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C.-

"What, pkecis,ely, is "thinkin ?" When at the reception of ;ense-
impressions, memory-pictures emerge, this i- not -yet "thinking." .

And when such pictures form iterieSkeach m- ber'of which calls
'forth another, this too is got yet "thinki g." When,however,
a certain picture turns'up in many such series, then--precisely
through,sudh return--it becomes an ,order g element-for such
series, in that it connects series which in themse/ves are
unconnected. Such an element becomes a inztrument, a concept.
I think that the transition from free a sociation or "dreamingT
to thipkingsis characterized by the mote or less dominating role #

which the "'concept" plays in it. It i- byno"means necessary `
that a concept must be connectedwith'a sensorily cognizable and
reproducible sign (word); but when this is the case thinking_
becomes by means of that feet communiicable...."
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COPES: Background and Acknowledgments

Recognition of the need for a highly structured, secluentially or
gana.zed K-6 science program grew out of a three-day conference
on elementary school science conducted by .New'York Uni \ersity
scientists,.psychologists, and educators.in 1962. As a result'
of this conference, Morris H. Shamo rofessor of Physics, and
J. Darrell Barnard, professor of ience Education, developed a
plan to produce a conceptually oriented program in elementary

' science (COPES). With the administrative support oi Dean Daniel
E. Griffiths, of the School of Education, and Dean George
Winchester Stone, Jr., of the Graduate School of Arts and sci-

, ente, the plan was accepted as an all University project. The
Advisory Committee and Consultants to the pioject'include the
fallowing members:

/ADVISORY COMMITTEE-

J. Myron Atkin, Dean, School of Education, University of Illi-
nois.,:Urhana s

Margaret
Neck, Ne

\,Dordick, Pri cip'al,. Kensington-Johns'on School, Great ;..

York

GLen He thers-, Professor of Educational ResearchihUniVersity
Pittsbu

M.4k Kopac Professor of Biology, New York University
es

.

Serg(e Korff, Professor of Physics, New'York University.
.

Roper P.,Larsen., Superintendent of SchOoli,,Bethpage, New( York

. Ernest Nagel,.Professor Emeritusiof Philosophy, CoLumbla Univer-
sity, New York

Ctiarles G. Overberger, Professor of:Chemistry, University of
Michigan, Ann Arbor

.

.Leo Schubert, Professor of Chemistry, American University,
Washington,,D.C.
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Robert Bernoff, Associatb Professor, o 'Chemistry,.. Pennsylvania...1'of
:. .State UniveraitY at/05o tz

,'. . I,

Seymour 'Sr. Brody., Pioless6r of Biology, New Yprk University
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William J. Crotty" Professor of- Bdology, New York.Univdrsity

smuriel Green, Supei;sdr of Science, Distrit 29, New York City:
Public Schools

Alvin Hertzberg, POncipal, Cherr*.Lane School, Great Neck, New
York' -

Morris Kline, Professor of Mathematics, NE:47 Yor.k Univ'ersity

Alvin,q. Kosak, Professor'of Chen&stry, Nvw York Upiveriity

Mary Budd Rowe, Associate Professor -of $,O.ence Education, Uni-
versity of Florida at Gainesville A

Marvin Alt Ruderman, Adjunct:Profesksor of Physics, New York
k' University

Arnold A. Strassenbu'rg, Trofessor of Physics, State University
of New York at Stony Brook

Davis A. Young, Assistant Professor-of Geology, New York
University

A two-year pilot study to test the fessibi.lity of a conceptual
hemes approach was furided by the UnVted States Office of Edpca-

tion. The success of the pilot study, dealing with, one conceit.-
to 1 scheme- -the conservation of energyled,to,the productioil
of an elementarr6choof science program based ,upol-41 the fie- con-
ceptual schemed outlined in the 'Introduction to this uid

The 'COPES Staff is cited below, along with previous aem ers who
have contributed to the Grade 6 materials.:
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An Introduction to COPES
1

COPES.(Conceptually Oriented Program in Elementary Science) is
a science,, curriculum centeredpn Some of the-najor conceptual
schemps in science. We accept the premise tthat .general educe-
ti-on in science is a necessary part of the educational struc-
ture, locbt so much for whatever pZact.ical values it may afford
as for its, pure intellectual stimulation. There,is also a .

groying awareness among the general public of. the increasing
impact of science and technology on modern civilizatio'. Yet,
paradoxically', our .society is very poorly, informed. in science.
While many believe that science belongs with those disCiplirres,
that traditionally have beenjegarded as essential to man's '

cultural enrichment, the average person fails to see it in this
light. Wh'atever the reason, clearioLy.eur educati'bnal system is
at fault. It is'probablethat past efforts to minimize the
intellectual challenge -in science Curricula have succeeded
mainly in distorting the nature'of the enterprise in the minds
of most school children. By the time'these children reach high
school, their natural curiosity and interest science appear '

to be greatly diminished. Of those that enter,dollege, a great
many aY:e,actua.11y repelled bYscience. N.

