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Dedication

This volume is dedicated to the memory of
Vernon Cheldelin under whose guidance and
leadership integration of the sclences for
Oregon secondary school youth was begun in

1963.
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Introduction

The Portland Project was initiated in the fall of 1962 when two
secondary school teachers, one with background in CBA chemistry, the
other having responsibility for PSSC physics, began to note and discuss
the redundancy in their respective courses. Why should students bz
subjected to this repetitious and fragmented representation of the physical
sciences? they asked. A Steering Committee met to pursue the problem
further and perhaps enlist the support of a funding organization to
permit its exploration in depth, Under the able and devoted leadership
of Vernon Cheldelin, Dean of the School of Science at Oregon State Univer-
sity (deceased), two proposals prepared for support by the National Science
Foundation were funded in the summers of 1963 and 1964.

Thirty-five scientists and teachers devoted various quantities
of time as writers, consultants, pilot teachers, and evaluators, with
the aim of ascertaining the feasibllity and efficiency of the integration
of chemistry and physics. Concurrently and subsequently, other groups in
other parts of the country have carried on studies that are approximately
parallel to this one.] Though the conceptual development and points of
emphasis differ, the various groups are satisfied that integration of §

science courses is not only feasible but highly desirable.

'Federation for Unified Sclence (FUSE) was recently organized to
act as a clearinghouse of information on integrated science courses.
Victor Showalter at Ohio University is the chairman of this committee.
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Dr. Michael F. sca of the Education and Science Staffs of Portland
State University conducted an evaluation which revealed that subject
matter achievement in chemistry and physics and critical thinking
abilities are enhanced among students who studied the integrated
courses over those who study the separate disciplines of chemistry and
physics. [t should be emphasized that though these differences were
apparent, it could not be demonstrated that they were statistically
significant.z A concomitant result showed that enrollments in the
two~year Integrated courses were dramatically greater than in the
separate courses.

A survey completed April 16, 1967 showed that there were
forty=-four schools in twenty states using the Portland Proiect
integrated chemistry-physics course.3

Mounting evidence in the literature from prominent persons
working in science education strongly supported this mode of organiza-
tion. Dr. Jerrold R. Zacharias, the prime instigator of the PSSC
physics program, exemplified the changing attitude of sclentists and

educators:

The division of science at the secondary school level,

Into biology, chemistry, and physics is both unreason=-
able and uneconomical.

“petailed results of this study may be obtained by writing to
Pr. Fiasca at Portland State University.

3Detailed enrollment figures and addresses of peopla who are
using the Portland Project courses may also be obtained from Dr. Flasca.

TN




ldeally, a three-year course that covered all

three disciplines would be far more suitable than a
sequence of courses which pretends to treat them as
distinct. Today such a three-year course would be
difficult to fit into the educational system, but much
of this difficulty might be overcome at once if such

a course existed, and It might well be that present
tendencies in education would soon overcome the rest.

In any case, a greater coordination of the three

subjects is possible even within the existing frame-

work. It Is understandable that the groups which

developed the existing programs, each of which faced

great problems of its own as It worked toward its

goals, were reluctant to embark on the larner task

of giving coherence to the sum of their efforts. )

With the programs now complete or approaching completion,

it may be that the time has arrlved for this necessary

step.
Stimulated by the apparent success of their original work tow:rds this
kind of integrated course, persons close to the Portland Project began
to discuss extension of their work to include biology with chemistry
and physics in a three-year sequence. A third proposal was prepared
in 1966 and granted <upport by the National Science Foundation. Dr.
Arthur Scott, member of the Chemistry Department at Reed College who
has had deep ‘nterest in the Portland Project since its Inception,
graciously offered his talents, energy and time to carry on the project

after Dean Cheldelin's death.

A writing conference was conducted on the Portland State

“From page 52 of Innovation and Experiment In Education, a
Progress Report of the panel on Educational Research and Development
to the U.S. Commissioner of Education, the Director of the National
Science Foundation, and the Special Assistant to the President for
Science and Technology, March, 1964,
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University campus during the summer of 1967 to develop materials such
as teacher and student guides. Eight local pilot schools committed
approximate.y five hundred students and twelve pilot teachers for
testing and evaluation. Or. Donald Stotler, Supervisor of Science
for the Portland 5chool District, has had an active part in this and
other phases of this project.

