ieteorology Series 
3. General Science Why Series 
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Unit II. The World: Our Home 

I. Overview. 

The earth is a sphere eight thousand miles in 

diameter. We live on the surface o1 this sphere. A 

large part of the surrace of this sphere is covered 

with large bodies of water. The remainder is covered 

with several large bodies of land and many smaller ones. 

.Lhe surface of the land is constantly being 

changed. In this unit we will study these changes. We 

will also study the composition of the land and the use- 

ful materials which it contains. We will d±scucs the 

ways in which these materials may be best used in order 

not to waste them. 

II. Objectives. 

I. To become 
ation and 
the earth 

2. To become 
natural r 
crust. 

familiar with the processes of degrad- 
building up of which the surface of 
is constantly undergoing. 

acauainted with the many important 
sources to be found in the earth's 

3. 1.0 undorstand the importance oí conservation of 
our natural resources. 

III. he roblems o Be itudied. 

I-roblem 1. How is the surface of our earth 
changed? 

Problem 2. iat are the various tyes of rocks 
which compose the earth's crust? 
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iroblem 3. What useful things do we get from the 
earth's crust? 

ir obi em ). How may vie conserve the e ar th' s 
resources? 

1V. Outline Of Content. 

A. How is the surface of the earth changed? 

1. By tearing down 
2. By building up 

B. What are the various tyoes of rock which 
compose the earth's crust? 

1. Igneous rocks 
2. Sedimentary rocks 
3. bietamorphic rocks 

C. dhat useful things do we get from the earth's 
crust? 

i. iater 
2. oii 
3. Coal 
IL. retroleurn 
5. Ores 
6. Other minerals 

D. How may we conserve the earth's resources? 

1. Soil conservation 
2. Conserving mineral resources 
3. By our personal carefulness in using 

natural resources. 

V. Develounient Of irohiems. 

ìroblem i. How is the surface of the earth changed? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing ïrinciples: 



36 

Vthen elevations or depressions are 
created upon the surface of the earth, 
the elevations are usually attacked by 
the agents of erosion, and the materials 
are carried to the depressions. 

Streams, generally, are lowering the sur- 
face land in sorne places and building it 
up in other places. 

The earth's surface may be elevated or 
lowered by interior forces. 

Earthcivakes are produced by the sudden 
slipping of earth materials along faults. 

Falls or rar)ids tend to develop in a stream 
bed where the stream flows over a hard 
stratimi to a soft one. 

Rocks may be folded toform mountains. 

Streams, potentially, have a regular 
cycle; youth, maturity, and old age. 

The natural movements of air, water and 
solids on the earth are due chiefly to 
gravity plus rotation of the earth. 

Forces within the earth may cause breaks 
to appear in the earth's crust. 

Under the high pressures which occur in 
the earth's interior, materials that 
usually are solid have the capacity to 
flow slowly and thus bring about equal- 
ization of pressure differences on the 
surface. 

Glacial conditions are as a rule approached 
by increasing latitudes or alititudes. 

Glacial abrasion occurs in proTortion to 
the weight of the ice and the velocity of 
its movement. 

2. To develop an appreciation of the constant 
change which the earth is undergoing. 
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B. Approaches: 

1. Use the motion picture, 'New Oregon Trail," 
which gives an automobile tour of the 
scenic beauties of Oregon. 

2. Take a field trip to observe some of the 
local geologic features. 

C. Activities: 

1. Demonstrations. 

a. Observe alluvial fans at the base of 
cliffs or highway cuts. 

b. Observe the geological characteristics 
of a given area showing various stages 
of water erosion. A topograthic map 
may be used. 

C. Thick layers of differently colored 
cloth may be used to demonstrate the 
production of faults, synclines, and 
anticlines by raising and lowering 
various piles of the colored cloth. 
Folds in rocks may he shown in this 
manner. 

d. A geyser may be demonstrated by 
inverting a funnel in a beaker of 
water heated with a low Bunsen flame. 

2. Laboratory experiments: 

a. Study a contour map and notice the 
way in which var5ous land features 
appear on the map. 

3. Others. 

a. BuIld models to show glaciers, 
appearance of a region, action of 
geological processes, for example, 
wave action, rock formation, and 
function of the soil. (loo, p. 19) 

b. Take field trips to the various 
geolo{'-ical features of the region. 
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Many of the things 
problem can best be 
field trip. 

discussed in this 
illustrated by a 

o. Have students make reports of the 
various features which are viewed 
while on a f te.ld trip. 

d. Topographic maps of tho region may 
be obtained from the Director of 
Geological Survey, U. S. Department 
of the Interior, 1as-ngton, D. C. 

V.rite for frce catalog. Available 
from Columbia University, New York 
City, is a physiographic map of 
Oregon (No. 13) which costs 3Sç. 
(107, p. 18) 

Problem 2. That 'ire the various ty:es of 
rocks which compose the earth's crust? 

Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 

Rocks nay be formed by the compacting and 
cementing of sediments. 

Strata of rocks occur in the earth's crust 
in the order in which they are deposited 
except in the case of overthrust faults. 

focks may be metamorphosed, or changed by 
heat, pressure and flexion. 

flocks may ho formed by the cooling and 
solidifying of molten material. 

Igneous rock may be formed from extruded 
magma and materials intruded into other 
rocks. 

2. To develop an understanding of some of the 
propertIes of o1ids. 

13. A'proaches: 
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1. Take a field trip to observe various 
types of rocks and rock formations in 
the region. 

2. Make an exhibit of the various typos of 
rocks. 

C. Activities: 

1. Laboratory experiments. 

a. Make a chart showing how various 
types of sedimentary, metamorphic, 
and igneous rocks are alike and 
differ. Samples of these various 
typos of rocks may be observed with 
respoct to appearance, crystalline, 
and granular structure, hardness, 
taste, and reaction to dilute HC1.. 

2. iiake a collection of the various types of 
rocks which are available in the vicinity. 
Learn to identify some of the major types 
of rock. 

3. Liake a simple geological r:ap of the 
locality. 

.Vroblem 3. 'vdhat useful things 
do we get from the earth's crust? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing rinciple: 

Parent material for the development of 
soils is formed through the physical 
disintegration and chemical decomposition 
of rock particles and organic matter. 

2. To become acquainted with some of the 
important resources of our earth. 

B. Approaches: 

1. A discussion of the importance of water 
and of water molecules. 



2. A demonstration which shows that water 
has space between its molecules. Fili 
a beaker of water to the top and empty 
the contents of a salt shaker into it 
without spilling the water. Use a thin 
wire or a broom straw to stir. The total 
volume of the solution will be less than 
the combined volumes of the constituents. 
Sugar may be used instead of salt. (91, 
p. 33) 

C. ctivities: 

1. Laboratòry exeriments: 

a. Demonstrate the cleansing power of 
warm and cold water. 

2. Demonstrations: 

a. Test the acidity of a soil by using 
litmus paper. 

b. Make a model of a limsestone cave 
using plaster of Paris. A box with 
a glass window is filled with layers 
of sand, plaster of .karis, rock salt, 
and ølaster of .aris (with holes in 
lower end) and sand. The box is 
tilted and water is slowly dropped 
on the top end of the box and the 
course of the water observed. 

e. To show weathering immerse a small 
stone in a concentrated solution of 
sodiuni sulfate and hans in the air 
for three days. The crystallizing 
salt will force off parts of the 
stone. 

3. Research and report topics: 

a. Iron Ore. 
b. Iron smelting. 
C. Liirìing (student 

metal or mineral 
in). 

d. Use of coal as a 

can pick some certain 
which he is interested 

chemical ravi material. 
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e. Use of petroleum as a raw material 
in the chemical industry. 

f. A study of the soil in the region 
where the student lives. 

L1. Take a field trip to the city water supply 
and if available city water purification 
plant. 

. If a mine or anythIng connected with the 
production of any of the materials men- 
tioned in this problem are close at hand, 
take a field trip to view it. 

6. L'iake a model of a water ?urification 
plant. (21, pp. l3öL-l3o6; 57, pp. 83-36) 

7. Make a chart or collection of coal-tar 
products. Of peJroleum products. 

8. Test the local water supply for inpurities. 

9. Demonstrate a permutit water softener. 

rroblem L1.. low may we conserve the eartht s resources? 

A. Objectives: 

1. To develop a favorable attitude toward 
conservation of natural resources. 

2. To give an understandinrr, of the necessity 
of conserving natural resources. 

3. To develop an appreciation of our natural 
resources. 

13. Aproaches: 

1. Use the motion picture, "Wearing Away of 
the Land.' 

2. Take a field trip to a badly eroded area. 
As a contrast visit a farmer who is prac- 
ticing soil conservation. 

3. Have a short talk by the county agent tell- 
ing of the work oí soil conservation being 
done by his office. 
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C. Activities: 

1. Take field trips to areas of soil erosion 
and areas of erosion control and soil 
conservation. 

2. iossibly a field trip to the county 
eeriment station and see their work on 
soil conservation. 

3. In a forest area take a field trip to 
observe work in reforestation. 

Li.. ake reports on problems cormected with 
the conservation of oil, coal, iron, and 
other minerals. 

VI. Audio-Visual Aids. 

A. Films avaIlable from the Department of Visual 
Education, Oregon State College, Corvallis, 
Ore g on. 

1. Earth's ilocky Crust 
2. Geological Vork of Ice 
;3. Ground 'dater 
Lj.. Mountain Building 
5e Volcanoes in Action 
6. Vthite Flood 
7. Work of Rivers 
3. Making of Steel 
C). Oil for Aladdin's Lamp 

lo. Oil from the Earth 
11. Story of Gasoline 
12. Zinc, lbs ruining, Lulling, and melt1ng 
13. Harnessing Liquids 

Wearing Away of the Land 
15. .ork of Rivers 
ib. 4gork of Running ater 
17. eork of the Atmosphere 

B. Films available from Castle Films, i145 Park 
Avenue, New York 29, New York. 

1. The River (a docuientary of the iLiSSISSIPPI 
River) 

2. Topsoil 
3. Water 



k. irosjon 
. Soil and dater Conservation 

6. Save the Soil 
7. It's Your Land 
8. Raindrops and Soil rosion 
9. Know Your Land 

C. Film available from The General ilectric Co., 
920 8. W. Sixth Avenue, ?ortland, Oregon. 

1. Excursions in Science No. 7 
2. Clean Viaters 

D. Filins available from J. I. Case Go., 700 State 
St., iacine, disconsin. 

1. Soil and Life 
2. Broad Base Terracing 

. More Food from Fewer Acres 
L1.. ?ageant of Progress 

. The Saga of Sawdust Sam (on safety) 

VII. Bibliography. 

A. Textbooks: 

1. Bush, George L., fneodore V. Ptacek, and 
John Kovats Jr. Senior science. New 
York, Amorican Book Co., 1937. pp. 3-73, 
l)9-213. 

2. Eby, George S., et al. The physical 
sciences. Boston, Ginn, l9L.6. pp. 
36, l0-l3. 

3. Eckels, Charles F., Chalmer B. Shaver, and 
Bailey W. Howard. Our physical world. 
Chicago, Sanborn, 1938. pp. 636-690. 

i-i-. 
Hausrath, Alfred H. Jr., and John FI. 

Harms. Consumer science. I'ew York 
Lacmillan, 1939. pp. 332-3L6, 399-IL2l, 

t106-o5. 

;. Jean, Frank Coverb, et al. iLan and his 
physical universe. Rev. ed. Boston, C-inn, 

l9T1.9. pp. 23-260, 187-201, 35-627. 



B. Free Booklets: 

1. American Iron and Steel Institute, 350 
5th Ave., New York 1, New York. 

1. The ±icture story of Steel 
2. Steel Serves the Farmer 
3. Steel from Mine to You 

2. roctor and Gamble Co., OEwynne Bldg., 
Cincinnati 1, Ohio. 

1. The Story of Soap 

3. Bituminous Coal Institube, Education 
Department, Southern Building, ash- 
ington 5, D. C. 

1. A Dovm-tharth Picture of Coal. 

L. United States Steel Corporation, 71 
Broadway, New York 6, New Yorl:. 

1. Science in SteeLmaking 

5. E. I. du Pont de Nemours and Co., Inc., 
vdlmlngton 98, Delaware. 

1. Salt and the Chemist 

C. Others: 

1. Caidwell, .illiam E. The gold content of 
sea water. Journal of chemical educalion 
15:507-510. 1933. 

2. Davis, helen Lijies. Artificial diamonds. 
Chemistry 21:1-10. June 19)j8. 

3. lloward, Joseph W. Agates. Journal of 
chemical education 15:507-510. 1938. 

L. ______EineraÏds. Journal of chemical 
education 11:323-327. 193t. 

S. Johnson, Gaylord. The story of earthquakes 
and volcanoes. New York, Julian iessner, 
Inc., 1938. 1)i4p. 



6. Kupel, Richard E. Crystal axis models 
from toothpicks and oms. Journal of 
chemical eucation 2:6lLL. l9)7. 

7. Loom, Fredericl: B. Field book of conimon 
rocks and minerals. New York, Putnam, 
1923. 273p. 

3. LcCornack, i.11en Condon. A student's 
geological map of Oregon with notes. 
University of Oregon Bulletin News series 
Vol. 3, No. 5. July 1906. 25p. 

9. Reeds, Chester A. The earth. New York, 
The University Society, 1931. l2Op. 

10. Seymour, Keith M. A simple method of 
crystal model construction. Journal of 
chemical education 1:192-l9L.. 1938. 

11. Shaw, J. J. Fascinating story of recording 
movements of the earth. Science education 
33 :i6)j..-166. 19t19. 

12. Shuler, Ellis . Rocks and rivers. 
Lancaster, Jacques Cattell, l9L5. 300p. 

13. Smith, Véarren Dupre. The scenic treasure 
house of Oregon. iort1and, Binfords and 
i.lort, l9tl. 177p. 

1k. Smith, Warren Dupre and Earl L. Packard. 
The salient features of the geology of 
Oregon. Journal of geology 27:79-120. 
1919. 

i5. Stone, Charles Ii. some experiments with 
crjstals. Journal of chemical education 
9:1107-1109. 1932. 

iG. Tustin, E. B. Jr. Salt, the most useful 
of mineral substances. Journal of chemical 
education 2l:503-O7. l9)4. 

17. iade, Frank B. The cause of color in 
precious stones. Journal of chemical 
education 21:133-l31!. l9t14. 
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Unit III. The Universe 

I. Overview. 

Having studied some of the features of our earth, 

we now expand out thinking and study the universe of 

which our earth is a part. Ancient man looked at the 

heavens and saw the innumerable stars. Today man has 

seen and counted more stars than the ancients even 

dreamed of, and yet they are still innumerable. 

The cry of the psalmist is even more pertinent 

today with our large telescopes showing us the wonders 

of the heavens. Having seen the iiîuensity of the 

universe we can truly exclaim: "when I consider thy 

heavens, the work of thy fingers, the moon and the stars, 

which thou hast ordained; what is man, that thou art 

mindful of him? and the son of man, that thou visiest 

him?" (Psalm 8:3-k) 

In this unit we will consider the 'ionders of the 

heavens. Then we will see some of the uses man has made 

of this knowledge of the universe. 

II. Objectives. 

1. To develou an understanding of the vastness of 
the universe. 

2. To develop an appreciation and understanding of 
some of the methods used by astronomers in 
exploring the universe. 



3. To develop an understanding of the manner in 
which the movements of the heavenly bodies are 
utilized today. 

III. problems To Be Studied. 

rroblem 1. How does man explore beyond the earth? 

-rohlem 2. What do vie know about the stars? 

Problem 3. hoy,' do we use the movements of the 
heavenly bodies? 

IV. Outline Of Content. 

A. How does man explore beyond the earth? 

1. Refracting telescopes. 
2. Reflecting telescopes. 
3. STectroscopes. 

B. Vthat do we know about the stars? 

1. Galaxies. 
2. i.he different tyes of stars. 

3. Star clusters. 
i. The sun. 

5. Comets. 
G. Meteors. 

C. How do we use the movements of the heavenly 
bodies? 

1. Used in navigation. 
2. Used in telling time. 

V. Develoument Of The Problems. 

iroblem 1. How does man explore beyond the earth? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 



then light rays pass obliquely from a 
rare to a more dense medium they are bent 
or refracted toward the normal and when 
they pass obliquely from a dense to a 

rarer medium, they are bent avay fror the 
normal. 

The dispersion of white light into a 
spectrum by a prism iE caused by unequal 
refraction of the different wave lengths 
of light. 

The dimensions of an image produced by a 
lens or a mirror are to the dimensions 
of the object as their respective dis- 
tances from the lens or mirror are to 
each other. 

Every chemical element when heated to 
incadescence in a gaseous state has a 
characteristic glow and a characteristic 
spectrum which can be used to identify 
very small quantities of the element and 
which is related to the molecular and 
atomic structure of the gas. 

Luminous vapors and gases emit only 
certain kinds of light producing bright- 
line spectra. 