ElementarY schdol children, as a whole, are probably the most
receptive, the mostrcurious,. the most imaginative, and the IVost
cooperative ndn-science" students tine can find in our educe-.

ticnal _system, Today, it is apparent that much more can 'be
accomplished at this,level than Was believed possible in.the
past. In these formative years, whey minds are so receptive to
nevrideas and before children's patterns of thinkiggecome\tbo
crystallized, we think it possible'to develop a foundatiOn in
'science 4,hat'will remain a permanent part of their intellectual
life.

'.What is the bait way to help young children a level of
'understanding and appreciation of'science that will serve them

.

through their adult lives? Rather than fill *their minds With
unrelated facts and detailS, the COPES approach is to focus
their attention on certain of-tile "big ideas" in science--the '

-broad, inclusive, conceptual schemes,in termsof which the
sbienfifi'c community seeks to account for the familiar facts L'Of

1-nature. These central- ideas ate stressed throughout, the pro-'
gram; whOrever possible, everything in.the curriculum ,is re-.
lated,..to these conceptual schemes. We,believethat.long after
he or she has forgotten thj fadts.of science, a child expo'sed-,
to such curriculum may retain some understanding of.what is
tr Jy,important, It should make it Blear that science is more

1
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than a collection of isolated facts and provide the child With
a solid framework on which to construct a personal view of the
world of nature. We also believe that having such definite ob-
jectives, in the form of concep,tual, schemes, adds to thepe.da-'.
gogical strength of the curriculum because it "p,ripvides teacthers

'.and students v)ith clearly defined goals, as well as ecobesive 5

picture of s5ience.*

41

\ a . THE CONCEPTUAL SCHEMES.

Civilized man lies always prized bold ideas, yhether in art,
. - . .

literature, politics--or science. Throughout history, the
great ideas standout as .focal points for new systems Of-phi-
losophy; new religions, new modes-of thought, even new soci-
.eies. Their counterparts in the sciences play a similar role.
The big deas in science are man's response to the challewge.
ofpatu) , his way of trying to account' for familiar''Tacts in
terms of a. relatively few basic 'schemes which help tounify
broad ranges of experience. Thus science is not simply a,mZZ'-'
ter oCaccurate hand detailed descriptions of things and events,
or of extending our senses by the use of instruments. These
are-mwely.steps to a much larger objectivet_ the invention of
models.(theories). that form the bases for all explanation in
science, Such unifying ideas as the kinetic-molecular theory
the statistical' view of the universe, the conservation princi-
ples, the quantum theo.ry, thegene theory of heredity, etc,
are the kinds of fundatit-ital schemes to Which scientists in-
stinctively tern when `faced with new problems. .Whey represent
the vinnacle of explanation in science, the pro-du 6t. of man's
creative imagination--and should be classedamong the greatest '.
of'his Intellectual achievements. . .

.

;

. .

While-they.may differ greatly in subject matter wipi the
broad field of science, these'conceptual,schemes have in common
that they are not susceptible to dir'ect experimental verifica=
tion.. Thus, the'assumption that matter is compoed of small,
discrete.particles--atoms or molecules--wilich is basic to the 4
kinetic-mole.culvr theoey, is obviously not-lubject.to proof of
the ki'nd'that might be considered "direct." The same is true
of all major conceptual schemes;lto scientists they are essen-
tially "articles of faith." Our conf'idence.in them rests upon
the degree tocWhich they help Us to account for our. eV xperipnces

with nature in an intellectually satieying fashion.' And the.

wider theirlerange of application, the stronger is O'er belief
in their validity. ,Thig is mot to say th,it conceptual sc.hemes
are infall/ible;they are; after all, su)3jedt to almost the same
uncertainties asAny other of man's ideas. But those that per-
sist after being subjected to the test of time, including re-
peated challenges and refinements by competent critics, bec,pme
the foundations of science.

2
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Five such conc0,tual schemes form the nucleus of the COPES cur-
riculum: 1. the Structured Units of the Universe; 2. 'Inter-
aCti2n and Change; 3.' The Conservation of Endrgy; 4.. The
Degradation of Energy; ` 5. The Statistical View of NatuTe. ,These
scheme's were seleoted.because they include most of wha0, is funda-
mental in science and because they provide the basis for a log
ical, sequential developmdnt of skills and concepts through the
elementary grades.. It may be noted that the, last- three schemv .

are new to the elementary school. They have been taught, if alt"
,A11, only ip the secondary schoolsand oollegetl. Nevertheless,

great. ibecause of. their importance in contemporary science, And
a conviction that even.. such seemingly sophiS:ticAted topics can
be made meanin,gf.ul to elementary school children; they are in-
cluded in COPES.

. i .

Following are brief.descriptions..of. each of the conceptual
schemes from a scientific point of view. Ho'w COPES dparsa with
them is described in greSter detail in Introduceigns.to each
grade leyel and sequence Of Activities.