Twenty-six persons whose functions were w: cing, consulting,
analysis, and editing met on the Portland State campus beginning
June 14, 1967, to bagin preliminary work on the Integrated course.
Their first task was to formulate an outline that displayed logical
content development utilizing concepts out of biology, chemistry and
physfcs. Particular attention was paid to matching students'
abil tles, interest and maturity level with the sophisticstion of
concepts as nearly as this was possible to do. Then the committee
perused material developed by the national curriculum groups --
PSSC, Project Physics, CBA, CHEMS, BSCS and IPS -- in search of
material to implement the outline they constructed previously. in
the absence of appropriate materials, major and minor writing projects
were initiated.

The writing committee continued its work in the summers of
1968 and 1969 with Dr. Karl Dittmer, Dean of the Division of Science,
as director. Four major projects were tackled and completed: (I)
extensive revisions were effected in the three-year outline, (2) the

first and second year courses were revised based upon student and
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teacher feedback, (3) the third-year course was developed incorpora-
ting Harvard Project Physics materials as a main vehicle, and (4) an

evaluation program for the three-year course was developed.
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xii
Three-Year Course Rationale

The decision to try to develop a three-year integrated science
course which would replace the traditional three courses in blology,
chemistry, and physics is based on several considerations. Among
them are:

(1) A conviction that modern developments have made the i
division of science under these three headings obsolete;

(2) A recognitlon that the traditional courses overlap in
many areas, resulting in a great deal of duplicition and repetition
as in the gas laws, atomic and nuclear structure, calorimetry, and
the kinetic molecular theory;

(3) A feeling that terminal students, who take no more than
one year of sclence, deserve to get a taste of all of sclence rather
than just ene aspect, as they do In the conventional programs; and

(4) A desire to emphasize the unity In the approach to
natural pheromena and the similarity in the methods, technigues, and
apparatus used by scientists In all flelds.

A natural question arises as to what distingulshes thls course
from a general science course expanded to three years. The answer is
that thls course does net consist of a number of unrelated toplcs that
might be taken up In any order; rather, it treats science as a structure
that proceeds from observation to the development of general principles

and then to the application of those principles te more involved problems.

14
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xiii
The emphasis in a general sciencae course is on the results of science;
the emphasis here is on the methods and reasoning by which scientists
have arrived at these results,

The three-year course outline shows that a number of topics
such as properties of matter, energy, heat, and certain biological
concepts are discussed at the first-year level and agalin later In the
course. This recycling Is deliberate., It is intended to introduce
students In a semiquantitative way to some of the significant
generalizations of science and to show how these generallizations
arose, These toplcs are treated again in the second and third years
when greater facllity with mathematics on the part of students makes
it possible for them to understand and appreciate discussions of
these toplcs In the succinct and precise language of mathematics.

An excessively formal and quantitative approach is avolded
in the first year for several reasons. Students at this level do not
extract essentlal meaning from such a presentation of information;
furthermore, first encounters with nev ideas should proceed from an
Intultive, non-quantitative confrontation to one that Is more
quantitative, Teachers have spoken out ajalnst teaching and learning
methods which substitute equations, formulas and other quantitative
representations for first~hand experlence, word descriptions,
examples, and illustrations, These criticisms are just as valid
for students who are very capable and very Interested In sclence as

they are for other students., Moreover, the matheﬁatfcal

15
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xlv
sophistication of students at this level Is such that they are unable
to follow most mathematical arguments as explanations for natural
phenomena.