2. To develop an appreciation and under- 
standing of the techniques which an 
astronomer uses in studyIng the heavens. 

3. To develon an understanding of the 
elementary principles of the telescoîe 
and spectroscope. 

B. Approaches: 

1. Demonstrate a telescope. 

2. A discussion of the universe and of the 
history of astronomy. 

3. The movie, "xpioring the Universe." 
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C. Activities: 

1. Laboratory experiments: 

a. Make a simple telescope. 
b. Make a simple spectroscope. 

2. Demonstrations: 

a. Demonstration of the refraction of 
light by various types of lenses. 

b. Demonstration of a ref1ecing 
telescope. 

e. Demonstration of a stectroscone. 

3. Heading and research topics: 

a. Lelescope construction and operation. 
b. The two hundred inch telescope. 
e. Frauenhof er lines and their 

significance. 

i-roblem 2. Vhat do we know about the stars? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principle: 

Liovements of all bodies in the solar 
system are due to gravitational attraction 
and inertia. 

2. Development of an understanding of he 
vastness of the universe. 

3. To develop an appreciation for some of the 
things the astronomers have found out 
about the stars. 

!. i1O develop the ability to locate a few of 
the more ìrominent stars and constellations. 

B. Activities: 

1. Laboratory activities: 

a. This will be similar to a field trip, 
but several evenings should be sient 



in observing the stars and in 
locating and ].earning the location 
of some of the more prominent stars 
and constellations. 

2. Demonstrations: 

a. Demonstrate how comets curve around 
the sun by means of a ball bearing 
and n electromagnet. The ball 
bearing is rolled down a grooved 
inclined plane directed toward or 
away from the end of the core of an 
electromagnet. hen the current is 
on, the trough is aimed so that the 
ball bearing traces the path of a 
comet going around the sun. 

b. To show an eclipse use a spotlight 
to represent the sun, a basketball 
the earth, and a tennis ball the moon. 
iiove the tennis ball between the 
basketball and the spotlight. 

3. Some projects: 

a. Make a planet finder. (LL2, pp. 
5) 

b. Construct a sky globe." (t!.3, Pi'. 

e. Make a star map. (69, p. 22) 

L. Each issue of Nature magazine contains 
a star map for the month of issue. 
Science News Letter also has star maps 
in some issues. 

;. Take a field trii to a planetarium. 

6. Take a field trip to an observatory. 

7. Research and reì:ort topics: 

a. Celestial photography. 
b. Origin of meteorites. 
C. Possibility of life on other planets. 
d. ovae. 
e. Concept of the expanding universe. 
f. Twilight and its causes. 



g. Rings around the moon and the sun. 

h. Source of the sun's light and heat. 

8. Iviake a model to show the motion of the 
earth around the sun. 

±-roblem 3. How do vie use the 
movements of the heavenly bodies? 

A. objectives: 

1. To develoî an understanding of the fol- 
lowing principle: 

Since the earth rotates from west to east, 
the exact time (Arlington time) at which 
the sun is nearest overhead, grows con- 
tinually later as one travels westward 
around the earth's surface. 

2. To develop an aprreciat1on and under- 
standing of the use of stars in navigation. 

B. Approaches: 

1. Use the film, "Navigation--Star ldenti- 
fication. 

2. 1 discussion of how the stars were used 
by the sncients in navigation before the 

discovery of the compass. 

C. Activities: 

1. ¡iake a report on some of the ancient 
methods for telling time such as the 
water clock, hour glass, or rope clock. 

2. Lake an exhibit of some of the instruments 
used in celestial navigation. 

VI. Audio-Visual Aids. 

A. Films available from the Department of Visual 
Education, Oregon State College, Corvallis, 
Oregon. 

1. ixploring the Universe 
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2. Earth in Iotion 
3. xoon 
IL. Solar Family 

B. Films available from Castle Films, 11!45 k'ark 
Avenue, New York 29, New York. 

1. Introduction to Optics 
2. Navigation--Time 
3. Navigation--Star Identification 
). Navigation- -Rude Star Identifier 

C. Film available from California Institute of 
Technology, Office of rublic Relations, 
Pasadena LL, California. 

1. The Story of ..alomar 

D. Filmstrip available from bhe Society for Visual 
Education, Inc., l35 West Diversey arkvay, 
Chicago iii, Illinois. 

1. iioon, L-'lanets, Comets, Star Clusters, 
Nebulae 

E. Film available from the 1odern Talking icture 
Service, 55iL. University way, Seattle 5, 
a shington. 

1. Time, the Servant cf Man 

F. Film available from Gruen atch Co., Time Hill, 
Cincinnati 6, Ohio. 

1. Liracle of Time 

VII. Bibliography: 

. Textbooks: 

1. Eby, George S., et al. The jhysical 
sciences. Boston, U-inn, l9t1.b. I96p. 
pp. 5-37, 86-91. 

2. Eckels, Charles F., Chalmer B. Shaver and 
Bailey W. Howard. Our physical world. 
Chicago, Sanborn, 193R. pp. 7OI-7L6. 
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3. Jean, Ian1c Covert, et al. Man and his 
ïhysical universe. iev. ed. Boston, 
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B. Others. 

1. Daniels, Farrington. Solar enery. 
Cheristry 22:1 - 13. October 19L8. 

2. Davis, Helen I;ijlCS. star's spectrum 
may mislead. Chemistry 1:1O-1L. July 
19LJ3. 

3. ________I-low sectrum lines are measured. 
Chemistry 23:19-30. October 19)4.9. 

L1. Fisher, Clyde. The story of the moon. 
Garden City, II. Y., Doubleday, 19)i.3. 

301p. 

5. Lockwood, iarian and .rthur L. Draper. 
The earth among the stars. New York, 
Basic Books, 1935. 91p. 

6. Jeans, James. The universe around us. 
tjth ed. New York, iiacmi11an, 19)!.5. 

297p. 

7. Jeans, James. The stars in their courses. 
lleví York, Iiacmi11an, 1931. 173p. 

R. iienze1, Donald II. and atson Davis. 3tos 
on the sun. Chemistry 23:)!.2-L5. March 
1950. 

9. Iienze1, Donald i-i. Solar chemistry. 
Chemistry 23:16-23. November 19)49. 

10. _______Stars and planets. New York, The 
University Society, 1931. l2lp. 

11. ________Our sun. 2hiladelùhia, Blakiston, 
19)4.9. 326p. 

12. Ivilham, Vi11is I. low to identify the 
stars. New York, ïviacmillan, 1909. 38p. 
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13. Mitchell, S. . c1ipses of the sun. 
2nd ed. New York, Columbia University 
Press, l92t. )46p. 

i1. Stering, John. Astronoiíy--let it broaden 
your mental outlook of earth-universe 
perspective through a stronomy. Science 
education 33:277-280. 191i.9. 

15. Stetson, Harlan True. arth radio and 
the stars. New York, 'thitte1sey House, 
l93L. 336p. 

16. _______Sunspots and their effects. New 
York, Vhittelsey house, 1937. 201p. 
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Unit III. Liatter: A Manifestation of inergy 

I. Overview. 

At one time we had the two principles, the con- 

servaion of matter and the conservation of energy. Today 

the two have merged into one principle, that of the con- 

sorvation cl' mass-energy. This merging of these two 

principles has come about because the dividing line 

between matter and energy has been erased. 

At one time matter and energy viere thought to he 

two dictinct entities. Now vie have discovered that 

matter is only a manifestation of energy. Einstein 

was the first to show this relation by his famous equa- 

tion, E = mc2. The atomic bomb has been the outcome. 

This unit will be a study of the structure of mat- 

ter and its changes. We shal]. look at the subject from 

the standoint of both the physicist and the chemist. 

II. Objectives: 

1. To understand some of the modern views of the 
structure of matter. 

2. To develop an understanding of the ways in 
which matter may be converted into energy. 

3. To develop an understanding and appreciation 
of the ieriodic table. 

ti.. To develop an understanding of the way in which 
atoms combine to form molecules. 
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. To develop an understanding of the manner in 
which molecules may react to form new coria- 

ìounds. 

III. rroblems To Be Studied. 

Problem 1. Of what is matter composed? 

iroblem 2. .that does radioactivity show us 
about the interchangeability of 
matter and energy? 

rroblem 3. How do atoms vary? 

iroblem L1.. How do atoms combine to form 
molecule s? 

xroblem . How may matter be converted into 
energy? 

IV. Outline Of Content. 

A. Of what is matter com;:osed? 

1. i!he concept of elements, compounds, and 
mixtures. 

2. The concept of the atom. 
3. ixperimenta1 work which has been used in 

discovering atoms and atomic structure. 

B. ..iat does radioactivity show us about the 
interchangeability of matter and energy? 

1. iarly experimenb on radioactivity. 
2. Different types of radioactivity. 
3. Concept of isotopes. 

C. How do atoms vary? 

1. Periodic law and periodic chart. 



2. Sorne of the families of elements. 

a. Alkali metals. 
b. Alkaline earth metals. 
c. Halogens. 
d. Inert gases. 

D. How do atoms combino to form molecules? 

1. iiolecu1es are composed of two or more 
atoms linked together. 

2. Atoms may combine by sharing electrons, 
giving u or adding electrons. 

3. lements and compounds may react to 
form new compounds. 

E. How may matter be converted into energy? 

1. Energy is released during chemical 
reactions, but this energy does not 
come from the conversion of matter 
into energy. 

2. During radioactive emission some matter 
is converted into energy. 

3. In a cyclotron matter is converted 
into energy. 

Ì_ In atomic piles matter is converted 
into energy. 

LE;. The atomic bomb is one use that this 
conversion of mass into energy has been 
put. 

6. By-products of atoraic piles and 
cyclotrons are isotopes which can be 
used in research. 

7. iossible uses of atomic energy. 

V. Development Of The iroblems. 

Problem 1. Of what is matter composed? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 



Elements are made up of small particles 
of matter called atoms which are alike 
in the same element (except for occa- 
sional differences in atomic weight; i. 
e. isotopes) but different in different 
elements. 

All substances are made up of small 
particles called molecules which are 
alike in the Same substance (except for 
variations in iiolecular weight due to 
izotor.es) but different in different 
substances. 

All matter is comuosed of single elements 
or combinations of several elements. 

Every Dure sa;iple of any substance, 
whether simule or compound, under the 
sane conditions will show the same phys- 
ical properties and the same chemical 
behavior. 

The materials forming one or more sub- 
stances without ceasing to exist, may be 
changed into one or more new and measurably 
different substances. 

All matter is made up of protons, neutrons, 
and electrons. 

The electrons within an atom from shells 
about the nucleus, each of which contains 
a definite number of electrons. 

irotons and neutrons only are Cow-id in the 
nucleus of an atom. 

In an uncharged body there are as many 
protons as electrons and the charges 
neutralize each other while a deficiency 
of electrons uroduces a plus charge on a 
body and an excess of electrons produces 
a negative charge. 

The mass of an atom is concentrated almost 
entirely in the nucleus. 
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Atoms of all elements are made up of 
protons, neutrons, and electrons and dif- 
ferences between atoms of different 
elements are due to the number of proton8 
and neutrons in the nucleus and to the 
configuration of electrons surrounding the 
nue leus. 

hen a stream of high-speed electrons 
strikes a body, the atoms of that body 
emit x-rays. 

Electrons are emitted from any sufficiently 
hot body. 

Atoms or molecules may lose electrons when 
struck by high speed electrons or ions. 

Orderly arrangement of molecules, atoms, 
or ions in crystals gives crystals regular 
f orm. 

B. Approaches: 

1. Liatter is usually defined in physics texts 
as "anything that occupies space.1 In 
some texts, the statement will be found 
that 'the space between the walls of a 
thermos bottle is occunied by a vacuum.' 
From this it would follow that a vacuum 
is matter. i.iscus.ion. (26, o. 178) 

2. Use this demonstration on the diffusion 
of gases. Place some HOi In one end of a 
long glass tube and some NH3,OH in the 
other end, Close the ends With stoppers. 
A white ring will form where the two gases 
meet. A discussion of how the gases are 
made of molecules can lead into the sub- 
ject of this problem. 

C. Àct±vities: 

1. Use some laborabory experiments showing 
the difference between compounds, mix- 
tures, and elements. 

2. Atomic structure may be demonstrated using 
models. Some of the students may make a 



6o 

project of making atomic models. 

3. Reading and report topics: 

a. Some of the articles in the 
bibliography. 

b. Atom models. 
c. Electrons. 
d. rrotons. 
e. Neutrons. 
f. iiesons. 
g. X-rays and life. 

). Take a field trip to a local hospital to 
observe the taking of x-rays. 

5. Demonstrate x-raysand cathode rays in the 
classroom if the equipment is available. 

6. Do an atomic weight determination. (33, 
pp. 122-123) 

1roblem 2. Ihat does radioactivity show us 
about the interchangeability of matter and energy? 

A. Objectives: 

1. To develop an understanding of the 
following principles: 

ïhe atoms of all radioactivo elements 
are constantly disintegrating by giving 
off various rays (alpha, beta, and gaimna) 
and forming helium and other elements. 

Some elements have more than one atomic 
weight due to differences in the neutron 
content of their nuclei. 

iadioactivc emission involves nuclear 
changes. 

2. To develop an appreciation of the role 
that radioactivity has played in du- 
cidating the problem of atomic structure. 

3. To develop an understanding and appreci- 
ation of the part that radioactive isotopes 
play in modern research. 
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B. Auproaches: 

1. iadioactivity may be demonstrated using 
a Geigei' counter. 

2. '2he picture of a luminous watch dial may 
be made using photographic paper. (91, 
pr. 130-131) 

C. Activities: 

1. Laboratory experiments: 

a. Observe the escare of radioactive 
materials from the hands of a clock 
with a microscope. 

2. Renort and research topics: 

a. Radium, the Curies, and medicine. 
b. Radium and energy. 
C. A paper showing the specific con- 

tributions of Antoine U. Becquerel, 
Iadame Curie, and of irnest Ruttier- 
ford in the discovery arid development 
of radioactivity. 

d. The recent use of radioactive isotopes 
in medical research. 

3. Construct a i1son cloud chamber to view 
the particles given off by radioactive 
materials. (92, p. 76) 

11iake a model mass spectrometer. (66, 'p. 

677-678) 

;. Build a Geiger counter. 

6. ¡iake a tin can electroscope to detect 
radioactivity. (L.9, pp. 20-21) 

7. i-roduce artificial radioactive lithium. 
(2, p. h6) 

i'roblem 3. 110w do atoms vary? 

À. Objectives: 
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1. To develop sii understanding of the fol- 
lowing principles: 

The proDertiec of the elements show 
periodic variations with their atomic 
numbers. 

Ivietals comprise a group of elements (other 
than hydrogen) whose atoms have a tendency 
to loso electrons readily and whose cam- 
pounds when dissolved in polar solvents 
are caT)able of forming positive ions. 

Non-metals comprise a group of elements 
whose atoms tend to gain or share 
electrons and whose compounds, when 
dissolved in polar solvents, are capable 
of forming negative ions. 

A few elements are inert or chemically 
inactive because their atoms are so 
constructed as to be complete in them- 
selves; i. e., their outer electron rings 
have no tendency to gain or lose electrons. 

Elements may be changed into other elements 
by changing the number of rotons in the 
nucleus. 

2. To develop an understanding and a.preci- 
ation of the periodic table of the elements. 

3. To develop an understanding of some of the 
groups of the elements which show the 
characteristic properties of metals and 
non-metals. 

13. Approaches: 

1. Demonstrate the reactions of some various 
types of metals to show their differences. 
Thus a small piece of sodium will react 
with water wiiile with iron, sulfur, and 
others there is no reaction. ]Jifference 
in physical appearance may be noticed, as 
to form, color, odor. 

2. A discussion of the differences in atomic 
nuclei. It may be brought out that 
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differences in nuclei make a difference 
in the different elements. 

C. Activities: 

1. Laboratory experiments: 

a. Experiments with some of the common 
metals. Study their solubility in 
water, acids, bases, and their action 
toward ïndicators. Compare with 
reactions of non-metals. 

b. Do some experiments with the halogens 
and with the alkali metals. (2, pp. 
172-203) 

2. Demonstrations: 

a. Some of the reactions of the various 
types of elements may be demonstrated. 
(2, . 172-203, 306, 3lL., 326-337) 

b. Exhibit samples of some of the ele- 
ments discussed. 

3. iake an exhibit of an element every week 
and label it element of the vieeiz. Have a 
card nearby telling about the element. A 
varIation might be to exhibit the element 
and ask questions about it and then a few 
days later give the answers to the 
nuestions. Make the questions interesting 
and slanted to the interests of the 
students. (63, p. 32) 

t_. A project for some student is to (lo a 
demonstration of experiments using 
mercury. (93, pp. 200-203, 2tJ1) 

;. Some topics for reports: 

a. Atomic numbers. 
b. The discovery of the periodic table. 
C. The properties and uses of some 

particular element. 
d. The discovery of an element. (See the 

articles by iee1cs in the bibliography) 
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6. Construct a spiral periodic table. 
(2g, pi 283-25) 

iroblein I. How do atoms combine to form molecules? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing princioles: 

The exchange of the negative and positive 
ions of acids and bases results in the 
formation of water and a salt. 