1. The Structural Units of the'Unive'rse'

Theaotion that. the universe is made up of various kciri'ds
discrete units ot matter is central to the formal pursuit of
science. Whether they be the,sMallest subnuciear particles or
the largett stars, whether aticgle living cell or a complek.
organism, it is the discreteness Of matter thatakes it feasi-
ble to.study'netuyre--t2 clastify its structural units and es-
tablish a hierarchy'among them: Atoms molecules,, crystals,
cells, organisms, plants, animals, planetS, stars, etc.--these
are thestructural fprms in which matter is found. The more
complex forms, or higher eveis ofi organization, exhibit Prbp-
ert7ies that are generally more than the simple sum of their '

parts. The structural units with whi'chstndents 1.1vp any di-
rect experience., that it, large-scale matter, are composed of
smaller units, and these, In turn, o still smaller units-.-As
for the fundamental "building block$"of matter, for, the Ptir-

,

Bose of the COPES program these ,are taken to bd,atoms or, as
more commonly."en6ouatered in nature,,- molecules. z,

While the:idea.that matter is'madetup Of 'discrete parts is o -
v4ously an important one,.a corollary is perpaps.eguaiax.im-
portant:. This holds that natyre is essentiallq simple--that in
spite of the great divefsity we observe, "the number of truly
different "building blocks" is reasonably small. The nlimber of
different molecules (poMpounds)' is. huge, but all are made of
combinations of.twd,or 'more atoms. There are only about one /

hundred different kings of atoms (elements)'found_in nature,'
but even. these exhibit certain similarities that permit grotip7

theb into still fp.wei major categories ((e :g. ,, tie eight
different--Ifamilies" of the Periodic.Tabld) It isthi-sim-
plicitythat permits U's to seek out the order in nat,ureban-ek-

1 2
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understand it. Thihk how impossible this task would be were it
,not, for the fact that we are able to reduce our observations to
relatively few totally different experiences. Corresponding

4 order is found in.the life-sciences. The'basicreason for
classifying things- -for seeking similarities among apparently
diverse plants and animals--is'to reduce the total' number
different living things to managtable proportions. Think how
difficult the life sciences would be if no two:plantsAi or no
two animals, had sitilar characteristics.

2. fhtera'etion and Change
. a

Taken 'as a whole/ the univerte'ks,constantly changing. This" is
evident at most levels of organiztiah: s-tars, planets, geo7
logical formations, thingS',etc., all chahge with time
in, perceptible Way. Some chfnges are readily, observable
which means that they occur -irrE,relatilily short
time. Certain chemi:d'al and'n0Year reactions are eNample /of
rapid Changes. Others:, such S most evplutionary or'geol.ogieal
changes invoiv.44vitery"-12 periocre-eftime4 are not as evident
aitd must be .inferD:04,e4( indirect evidence rather than from
direct observa'ti:ahnUi the rate at'whicli a giVen change
occur's is a critical fact r in detecti/hg this change and as-

_sessing its magnitude an import.

Changes occur becau, tteractions Among the, structural
units of matter, Withethe result 'that either the properties or
arrangement of the041sAINs ay` be alterediopteractions among
units of matter talkilace through fiel OVforce, of which
several basiCally different ypes can be. distinguished. Only

'two of th'ese,.gravity and eae trbmagnetism (electric and mag-
heticiforces), are normally experienced by the average indi-
vidual. In fact, the electric force ako,ne is sufficient t
account for most of our experie ces,'including practically all
chemical and biological changes. The weakest 'force (gravita-.
tional) and the strongeqt (ndcle r) play particularly interest-
'ing roles fn effecting changes in' he universe. The former j
significant Only.for the largest st uctu al units -- planets,
stars, etc. -while the latter appli o to the rtiallest,
subnuclear particles.

. No change occurs without,aninteraction--either between units
of matter or betdkeen matter and energy. Thus the concept of
force as the "a.gent" of change playsa central role in science
and in uviderstanqing the evolving yniverse.

04

3. The Conservation of Energy

As one contemplates the. concept of a Changing universe, it is
.f.,.:7AP' Comforting to find some properties of the universe that. appear

to be invariant. Such invariant properties are said to be

4
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"conserved," and the statements describing them are genet ally
referred to as "conservation laws."

t-
The most fundam.ntal of these laws are conservation of electric

rtacc,and conservation of energy: The latter s of special
inte'est because it i8so Vasic to. all of scienc In fact,
the concept of energy itself became cemtrl to all f sciences
largely because of the conservation idea. Conservation of mat:-
ter, if thought of as conservation of muss, while a useful con-
cept in.ordinary, low - energy' phenomena, is not valid for high-

.

energy interactions. InStead, the principle of conservation of
energy has been blvadened,to include mass as a form of energy,
leading to the conservation of matter-energy.

The notion that the total amount of matter'and'energy in the
universe remains constant is obviously a powerful conceptual'
idea, perhaps the most useful guiding principle in allof
science.` The more limited idea of conswvation.of energy
alone, while.not, so inclusive,'is found to hold sowell for the
low-energy iieperactiOns normally encountered by children (e.g.,
in energy convrsions) as to constitute a'highly significant
conceptual scheme at the/level to which the COPES program is
addressed.

4. The Degradation Of Ene.v4y

One cannot fully develop the idea of energy conservation in a
meaningful' way without also calling attention to the'direction
of energy changes, as embodied, in th'e,coroliary conceptual
scheme, degradation of energy.

'Natural events tend to have a unidirectional character. Th4t
is, changes occur im sull a way as to bring the universe caifser
to a final state in which it will have lost the ability to do

... i

any useful work.' ..Thus--,*in the conversion of energy .from' one/
form to another.: while the principle, of energy ,conservation
4appliest.partOf the energy appears in.a form that cannot be
'fully .harnessed to do mechanical work. This' form is heat
energy, by which is meant the kinetic energy of, the
random motion of particles of matter. .