The typical stience experience of most secondary school
students consists of one or two years devoted to general sclence and
blology. Few study physics and chemistry., A signlflicant advantage
to the course of study described here Is that students are given a
chance to study physics and chemistry at a level of rigor that Is
conslistent with their ability and their mathematical maturity. Students
who terminate their study of science at the end of one year get a
significant exposure to the structure of biology, chemistry, and
physlcs as they are presented in the latest curricular developments.
Students who might not elect science beyond the first year because of
lack of Interest in biology may be attracted by the chemistry or
physics portions of the course and elect to take an additional year
or twe of science, Students who are ''turned on'' by blology may wish
to pursue further study of biochemical topics in Years |l and IIl.

Flrst Year Course

After conslidering these problems and goals, the general course
outline for the first year of the course was derived. It conslsts of
four main parts:

(1) Perception and Quantification

(2) Heat, Energy and Order

(3) Mice and Men

o i 6
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XV

(4) Environmental Balance?

The year begins with a study of the perceiver, moves on to the
percelved, and ends with the Interaction of the percelver with the
perceived. The flrst-year student starts out by gaining a better
awareness of the nature of his perception and senses == the
faculties that make him aware of the world around him, With an
Increased understanding of these perceptual abillties, he can turn to
the environment and then relate himself to It, He finds that his
perception is limited and that he often needs to call on technological
and corceptual extensions and that even these have their limitations.

The Importance of organlzation and classification as parts of

perception |s emphasized., The physical properties of matter are intro-

duced and studied as alds In organization and classification of
chemicals, The ldentification of unknowns by study of thelr physical
properties and use of organized data on punch cards Is the culminating
experiment of the Perception unit,

Apart from the great diversity exhibited In nature, which the
sclentlst must organize in order to comprehend, certain unifying prin-
ciples are essential for deeper understanding. The most powerful of
these Is the energy concept, which is explored in the '"Heat, Energy,
and Order'' unit In several of its ramificatlons - physical, chemical,
and biologlcal, The discussion begins by developing an experientially
important energy form, viz,, heat. The macroscoplc aspects of heat as

embodied in calorimetry are related to the microscoplc In terms of

17
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xvi
random molecular motion. This builds confidence in the idea of the
atomic nature of matter, which Is essentlal to much of the unit,
Various energy conversions form the vehicle for extending and
generalizing the energy concept. Nuclear energy Is developed in suf=
ficient detall to underscore Its environmental and social significance.
Finally, the thermodynamic limitations and implications of energy
conversion are explored, ending with a view of life as a supremely
artful organizer In nature, a mechanism powered by energy which
creates wondrous ''local order'', but always at the expense of influ-
encing its environment,

The growth of a mouse colony carries the thread of fthe unit
"Mice and Men." As it develops, students learn many things about
the concept of population. The food and water consumed and products
eliminated tie the mouse colony back to the unit ''"Heat, Energy and
Order' and point ahead to the chapter on communities and to the unit
""Environmental Balance?''.,

The cell concept is given prime position in this unit and Is
used to enter topics on reproduction, embryology and maturation which
are observed in the mice and other organisms, The mice selected for
the original colony are such that an experiment in Mendel ‘an genetics
comes out of the observations students mske as the colony develops.
In most of the chapters man is an Important organism and receives as
mueh attention as the mouse although the data are often secondhand.

A rather unpleasant fact that must be faced Is that as our

18
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xvii
populatian Increases and human activities are directed towards increas-
ing the standard of living for this population, stralns are placed upon
the environment. As students discovered in ''Mice and Men,'' the size of
the community has a relation to both the quantity of the food, water,
and energy required and tke quantity of waste products produced. To
develop the concept of a closed system and point out the necesslity for
environmental management, an analogy between the earth and a spaceship
is made. Students are then Introduced by a multl-media approach to the
nature of some of our common pollutants (with emphasis upon alr, water,
heat, nolse, and radiation) as well as thelr effects. Following this
students are encouraged to undertake a rather detalled study of a
particular type or aspect of pollution. Emphasis here is placed upon
student activity, which may take any number of farms, The culminating
activity centers arourd discussion of these special studles together
with the complex relations involved within the environment. It is
hoped that out of these studies students will become aware of threats
which exist to man's future on this planet,