Electrolytes dissolved in waber exist 
partially or completely as electrically 
charged particles called ions. 

The valence of an atom is determined by 
the nuìmber of electrons .ib gains, loses 
or shares in chemical reactions. 

Most atoms have the property of losing, 
gaining, or sharing a number of outer 
shell electrons. 

The energy shown by atoms in completing 
their outer shell by adding, losing or 
sharing electrons deterr:iines their 
chemical activity. 

The total mass of a quantity of matter 
is not altered by any chemical or physical 
changes occuring among the materials 
composing it (except in nuclear physics). 

Acids and bases in water solution ionize 
to give hydrogen and hydroxyl ions, 
recectively, from their constituent 
elements. 

Vthen different amounts of one element are 
found in combination with a fixed weight 
of another element (in a series of corn- 
pounds) the different weights of the first 
element are related to each other by 
ratios which may be expressed by small 
whole numbers. 
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ietals may be arranged in an activity 
series according to their tendency to 
pass into ionic form by losing electrons. 

Non-metals may be arranged in an activity 
series according to their tendency to 
pass into ionic form by gaining electrons. 

In every sample of any compound substance 
formed, the proportion by weight of the 
constituent elements is always the same 
as long as the isotoric compositions of 
each element is constant. 

2. To gain an understanding of how atoms may 
be combined into molecules forming new 
substanccs. 

3. To gain an understanding of elementary 
chemic al nomenclature. 

li. To gain an understanding and an appreci- 
of the chemist' s shorthand in 

writing formulas and equations. 

5. To gain an understanding of three reat 
classes of compounds--acids, hases, and 
salts. 

B. Approaches: 

1. To show the direct union of two elements 
combine mercury and iodine. (SO, pp. 

131i-137, lL13) 

2. Another demonstration of the direct 
union of two elements is that of antimony 
and iodine. (70, p. O) 

C. Activities: 

1. Demonstrations. 

a. A decomposition reaction may be shown 
using anunonium dichromate in which a 

match head is placed. The match head 
is lit causing decomposition. (3O, 

pp. l3)J-137) 
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b. Iiak1ng t lead tree may be used to 
show a replacement reaction. (89, 

pp. '3-i--'37) 

C. HIC a test tube of silver nitrate 
solution set in a closed flask con- 
taming a clear solution of sodium 
chloride is weighed before and after 
the two solutions are mixed, does the 
weight of the flask and its contents 
increase, decrea'.e, or remain the 
same? What evidence is there that 
a chemical change has taken place 
after the two solutions are mixed? 
Are similar results obtained when 
solutions of lead nitrate and 
potassium chromate are mixed?" (80, 

. 176) 

d. The notion of molecules and of their 
collision may be demonstrated by 
diffusing bromine in an evacuated and 
ari air-filled bottle. (11, pp. 
L72) 

e. Po demonstrate thoeffect of concen- 
tration on reaction velocity, use the 
double decomposition of sulfuric acid 
and sodium thiosulfate to produce 
sulfur. The speed with which the 
sulfur is produced is de:endent upon 
the concentration of the reactants. 
(12, pp. l3-15) 

f. A reversible photochemical exuerinient 
may he shown using sodium nitro- 
prusside and thiourea. (32, np. 13- 
Lj7) 

2. Lxperinients: 

a. Use c" under demonstrations. 

b. Form salt from hydrochloric acid 
and sodium hydroxide. vaporate the 
liquid and recover the salt. 

3. Some reading and research to'ics: 
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a. Molecules and their behavior. 
b. Valence--various tyues. 
c. How carbon atoms combine. 
d. Acids and their importance. 
e. Bases and their importance. 
f. Salbs and their uses. 

I. Have a student demonstrate some aspects 
of combustion. (99, p. 72-73) 

5. Have some students make a molecular 
motion projector. (95, pp. 57-67) 

6. Lake models of molecules using clay and 
copper wire to show valence. (101, p. 
itB) 

7. A student demonstration of burning alcohol 
under water using potasriurn dichromate- 
sulfuric acid solution. (109, pp. 305- 
307) 

8. Some other projects. 

a. Make a collection of oxides. 
b. Make a collection of sulfides. 
C. Make an activity series chart. 
d. 1iake a chart showing the manufacture 

of sulfuric acid. 

Problem 5. How may matter be converted into energy? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 

Matter may be transformed into radiant 
energy and radiant energy into natter; 
in either case, the mass is unchanged. 

Atoms have great sub-atomic energy. 

Atoms may be broken down by bombarding 
the nucleus with high speed particles 
such as protons, alpha particles, or 
neutrons. 



2. To become aviare of the possibilities for 
good and evil in the use of atomic 
energy. 

3. o develop an Dnderstanding of the 
nrinciples upon which the production of 
atomic energy is based. 

B. Approaches: 

1. Demonstrate atomic fission using a model 
of a U-23g nucleus made from glass marbles 
cemented together with cellulose acetate 
adhesive and made in such a manner that it 

may be taken apart. (72, pp. 679-680) 

2. A discussion of the atomic bomb and its 
use. 

C. Activities: 

1. Demonstrations: 

a. A demonstration of a chain reaction 
may be done using mousetraps and 
corks. (I8, pp. 17-19) 

2. Reading and report topics: 

a. The hydrogen-tritrium bomb. 
b. The explosions on the surface of the 

sun and their connection with the 
atom bomb. 

C. The prospects and development of 
atomic power for use in transporta- 
t ion. 

d. The betatron and its uses to industry 
and science. 

e. I-low can we control and use atomic 
energy for the best welfare of all? 

f. How are new elements developed? 
g. How does an atomic pile operate? 
h. How a cyclotron operates. 

3. Some models which may be constructed: 

a. A model of a cyclotron. (30, pP. 

L1.6o-L.6i) 

b. ]3uild a niodel of ari atomic pile. 
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e. Make models to show nuclear fission. 
d. Build a model of an atomic bomb. 

.. 'repare posters showing various asïects of 
atomic energy and its control. 

. ìut on a play showing some phase of atomic 
energy. Some suggested titles are: 
Ridenour, bouis li. rilot Lights of the 
Apocalypse. Fortune, January 19t!6; Atomic 
Bombs, Syracrue University Jress, l9t.5; 

and Set Your Clock at 1J-23, Henry Holt 
and Company. 

VI. Audio-Visual Aids. 

A. Films avail.ble from The Department of Visual 
Education, Oregon State College, Corvallis, 
Oregon. 

1. The Electron 
2. Electrons 

. Molecular Theory of Matter 
Lt.. Atomic Energy 

. Atomic .ower 

B. Filmstrips available from the Society for 
Visual Education, l3 lest Diversey iarkway, 
Chicago lL., Illinois. 

1. Our Atomic '.orld 

2. Chlorine and Its Compounds 

C. Films available froni Castle Films, lt45 ark 
Avenue, New York 29, New York. 

1. The Electron--an Introduction 
2. Operation Crossroads 
3. The Atom Strikes 

D. Film available from The General Electric Co., 
920 S. W. Sixth Ave., iortland, Oregon. 

1. Taking the X out of X-rays 
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VII. 3ibliograhy. 
À, Textbooks: 

1. by, George S., et al. The physical 
sciences. Boston, Ginn, l9t. pp. 
L.o6. 

2. Eckels, Charles F., Chalmer B. Shaver, 
and Bailey W. Howard. Our physical world. 
Chicago, Sanborn, 1938. pp. 77-123, 
273- 323. 

3. Hausrath, Alfred II. Jr. and John H. harms. 
Consumer science. New York, Macmillan, 
1939. Pp. 280-300, 66-669. 

Lj... Jean, Frank Covert, et ai. Mari and his 
physical universe. Rev, ed. Boston, 
Ginn, 19I9. pp. l37-11. 

B. Free Booklets: 

1. Available from Vlestinghouse lectric 
Corporation, School Service, 306 Fourth 
Avenue, . O. Box 1017, iittsburgh 30, Pa. 

a. Fundamentals of Nuclear ithysics 
b. Six 1'iuclear kthysics Charts 
c. The World Within the Atom 

2. The General Electric Co., 1 River Hoad, 
Schenectady 5, New York. 

a. Adventures Inside the Atom 
b. The Story of X-rays 

C. Others: 

1. Brooks, William O. Liodel of an oxygen 
atom. Journal of chemical education 
2):2I5. 1917. 

2. Corlidge, J. iL TranRrnutation and 
artificial radioactivity. School 
science and mathematics 5:5ll-1b. 
19t16. 
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3. Davis, Helen Lijies. The nature of 
metals. Cheniistry 23:36-LO. Fegruary 

19go. 

k. deVine, H. D. Radiation detection 
instruments. Chemistry 22:9-lo. 
February 19k9. 

;. ibel, Robert i.t. Atomic structure and 
the periodic table. Journal of chemIcal 
education 1:575-77. 1933. 

6. Eidinoff, Laxwe11 L. Uranium fission: 
discoveries leading to a chain reaction. 
Journal of chemical education 23:6O-6. 

7. Flood, E. A. Valence defined. Journal 
of chemical education 12:132-131!. l93. 

8. Gaynor, Frank. Pocket encyclopedia of 
atomic energy. New York, Philosophical 
Library, l9O. 2O)p. 

9. Glasstone, 3amue1. Sourcebook on atomic 
energy. iew York, D. Van I\ostrand, 19O. 
Lj.6p. 

10. &oldblatt, L. A. and A. FI. Croup. 
ssential assumptions of a theory of 

atomic struc-bure. Journal of chemical 
education 17:378-379. 191+0. 

11. Fiazelhurst, Thomas Ii. Jr. Fictures of 
acid-base reactions. Journal of cheíiical 
education l7:37t-376. 191+0. 

12. Hazelhurst, Thomas il. and Frank J. 

Fornoff. Representation of periodic 
properties of the elements. Journal of 
chemical education 20:77-79. 191+3. 

13. hecht, Selig. ixplorIng the atom. New 
York, Viking, 19)j.7. 20p. 

l. Irwin, K. Gordon. Periodicity patterns 
of the elements. Journal of chemical 
education 16:33S-3k0. 1939. 
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15. Jensen, i11iam í. Effect of radio- 
active chemicals on plants. Science 
teacher 12:26-27, 36-37, lL.L-lL7. 19L5. 

i6. King, J. F. and i. II. Fall. Radioacbìvity 
and the periodic table. Journal of 

chemical educabion 17 :tp1-L.82. 19L10. 

17. Luiir, Overton. 
ed. Lancaster, 
PP. 13-359. 

Physics tells why. Rev. 
Jacques Gahell, 19L6. 

13. McCutchon, K. B. A simplified periodic 
classification of the elements. Journal 
of chemical education 27:17-19. 1950. 

19. McJauner, 
activity. 
iLk: 226- 2L 

20. Millikan, 
electron. 
l9L.9. 

G. E. Early years in radio- 
Mierïcan journal of physics 

1. l96. 

R. A. l'he charge of the 
Chemistry 22:L1.2-!1.6. February 

21. Morrell, \i1liam J.. The experimental 
basis for the study of atomic structure. 
Journal of chemical education 25:51-551. 
19tt.8. 

22. Periman, I. Atomic energy in industry. 
Journal of chemical education 2tp115- 
120. 19LL7. 

23. ______ The transuranium elerionts and 
nuclear chemistry. Journal of chemical 
education 25:273-277. 19)8. 

2L1.. Rabi, I. I. The atomic nucleus. Chemistry 
22:31-36. Iovember 19LJ3. 

25. Rawson, Vinton i. and Robert i. ifei1. 
A demonstration model of atomic structure. 
Journal of chemical education 25:260-261. 

26. Rosenblum, Charles. Isotopes as 
indicators. Journal of chemical education 
17:567-570. 19L0. 
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27. Rutherford, Ernest. 
neutron. Chemitry 
i'»i.2. 

Prediction of the 
22:25-26. December 

2. The atom's electronic charge. 
Chemistry 23:32-37. November 191j.9. 

29. Schechter, ii1iia II. and Jacob 
ileinher. Oxides of the alkali and 
alkaline earth metals. Journal of 
chemical education 2t.:3O2-3O3. l9L.7. 

30. Standen, Anthony. The fairy story of 
valence. Journal of chemical education 
2LL:L1.3l-L1.02. 19)t.7. 

31. V1iy do we believe in electrons? 
Journal of chemical education 23:356. 
l9L.6. 

32. Taylor, A. E. An alpha-trash apparatus. 
Journal of chemical education 11:576. 
19 3h.. 

33. Tinim, John A. Putting tagged atoms to 
viork. Journal of chemical education 
20 :5L-59. 19L!3. 

3h.. Underwood, John B. A dynamic atom model. 
American journal of physics l6:1l0-Lll. 
l9L8. 

35. Volkoff, G. The fundwnentals of nuclear 
energy. Journal of chemical education 
2h.: 538-Slli.. 19L7. 

36. Webb, J. Il. Photographying nuclear 
particles. Chemistry 22:2-6. February 
19L9. 

37. Vleeks, Wiary Elvira. The discovery of the 
chemical elements. Journal o chemical 
education 9:3-30, 2l-235, L5-tß, 363- 
G6t, 1017-1057 , 1231-124.3 , 13ù6-1L3l., 
1593-1619, 1751-1773, 1915-1939, 205- 
2073. 1932. 
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33. White, F. h. Concepts of the atom. 
School science and mathematics 39:k57- 
L!.61. l9I9. 

39. wiley, Harry F. Teaching aids. Journal 
of chemical education 22d8. l9)$. 

1.0. Wiswesser, William J. The periodic 
system and atomic strucbure. Journal 
of chemical education 2:3JJ-32l, 370- 
379, Jl3-t.26. i9). 
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Unit V. Matter in Notion 

I. Overview. 

Galileo was one of the first investigators of the 

problems which arise when matter is in motion. He 

investigated the behavior of two freely falling bodies 

of different weights. Newton further studied the 

prob1ers of matter in motion. Since then, many more 

discoveries ori this problem have been made. Today, the 

laws of motion are being applied a great nwnber of ways. 

Heat energy is concerned with matter in niotion.. 

The kinetic theory of gases says that heat is caused by 

the motion of molecules. Thus heat energy deals with 

molecular motion. 

i10 get a complete picture of energy in its various 

forms, chemical energy will be discussed followed by tue 

application of mechanics and energy to transportation. 

II. Objectives. 

1. To gain an understanding of some of the 
principles of mechanics. 

2. To develop an understanding of some of the 
principles of fluid mechanics. 

3. To develop an understanding of some of the 
princirles of heat energy. 

14.. To gain an understanding of some of the 
principles of chemical reactions. 
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5. To devolol an appreciation of the application 
of physical principles to modern transportation. 

The ±roblems To Be Studied. 

roblem 1. What do we know about mechanical 
energy? 

iroblem 2. What do we know about fluids? 

±-roblem 3. thy is heat energy so important? 

Problem .. What is chemical energy? 

rroblem 5. How do we use mechanics in transpor- 
tation? 

Outline Of Content. 

A. What do w know about mechanical energy? 

1. Freely falling bodies. 
2. The pendulum. 

3. Motion on an inclined plane. 
i. Laws of motion. 
5. Action and reaction. 
6. Laws of gravilation. 

B. that do vie know about fluids? 

1. Liquid pressure. 
2. Flow of fluids. 
3. Buoyancy. 
If. Specific gravity. 
5. Boiling and freezing points. 
6. Solutions. 
7. Colloidal solutions. 

C. Why is heat energy so important? 

1. I!casurement of heat. 
2. Kinetic theory of heat. 

3. iffect of heat UUOfl various materials. 
Li. Heat conduction and insulation. 
5. Refrigeration. 
6. Converting heat to mechanical energy. 
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D. what is chemical energy? 

1. Energy chanF,es accompany chemical 
reactions. 

2. Reactions are speeded by various factors. 
3. Chemical reactions produce heat energy. 
L. Chemical reactions produce electrical 

energy. 
. Reactions may result in a change of 

valence. 
6. iquations and formulas used to indicate 

chemical reactions. 

. liow do we use mechanics in transportation? 

1. Simple machines. 
2. The automobile. 
3, Railroads. 

. Airplanes. 

. Steamshi3s. 

V, Develoonient Of .rohlcm$. 

froblein 1. What do we imow about mechanical energy? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing orincir)les: 

nergy can never be created or destroyed; 
:it can be changed from one form to 
anot'rier only with exact equivalence. 

Any two bodies attract one another with a 
force which is directly proportional to 
the attracting masses and inversely pro- 
portional to the square of the distance 
between their centers of mass. 

Bodies in rotation tend to fly out in a 
straight line which is tangent to the arc 
of rotation. 

The energy which a body possesses on 
account of its position or form is called 
potential energ'and is measured by the 
work that was done in order to bring it 
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into the specified condition. 

hen the resultant of all the forces 
acting on a body is zero, the body will 
stay at rest if at rest, or it will keep 
in uniform motion in a straight line if 
it is in motion. 

when one body exerts a force on a second 
body, the second body exerts an equal and 
opposite force on the first. 