.

,, .... /e---
The idea of particles movingi,at random is central to the inet-
ic-molecular theory, which has'prove& to be an effective model
for understanding gases, as well as the concepts of heat, tem-
perature, and the states of matter. In this sense degradation

.
.of energy means that every change in the universe occurs in

'such a way as to result in greater randomness--that is, matter
tends to spread out or become less iorganized ,and energy tends
to.distribute itself more widely.

.-. -

In more formal terms,,the idea that changes occur in this
,

fashiori is expressed as the second law of thermodynamics.
1111..., .

.
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Thus, heatflows from a warmer to a colder body, but the re-
verse is not observed unless energy is supplied from an exter-

,

mal source. Similarly, it is easy to fill a large container
with gas '(molecl4es) Jiy releasing a small amount of'gas into
it--the gas ".s.areads out" to fill the container. ..The reverse
°is not'so easy. Compressing gas from a large container itito a .

smaller one requires that external-workbe done on it. The.
same generaci idea appli&S to all changes that appeafto result
in higher states of organization, even to those in living sys-
tems. While the organism itself may bec'emp more orde4ed, it
does so only at the expense of its environment, which becomes
more disordered. The net result is an 'overall trend toward
disorder, meaning that the total energy is, degraded.

.

,

`VOW
a

5. The Statistical View of Nature
I0^,

The modern view is that natural events, can be predicted- only on
a statistical basis. Most of our ek%Rerienaes with nature in-
volve large numbers, with the result errat, on the whole, nature
appearsregular and predictable. EVen the smallesttsample of
matter *ith which one nor -mall' comes ,into contact contains huge

.1-lumbers of atoms. or molecules, sb. large that one can readily.
. .

\\\ predict the average behavior of the sample., This is somewhat
'analagous to a game of chance where., given a large number of
,-,events, he overall outcome Bari 'be reliably predi'cted--even
though h (result of a single event cannot be fdrecast. In
fact, the Same Mathematical laaS'of.probabirity that apply to
games of chance appear to be euccesSful in aelPing one predict
the statistical behavior of natural phenomena.

,
.

i .
. .

,When one studies individual or small numbers ofc events, the
random character of natural phenomena becomes e'vident. Radio-

'4\aativity-is one such phenomenon.where behavior ban be predi'at-
ed-only on a statistical basis; 'Another examples is .the trans-
mission-of genetic characteristics to successive gene t--inns

of living things,'\as described by the Mendelian lays. ..,till
414 another is the Brownian motion of small, microscopic articles,

, which have an erratic, unpredictable motion. Examples are
limited because randomness iriappaient only when !stealing lkith
sma11 number's,whi.th on.e does not often encounter in nature. A

1

Yet the idea thAt on a submicroscopic level all phenomena are "

random, and that nature is predictable only by the blay:of,
large numbers, is obvi;usly:,a basic:aa'd idporant conceptual
scheme. The challenge 'is td convince childr$en that one can
reasonably., generalize to this conclusion from the few concrete

V examples that are available--to convince them, for:instance,''
that while the motion of individual molecules of is_Per-
featly random, tie overall behavior of aorge collection of
molecules, like Fiat involved ln the difflrsion of cooking
odors through a house, is entirely predictable.

15,
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THE ME-THODOLOGY OF SCIENCE

Such are' the "big ideas" with which COPES is concerned. There
is More to them than appears here, of course, and elaborations
of each of the schemes Will be found at various pOints through-
out the curriculum. There is also' more to the "conduct" of

,science than may be apparent in this approach. hat migh4 be-
called the methodology of science,vby which we ean'both*
scientific,,procedure and the attitudes onemust bring to it,
is an essential part cf scientific inquiry. y

There is a popular misconception that in.the ractice of,,,
science one proceeds in an orderly, systemati , prescribed
fashion. The term "Icientific method" is of en used to des-

.- cribe this, as though al). that is peeded,for scientific dis-.
covery is.to follow a particular set offules. The term is
1,nfortunate because it implies a fixed routine that one 'rarely,
if ever, finds in practice. There is no one "scientific meth-

tod." instead,. thOra are certain processes hat one can.iden-
tify as being common to all.scientific inq iry. These include
such steps as observation,,measurqment, eriment, formulation
of laws, and the creation of theories.

Sinceipne can hardly expect'studen s to formulate basic laws
and theories, science process takes, on a somewhat different

; connotation in the ciasproom. Here, the emphasis is 'generally
placed upon careful observation.a dApeasurement, he formula-
tion of "hypotheses" by thecstuden r, and the design of experi-
mentsments to test their hypotheses. The latter migh be .thought of
as " udent theories: I"

Learning to "observe," rather than,merely to "s e," to make
,careful measurements, and to report results accurately and con-
'cisely are skills ,thapt should stand one in good stead in all,
walks of life: So, tooshould the habit of logical thought,,
the Value of which is very evident in science and mathematics.
As-fprl experiment, asking the proper quesions of, nature is
both hp art and in the final analysis, ,i,s4the
only way of testing the validity of ideas about nature.