Second Year Course
The second year of the course Is consliderably more quantitative
In 1ts approach than the first. This Is the case because (1) the
students are one more year along in their mathematical preparation,
(2) the students who elect to take a second year of sclence are more
likely to exert the effort to master more difficult topics, and (3) many

of the quantitative aspects of physics and chemlstry are basic to an
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xviil
understanding of molecular blology, which is an Important part of the
following year's work,

The second year consists of two parts:

(1) Motion and Energy

(2) Chemical Reactlions

Year Il begins with the study of motion, going from the
quantitative description of motion to a consideration-of what causes
motion and a discussion of Newton's laws. There follows the develop-
ment of the laws of conservation of momentum and energy, Including a
discussion of energy in biological systems. This section, which Is
primarlly mechanics, culminates with a discussion of kineclc molecular
theory.

\ Due to recent advances in both molecular biology and bio-

chemistry, the descriptive approcch to biology has gradually given way
to one that Is primarily analytical. It is now necessary, even on the
high school level, for the serious biology student to have a more
thorough understanding of those concepts normally embodied in the
‘modern'' high schonl physics and chemistry courses. The major
objective of '"Chemical Reactions'' is to bulld some of those basic
chemical concepts that are necessary for an analytical study of '"The

Chemistry of Living Matter'' and '"Energy Capture and Growth,'

The following subtopics of this section help In the realiza-

tion of the major objective: Some of the toplcs discussed are the mole

concept, equation writing, energetics assoclated with chemical reactions,

<20
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xix
the dynamic nature of particles and their interactions and the applica-
tion of energy and equilibrium to chemical systems,

Third Year Course

Year Il| consists of Cmur parts:

(1) Waves and Particles

(2) The Orbital Atem

(3) Chemistry of Living Matter

(4) Energy Capture and Growth

The underlying rationale of the third year Is a study of energy
and its importance to life, The first thrust Is te bulld the orbital
model of the atem using, as background, waves, electromagnetism and
historical models of the atom, Once the orbital model is established
as a representation of the localization and directieonalization ef
electronic energy, structural madsls are built to shsw how biopolymers
are spatially arranged and experiments are done te give evidence of
energy relationships. With shape, size and energy relatinnships of
molecules established, the DNA molecule Is intraduced. The culmination
of this wark comes In the final section when photosynthesls is conslidered.
With this topic, much that has gone before is brought te a logical focus.

These topics are most appropriately placed in the third year of
the integrated sequence after students have developed some facility with
basic ideas from chemistry and physics = e.g., quantitative knowledge
absut energy, mechanisms of chemical reactions,equilfbrium, rate of

reaction, the photon and wave nature of light, electrical phenomena,
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XX
and kinetic molecular theory. They chould not now simply parrot bio-
chemical processes such as photosynthesis and cell respiration but
should understand the many chemical and physical principles which

underlie these processes.

Time is allotted at the conclusion of Year ll{ for Individual

investigation and studies.
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Second Year

Part One: Motion and Energy

l.
.
Lif.

IV. Conservation
V. Energy = Work
VI. Kinetic Theory of Gases
Part Two: Chemical Reactlons
I. The Mole as a Counting Unit
i1, Combinations of Gases
tti., A Useful Form of P=kDT
IV, Chemical Equations
V. Electricail Nature of Matter
VI. Basic Particles
VII., Energy Effects in Chemical Reactions
Vill. Rates of Reactlons
IX. Equilibrium
X. Solubllity
Xl. Acid-Base

*HP designates Harvard Project Physics material,
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XIII. Stoichiometry CHEMS
Year Three
Part One: Waves end Particles
I. Waves HP
II. Light HP
III. Electricity and Magnetic Fields HP
IV. Faraday and the Electrical Age HP
V. Electromagnetic Radiation HP
VI. The Jhemical Basis cf Atomic Theocry HP
VIiI. Electrons and Quanta HP
VIII. The Rutherford~Bohr Mocdel of the Atom HP

IX. Some Ideas from Modern Physical Theories HP

Part Tvwo: The Orbital Atom
"
By I. Atoms in Three Dimensions PP
11. Many=-Electron Atoms CHEMS