In the inclined plane, weight tinies 
height equals force times length, pro- 
viding friction i neglected and the 
force is parallel to the :lane. 

Q1-1en tWO forces act uuon thesame object, 
the resultant is the diagonal of a 
parallelogram whose sides rerresent the 
direction and magnitude of the two forces. 
A single force reiresened by the diagonal 
may be resolved into two forces re;Dre- 
sented by the sides of the parallelogram. 

At any point on the earth's surface, all 
bodies fall with a constant acceleration 
which is indeDendent of the mass or size 
of the body if air resistance be neglected. 

Sliding friction is dependent upon the 
nature and condition of the rubbing surface, 
proportional to the forces pressing the 
surfaces together and independent of area 
of contact. 

hen forces act in the came direction, 
the resultant is their algebraic sum. 

The speed gained by a body with a constant 
acceleration is equal to the Product of 
the acceleration and the time. 

The acceleration of a body is proportional 
to the resultant force acting on that 
body and is in the direction of that force. 

The energy which a body possesses on 
account of its motion is called kinetic 
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energy and is proDortional to its mass 
and tue square of its velocity. 

The distance a body travels, starting from 
rest with a constant acceleration, is one- 
half the acceleration times the square of 
the time. 

The amount of momentum possessed by an 
object is proportional to its mass and 
to its velocity. 

The amount of heat developed in doing 
wori against friction is proportional to 
the amount of work thus ex'iended. 

The distortion of an elastic body is 
proportional to the force aJ. ied pro- 
vided the elastic limit is not exceeded. 

à spinning body offers resistance to any 
force which changes the direction of the 
axis about which the body rotates. 

2. To develop an appreciation of the use 
which man has made of the principles of 
energy and motion. 

B. Approaches: 

1. A demonstration of forces using two simple 
dial suring balances. The upper balance 
supports the lower balance and the wooden 
frame. Both read zero, but il' a kilogram 
weight is hung on the lower balance, both 
real 1000 grams. If the weight is hung 
from the pulley on the lower balance so 

that the supporting cord is tied to the 
vooden frame, why does the lower balance 
read 2000 grains, the upper one 1000 grams? 
(39, PP. 6L-6) 

2. A repetition of Galileo's famous experiment 
on falling bodies may be used to begin the 
problerì. (;, p, 33) 

3. Â 2O uil. flask containing a live fly is 

stoppered and weighed carefully on the 



analytical balance. will the flask and 
its contents weigh exactly the same, 
whether the fly is in the air or resting 
on the bottom of the flask? (26, p. 130) 

C. Activities: 

1. Laboratory experiments: 

a. Illustrate inertia by jerking a 
piece of paper from under a beaker 
of water without spilling the water. 

pp. 1L.O-l67, gives several 
illustrations of inertia) 

b. Clothespins and rubber bands nay he 
used to illustrate momentum and 
Newton's second law of motion. (, 
pp. 31-32) 

C. To show that friction varies with 
pressure, use a meter stick laid 
across the extended fingers which 
are then moved together. One finger 
is near the center of the yardstick 
and the other near one end. (91, 

pp. 66-67) 

d. To show why ropes break under light 
loads, use a pocket knife and a 
couple of rubber bands. (91, pp. 

7 LL- 7 ) 

2. Demonstrations: 

a. Why the 1eaning tower of Pisa doesn't 
fall may be shown by using a card- 
board represuntation and showing that 
the center of gravity is such that it 

is a stable form. (91, pp. 

b. Some more experiments on the center 
of gravity may be shown by using a 
hammer and a carpenter's rule, or a 

teacup and a couple of table knives, 
and. balancing them. (91, ìp. 6-7) 



c. To show that a bullet 
zontally from a gun a 
at the same time will 
at the same time, use 
marb1s and a hacksaw 
pp. 58-9) 

shot hori- 
ad one dropped 
hit the ground 
a couple of 
blade. (91, 

d. The relation between a pendulum and 
a baseball bat may be shown. (91, 

pp. 61-63. 

e. A toy truck may be used to show how 
inertia iriakes it more difficult to 
get a car started than to keep it 

going. (91, pp. 70-71) 

f. Contrifugal force may be illustrated 
by rolling a marble around in a 
paper late. (91, 72-73) 

g. Another instrument useful in sho.iing 

centrifugal force is a hand drill. 
(55, p. 21-2L.) 

h. The recoil of a cannon may be 
illustrated using a corked bottle 
with vinegar and bicarbonate of 
soda. (57, p. 58) 

j, IIj11 a heavy weight suspended on a 
spring niove very much when the spring 
is suddenly moved up or down (prin- 

ciple of the seismograph)?U (5e, 

P. 10) 

j. The action of ball bearings may be 
shown, using a book and sonic marbles. 
(5L, p. 171) 

k. Inertia of notion may be illustrated 
with the yo-yo. (57, p. l7) 

1. To illustrate units of work, lift a 
pound weight one foot from the floor. 
Other units of work and power may be 
illustrated similarly. (C9, pp. 22- 
¿3) 
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nl. Àcbion and reaction may also be 
shown by using two small cars con- 
nected with a rubber band. (90, p. 
51j.) 

ri. Centripetal force may be illustrated 
by having a swinging ball lift a 

weight. (89, p. 6L) 

o. A falling v;eight fastened to a string 
over a pulley may be used to show 
acceleration on a horizontal plane. 
(90, p. 50) 

p. The tendency for a particle in motion 
to continue in a straight line is 
shovm by pitching a fast ball. (55, 
p. 29) 

q. A freely falling body may be shown by 
allowing a small car to slide down 
an inclined steel piano wire. (90, 

p. 39) 

3. ieading and report topics: 

a. 1nergy and power. 
b. Sir Isaac Newton and his contributions 

to physics. 
c. Galileo Galilei. 
d. Recoiless artillery. 
e. Laws of motion and the automobile. 

t1.. Some projects: 

a. ia1ce an acceleration hoard. (96, 

pp. 28, t.2-L3) 
b. I1ake a model which will show the 

solution to the climbing monkey 
problem. A simple one may be made 
by using a yo-yo. (56, p. 2L13; 7th, 

pp. 320-332; 90, p. 52) 

froblem 2. that do we know about fluids? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 
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A fluid has a tendency to 
gion of higher pressure to 
pressure; the greater the 
faster the movement. 

The pressure in a fluid in 
equal to the ?Jeight of the 
a unit area including tlie 

t-e presEure is taken; it 
varies with the depth and 
of the fluid. 

move from a re- 
one of lower 

difference, the 

the open is 
fluid above 

point at which 
therefore 
average density 

A body immersed or floating in a fluid Is 
buoyed up by a force equal to the weight 
of the fluid displaced. 

The pressure at a point in any fluid is 

the same in all directions. 

Every pure liquid has its ovin specific 
boiling and freezing point. 

The solubility of solutes is affected by 
heat, pressure, and the nature of the 
solute and solvent. 

The ingredients of a solution are 
homogeneouly distributed through each 

s 

Vthen pressure is applied to any area of 
a fluid (liquid or gas) in a closed con- 
tamer, it is transr.itted in exactly the 
same intensity to every area of the con- 
tamer in contact with the fluid. 

1I1Ie boiling point of any solution becomes 
lower as the pressure is decreased and 
higher as the I)ressUre is increased. 

The solubility of agas in an inert 
solvent varies with the pressure to which 
the gas is subjected. 

All liquids are compressible but only to 
a slight degree. 

The rate of evaporation of a liquid varies 
with the temperature, area of exposed sur- 
face, nature of the liquid itself, and 
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saturation and circulation of the gas 
in contact with the liquid. 

Any homogeneous body of liquid free to 
take its own position, will seek a posi- 
tion in which all exposed surfaces lie 
on thesame horizontal plane. 

As the velocity of flow through a 
constricted area is increased, the 
pressure diminishes, and vice versa. 

The free surface of a liquid contracts 
to the smallest possible area due to sur- 
face tension. 

Freezing point depression and boiling 
point elevation are proportional to the 
concentration of the solution. 

suspended particles of colloids have a 
continuous, erratic movement due to 
colloidal, molecular, or ion impacts. 

The height to which a liquid rises in a 
capillary tube is directly proportional 
to the surface tension of the liquid and 
inversely proportional to the density of 
the liquid and to the radius of the tube. 

The rate of osmosis is directly propor- 
tional to the difference in concentration 
on opposite sides of the membrane. 

B. Approaches: 

1. Use a water balance to weigh some of the 
students and to show water pressure. (91, 
p. 2'.-2) 

2. How water may be used for pov.rer is shown 
by making a water wheel out of tIn can 
covers. pp. 62-6L.) 

C. Activities: 

1. Laboratory experiments: 
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a. iest tI-re effectiveness of various 
brands of conmiercial antifreezes 
in lowering the freezing point of 
a water solution. 

2. Demonstrations: 

a. Distribution of force in a liquid 
may be shorn by using a bottle filled 
with water and hitting it a blow on 
the stopper. (55, p. 65) 

b. A rock appears to lose weight in 
water due to buoyancy. (55, p. o3- 
6L!.) Tise a tin can and some balloons 
to illustrate buoyancy. (5h, pp. 
6-72) 

c. A reaction turbine may be made from 
a tin can. (57, p. 65) 

d. A water glass in a pail of water may 
be used to illustrate the principle 
of a diving hell. (57, p. 7) 

e. tin can, balloons, and paj.er bags 
with holes punched in them may be 
used to show principles of water 
pressure and how water flows from 
orifices due to differences in water 
uressure. (5t., pp. 79-9) 

f. The change in the surface tension of 
water caused by small pieces of 
camphor or soap may be used to proìel 
small paper boats on the surface of 
the water. (57, i;. 11; 91, p 32; 
90, p. 95) 

g. Capillarity may be shown using strips 
of blotting paper or a handerchief. 
(SS, p. 70) 

h. The urinciple of a hydraulic ram may 
be shown using a bottornles quart 
bottle and some pieces of glass 
tubing. (55, p. 105) 
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i. Bernoullits principle may be 
illustrated by using a curving base- 
ball and also by using an egg in a 

glass of water under a faucct. (55, 

pp. 2, 16) Another method of showing 
it is by using a piece of cardboard 
and a spool. A bent piece of card- 
board set on a table and blown upon 
will show the same effect. (5L., 

pp. 

i. A vacuum cleaner may be used to 
produce airstreams to show the 
principles of aerodynamics. (55, 

pp. 7-13) 

k. tJe principle of least surface may 
be so'rn by using wire frames and 
soap solution. (57, pp. 121-122) 

1. A chemical garden may be used to 
hovi osmosis. (l, pp. 3o-37) 

n. A beaker of water may be covered 
with a piece of dry cheesecloth and 
turned upside down without the water 
escalaing. (90, p. 9L) 

n. Sodium acetate may be used to 
illustrate principles of solubility. 
(2, p1. 129-130) 

o. An &iimonia or hydrochloric acid 
fountain may be used to show the 
solubility of gases. (2, pp. 137- 
139) 

p. The swelling of dry prunes when 
soaked in water may be used to 
illustrate osmosis. (2, pp. 11L6-lk7) 

q. To illustrate colloids, colloidal 
barium sulfate and ferric oxide may 
be ìrepared. (2, p. 1f3) 

r. To show reaction in a colloid make a 

lead tree. (30, r. 13.-l37; 23, p. 

92; 39, pp. 12t-12) 
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s. A gel may be made using ethyl 
alcohol and calcium acetate. (13, 

p. 58) 

3. Some reading and research topics: 

a. Transmission of fluid pressures. 
b. Vater power. 
c. Blaise l'ascal. 

d. Archimedes. 
e. The importance of osmosis in living 

things. 
f. 1-tow pumps operate. 

L. rrojects: 

a. Construct several 4rpes of cartesian 
divers. (91, p. 2o-27; 55, pp. 177- 
173; 51, pp. 1t1-l)12) 

b. Make fountains of various tyDes to 
illustrate water pressure. (55, pp. 
92-91k; 90, p. 111) 

c. Make sorne Catts eye agate gels. 
(2L1, p. 10-Li) 

irob1ern. 3. 'thy is heat energy so important? 

A. Objectives: 

1. Tr develop an understanding of the f ol- 
lowing principles: 

Solids are lioulfied and liquids are 
vaporized by heat; the amount of heat 
used in tuis process, for a given mass 
and a given substance, is specific and 
equal that given off in the reverse 
proce SS. 

Most bodies exand on heating and con- 
tract on cooling; the amount of change 
depending upon the change in temperature. 

Heat is liberated when a gas is compressed 
and is absorbed when a gas expands. 

Heat is conducted by the transfer of 
kinetic energy from molecule to molecule. 
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hen two bodies of differeht temperature 
aro in contact, there is a continuous 
transference of heat energy from the body 
of higher temperature to the one of lower 
temperature, the rate of which is directly 
proportional to the difference of 
temperature. 

ruhe lower the enn.erature of a body, the 
less the amount of energy it radiates; 
tue higher the temperature, the greater 
is the amount of energy radiated. 

Heat is transferred by convection currents 
of gases or liquids, the rate of transfer 
decreasing circulating fluid. 

The average speed of illolecules increases 
with the temperature and pressure. 

A chango in state of a substance from gas 
to liquid, liquid to solid, or vice versa, 
or from solid to gas, or vice versa, is 
usually accompanied by a change in volume. 

The total change in length of a metal bar 
is equal to its coefficient of linear 
expansion times the original length times 
the change of tenDerature in degrees 
centigrade. 

'thcn a gas expands, heat energy is con- 
verted into mechanical energy. 

The amount of heat which a constant mass 
of a liquid or solid acquires when its 
temperature rises a given amount is iden- 
tical with the amount it gives off when 
its temperature falls by that amount. 

Gases may he converted into liquids and 
liquids into solids by reducing the speed 
of their molecules or removing the faster 
r:iolecules. 

Substances which expand upon solidifying 
have their melting points lowered by pres- 
sure; those which contract upon solidifying 
have their melting points raised by 
pressure. 
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2. To gain an understanding of how heat is 

measured. 

3. To gain an understanding and anapreci- 
ation of the ways in which man has used 
heat energy. 

B. Approaches: 

1. Several test tubes of a clear liquid are 
shovm. The students are asked to pour 
them inbo beakers. They are unable to 
do so. The test tubes contain a super- 
saturated solution of' hypo. A small 
crystal is imbedded in the cork of the 
tube and at a given birne the tube is 
shaken so the crystal seeds the solution 
which then solidifies. (SO, p. 30) 

2. Use the motion picture, "Heat and Its 
Control " 

C. Activities: 

1. Laboratory: 

a. Check the boiling point and freezing 
point of a thermometer using water. 
In checking the boiling point, the 
pressure must be noted and. correction 
made for differences from 760 mm. of 
i-Is 

h. Determine the heat of fusion of ice. 

C. Determine the heat of vaporization 
of water (heat of condensation of 
steam). 

d. ilace a thermometer in a tesb tube of 
water in a mixture of ice and salt. 
Notice the therinom,ter reading as ice 
begins to form, as ice is being 
formed, and after the ice has formed. 
Melt the ice and note the temperature 
as water begins to form, and finally 
as all the ice is melted. 
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e. Use a bicycle pump to produce 
heat energy by compression of air. 
Heat energy from a chemical change 
may be formed by pouring sulfuric acid on sugar. Light falling on 
a dark piece of metal will show radiant energy. 

2. Demonstrations: 

a. Show how heat energy is converted 
to mechanical energy by using a 
toy steam turbine. 

b. Show how distillation can be used 
to seoarate components of a solution 
by distilling a salt solution. 

C. To show conduction of heat through metals, similar rods of copper, iron, 
and aluminum are needed. A B-B shot is fastened to one end of each with paraffin. dhen all are heated 
simultaneously at the other end, 
note when the shot drops from the 
end of tho rods. 

d. A candle and an old saucer may be 
used to show why smoke means wasted heat. (91, p. rho) 

e. A calling card may be folded to hold water and the water may be boiled by using a match. (91, p. L2) A paper 
bag may be used to boil water in a similar manner. 

f. Differences in heat conduction may 
be shown using a renny heated on an 
asbestos pad. The penny iil1 feel hotter than the asbestos pad.even 
though both are of the same teuìmer- ature. (91, p. ti) 

g. The latent heat of hydration may be 
shown usin anhydrous copper sul- 
Late crystals. fhe anhydrous 
crystals are placed on a studentts 
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hand and a few drops of water 
added. He will feel the heat of 
hydration. (79, pp. 1I6-162) 

3. Some touics for reading and research: 

a. Heat and the structural engineer. 
b. Change of state. 
e. Thermal power. 
d. Absolute zero and properties of 

substances at absolute zero. 

.rroblem t. vhat is chemical energy? 

. Objectives: 

1. To develop an understanding of the fol- 
lowing principles. 
Oxidation always involves the removal or 
sharing of electrons from the element 
oxidized while the reduction always adds 
or shares with the element reduced. 