4 ,All these consiaeratio/ns, plus a fundamental belief that nature
is orderly and that its behavior can be understo4°through
scientific .study, comprise the methodology of science.

.
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ing the COPESTeacher's Guide

COPES is a spirally cbns:tructed elementary science curriculum
that proceeds from Kindergarten through Grade 6, by a progres-
sivcely sophisticated series of leaching experiences, to an un-;)
derstanding of the five major conceptual schemes outlined in
the_ Introduction. In the COPES Teacher's Guides, the learning
experiences tobe developed' are presented as sequences of
teaching Activities.

I
THE MINI8EQUENCES

The pre-sequence_ of COPES ctivities is designed for young
children and is presented-in two volumes--the Kindergarten-
Grade,.One and Grade Two Teacher's Guides. The pain sequence
of teaching Activities fo± Grades 3 hrough 6 is divided into
a series of shorterlIrquences, each f which is called a. Mini;
sequence. The teaching Activities' in; a Minisequence foctks upon
a set of closely related' concepts supporting one' or more, of the
conceptual schemes. Activities have been serially a'r'ranged, as

!rha've the Minisequences within each grade. .

4
.

',.The titles of the Miniseque s and teaching Activities for -%
,which this final Teacher's 'Guide has been prepared-(are listed
in the-Contents on pages vii and viii. . .In the Guide, each Milli-
sequence is preceded by an introduction which summa sizes its
relevant features and conceptual development. You .Can obtain,
a good overview of the Activities Tn this. Guide by reading the
introductions to the vardous.Minisequences.

Assessment materials have been prepared fOr each Minisequence
, to assess the concepts presumed to be developed and t aid

children in kttaining mastery of,theml The assessme s for the
. sequences in Grade 6 appear in a separate Assessmen Klit booklet.

THE ACTIVITIES
.

,

S.

Withii each Minisequence, Activities a Arran ed and (numbered
-5,in the 'order in which they should taught ithough the

title of each Activity indicates Something Of its nature, the

17



introductory paragreph.which follows states its objectives' and
.describes briefly, what it includes. Each introduction may also
explain how et-I Activity is related,to,others in the MiniSe.-
quende. As you will note, the introductory statement is fol-
16wee.by a listof Materials and equipment, suggestiOns about
how to prepare to teach the Activity, and an indication of the
approximate mount of time that will beneeded to 'complete:,the
ACtivity.

Suggestions for,step-by-st4 teaching procedures, including
mquestions that might be.raised with.the children, are presented

in the main body of the Activity in the left-hand Columns en-,
ti-tle TEACHING' SEQUENCE. -Practical hints, explanations of the

. 'science content, and alternative teaching suggestions are in-
cluded in the right -hand columns entitled COMMENTARY. The

Pteaching suggestions are somewhat detailed. Durin your first
time /4h-rough the Activities, you maywish to follow the sug-
gestions rather clobely.". After that you may prefer to modify
the procedures in ways that are.More 'in keeping with your own
teaching style..

At the'end of some Acti ities, there is a final section called
EXTENDED EXPERIENCES. hese sections 4uggest,..ways in which
the childrAin can obtain further practice with,-the skills or`.
ideas in`the Activity- or.yays in which their understanding of
the:underling concepts -can be enriched. The Extended Experi-
ences are meant'to povixle opportunities. for articularf

e go beypnd the'speCific activities outlined in the ,

Teaching .,Sequence.

IN'VOLVEMENT'OF CHILP6141

4

.A furikamentalcommitment underlying trhe development of all
COPES teaching materials is, hat.the'phildren must become
inteflectually'involved in'each learning activity. These
materials will helg you to encourage such involvement, by creat-
ing learning sktuations that'i, from the child!Smfoint of view,-
are incomplete:-; You will then, leaci- the child to produce an
idea that tend4 to Complete the situalion. In' psychological,
terms, helpingyou will be helpng the'thild To create a meaningful
entity, a gesealt, from the tbserVgtions he or she makes dur-.
ipg each Ac ivity. ',To the extent', that the child contributes
:to this cr ation'i by finding nabessany data or by evolving an
explanator idea4i the gestalt becomes his or her concept"to

,?

Label, to eMember, and to'use in,further explorations.
.

P
-.. ,,,.

In a COPES AqtrVity, there'are objects and ideas' bout
.

the ob-
lects. Both Najects'and ideas may be arranged in various ways.
YOu and the chiT,d may,evaate the implications of 'different
arrangements with.rega-ed io,how complet each appears to be.

t . , i ,r A
N.. .

.

.44
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The children's interest in, explaining their observations of
different arrangements can be used to encourage them to arrange
their knowledge systematically and to search for information
that appears to be lacking.

The Activities presented in each Minisequence are examples of
how specific parts of the environment can be arranged. The
Activities lead the children to develop new concepts in order
to explain what they observe. In the overall COPES program,
the concepts evolving from the Minisequences at successive
grade levels are gradually blended into more widely applicable
concepts: That collection of concepts,in turn, is part of
what Ls called "Science."