III. 1Ionization Energy and the Periodic Table CHEMS
1V. Molecules in the Gas Phase CHEMS
V. The Bonding in Solids and Liquids CHEMS
Part Three: The Chemistry of Living Matter
I. Monomers and How They are Built PP
II. Polymers or Stringing Monomers Together PP

III. Polymers in 3-D or The Shape of Things to PP
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1V. Where the Actlon Is-=The Active Slte
V. How Polymers Make Polymers
VI. Genes, Proteins and Mutations
Part Four: Energy Capcure and Growth
|. Energy Capture
i1, Energy Consumption - Metabolism

[{l., Metabolism and Genes
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Suggestions for Laboratory Procedures

A laborstory is a place where scientists look at phenowena under
controlled conditions. It is a place for serious work. Always prepare
for an experiment by reading the directions in the manual before you
come to the lab, Msake a special effort to know all precautlons.

Do only the experiments approved by your teacher. If you wish
to do an extension {this is encouraged), check with your teacher. This
general rule is for the safety of you and your fellow students. Iab-
oratory safety 1s as much an attitude as a set of rules. The lab will
become a safe place for investigation if the student continually uses
common sense about his safety and the eafely of others, If any ac-
cident does occur, report to your teacher. What se=ms & minor injury

may have severe consequencesge.

You will be asked to write laboratory reports. Opinions concerning

the content of thesec reports vary greatly. It follows that teacher
Judgment will determine the type of laboratory reports you are asked
to write. The following ways to improve laboratory reports are to be

taken as suggestions only.

(1) Mistakes should not be erased. If there is room for the cor-
rection, the mistake should be crossed out without obliterating it and

the correction made. If there is insufficient room, an extra plece of

paper should be added.
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(2) Spelling and punctuntion are importnat. Sentence fragments
should be avoided.,

(3) The report should be carefully planned. It is best to know
what type of observations should be sensed and, if pcssible, what regu-
larities can be found, Planning will lead to the placement of items in
a logical sequence in the report.

(4) The peme of the experiment should be included.

(5) The date on which the experiment was done should be included.

(6) The names of all participants should be included and the name
of the person who actuclly prepared the report should be designated.

(7) Some reports should include a simple statement or schematic
diagram of the apparatus used in the investigntion.

(8) Some reports will require a trief explanation of purpose and
procedure. If these are given in the laborat~ry manual, they should
not be included in the report. Copying items is "busy work.”

(9) Neerly all experiments require taking measurements and sub-
sequent collection of data. This must be carefully tabulated. If 1t
15 possible for you to make data tables before coming to the laboratory,
you will have more time for observation, which is a major part of any
laboratory experience.

(10) If computations are required to interpret results, they should
be included in the report. However, if several computations of a similar
nature are needed, they should be illustrated with a typical example.

Methematical equations, not arithmetical operations, should be shown.
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(ll) If the investigation could be altercd to get better results,
o statement to this effect should be included.,

(12) If the investigation suggests extensions, these should be
described,

(13) Reading professional reports from magnzines such as The

Journal of Chemical Education and Scientific American should result in

better reports.

(14) Many times the most significant information about the experi-
ment is to be found by graphing results. Whenever appropriate, graphs
should be included in the report; they give a picture from which regu-
larities can be sought, You will find the following suggestions very
helpful.

(a) Always use & full sheet of graph paper.

(b) Position the ordinate ond abscissa far enough from the edge of

the paper to cllow proper labeling,

(c) Assuming a relationship exists, the abscissa should represent f

the independent varieble; the ordinate, the depenflent variable.
As an example: The distance of the gns pedallfrom the floor-
board in an automobile would be the independent variable,
rlotted on the x axds; while the speed of the car would be the
dependent variable, plotted on the y axis.

(d) Each exis must show units - e,g., cm/sec.

(e) Labeling of each axis should run parsllel to the axis,
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(£)

(g)

(h)

(1)

6

The scale of each axis should be chosen such that the func-
tional plot covers most of the graph paper.

The name of the graph, the name of the experiment and the

date of the experiment should be suitably placed on the graph.