Oxidation and reduction occur simulta- 
neously and are quantitatively equal. 

mach combustible substance has a kindling 
temperature which varies vith its 
conditior hut may be greater or less than 
the kindling temperature of some other 
substance. 

fi-io rates of many reactions are affected 
by the presence of sul:stances which do 
no-t enter Into the coinleted chemical 
reaction. 
i.11-ie products of reacting substances may 
react with each other to form the original 
substances. 

The speed of chemical reaction is increased 
by increasing the concentration of any of 
the reactants; and is decreased by 
decreasing the concentration of any of the 
reactants. 
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All chemical reactions which start with 
the saane quantities of original sub- 
stances liberate the same amounts of 
energy in reaching a given final state, 
irrespective of the process by v,hich the 
final state is reached. 

No chemical change occurs without an 
accompanying energy change. 

2. To develop an appreciation of some of the 
factors which a chemist must consider 
when studying a chemical reaction. 

B. Approaches: 

1. To show that energy changes accompany a 

chemical reaction, burn a piece of 
magnesium ribbon and point out that heat 
and light are given off. Dissolve zinc 
in hydrochloric acid and measure the 
temperature rise with a thermometer. 
(2, p, 16i) 

2. To show that electrical energy causes a 
chemical reaction, plate copper from a 
copper sulfate solution. 

C. Activities: 

1. Demonstrations. 

a. The influence of temperature upon 
the speed of a reaction may be shown 
using Photographic developer and 
potassium permanganate. (18, pp. 
70-71) 

b. Electrolyze an aqueous solution of 
sodium chloride to which a little 
phenolphthalein has been added to 
show the effect of the electricity 
upon the salt solution. 

C. Various metals may be plated from a 
solution of their salts. 

d. Oxidation may be demonstrated by 
the oxidation of ferrous sulfate to 
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ferne sulfate using nitric acid. 
Ammonium sulfocyanate is used as 
an indicator for the ferric ion. 
(13, p. 29) 

e. The clock reaction using iodle acid 
vdll show the effect of concentra- 
tion on a reaction. (17, 52-L; 
13, PP. 87-89) 

f. Catalysis may be demonstrated by 
oxidizing ethyl alcohol to 
ace taldehyde by means of a copper 
catalyst. (4, pp. 238-239) 

g. To show that a catalyst doesn't enter 
into the reaction, decompose hydrogen 
peroxide with nanganese dioxide. 
(L7, p. 362) 

h. A reversible photochemical experiment 
may be shown using sodium nitro- 
prusside and thiourea. (32, p. 

2. Have a group of students demonstrate the 
production of light through a chemical 
reaction. This may be done by the 
oxidation of luminol or lophine. (it1, 

pp. 236-237; 53, pp. 1L2-lt4; 97, pp. 80- 
91, 1-l1$) 

3. Another student project might be the 
setting u1 of an apparatus for the 
electrolysis of water. 

I. ieading and research topics: 

a. Catalysis and applications in 
industry. 

b. The work of iichae1 Faraday. 
e . Chernjluinjnescence. 
d. Oxidation and reduction. 
e. Lavoisier and his contributions to 

chemistry. 
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.rroblem . low do we use mechanics in transortation? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principle s: 

hen there is a gain in mechanical 
advantage by using a simple machine, 
there is a loss in speed and vice versa. 

In the lever the force times its dïstance 
from the fulcrum equals the weight times 
its distance from the fulcrum. 

The work obtained from a sinple machine 
is always eaual to the work put into it 
less the work expended in overcoming 
friction. 

2. To develo; an understanding of simple 
machines and how they are utilized in 
our modern methods of transportation. 

3. To develop an ap'reciation of the way In 
which the princinles of mechanics are 
applied in modern transortation. 

1i.. To develop an attitude of safe driving 
and an understanding of some of the 
principles necessary for the safe oper- 
ation of an automobile. 

B. Approaches: 

1. Use the notion picture, 'Know Your Car» 

2. Discuss the automobile and sorne of the 
simple machines which are utilized in 
the automobile. 

C. Activities: 

1. Demonstrations: 

a. The principle of the steam engine 
may be illustrated by using a marble 
in a glass tube. (, p. 192) 
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b. The principle 
may be shown 
and exploding 
(5, p. 193) 

c. A balloon may 
the rincip1e 
(5k-, P. 3) 

of a gasoline engine 
D using a coffee can 
some gasoline in it. 

be used to illustrate 
of a rocket airniane. 

d. Corrugated cardboard may be used to 
make pulleys to show the charac- 
teristics of revolving levers. 
(5g, p. 

e. A steam turbine may be made from a 
tin can lid. (ES, p. 190) 

f. A simple autogyro may be made from 
folded paper and thrown by hand. 
Cardboard may also be used. (5L, 
pp. 33-3S) 

g. To make an air i'low visible use 
solid carbon dioxide in water. 
Objects may be placed in the air- 
flow to show the effects of stream- 
lining. (90, p. 32) 

h.. A small model automobile running 
down an inclined plane may be used 
to show the effects of skidding. 
(90, p. 32) 

i. A piece of pauer and a candle will 
show why stream1ininEi is necessary. 
(91, pp. l(-l7) 

j. A piece of pacr in a book an an 
airflow from an electric fan may be 
used to illustrate how an airplane 
flies. (91, JJ-1) 

k. Demonstrate the actual and theoret- 
ical mechanical advantage of various 
types of pulleys, a commercial block 
and tackle, a corrnnercial jackserew, 
and a wheel and axle. 
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2. Laboratory: 

a. Use demonstration "k' as a 

laboratory experiment. 

b. Study the theoretical and mechanical 
advantages of the inclined plane and 
of the lever. 

3. Brine a gasoline or steam engine to class 
and demonstrate it. 

i. Observe an automobile or airplane engine 
if possible. 

. Some possible projects: 

a. Make a dirigible model. 
b. Make model airplanes and study their 

characteristics in an airflovi. For 
an airflow, use a vacuum cleaner. 

6. Reading and research topics: 

a. Aircraft and their engines. 
b. Aircraft and their construction. 
C. Friction and how it may be decreased. 
d. Lighter-than-air machines. 
e. Steam engines. 
r. Gasoline engines. 
g. Diesel engines. 
h. History of the steam engine. 
i. History of the gasoline engine. 

j. History of the bicycle. 
k. History of the autoiobile. 

Audio-Visual Aids. 

A. Available from i.'he Department of Visual k3uca- 

tion, Oregon State College, Corvallis, Oregon. 

1. Catalysis 
2. Velocity of Chemical Reactions 

3. Heat and Its Control 
Thermodynamic s 

;. Distributing Heat nergy 
6. Fuels and Heat 
7. Colloids 
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8. Harnessing Liquids 
9. Energy and Its fransformation 

10. Lever Age 
11. Simple Machines 
12. Aerodynamics--roblenis of Flight 
13. Aerodynamics--Theory or Flight 
1L. How Airplanes Fly: Lift 

B. Available from Castle Films, iI45 i'ark Avenue, 
New York 29, N. Y. 

1. Know Your Car 
2. Your Driving Habits 

3. Trouble Shooting Your Car 
L1. Keeping Your Car Fit 
;. The Diesel nngine 

C. Film Available from The General Electric Co., 
1 River Road, Schenectady , N. Y. 

1. Jet Propulsion 

D. Filmstrips available from The Society for Visual 
Education, Inc . , l3L$ West Diversey rarkway, 
Chicago 1t1, Ill. 

1. Simple }iachines 
2. Theory of Flight 

VII. Bibliograhy. 

A. Textbooks: 

1. Bush, George L., Theodore . 1-tacok, and 

John Kovats Jr. Senior science. New 
York, American Book, 1937. pp. 77-ll!.0, 

597-722. 

2. Eby, George S., et al. The physical 
sciences. Boston, Ginn, 19Lb. pp. 123- 

¿37, 393-Ll2. 

3. Eckels, Charles F., Claalrner 13. Shaver, 
and Howard W. Bailey. Our physical vwrld. 
Chicago, Sanborn, 1938. pp. 25-27, 273- 

3)6, LJl-t83, 563-615. 
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ti.. ilausrath, Alfred H. Jr. and John H. Harms. 
Consumer science. New York, Macmillan, 
1939. pp. 5L-162, 327-3).L6, 36t1.-398, L86- 
5L.3, o13-o52. 

5. Jean, Frank Covert, et al. .ean and his 
physical universe. ì-ev. ed. Boston, Ginn, 
1919. pp. 185-227, 283-332. 

B. Free Booklets, 

1. From the Sperry Gyroscope Co., Div. of the 
Sperry Corp., Liarcus Ave. and Lakeville 
Road, Great Neck, Long Island, New York. 

a. The Gyroscope 
b. The Gyroscope Through the Ages 
c. Elmer's Gyros 

2. From the Automobile ianufacturer's 
Association, 320 New Center Building, 
Detroit 2, Michigan. 

a. A Cr irave1ing people 
b. Horses to Horsepower 
c. Automobile Facts 

3. From General Motors Corp., 3O)4. West Grand 
Blvd., Dept 2., Detroit 2, Mich. 

a. Vie Drivers 
b. ,ihen Wheels Revolve 

1-I-. 
From General 1ectric Cori;., i River Road, 
Schenectady 5, New York. 

a. adventures in Jet Propulsion 
. 

b. The story of the Irbine 

5. The American Education ìress, Columbus, 
Ohio. 

a. The Railroad Story 

C. Others: 

1. Blanchard, H. R. High school aeronautics 
experiment. Science teacher 13:18-19, 
L2-)±3. October 19)16. 



2. Cady, II. i. Liquid air. Journal of 
chemical education 8:1027-lOLi.3. 1931. 

3. Davis, Helen I. Helium is unique. 
Chemistry 23:l-. April l9O. 

. Hawh, Burton L. Speed of chemical 
reactions. Chemistry 22:52-g. iYay- 

August 1919. 

Oxidation-reduction. Chemistry 
22:O-Ll. 1ay-August 19L9. 

6. Electrochemistry. Chemistry 
22:L!i-L8. £ay-August 19L9. 

7. i-iuey, Edward G. What makes the wheels go 
round. New York, Reynal and Hitchcock, 
l9D. 175p. 

3. Luhr, 'verton. Physics tells why. Rev. 
ed. Lancaster, Jacques Cattell, 19L1.6. 

pD. 8-80, 181-208. 

9. IianCold, J. F. i-'ractical mechanics of 
motion. Neve York, i.icC-raw-llill, 1935. 
263p. 

10. Mott-Smith, Morton D. This mechnnca1 
world. New York, Appleton-Century, 1931. 
233p. 

11. Rossini, Frederick D. Thermodynamics. 
Chemistry 23:1-7. October 19t.9. 

12. Rouleau, John K. Riding on a gas jet. 
Journal of chemical education ?tL:307- 

310. 19t1.7. 
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Unit VI. .nergy in Waves 

I. Overview. 

Energy manifests itself in many different; forms. 

One of these forms is wave motion. In this unit we will 

study energy as it is propagated and manifested by two 

different tyes of waves, sound and light. 

.Lhese two types of wave motion affect two of our 

senses--the senses of hearing and of seeing. Our 

development of civilization has depended greatly upon 

tiese two senses. All our records of past development 

are perceived by the sense of sight through reading. 

J.1us through writing we have been able-to pass dovin 

through the centur±es the knowledge gained and thus are 

able to build on the knovledge of yesterday. Because 

so much of our life depends upon the use of these senses 

and so much of our scienific advancement is due to their 

use, we should be interested in studying the nhysical 

phenomena which they perceive. 

II. Objectives. 

1. To develop an understanding of the 1)rOdUCtiOfl 
and use of sound. 

2. To develol fl anpreciation of the physical 
principles behind the production of music. 

3. To develop an unders'banding of the nature, 
production, and use of light energy. 
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Li.. To develop an appreciaion of the importance 
of light energy. 

III. croblems To 13e Studied. 

roblem 1. How has man harnessed sound energy? 

£roblem 2. Vthat is radiant energy? 

roblem 3. How does man use light energy? 

IV. Outline Of Content. 

A. How has man harnessed sound energy? 

]_. Nature of waves. 
2. Sound is wave motion. 

. Production of sound. 
1 

. 
Recording of sound. 

f. Nature of musical sounds. 

B. hat is radiant energy? 

1. nergy emitted by a radiating (hot) 

body. 
2. Visible light only a small part of the 

electromagnetic spectrum. 

3. The transmission of light. 
L.. The characteristics of light. 

C. How does man use light energy? 

1. Seeing. 
2. i-hotography. 

3. Color. 
Li.. Optical instruments. 

V. Deve lorment Of irob1ems. 

£roblem 1. How has man harnessed sound energy? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 
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Sound is produced by vibrating matter and 
is transmitted by matter. 

Waves travel In straight lines while 
passing through a homogeneous or uniform 
medium. 

ihe higher the pitch of the note, the more 
rapid the vibrations of the producing 
body and vice versa. 

i.usical tones are produced when a vibrating 
body sends out regular vibrations to the 
ear while only noises are produced when the 
vibrating body sends out irregular 
vibrations to the ear. 

inergy is often transmitted in the form 
of 'iaves. 

When waves strike an object, they may be 
absorbed, transmitted, or reflected. 

The loudness of a sound depends upon the 
energy of the sound waves and, if propa- 
gated in all directions decreases 
inversely as the square of the distance 
from the source. 

The velocity of a wave is eoual to the 
product of its frequency and wave length. 

ihen energy is transmitted in ïaves, the 
medium which transmits the wave motion 
does not move along with the wave, but the 
energy (loes. 

Sound. waves or other energy impulses may 
set up vibrations in a body the ainlitude 
of which is increased if the impulses are 
exactly timed to corres'ond to any one of 
the natural eriods of vibration of the 
body. 

The speed of sound increases with an 
increase in temperature of the medium 
conducting it. 
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The quality of a musical tone is 
determined by the pitch and intensity 
of the different simple tones or haz'- 
monics into which lt may be resolved. 

Sound waves are reflected in a direction 
such that the angle of incidence is equal 
to the angle of reflection. 
The frequency of the vibration of a 
stretched string is inversely propor- 
tional to its length, dianeter, and square 
root of its density, and directly propor- 
tional to the square root of the stretching 
force. 

Harmonious musical intervals correspond to 
very simple frequency ratios. 
i'wo sound waves of the saine or nearly the 
same frequency will destructively inter- 
Cere with each other when the condensations 
of the one coincide with the rarefactions 
of the other provided that the directions 
of propagation are the sanie. 

Vhen a sounding body is moving toward or 
away from an observer the apparent pitch 
will be higher or lower, respectively, 
than the true pitch of the sound eiiitted. 

2. To deve10 an appreciation of the methods 
of producing music and the scientific 
princiles behind musIcal production. 

13. Ar:proaehes: 

1. Discuss various means of producing sound 
and illustrate by using a tuning fork, a 
drum, a violin, a wind instrument, and 
others available. The difference between 
musical sounds and noise may be brought 

s 

2. Use the movie, 'Sound Waves and their 
Sources." 
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discuss the reason for the difÍerence in 
timbre. 

C, Activities: 

1. Laboratory: 

a. Observe that something inut be 
vibrating to produce sound. Bring 
a vibrating tuning fork near a 
suspended pith ball. Observe a 

vibrating violin string. Other 
methods of producing sound may be 
observed. 

b. That sound cannot be heard in a 
vacuum may be demonstrated with a 
small bell inside an evacuated flask. 
That sound is conducted by the bones 
of the head may be shown by touching 
a vibrating fork to various parts of 
the head and noting an increase ïn 
loudness of the sound. (91, p. 
7, 81) 

2. Demonstrations: 

a. A sound lens may be illustrated by 
a balloon filled with carbon dioxide. 
(91, p. 79) 

b. Three coins, one of \vhich is clamped 
to the table, may be used to illus- 
trate how sound waves travel. (91, 

p. 76) 

c. An ordinary dinner fork may be used 
to illustrate how sound waves cancel 
each other when the vibrating fork is 
rotated in front of the ear. (91, 

p. 80) 

d. Resonance may be illustrated using 
a large book hung by a string and 
blowing upon it to set it in motion. 
By timing the puffs of breath to 
coincide with the natural period of 
swing of the book, it vil1 swing 
strongly. (91, pp. 82-83) 
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e. The sound of the seafl heard in sea 
shells is an illustration of reso- 
nance. (91, p. 8L) 

f. A tune may be played on bottles 
filled with water to illustrate the 
operation of a pipe organ. (91, pp. 
86-87) 

g. me effect of the medium on the speed 
of sound may be shown by filling the 
lungs with hydrogen and helium and 
then talking. (90, p. 171) 

h. A tuning fork with a small mirror 
fastened to it in order to show a 
reflected beam of light may be used 
to show that a sounding body is in 
motion. (90, pp. 

i. VJooden discs on a wooden rod may be 
used to show wave motion. (73, pp. 
l7-l1) 

3. An interesting experiment showing the 
effects of noise may be carried out using 
two forms of a standardized test. One 
form is taken under quiet conditions and 
the other forni under noisy conditions. The 
results are then compared. Also the pupil 
reactions may be compared. (, pp. 3!.3- 

3L8) 

Li.. another project is to measure the speed of 
sound. (38, pT). 661-662) 

5. A cathode ray oscilloscope may be used to 
study sound waves. The wave produced by 
different types of musical instruments 
may bc observed. 