To be successful in teaching science, it is desirable to help
children de.velop the point of view that science is a coopera-
tive venture. You should attempt to use whatever techniques
seem appropriate to get children directly involved and working
together in planning each Activity; in assembling materials
and equipment, inaollecting, organizing, and interpreting
data,,and, finally, in arriving at whatever conclusions appear
to be reasonable.

f To assist the children in performing these tasks, Worksheets
mare included whenever appropriate. These must be duplicated

in sufficient quantities for each child to have his orther
own. Worksheets are used in recording data and.in applying"'
the mathematical- skills required to interpret the data. Through
experience, the children should see .that putting information
on paper makes it unnecessary far them to remember numbers when
they want to compare one result with another and that the
systematic arrangement of .data makes explaining the results
easier. In short, the-Worksheets provide a place to store
information and facilitate its interpretation.

Worksheets are bound into the ,Guide at the places wherethey
are to be used. I,n this condition they cannot be easily
reproduced. Therefore a separate section containing duplicate
copies of all Worksheets is included at the end bf the Guide.
These single copies are to be torn out along the binding bf
the Guide, as needed, and used 4or reproducing multiple copies
for-the children-. Thus it is essential that'you have facilities
for reproducing, copies of these materials.

The materials used by the children, for the m6sttpart, are
faminar. Some equipment, such as test,tubes, magnifiers, and

'thermometers, may, be-new to them. If so, allow the children
time to play with such items before they begin to use them.
If -this is not done, their attention will be divided between
their dt.,sire fb explore the new equipment and becomihg( involved
in usingl,it in the Activity. You will notice that the\ mate-
rials andl,equipment to be used by the children in 4t particular
ACtivity afire not simply handed out at the begi.nning. Instead

1910,
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they are distributed when the children perceive a need for them,
often A a 'result c5f discussions where problems or questions
are raised requiring the'equipment to investigate them.

From time ,to'time, materials and equipment with which the chia-
drell have been working may be left in a place where the can
continue to work with them during, their free time. This oppdr-
tunity, helps not only to sustain' interest but to reinforce
skills,,. wherever additional practice would be useful. Finally,
it is desirable to use materials at home and out-of-doors when-
ever possible. Children should /lot have their conception of
science restricted to what happens during the "science period"
in the classroom.

In order to get as many children as possible directly involved.
.in each Activity, it,is suggested that they work individually
where distribution of materials and 'supervision are not too

.diTLiculto. In those Activities where teamwe.,44...is not otly
feasible but desirable, it is suggested that the work in sMall
groups of two to five children. In only very few Activit,ies"
where the techniques are too difficult and/ox possibly ,danger -

for the children to manage, Will die teacher demons rate.
'

Suggestions are given for initiating each Activity. This is
genorallg' done by suggesting ways in which the new Activity °

builds upon the previous one(s). Regardless of 'how it is' done,
children should be helped to 'recognize the reasons -for getting
involved.. You should hot feel constrained to limit your ap-
proaches to-those suggested--you knoll the children and the
kinds of approaches that, will have the greatest appeal to'them.

PREPARATION OF MATERIALS AND EiQUIPMENIT"

:

The teacher holds the key to the success of any scienre program,
and COPES is no exception in this recki'd. If anythin4, the
teacher must assume a more critical role then in many elementary
science programs. There are no textbook's for the chlildren. All
learning Activities must be teacher-initiated and.judicy.ouSly
directed:

From a child's point of view, COPES is essentially a "do-it-
.yourself" science.program: This means that th:materials and
equipment must )De available, or there will be ,no scienCe learn-
ing. If there is more than 'one teacher for each grade i%n, your

school, the task of collecting materials can be shared. This,
will considerably reduce the preparatioh time required by any
one of you. Children and paraprofessionals may alsoassist you
in bringing the materials together. (Whenever some advance
preparation must be made, it is detailed for,the teacher.)
Getting organized for science.teach g'takes time; however, it

11



c ,

-,

-. - q

is one of the imperatives.of effective in' COPES.
. .

,

One of the advantages of COPES is that it is no nece.ssary to
obtain compli ated--and expensive--laboratory k'ts in ordirr to
teach the pro ram. As you will observe from an examinatio,of

, the lists the 'Activities, and the cilmulAiveilieting at the
end of this Guide, the materials and equipment required .are

.y.-.selitivery simple and, for.the most par't, are readily available
1Ocally. Some pf the equipment, such as children4s scissors, .

maiyjialready be' available in your echoo,l; anew items may have
to tre,ordered from one of, the scientific wupply-companies.
,Insofar as possible, the splme materials'and equipRent are used.

-Ee.peatedly throughout each Guide a d. from grade to grade. This
is done to reduce the need ford a wide variety of, materials and

:
equipment. For,conVenience,' the quantity of iteme\indi,catedin
the list with each Activity is based on,the assumption thal /
there are 30 students in the class. You will need to'obtaN
only enough for the actual, number of child'ren in your group.

/ Q'uantitative specifications of materials 'are given in both the
Engli-sh and Metric systems. 'However the Metric system is used
with the children throu'ghout the COPES curriculum, whenever
measurements are made. . .

110

Jr.