When plotting data, draw a circle around each point to
indicate the uncertainty associated with the measurements.

Draw the smoothest possible curve suggested by your data.
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ERIC

Full Tt Provided by ERIC.

I.

WAVES AND PARTICLES

WAVES

A. NATWRE OF WAVES
Read 12.1, 12.2, 12.3, 12.4 HP

B. INTRODUCTION TO WAVES
Read 12.5 HP

B.,l Experiment: INTRODUCTION TO WAVES
Expt. 30 HP

C. WAVE PHENOMENA
Read 12.6, 12.7, 12,8, 12.9, 12.10 HP
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A.l - OPTICS EXPERIMENT
Experiments in waves (HP ch.12)
have demonstrated wave phenomena,
including reflection and refrac-
tion. The behavior of light with
regard to reflection and refrac-
tion has been a source of many
technological developments such
as plane mirrors, curved mirrors
and lenses. In this experiment
we shall observe some interesting
outcomes of these uses of reflec-
tion and refraction properties of
light.

A.l.a - RETLECTIONS FROM A PLANE
MIRROR

Hold a pencil vertically at
arm's length. In your other
hand, hold a second pencil about
15 ¢m closer than the first.
Without moving the pencils, look
at them while you move your head
from side to side. Which way
does the nearer pencil appear to
move with respect to the one be-

hind it when you move your head




to the left? Now move the pencils
closer together and oObserve the
apparent relative motion between
them as you move your head.

Where must the pancils be ii

there is to be no apparent rela-

tive moticn, that is, no parallax,

between them?

Now we shall use parallax
to locate the image of 3 nail
seen in A plane mirror., Support
a vlane mirror vertically on the

table by rastening jt to =~ wood

block with a rubber band. 5tand
a nail on its nhead about 10 cm
in front of tie mirror. vhere
do you think the image oz the
nail is? DMove your head irom
side to side wiile looking at
tie nail and the image. Is the
image in front of, at the same
place as, or benind the real nail?
Locate the position of the image
of the nail by moving 2 second

nail around until there is no




parallax {(i.¢. no apparent rel-
ative motion) betwecen it and the
image of the first nail. 1In this
Gay, lo¢ate the position ci the

image for several positions

o+ the object. Compare the
perpendicular distances o« the
image and object irom the re-
ilecting suriface.

We can also locate the
mosition ©f an opject oy draw-
ing rays which show tine direction
in which light travels irom
it to our eye. Stick a pin ver-
tically into a piece of papar
resting on a sheet of soit card-
board. This will be the obicct
pin. A<Istablish the direction
in which light comes to your cye
trom the pin by sticking two
additional »jins intc the paper
along the line oi sight. Your

eye should pe atv arm's lengtn

ftrom the pins as you stick them

a6
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in place so that ell three pins
will be in clerx iocus éimultnn-
cously. Look at the object pin
trom several widely ditferent
directions and, with more pias,
mark the new lines oi sight to
thhe object Din. #where do these
lines intecrsect?

X< can use the same method

to locate an image, On a rresh

[ o1}

Diece of paper, locate the pos-
ition oi the image of a »in seen
in a plane mirror by tracing at
least three rays from widely
difisrent directions. Mark the
position of the mirzrcr on the
paper witn a straight line be-
tore removing it. nere Ao the
lines or sight converge?

Draw rays showing the patn
O« the lignt trom trne okject pin
to the points on the¢ mirror irom
which the lignt was reilected to

your eye. +what do you conclude

about the mngles rormed between

I-11
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tiie mirror surface anéd the light
patns?

Arrange two mirrors at rigaot
angles on the paper with » nail
»8 an object somewherz between
them. Locate Al1l the im~ges by
prrallax. From what you have
learned =~bout retflection in this
evoeriment, show that tiese
im>ges 3re where you would ex-
Dact to f£ind them.

A.l.b - IMAGxS fORMLD BY A CONCAVE
MIKROR

Look at your image in a
concave mirror. Is it right
side un or upside down? Do the
si.e Aand positicn of the image
ciignge viaen you amove the mirror
toward you Or Aaway Lr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>