6. To illustrate the difference in musical 
timbre of orchestral instruments, play a 
recording of Benjamin Britten's "The 
Young Person's Guide to the Orchostra." 

7. Some suggested topics for reports: 



A. 

io6 

a. floise in the factory. 
b. Use of music in a factory. 
e. how sound may be used to control 

device s. 
d. Sonar. 
e. Soundproof ing. 
f. The psychological effect of various 

types of music. 

froblem 2. What is radiant energy? 

Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 

If a beam of light falls upon an irregular 
surface, the rays of light are scattered 
in all directions. 

Dark, rough or unpolished surfaces absorb 
or radiate energy more effectively than 
light, smooth or polished surfaces. 

The colors of objects depend upon the 
wave lengths of the light rays that 
transmit, absorb or reflect. 

Light travels in straIght lines in a 

medium of uniform optical density. 

Waves travel in straight lines while 
passing through a homogeneous or uniform 
medium. 

Vthen light is reflected, the angle of 
incidence is equal to the angle of re- 
flection. 

When light rays are absorbed, some of the 
light energy is transformed into heat 
energy. 

The darker the color of a surface, t1e 
better it absorbs light. 

The intensity of illumination decreases 
as the square of the distance from a point 
source. 
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Radiant energy travels in waves along 
straIght linos; its intensity at any 
distance from a point source is inversely 
proportional to the square of the distance 
from the source. 

An image appears to be as far back of a 
plane mirror as the object is in front of 
the mirror and is reversed. 

iaralle1 light rays may be converged or 
focused by convex lenses or concave 
mirrors; diverged by concave lenses or 
convex mirrors. 

whenever an opaque object intercepts 
radiant energy travelling in a particular 
direction, a shadow is cast behind the 
object. 

The more nearly vertical the rays of 
radiant energy the greater the number 
that will fall upon a given horizontal 
area, snd the greater is the amount of 
energy that will be received by that 
area. 

A number of substances will emit electrons 
and become positively charged when 
illuminated by light. 

parallel light strikes concave 
sT)herical mirror, the rays, after reflec- 
tion, pass directly througb. the principal 
focus only if the area of the mirror Is 
small compared to its radius of curvature. 

All rays passing through the center of 
curvature of a mirror are ref1cted upon 
themselves. 

In a Dlane mirror a line running from any 
point on the object to the image that point 
is nerpendicular to the mirror. 

Incadescent solids and liquids emit all 
wave lengths of light and give a 
continuous sî)ectrum. 



108 

13. Approaches: 

1. Demonstrate the phenomenon of the phantom 
palings. A couple of combs and an arc 
lamp are u3ed to throw the image on the 
screen. (108, p. 116-118) 

2. The film, "Light Is dhat You Make It, 

may be used. 

C. Activities: 

1. Laboratory: 

a. Observe differently colored pieces of 
paper in red, blue, grey, and white 
light respectively. Note what color 
each appears under the various colored 
lights. Do the Same with pieces of 
colored glass and note any difference 
between transmitted light and 
reflected light. 

2. Demonstrations: 

a. A photometer to show the brightness 
of light may be constructed from a 
couple of blocks of paraffin and a 
piece of tin foil and a ruler. (91, 

pp. 88-89) 

b. The differences between hard and soft 
light may be illustrated by using a 
clear glass and a frosted glass light 
bulb and noticing the type of shadow 
which each type of liRht casts. 
(91, p. 90) 

C Sodium light may be used to show the 
effect of monochromatic light on 
color. Borax in alcohol may be used 
to produce a sodium light. (91, . 

91) 

d. To illustrate that light is produced 
by heated particles, a candle and a 
gas burner are used. (91, pp. 92-93) 
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e. A plain sheet of glass can be used 
to show that the image in a plane 
mirror is just as far behind the 
mirror as the object is in front of 
the mirror. (91, p. 9) 

f. rI\JO mirrors at right angles will 
allow one to see himself as others 
see him. (91, p. 97) 

g. A concave mirror may be used to show 
the phenomenon of phantom flowers. 
(91, pp. 98-99) 

h. A beaker of water is useful for show- 
Ing internal reflection of light. 
(91, pp. 100-101) 

i. A glass dipped into a bowl containing 
a liquid with the rame index of 
refraction as that of the glass will 
become invisible. (91, pp. 102-103) 

j. Do some experiments with polarized 
light. (bL!., pp. 613-617) 

k. Illustrate the diffraction of light. 

3. Sorne topics for reading and research: 

a. Invisible light. 
b. Light waves and color. 
C. Sir Isaac newton and light. 
d. Herman L. F. von llelnìholtz. 
e. The origins of color. 
f. Light as a form of matter. 
g. Is light a series of particles or 

waves? 

irob1em 3. How does man use light energy? 

A. ubjectives: 

1. To give an understanding of some of the 
ways in which light is used in our every- 
day life. 

2. ?o give an understanding and appreciation 
of the way in which light waves are 
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recorded through chemical processes in 
photography. 

3. To appreciate good lighting and an under- 
standing of the things which are necessary 
to producing an adequate amount of light 
for reading. 

t1. To give an understanding of the importance 
of good sight and how our Imowledge of 

lenses has helped in irnnroving the sight 
of those who do not have normal vision. 

. To give an understanding of 110W the 
properties of lenses are used in helping 
us to discover many things in science. 

B. Approaches: 

1. Use the motion picture, "Jyes and Their 
Care." 

2. llave a discussion on the defects of the 
eye and how glasses are used to correct 
them. 

C. Activities: 

1. Laboratory: 

a. Using a variable lïght and an eye 
chart, show how different lighting 
conditions affect your ability to 
see. (9t., pp. 177-1Ro) 

b. Take, develop, and print some 
pictures. 

2. Make some optical instruments for demon- 
stration before the class. 

a. Lake a micro-projector. (68, pp. 

933-93i-) 

b. A photoprinting box. (7, p. 98) 

C. Liake a pin 1101e camera and take some 
pictures with it. 
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d. Make a spectroscope or sectrometer. 
(3)4.) 

e. The Edinond Salvage Co., Audubon, 
New Jersey, gives the directions for 
making a number of simple optical 
instruments in their bulletin on the 

use of chip;ed edge lenses. Some of 
the instruments given are a telephoto 
lens, a telescope, a kodachrome 
viewer, and a low power microscope. 

f. iíake an instrument for viewing ob- 
jects with polarized light. (19, p. 

112) 

g. Color tone some photographic prints. 
(62, pp. )4.30-L1.31) 

3. Some reading or research topics: 

a. Relation of chemistry to illumination. 
b. Lens microscopes. 
C. Electron microscopes. 
d. Illumination and its measurement. 
e. Optical instruments. 
f. History of electric-lighting. 
g. 2elescopes--construetion and operation. 
h. Color photography. 
i. Photolithograhing. 
j. Experiments with photograhic papers. 

(May be done as a project and have 
the student show how various tes of 
paper affecb the picture.) 

Audio-Visual Aids. 

A. Available from The Department of Visual duca- 
tion, Oregon State College, Corvallis, Oregon. 

1. Curves of Color 
2. Light aves and Their Uses 

3. Sound Recording and Reproduction 
)! Sound Waves and Their 3ources 

15. Fundamentals of Acoustics 
6. ìyes and Their Care 
7. I'Iow the Eye Functions 
3. The Basic Camera 
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9. To Greater Vision 

13. Available from The General lectric Cor:., 
i River Road, Schenectady !, N. Y. 

1. Curves of Color 
2. ixcursions in Science, No. and No. 3 

3. Science Is Seeing 
IL. Sound 

. The 1iagic of Fluorescence 
6. The Family Album 

C. Available from The Radio Corporation of 
America, RCA Thbe De:t., Earrison, New Jersey. 

1. Command Ìerformance, the iiaking of 
rhonograph Records 

D. Available from Castle Films, i)4$ ±ark Ave., 
New York 2°, N. Y. 

1. The Basic Camera 
2. Elementary Optics in ihotography 
3. ihotograhy in Science 

E. Available from the Radio Corp. of America, 
Dept. of Information, 30 Rockefeller laza, 
New York 20, N. Y. 

1. Unseen Worlds, The Dramatic Story of the 
Electron ¡dcroscope 

VII. Bibiiograhy. 

A. Textbooks: 

i. Bush, George L., Theodore W. itacek, and 
John Kovats Jr. Senior science. New 
York, American, 1937. pp. 67_513i. 

2. Eh:-, GeorCe S., et al. The physical 
sciences. Boston, Ginn, l9LjL. pp. 
2L..O-269, L6o-L.6I. 

3. Eckels, Charles F., Chalmer B. Shaver, 
and Howard W. Bailey. Our phycical world. 
Chicago, Sanborn, 1938. pp. l2-l89, iO- 
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. Hausrath, Alfred rI. Jr. and John ii. 
Harms. Consumer science. New York, 
IIAacmllian, 1939. pp. 5L$-587. 

5. Jean, Frank Covert, et al. Man and his 
rhysical universe. Rev, ed. Boston, 
Ginn, 19.9. pp. 38O-3O, L63-)77. 

B. Free Booklets: 

1. Jobris-Manville, 22 East Oth St., New 
York i6, N. Y. 

a. Sound Control 
b. The Control of Sound ±n Broadcasting 

Studios 

2. Burgess-Ìanning Co., Libertyville, Ill. 
a. The Story of Sound 

3. Viestinghouse baectric Corp., School 
Service, 306 Lth Ave., Pittsburgh 30, Pa. 

a. The Incandescent Lamp 
b. The Fluorescent Lamp 
c. Fluorescent Lamps 
d. ihe iys and Hows of Lighting a Home 
e. The Lighter Side of Life 
f. The Electromagnetic Spectrum (a chart) 

Lt.. The American Optical Co., Scientific 
Instrument Div., Box A., Buffalo 15, N. Y. 

a. ratli of Liglit Rays Through the 
biicroscope (chart) 

b. ihe volution of the iiicroscope 
C. I Saw Them Making Microscopes 

s. iittsburgh 1ate Glass Co., 632 Duquesne 
ay, £ittsburgh 22, ia. 

a. Color Dynamics 

C. Others; 

1. Akker, J. A. Van Den. Color demonstration 
ajparatus. inierican journal 01 physics 
16:1-7. 19I8. 
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2. Bragg, Wi1lia H. The universe of light. 
New York, biacmillan, 1933. 283p. 

3. deBroglie, Louis. A tentative theory of 
light quani;a. Chemistry 22:31-33. 
December 19L19. 

L1... DeLent, Jack. Fluorocheinistry in military 
science. Journal of chemical education 
21:116-125. l9td. 

5. iastï.an ;'odak Company. How to make good 
pIctures. Rochester, Eastman, l9L3. 2.Op. 

6. Frauenhofer, Joseph von. How spectrum 
lines are measured. Chemistry 23:19-30. 
October i9L9. 

7. James, T. H. Recent hyotheses concerning 
the mechanism of ihotograíhic development. 
Journal of chemical education 23:595-bol. 
l9L.6. 

8. Jeans, James. Science and music. New 
York, idacrnillan, 1937. 25lp. 

9. Jorgenson, T. Jr. Note on the nature of 
liht. Mi.erican journal of physics 9:2L1.3- 
2LJ1. l91l. 

lo. Lewis, Floyd A. The incadeacent light. 
West Orange, The Thomas Alva Edison 
Foundation, l9L9. 76p. 

11. Luhr, Overton. Physics tells why. Rev. 

ed. Lancaster, Jacques Cattell, 191i6. 

12. IIi1ls, John. A fugue in cycles and bells. 
New York, Van Nostrand, 1936. 26)p. 

13. Noakes, G. H. Textbook on light. icw 
York, iiacmillan, 1937. 355p. 

iLk. Oelke, . C. hotography as a basic 
science. Journal of chemical education 

23:593-59LL. 19L6. 

15. Watson, F. R. Sound. New York, iley, 
1935. 219p. 
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Unit VII. Electricity 

I. Overview. 

iysterious stuff--electricity. Invisible, yet it 

gives us light with all the colors of the rainbow. 

Ieightless, yet it lifts and hauls loads weighing thou- 

sands of tons. Occuìying no suace, yet it permeates all 

space. What is it? 

The answer is that even after more than 2OO years, 

we do not know exactly what electricity is. We know 

only some of the things it does and how to mnke it. 

t28, i.'. lo) 

The story of electricity goes back to Thales in 

ancient Greece. 11e discovered static electricity by 

rubbing amber and observing that it would pick U!) light 

objects. The story of electricity travels to China where 

it was found that certain stones would pick up pieces 

of iron. Thus, the lodestone was discovered. Then less 

than two hundred years ago, lt was found thab lightning 

was electricity. 

From these three discoveries of some of the basic 

properties of electricity, man has now invented a large 

nuriber of used for electricity. It is one of the basic 

elemenbs in our civilization. In this unit we intend to 
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study sorne of the :rinciples which man has discovered, 

concerning electricity and some of their arplications. 

II. Objectives. 

1. To develop an understanding of the ways in 
which electricity is produced. 

2. To develop an understandinp of the uses of 
electricity for power and n communication. 

3. To develon an appreciation of the importance 
of electricity to our civilization. 

III. rroblems To Be tudied. 

Problem 1. How has electricity changed the life 
of man? 

rroblem 2. How is electricity produced? 

iroblem 3. How is electricity used as a source 
of power? 

froblem Li.. How is electricity used in communi- 
cation? 

IV. Outline Of Content. 

A. How has electricity changed the life of man? 

1. New methods for producing light. 
2. New source of Dower. 
3. As a source of heat. 

!- 
Improved rileans of communication. 

;. Many applications in the life of the 
ordinary person. 

B. How is electricity produced'? 

1. Static electricity. 
2. Current electricity. 

C. How is electricity used a a source of povíer? 
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1. Electric motor. 
2. In industry. 
3. In transportation. 
t. In household aupliances. 

D. How is electricity used in coriunication? 

1. e1egra.h. 
2. Telephone. 
3, Radio. 
L. Television. 

. Electronics. 

V. Deve1oment Of Problems. 

trob1em 1. How has electricity changed 
the life of man? 

A. Objectives: 

1. To gain an understanding of the great part 
which eloctricity plays in our life today. 

2. To gain an appreciation of the many things 
which we have as a result of the discov- 
eries in connection with electricity. 

3. To develop a basis of understanding for 
the rest of the unit on electricity. 

B. Approaches: 

1. Have a discussion on life in this country 
one hundred years ago when there was very 
little use of electricity. Compare these 
conditions with modern life in which we 
use a lot ofelectrïcity. 

2. Take a tour of the school building to see 
the various ways in which electricity is 
used in the school. 

C. Activities: 

1. Reading or research topics: 

a. HIstory of bhe incadescent lamp. 
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b. Vrite a paper setting forth briefly 
the contributions of James Clark 
Iiaxweil, Heinrich Hertz, Guglielmo 
Liarconi, Lee DeForest and Liajor 
Armstrong in the development of radio 
transmission. 

e. Look up the life of esla. 
d. Report on the life of Steinmetz. 

e. Look up the contributions of dison, 
Ohm, Ampere, Voila, or Gauss. 

f. Look up the history of household 
aprliances (electric). 

2. As a demonstration, light a fluorescent 
light tube by rubbin it on your coat- 
sleeve. (91, PP. 1OLL-lO) 

3. llave students report on how they would 
live if nothing ';ere known of electricity. 

L. A study may be made of the economic and 
sociological effects of electricity upon 
the United States. 

1-roblom 2. How is electricity ;.roduced? 

A. ObjectIves: 

1. io develop an understanding of the fol- 
lowing principles: 
Like electrical charges repel and unlike 
electrical charges attract. 
A magnet always has at least two poles 
and is surrounded by a field of force. 

Like magnetic poles always repel each 
other snd unlike magnetic poles always 
attract each other. 

Pieces of iron, steel, cobalt or nickel 
may become ragnetized by induction when 
placed within a magnetic field. 
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An electric current will flow in tue 
external circuit when two metals of 
unlike chemical activity are acted upon 
by a conducting solution, the more active 
metal being charged negatively. 

An electromotive force is induced in a 

circuit whenever there is a change in 
the number of lines of magnetic force 
passing through the circuit. 

An electrical charge in motion produces 
a magnetic field about the conductor, its 
direction being tangential to any circle 
drawn about the conductor in a plane 
perpendicular to it. 

All ruaterials offer some resistance to 
the flow of electric current, and that 
part of the electrical energy used in 
overcoming this resistance is transformed 
into heat energy. 

The resistance of a metallic conductor 
depends on the kind of material from 
which the conductor is made, varies 
directly with the length, inversely with 
the cross-sectional area, und increases 
as the temerature increases. 

The electrical current flowing in a con- 
ductor is directly proportional to the 

potential difference and inversely pro- 
rortional to the resistance. 

Laec trical power is directly proportional 
to the product of the potential difference 
and the current. 

In a transformer the ratio between voltages 
is the same as that between the number of 
turns. 