0
TEACH G TIME

The .rkcommended number of hours hat the children will need to
complete the workis'given for each Activity. TIle time to be

_allocated is given in hours, rather than class sessions, be-
cause the duration of the latter-varies so much from school to
school, and even from class to class`. It is usually repor,te'd
as a 'range of, hours rather than a specific number. You may ind
tha"c some Activities will be completed in less time than-re m-
mendedwhereaS others max take longer.. Avoid rushing the chil-
dren; on the other hand, avoid extending work beyond-the time`
that is Obvipusly suitable. You must be the judge 'regarding,.
the optimum time to allocate for.each Actiyity.

,

Most Activities take between half an hour and two hours.; The
children's 'attention span must be taken into account in deter-
fiining longer Activities will be broken up: 1.kogical
breaklhg points. are at the end of the numbered Sections in the
TEACHING 5EQUENCE:for each Activity.

PRODUCTIVE DISCPJSSIONS

Discussion's of child en's obserAtations are frequently used in
leading them to the idea or,conCept for which the obserVations

qs.

%
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et
were planned. However, as you know, the best-intention8d disbus-

1

sioas do not always lturn Out as planned. When this hap?ens,
teachers often resort to asking clue questions to help children
guess the teacher -- desired` 'response. Guch.a technique, .horn out
of deseeratio,n, usually results in a't.ril-and-error guessing 6,

\..

amge rather than in an intellectual experience. ,-

In order to initiate and sustain effective di'scussions amoag the
children, it is necessary to a'sk productiVesuestions, 'Stich
questions stimulate the intellectual processes of childrerrand
assist them in using t.heir observations. to rTiNiaat the con-
ceptual, goals. In he TEACHING SEQUENCE, q estions are sug-
gested that. may help you direct discusslonssctoward these ends,
The children should be given adequate time to handleth&-ques-%
.tions. There is often as much' silentme in an eff,ective'dis-
cussion as there is talking tiMe. .:-....,)

-

tt 1
, . ,

REVIEW AND REUSE OF SKILLS AND:CONCEPTS

I - 4
canno be assumed that a concept or a skill is learned the

first ti e it is introduced. For insSanee, th.e concept of
magn iet force as the pustfor pulf one Magnet,on,another is
One that is learned by'repeated obserVation of the behavior of
magnets in a number of differerilt si.5uations:. gkill in using a ,,
thermometer comes after repeatedYlexperierices in ussing thermom-t
eters to measure the temperature of a vAriety.ofsubstances. 4j"
kConcepts such as prOperties, and skills such as classifying,
are int\roduced in the kindergarten teachinMaterials and re..-

introduced,in pract ically/every subse'quent grade level, _Through-
out the COPES program there is constant review and reuse of im-
portant.skills and concepts. l .

e

c .

.e
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The Grade 6,..AsOssments
. -.°"" .

Thd Trimary-,theme) of the COPES curriculum)is that experierwe
with tmih ioleas underlying common'pheriftena can lead 'the child A

to co eptuali;,e the fundamental ana pervasive schemes of modern
science. Throughout the Activities,emphhsiis placed on con-
cepts and.r-glationihips rather than .6n specifi'c phenomena, or
".facts,'" and'so it is in the psessMents, which are available
imsa separabe 'Graae 6 Assessment Booklet.. The Assessments have
been prepared .at two levels:, Screening Assessments,,,designed
for group administration to'ascertaip which children have at--..

tained mastery of a giveri concept; aind Individual Assesement,
....

designed for administirat'on:to a single child or small group.
P'tIn the Booklet', ,Screeni.g ASsessments are pre,& nted for each.

Minisequince while the Individual Assessm s re included in
the Scoring Guide se'ction. The Individual Assessments have

. been constructed to help the teacher fOcus instruction on those
areas in which children. need additipnal help:,

--,.. .

'USING THE ASSESSMENT RESULTS

It is our intent that the Assessmarits pot be used to differel-
tiate one child from another, e.g.,-as a basis for "gr,Nading.11
Two major uses o the Assessment responses areintended: First,

the teacher may se quantification of the respo es as evidence
for a decision r garding the mastery of conce s_.--fpy the group

as a whole. The teacher must be the maj-or decision -maker in
this context.4 Second, the Asses'sments should be used as com-
ponents'in the essential feedback you provide the -child, as he
or she strives for mastery of the concepts. '440

(
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,Minigeque nce I
Interactions of Living Things with the Environment

, .

.

Living things interact in ,many ways Irith other living things and '

with the non-living,physecal components of their environment,
, .

.
, . .

In a.sPecific population of ;lying things, indi14duals interact
..

..

with other individuals and With th® population as a whicile.' fn.
'a wider community of ,living things, one population interacts
with another population and with the 'community as a whole. In
turn, 'o0 cummunity of living things may interact with another,
community as well as with the larger, more complex global
community! The various levels at which diving things interact
with other living things are determined by the parts 'and wholes
o which they are composed.

. .
.

.

The interaction of living things with the physical components
o -f their' environment are inhefent within life, processes: Liv-
ing things must interact with air, water, and other forms of
matter in order to sustain and propagate themselves. Green
plants, the ultimate food producers foci. alrliving things,
interact with light energy in order to obtain the energy to
carry on food-synthesiiing processes.