Energy in kilowatt hours is equal to tue 
product of amperes, volts, and time (in 
hours) divided by 1000. 

The force of attraction or reDulsion 
between two magnetic poles varies directly 
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as the product of' the pole strengths 
and Inversely as the square ol' the 
distance between the poles. 

The magnïtucle of an induced electromotive 
force is proortiona1 to the rate at 
which the number of lines of magnetic 
force change and to the number of turne 
of wire in the coil. 
Charges on a conductor tend to stay on 
the outside surface and to be greatest 
on the sharp edges and points. 

In a series circuit, the current is the 
same In all parts, the resistance of the 
whole is the sum of the resistance of the 
parts, tnd tue voltage loss of the whole 
is the sum of the voltage loss of the 
parts. 
In a parallel circuit, the total current 
is the sum of the separate currents, the 
voltage loss is the same for each branch, 
and the total resistance is less than the 
resistance of any one branch. 

The charges on a conductor ma be 
separated through the influence of a 
neighboring charge. 

An induced current always has such a 
direction that its magnetic field tends 
to oppose whatever charge produced the 
current; whenever a change is made in an 
electrical system there is brought into 
existence something which opposes that 
change. 

Electrons will always flow from one point 
to another along a conductor if this 
transfer releases energy. 

Magnets depend for their properties upon 
the arrangement of the metallic ions of 
which they are made. 

An electric current will be produced in 
a closed circuit including two strios of 
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different metals if one of the junctions 
ïs heated or cooled. 

B. Approaches: 

1. Demonstrate a small celluloid fish which 
dives or floats at the will of the demon- 
strator. The studenbs are to discover the 
means used to maJe the fish dive or float. 
The fish has a concealed bar of iron and 
there is an electromagnet underneath the 
bowl of water. (.26, pp. 22-23) 

2. Demonstrate static electricity using a 
long strip of newspaper which lias been 
folded into two. Draw it through the 
fingers of one hand and it will become 
charged so the two ends will searate. 
(61, u. 10) 

C. Activities: 

1. Laboratory: 

a. A simple generator may be made by 
rotating a coil of v!ire between the 
poles of a permanent magnet and 
using a galvanometer to indicate the 
current. (61, p. l) 

b. A voltaic pile may be built of new 
and old pennies (or new and old 
nickels). These are of dissimilar 
metals. The negative metal will 
tarnish first. (61, p. 21) 

C. A voltaic cell may be made with zinc 
in sulfuric acid. If the zinc of 
one place is amalg&'ïiated with mercury, 
there will be no action when the 
circuit is open. (61, p. 22) 

d To show variation of resistance with 
the length of the wire, use two dry 
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cells, a 2. volt lamp and a movable 
contact on a length of No. iL1. 

Nichronie or other high resistance 
wire. As the movable contact is 
'ioved along the wire, the light will 
visibly dim. (Gi, p. 29) 

e. To show resistance varying with the 
size of the wire, use a set of wires 
of the saine length but of different 
size. The light will vary in bright- 
ness with the diameter of the wire. 
The effect of various types of wire 
may be shown by using wire of iron, 
aluminum, copper, or other metals. 
The effect of heat may be shown by 
heating the wire in a Bunsen burner 
flame. (61, p. 29) 

f. To show the connection 
magnetism and elec bric 
loop of wire connected 
across a compass. The 
move when a current is 
(6i, p. 19) 

be tweer 
ity, lay a 
to a battery 
needle will 
flowing. 

g. Iagnetize a needle; break it in two 
and show that both parts are magnets. 
To ma1e a record of magnetic lines 
of force, use iron filings on blue- 
print or photographic paper over a 
magnet and expose to bright light. 
(61, p. 3) 

h. Four compasses in a square array 
may be used to demonstrate how the 
molecular magnets line up when iron 
is magnetized. (61, p. 8) 

2, Demonstrations: 

a. A charged balloon may be used to 
show that like electrical charges 
repel and unlike charges attract. 
(26, p. 5) 

b. .1ater drops may be charged by running 
theni tltrough an almost ca. illary size 
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tube. This may be used to explain 
precipitation of rain from clouds. 

C. Calculate the cost of operating a 
home electrical appliance by placing 
a voltmeter in parallel across the 
terminals of' the appliance and an 
ammeter in series with it. 

d. A compass may be made by rubbing a 
needle on a permanent magnet and 
floating it on a cork in a cup of 
water. (91, pp. l06-1()7) 

e. An iron rod may be magnetized by 
haiimering it on one end while it is 
lined up with the earth's magnetic 
field. (,l. p. lOB) 

f. A magnet may be used to show how a 
magnetic coin rejector operates to 
seDarate coins from steel washers. 
(91, p. 109) 

g. Lianetism may be destroyed by heat. 
A magnetized needle is used to 
demonstrate this. ì test tube of 
iron filings may be magnetized and 
behave as a solid magnet. (91, c. 
110-ill) 

h. A simple voltaic pile may be made 
from an iron washer and a 1enn. 
(91, po. 112-113) 

i. The decomposition of potassium iodide 
may be used to show the difference 
between alternating and direct current. 
()l, pp. iiL1-ii) 

3. Student projects: 

a. idake an electromagnet. 
b. Construct a Tesla coil. (9, pp. 

t96-t98) 
C. Make a set up showing series and 

parallel circuits. 
d. 1i1ake a galvanometer. 
e. Construct a simple generator. 
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Li.. Some topics for reading or research: 

a. Hyroelectric plants. 
b. Aurora borealis, its electrical 

effects. 
e. Batteries and power. 
d. Electricity, its heating effects. 
e. Electromagnetism. 
f. Electrochemistry. 
g. T'ne present day uso of lightning 

rods. 
h. Magnetism. 

rroblem 3. How is electricity used 
as a source of power? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing princiles: 

When a current-carrying wire is placed 
in a magnetic field, there is a force 
acting on the wire tending to pUsh it 
at right angles to the direction of the 
lines of force between the magnetic poles, 
providing the wire is not parallel to the 
field. 

i'ositively charged ions of metals may be 
deposited on the cathode as atoms, when 
a direcb current is sent through an 
electrolyte. 

2. To develop an appreciation of the importance 
of electricity as a source of power. 

3. 10 develop an understanding and awareness 
of the many places where electric power 
is used. 

B. Approaches: 

1. Discuss energy changes which occur when 
a storage battery, an electric fan, an 
electric heater, and an electric lamp 
are operating. 
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2. Demonstrate the electroplating of a 
metal such as coìer or silver. 

C, Activities: 

1. tiaboratory: 

a. A sirncjle motor may be made from a 
wooden spool and some copper wire, 
using wire to make the bearings and 
a dry cell as a source of current. 
(61; . A kit of parts and 
directions to build an electric motor 
are available from Westinghouse 
lectric Corp., School Service, 306 

t.th ave., ì'ittsburgh 30, ca. 

b. Make a study of some household 
appliances and how electric motors 
are used in their operation. 

2. Demonstrations: 

a. Demonstration of various t:nes of 
electric motors. 

b. A demonstration of electro1jsis d 
electroplating. 

3. i-rojects: 

a. Electrolytic cleaning and plating 
of metals. 

b. Electroplating non-metallic objects. 
C. iximriment.al study of Faraday's laws. 

;_.. Some topics for reading and research: 

a. Electrolytic refining of metals. 
b. Ilistory of the invention of the 

electric motor. 

Problem Ii.. How is electricity used in communication? 

A. Objectives: 

1. To develop an understanding of the fol- 
lowing principles: 
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thenever a high frequency o$cillating 
current produces in the field around it 
oscillating eleceric and magnetic fields, 
energy in tue form of an electromagnetic 
wave is transmitted through space. 

Gases conduct electric currents only when 
ion i z e cl. 

Condenser capacitance varies directly with 
the area of the plates, and inversely as 
the thicimess of the insulation between 
them. 

Alternating current charges a condenser 
twice during each cycle inducinp opposite 
charges on the two plates with the re'u1t 
that the current appears to flow tiuough 
the condenser. 

Electromagnetic waves may produce 
electrical oscillation in a condenser 
circuit which is so adjusted as to 
oscillate naturally with the same frequency 
as that of the incoming iaves. 

2. To develoo an understanding of the 
depentlence of our modern means of 
communication upon electricity. 

3. To gain an appreciation and understanding 
of some of the things which have been 
developed as a result of the develoLnent 
of the vacuum tub. 

B. Approaches: 

1. Demonstrate a simple teleithone. Connect 
earphone and three dry cells in serios 
with a transmitter rûade from a piece of 
:üencil lead laid across two razor blades 
on edge in an empty crayon box. 

2. Demonstrate a simple telegrath sot. 

C. Activities: 
1. Demonstrations: 
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a. A telegraph set. 
b. A telephone. 
c. A radio. 
d. A television set if possible. 

2. Projects: 
a. idake a simple radio receiver. 

b. Make a clothesline radio to show 
how a radio onerates. (16, p. 19) 

e. Stollberg suggests methods of 
making connections in order to maize 
flexible circuits for demonstration 
purposes. (77, pp. 163-16) 

d. Construct a short-wave transmitter. 
e. Make a two-way telegr4ph outfit. 
f. Suggestions for various radio senders 

and receivers and other electronic 
apparatus is given in the Popular 
Science iadio and e1evision imua1 
published by the Popular Science 
Publishing Co. 

3. Reading or research topics: 
a. Radio. 
b. Telephone. 
C. 2elevision. 
d. fladar. 
e. Vacuu tubes and radio communication. 

VI. Audio-Visuál Aids. 

A. Films available from The Department of Visual 
Education, Oregon State College, Corvallis, 
Oregon. 

1 . Light arid Power 
2. ßlectrodynamics 
3. 1ectrostatics 
tI_. Elements of JflccLricail. Circuits 
5. Electrochemistry 
6. Radio Anbenna 
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7. Receiving Radio Messages 
8. Sending Radio Messages 
9. Target Invisible 

10. Vacuum Tubes 

B. Films available from The General Electric 
Corp., 1 River Road, Schenectady , N. Y. 

1. Frinciples of Electricity 
2. A Modern Zeus 
3. 'xcursion in Science, i-Lb 

L. Thunderbolt Hunters 
5. An Adventure in Electronics 
6. Sightseeing at lione 
7. Naturally Its FI 

C. Films available from Castle Films, 1i45 Park 
Ave., New York 29, N. Y. 

1. Alternating Current 
2. The Diode 
.3. The Triode: implification 
)4. The Cathode-Ray Tube--IIow It VJorks 

. Radio Receivers: Princinles of Radio 
Receivers 

6. Radio Antennas: Creation and Behavior 
of Radio Waves 

D. Filmstrips avaLlable from The Society for 
Visual Education, Inc., 13L5 Viest Diversey 
Parkway, Chicago 21L, Ill. 

1. Electric Liagnets 
2. Electricity 
3. Permanent Magnets 
Li.. Electricity Serles ( Filmstrips) 

VII. Bibliography. 

A. Textbooks: 

1. Bush, George L., Theodore i. Ptacok, and 
John Kovats Jr. Senior science. New York, 
American, 1937. pp. 01-67. 

2. by, George S., et al. The physical 
sciences. Boston, Ginn, 19)i.6. PP. 271- 
356. 
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3. Eckels, Charles 1., Chalmer B. Shaver, 
and Bailey VI. Howard. Our physical world. 
Chicao, Sanborn, 1938. pp. 208-2S8, 
36-58. 

L1. Hausratli, Alfred II. Jr. and John H. 
Harms. Consumer science. New York, 
1iacmii1an, 1939. pp. 160-272. 

. Jean, Frank Covert, et al. izan and his 
physical universe. Rev, ed. Boston, 
Ginn, 19)9. 'p. 333-372. 

B. Free Booklets: 

1. The General Electric Corp., i River Road, 
Schenectady , N. Y. 

a. Conic books: Generation of 
Electricity, Distribution of 
Electricity, Tices of ii1ectricity, 
and Electricity in Railroading. 

b. The Story of i;htning 
e. The Story of Steinmetz 
d. The Romance of iiectricity 

2. Westinghouse Electric Corp., choo1 
Service, 306 JLth Ave., Pittsburgh 30, 
Pa. 

a. The Care and Use of Electrical 
Appliances in the Home 

3. The National Carbon Co., 30 .ast L!2nd 
St., New York 17, N. Y. 

a. The Inside Story of Dry Batteries 

C. Others: 

1. Bragg, Vil1iwn. Electricity. New York, 
Iacmi11an, 193o. 272p. 

2. Cassidy, James E. Storage Batteries. 
Journal of chemical education 27:63-67. 
1950. 
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3. Collins, A. F. Fun with electricity. 
New York, Appleton-Century, 1936. 237p. 

Considine, Douglas J. and Donald F. icQ1ian. 
The basis of jmnroved electronics. 
Journal of chemical education 23:27t-282. 
l9I.6. 

5. Eckhard, George M. lectronic television. 
Chicago, i-he Goodheart dlcox Co., 1937. 
l62p. 

5. Langdon, Davis J. xadio: the story of 
the ca'ture and use of radio waves. ìew 
York, Dodd, blead, 1936. 273p. 

7. Luhr. Overton. Physics tells why. Rev. 
ed. Lancaster Jacques Cabtell, 19tL6. pp. 
31-131, 263-283. 

8. i-earce, C. T. An electronic primer. 
Journal of chemical education 21:72-7L. 
19L.. 

9. Saimnis, Constance Sharp. Annabella 
learns about batteries. Journal of 
chemical education 22:Li3t1-L.88. l9L.5. 

10. Ternian, Fred L. and Frank W. Mac Donald. 
Fundamentals o1 radio. New York, LcGraw- 
Hill, 1933. 14.58p. 
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Unit VIII. New 1Io1ccu1es for a New 

I. Overview. 

A hundred years ago a person vioro clothes made of 

cotbon, wool, or silk. roday we wear clothes made of a 

large number of textiles which are the products of tIle 

chemistry laboratory. Many of the foods which we eat 

are made osible only through the work of tile chemist. 

Many diseases have been brought under control with drugs 

which were discovered through resQarch by both chemists 

and doctors. So many of the things which we take for 

granted today were unknown a hundred years ago. If tile 

worI of the chemist in producing new materials and in 

modifying many old ones had not been fruitful, we would 

not have many of the conveniences and luxuries which we 

have today. 

This unit is a survey of some of these products of 

the chemical laboratory. e will see how they llave been 

applied to various areas of our life. 

II. Objectives. 

1. To develop an understanding of some of the 
things which chemists h ive done to malce our 
life a little easier. 

2. io develop an avreciation of the way in which 
our life has been enriched hythe work of the 
chenist in creating new molecules. 
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III. Problems To 13e Studied. 

Problem 1. How does agriculture use new molecules? 

rroblem 2. How are new molecules used in clothing? 

i-roblem 3. How have new materials provided better 
homes? 

Probleni t. How have new molecules provided better 
means of transportation? 

.Lroblem . how has the chemist aided us in 
combatting disease? 

IV. Outline Of Content. 

A. iLow does agriculture u3e new molecules? 

1. To kill insects and other pests. 
2. To kill weeds. 
3. s fertilizers. 

B. how are new molecules used in clothing? 

1. Rayon. 
2. Nylon. 
3. Other new types of textiles. 
).. Dyes for clothing. 

C. how have new materials provided better homes? 

1. New building materials. 
2. Insulation materials. 
3. Païnts. 
I_. New household appliances. 

D. How have new molecules provided better means of 
transportation? 

1. Fuels. 
2. Materials for building vehicles for 

transportation. 
3. Plastics and their use in transiortation. 

iI. How has the chemist aided us in combatting 
d i s ease? 
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1. Sulfa drugs. 
2. Drugs from molds. 
3. studies in nutrition. 
L. Other drugs. 

V. Development Of The Problerns. 

Irob1em 1. ilow does agriculture use new no1ecu1es? 

A. Objectives: 

1. To become acquainted with soie of the 
advances of agriculture which have come 
about because of the work of the chemist 
in making new compounds. 

2. To understand the relation between chemis- 
try and agriculture. 

B. Approaches: 

1. A discussion of DDT or 2, ¿r-D and their 
relation to agriculture. 

2. Bring to class a recent newspaper article 
or magazine article dealing with the 
subject of agriculture and chemistry and 
discuss it with the class. 

C. Activities: 

1. Projects: 

a. The effect of gas on germinating 
seeds may be shown by germinating 
seeds in an atmosphere of oxygen 
and of air and comparing the size 
and color of the plants at various 
intervals. (71, pp. 1103-1106) 

b. Make fertilizer from the air. (103, 

pp. !i66-7o) 

C. Do some exierirnents in hydroponics. 

d. Do some experiments in elementary 
soil analysis and research on the 



elements necessary to plant 
growth. (93, pp. 267-290) 

e. Conduct iesearch on the effect of 
different chemical fertilizers on 
plant growth. 

f. Study the effect of 2, )-D or some 
other new weed killer on various 
types of plants. 

g. Study the effect of some of the 
newer insecticides. 

2. Topics for report and research: 

a. Fertilizers. 
b. Chemistry of plants. 
c. Insecticides. 
d. iced killers. 
e. Growth hormones. 
f. Hydroponics. 
g. Machinery and farming. 

3. Take a field trip to a local ex'eriment 
station where research in new crops, 
new insecticides, and new weed killers 
is being conducted. 

troblem 2. How aro new molecules used in clothing? 

.. Objectives: 

1. To understand how many of our new 
synthetic textiles are produced. 

2. To understand how chemistry has been 
instrumental in producing many new dyes 
to give color to our clothes. 

3. To understand the difference between the 
various types of textiles and to be able 
to choose the best type for the ''articular 
purpose for which it is to be used. 

B. Approaches: 
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1. Demonstrate making rayon from a paper 
nankin. (91, pp. 1o2-163) 

2. itave the pupils make a list of the various 
textiles which are not made from natural 
fiber. 

C. Activities: 

1. Laboratory; 

a. Do sorne tests to distinguish the 
various types of fibers, particularly 
how they burn. (91, pp. l2-l53) 

b. hake sorne rayon in the laboratory. 
(27, p. 197; h.i, pp. 1171-1172) 

o. Dye some cloth with alizarin and 
then use another piece of cloth with 
aluminum hydroxide to show the effect 
of a mordant. (20, n. 157) 

2. Demonstrations: 

a. i-roduce some dyes. (37, p. 27-31) 

h. A cloth is first dyed with litmus. 
Then one Iioce is made red and another 
blue. A blue cloth is dipped into a 
blue solution (copper sulfate) and 
comes out red. t red cloth is di;ped 
into a red solution (ammonia and 
phenolphthalein) and comes out blue. 
(26, p. 139) 

3. irojects: 

a. h.ake a chart showing the steps in 
the manufacture of dyes. 

L!.. Reading or research topics: 

a. Cellulose, rayon, artificial silk. 
b. Nylon. 
o. Coal tar dyes. 
d. Natura]. dyes. 
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e. Fast dyes. 
f. Chromophoro groups. 

iroh1em 3. iIo.i have new materials 
provided better homes? 

A. Objectives: 

1. To become acquainted with some of the 
ways in which houses have been improved. 

2. To develop an understanding and appreci- 
ation of tite part which physical science 
has played in Flaking better houses. 

B. Approaches: 

1. A discussion of the ways In which houses 
are built and of different building 
materials. A conmarison of houses in 
various sections of the country and in 
diffcrent parts of the world. 

2. The motion picture, "Problems of Housing.' 

C, .ctivitiec: 

1. Laboratory: 

a. Exporiments with inks. (65, pp. 
t3l) 

b. xDerthents with naints and piient 
(6; . 55.596, 599) 

2. Projects: 

a. feport on testing and preparation of 
abr&ives. 

1). Prepare luminous paints. 

C. Test the strength of bleaching 
solutions and hydrogen peroxide. 

d. Study inks and ink removers. 

e. Study light weight aggroates. 



f. Make a concrete model o 
head. (31, P. 909) 

g. Make putty or wail auer 

h. trepare a chart showing 
physics in the home. 

i. retare a chart showing 
chemistry in the home. 

3. Reading and report topics: 

a. 

b. 
C. 

d. 
C. 

f. 

g. 

h. 
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C a student's 

cleaner. 

the ue of 

the use of 

Glass and glass bricks. 
Insulation materials. 
Linoleum. 
Lacquer s. 
Asbestos. 
Concrete buildings. 
Different types of roofing materials. 
kumice block houses. 

iroblem Lt.. How have new molecules provided 
better means of transportation? 

A. Objectives: 

1. To develop an understanding of many of the 
new materials which have been developed 
and have nlc.yed a large part in develop- 
Ing new methods of transportation. 

2. To develop an understanding of the fol- 
lowing rinciples: 

Carbon atoms form a number of 'type groups' 
of compounds which are determined by the 
elements present and by the structural 
combinations of the atoiìs within the 
molecules. 

The orooerties of alloys are dependent 
upon the relative amount of their corn- 
ponents, the extent of their compound 
formation, and upon the crystalline 
structure of the mixture. 
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B. Approach: 

1. D:Lscuss motor fuels and how faster SDeedS 
are due to the chemist's work in devising 
new fuels. Also discuss the necessity of 
new alloys to withstand the high 
temperatures of some of our modern engines. 

C. Activities: 

1. i?rojects: 

a. .ake a bakelite plastic. (3, p. 

36, pp. 21-22) 

b. Test lubrication oil. 

e. Test the effect of various types of 
antifreeze as to protective power 
and whether they will corrode the 
radiator. (93, pp. 211-226) 

d. The effect of heat treatment on 
metals nay be shown using a hobby 
pin»' (loi, p. 3L6) 

e. The iroperties of some alloys may be 
compared with the properties of the 
pure metals. 

2. Reading and research topics: 

a. Alloys. 
b. Aluminum. 
e. Liagnesium. 
d. Thermosetting plastics. 
e. Thermoplastic plastics. 
f. Some problems of lubrication. 
g. Cellophane and its uses. 
h. 1-high temperature greases. 
i. Synthetic rubber. 

iroblom How has the chemist aided us 
. in combatting disease? 

A. Objectives: 

1. To become acquainted with some of the 
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applications of chemistry to the field of 
medic inc. 

2. To become acouaintcd with some of the 
recent druCs which have been developed 
by the chemist. 

3. To appreciate the many now drugs which 
are now available for the treatment of 
disease. 

B. Anproaches: 

1. Have a discussion of some of the new 
drugs in the news. Current newspaper 
or magazine articles on the subject may 
be brought to the class for discussion. 

2. Show the film, "New Frontiers of Ledicine.t' 

C. Activities: 

1. Reading and research topics: 

a. Anaesthetics. 
b. Patent medicines. 
C. enicil1in. 
a. Sulfa drugs. 
e. Aureomycin. 
f. Stretomycin 
g. Cortisone. 
h. Antihistamines and colds. 

VI. Audio-Visual Aids. 

A. Filins available from The Department of Virual 
Education, Oregon State College, Corvallis, 

I 

1. Black Scourgc 
2. Doomsday Pests 

3. Feeding the Lultitude 
Li-I 

Goodbye Weeds 
5. Facts about Fabrics 
6. Fashion's Favorite 
7. Basic Fibers in Cloth 
8. Problems of Housing 
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9. Distributing Heat ïnergy 
10. Romance of Glass 
11. Safety Glass 
12. Sand and Flame 
13. Story of Asbestos 
1L.. Story of Rock Wool Home Insulation 
15. MagnesIum--Metal from the Sea 
ib. Fourth Kingdom (i'lastics) 
17. synthetIc Rubber 
1. Man Against Microbe 
19. New Frontiers of Medicine 

B. Films avaIlable from The American Viscose Co., 
SCA, 350 Fifth Ave., New York 1, N. Y. 

1. How Rayon Is Made 
2. Science Spins a Yarn 

C. Filmsiides and films available from the J. I. 
Case Co. 

1. 5000 Years 
Farm ing 

2. Pageant of 
iiachine ry) 

VII. Bibliography. 

A. Textbooks: 
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B. Free Booklets: 
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b. Nylon Gives You SomethinC xtra 
c. The Story of Cellulose 
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b. 3hort Story of Rayon 
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C. Oil Is the Tie that Binds 
d. Romance of Shellac 
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b. Home Insulation with limerai Products 
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CHAPTER IV 

SUGGESTIONS FOR TEACHING TEE COUHSE 

This course is designed to provide more materials 

than the teacher will use in teaching the course. fhis 

is to give the teacher a chance to choose those materials 

which will best fit the needs of the particular class. 

In many cases extra demonstrations and laboratory exper- 

iments have been provided so that those lacking one 

type of equipment will be able to find demonstrations for 

which they have the equiment. 

In presenting the unit, the teacher should prepare 

a mimeographed assignment sheet giving the content 

outline, assigned experiments, textbooks refrences, 

list of report topics, and any other bibliographic ref- 

erences that are desired. If it is a long unit, it may 

be i7e11 to roare the assignment sheet for each indi- 

vidual ìroblem rather than for the unit as a whole. 

Since there is no laboratory manual, directions for 

the laboratory experiments should be mimeographed and 

passed out ahead of time. uestions concerning bhe 

laboratory work riay be incorporated in these laboratory 

dïrections. They may he given out along with the unit 

or problem assignment sheet if desired. 
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Instead of giving out detailed instructions, the 

pupil may be given a problem to work on and then he can 

work out the techniques and procedures nccesary to 

solve bhe problem. The roblern should be one to which 

the pupil does no already knov the answer. After he 

has worked out a scheme for solving the problem, let 

him check it in the laboratory. An example of a prob- 

len which might be solved by this method i "How does 

the pressure of a confined gas change, if at all, when 

you increase or diminish its volume, but do not hcat it 

or cool it?" (5, p. 223) This type of laboratory 

work will give the puoil a better understanding of the 

method by which scientific facts and data are obtained. 

Demonstrations should not be merely for entertain- 

ment, though once in a while one might be used for such 

a Purpose. They shouLd be to illustrate and to make 

clear a point which the teacher is trying to make. 

Demonstrations may be perorued by either the teacher, 

an individuai pupil, or a grou; of pupils. As a project, 

sonic of the pupils may marce a demonstration and present 

it to the whole class. Then again, the teacher may have 

a pupil do the demonstration. Some demonstrations the 

beacher may wish to perform. Demontrat1ons need not 

be done every class period. In some problems demonstra- 

tions may not be used at all; while in others there may 
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be many demonstrations. 

Another ty::e of demonstration is tLe field trip. 

It is a demonstration which is held away from the class- 

room. These may be very valuable if correctlr conducted. 

iPne teacher should first go over the field trip by 

himself, and then discuss with the class what wil]. be 

seen and things which should be noticed. After the 

field trip, the teacher should either give a short quiz 

or have reports on the field trip to help fix in the 

pupil's mind the important things which were observed. 

The technique for showing motion pictures is quite 

similar to that of the field trip. The picture should 

be chosen for its contribution to the understanding of 

the unit and not just to entertain. It should be pre- 

vIewed by the teacher if at all 'ossible. He should note 

the important points and discuss tlìer:ì before showing the 

film. Then after the film, a discussion, a quiz, or 

written reports on the film should take place. Then 

possibly a rcshowing the film may be advantageous. If 

a film is used as an approach activiiy, possibly it 

would be used to stimulate questions for which the pupil 

should seek answers as he studies bhe problem. hlso a 

film may be used in summing up a unit or a problem. 

In the activities secion of the problems, there 

are lists of suggested topics for reports. These reports 
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may be made either orally or written. If the subject 

is one which would benefit the whole class, have it 

given orally. There need not be reort on every unit. 

SoYLe of the reports may be quite lonC an others very 

short. At least one or two reports should he given in 

a year so the pupil will become familiar wIth the library 

arid where to find science materials in the library. The 

written reports could be used as a tie-in between Enl1sh 

and physical science in that not only the science 

content, hut the iilish style and graìimar should be 

checked. History may be tied into physical science 

by having re:orts on some of the famous men of science 

and having the pupil find out their relation to tbe 

events of their day. 

There are given suggestions for projects. Some of 

these may be undertaken by the whole class. Others are 

suitable only for small groups of people or for indi- 

viduals. As with the other materials, the nur.ber of 

projects to be undertaken is left up to the discretion 

of the teacher. The choice of the project or projects 

should be left up to the ruils. They may be able to 

suggest even better possibilities than aro given here. 

They will do better on a project in which they are 

interested. 
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Lij course was not built to fit any one textbook. 
References are given to five textbooks. If at all 
possible all five should be available. It would not 

be necessary for eacb upil to have a copy of all Cive 

of the textbooks, but there should be enough copies so 

that three or four pupils can share one book. Reading 

in current magazines should be encouraged. Also reading 
collateral books and magazine articles should be en- 

couraged. Sonic of the suggested references may be 

assigned for reading. Also available arc the free 
panmhlets mihlished by various companies. Iany of these 

are quite interesting and give interesting sidelights on 

the subject which are no found in a regular textbook. 

They may be used as the basis of reports. Some of them 

may be obtained in quantfties so that everyone may have 

a copy. New materials of this sort may he obtained by 

joining the iationa1 Sccnce Teachers ssociaiion. .Lìcy 

send out four packets every school year; these packets 
contain industry-sponsored booklets and other interesting 
materials which would be helpful in teaching science. 
Another source of materials is the sponsor's handbook of 

the Science Clubs of Axtierica. 

The pupils should be encouraged to look for science 

articles in current magazines and newspapers. Newspaper 

articles may be brought to class and discussed. In some 



areas of the physical science the teacher must use such 

materials to keep up with the chances and the discov- 

eries, as for example, in connection with the atomic 

bomb and discoveries in atomic structure. 

Some of the more often referred to journals should 

be available in the school library, The Journal of 

Chemical ducation and School Science and i.athernatics. 

The teacher should have available the books by Lynde 

(g., ) and the one by Swezey (91) for riore complete 

directions for many of the demonstrations. 
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AiPENDIX I 

EQ,IJIFMLNT LIST 

This appendix contains a list of equipment which 

is needed for the exeriments and demonstrations 

which is not usually available in the physical science 

laboratory. Coriimon pieces of equipment and chemicals 

are not listed as they are assumed to be standard 

equipment. 

After the name of the ':iece of equipment is a 

number, e. g. 8:1v. This gives the number of the unit 

and of the nroblem in which the equipment i8 needed. 

ihus in the above example unit eight is referred to and 

problem four. 

Antifreezes (various Icinds) 3d 
Atomic models h:i 
Automobiles, toy 5:5 

Ball bearings in. diameter) 3:2 
Balloons 1:2; 5:2, 3, 5; ö:l 
Ball o:2 
Ball (baseball) 3:2; 5:1, 2 
Ball (basketball) 3:2 
Ball (pingpong) 5:2 
B-B shot ,.3 
Bell (small) 0:L. 
Bicycle ump 5:3 
Book (large) 6:1 
Bottle (bottomless quart) 5:2 
Bottle (milk) l:2 3 
Box (eripty crayon) 7:L 

Can (coffee) 5:5 
Can (large square) 1:2 
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Cans (tin) 1:3; :2 
Cars (toy, 2) :1 
Carpenter's rule :l 
Carbon dioxide 6:1 
Cardboard representation of the leaning tower of Lisa :1 
Cathode ray osci11ocope 6:1 
Cathode ray tube t.:1 

Cellulose acetate adìesive I:5 
Clay L:L. 
Cloth (black) 1:3 
Cloth (cheesecloth) :2 
Cloth (colored, various layers of colored) 2:1; 6:2 
Cloth (cotton) 8:2 
Cloth (linon) 8:2 
Cloth (nylon) 8:2 
Cloth (rayon) 8:2 
Cloth (silk) 8:2 
Cloth (viool) 8:2 
Clothesnins 5:1 
Ooins (3) 6:1 

DDT 8:1 
Dial spring balances (2) 5:1 
Diffraction grating 6:2 
Dime 7:2 

Egg 1:2 
Electric iron 7:2 
Electric toaster 7:2 
Electromagnet 3:2 
Engine (raso1ine) 5:5 
&igine (steam) 5:5 
Eye chart 6:3 

Fish, celluloid 7:2 
F1uorecert tube 7:1 
Fork (dinner) o:1 

Glas$ (colored) 6:2 
Gyroscope 5:1 

Hacksaw blade :1 
Hammer 5:1 
Hand drill 5:1 

Irneous rock 2:2 

Jackscrew 5:5 
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nives (table, 2) :i 

Lenses (of various tyes) 3:1; 6:2 
Limestone cave (model) 2:3 
Luminous watch dial L1.:2 

Magnet (small) 7:2 
Map (contour) 2:1 
Map (t000grahic) 2:1 
Marble s L: ; : 1, 
Megaphone 6:i 
iietarnornhjc rocks 2:2 
}liicroscope L:2 
Mirror (concave) 6:2 
Musical instruments 6:1 

NavIgation instruments 3:3 
Iewspaper (strips) 7:2 

ienny 5:3; 7:2 
ihotograhic developer S:L.; 6:3 
l'hotographic paper i.:2; 6:3 
Plant 
Plate (paper) :i 
folaroid o:2 
krism (triangular) 6:2 
i.runes (dry) :2 

azor blades 7:LL 
Rod (aluminum) :3 
iod (copper) :3 
Rod (iron) 5:3 
Rubber band 5:1 

Sea shells (ùìrge) 6:1 
Sedimentary rocks 2:2 
Sink stopper 1:2 
Skates (roller) 5:1 
Sodium nitroprusside t:i 
Soil 1:3; 9:1 
S'ool (wooden) 7:3 
Strainer (kitchen) 5:2 

Telehone receiver 7:h. 
Thiourea tpL 
Tin can covers 5:2 
Tin foil 6:2 
Truck (toy) 5:1 
Two-four D :1 
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Vacuum cleaner :2 
Vacuum coffee maker 1:2 

Wilson cloud chamber t1:2 

Wooden discs on a rod 6:1 

X-ray tube J.: i 

Yo-yo :1 