-1%At any one time living things are interacting with more i an
one component ofItheir physical environment, For examN.e, a
green plant not only interacts, with light but4imultaneously
with water, heat energy, air, and:different kirids of matter in
the substrate within which it is growing. In ,fact it is diffi-,
'cult to 'isolate any one part pf the total environment .44 a liv-
ing thing to study its effect upon the development of that liv--
ing thing., However, through 'controlled 4experiVentatAon, much
has been learned'about the effect of SPepific components of the
physical environment and how each may becowe a limiting faotdr
in the development Of living'things.

t
,

,When it is stated that living things interadt with their, envi-
ronment, it is implied that the environment actsoupon them and
they, in turn, act upon the environment. In other words both
they and the environment are changed as a result of the inter=
action. For example, most living things must have, free oxygen
to carry on essential life processes. They. obtain -the oxygen
from air or water. As oxygen Cs used by living things, they, in
turn, give 'off carbon dioxide to the air or the water surround-
ing them. 'Thus the.environment*Is changed by the removal of
some of the oxygen and the production of more carbon dioxide.
'If this process were to continue, it would not be long before
there would' be insufficient free oxygen to sustain life. How-
,ever; another intebacti is taking place at the same time which

15
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preventt such a.c4astrophe. in certain phases of the food-
making processes, b-reen plants: take. up calbondioxide and use

--.

it to make compoun&S called carbohydrates. In this process oxy-
. gen is gi?.ren off as a by- roduct. ,Unless other conditionS, such

as fuel-burning processea increase excessively the concentra-
tion of carbon dioxide in the atmosphere, the interaction of

I-green plants. with the' environment maintapis- a balance between
free okygen4.and,carbon diroxide that ,is oiotimalforK, livingjthi9s.

I
. .

The nitrcgen.cycle is another example orf reciprooal relation-,.
'ship between 'living, 'things and their environment.. Nitrogen is
needed.. to build life-aus.taining,seatances called proteins,
Ultimately living things obtain nitrogen from, green plants that,

-.in turn, have obtained it from compounds in the soil or'wattr
called nitrdig!es.' If the pOcess of Uitrogenuse'continued in
ono directlonsonli; i.e. from soil. to living 'things, eventually
,the nitrogen supply.in soil and water would become too low to
sustain life.'" However, again this does not happen because waste
materials containing nitrogen compounds are given off living .

things. Furthermore,, when they'die, the jitrogen compounds in
their bodiesage returned to soil or water. In soil and water
the nitrogen compounds again become available to plants for re-
cycling through other living things.

'In numerous cycles of interaction such as those. just described,
living tAings Obtaint.life-sustaining materials from their-en-
vironment. However, after the materials are used they are
eventually returned to the environment where they art again
made availalbe for recycling.

This Minisequenc *has been prepared to gib children classroom
experiences with_i teractPions such as those referred to above
vid to suggest a varietof out-of-door investi:gations as ex-
tended examples of Wem. It is introduced with an investiga-

.tion of soil in Activity 1. The investigation includes con-
sideration of the interaction processes by which soil is.

4 formed, the complexity and-variability of its composition,
one of the ways it interacts with water, and theicomparative
plant-growth=producing qualities of, different types. of
soils. In the next two ActivAties it is demonstrate0 that one,
way in which plants' and animala change their environ %.nt is to
release carbon dioxide into it. Howeve;orgreen plant , during
their food-making periods, remove some the carbon oxide
and replace itWith oxygen. It is then shown that plants also
change their environment by adding water vapor to it. However/f"
such changes,- in turn, have an.effect upon plants. Finally,
samples of. woodland litter are examined for evidence of inter-.
actions between a population of small animals and other compo-
nents of ehe litter environment.

In ,phenomena ass complex, as the interactions of living things
with their envi.ronment all five conceptual schemes apply. How-
ever, The Structura Un s of the Universe, and Interaction'and
Change ar.ebasic, and the efore'more readily demonstrated.

' .
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The" concepts being developed in this Minisequence are:

1. Soil iszformed by.the interaction of rocks with'both.livingT\
_

and nOnlivin*g components of the environment.
V

2 As a consequence of their composition, topsoil and subsoil.
exhibit different interaction properties, with.watex and
growing plr axits., . , -

, . , : 1

3. 0.ne way in which organisms may interactwith thier environ-
p.c.. , .-,',ment is to release:-Caxbon dioki.d6:1k. ',

.

--"" .. -'0 '-
... .

. \,
.- - ...4*.., .

4. 'There are anumber of factors that effect the rate at which .

plants release water iv to their environment.

- 5. Living things react

I

b.

;ty,7";:

*:C.V,Fek:;'-11, . .

.

r

nges in their enirpnment

V

2

4

,

3.7



.1

MINISEANCE I/Activity 1

Activity.1 Interactions Between Plants and Soil

. -

Living things ultimately'depend upo green plants for fe=sus-
raining food.' Greeplants, in turn, are -dependent u a--,a ,water
environment or a soil erivironment for many .of'the raw materials
needed to maintain themselves and their food-making pio.cesses.
Because of the great abundance of green plants in oceariwater
and the large amount of the earth's surface which oceans' over
_great' quantities of food are available in the ocean. Howev
people have not yet begun to.use the ocean, as they'have the
land, to supply themselves with food. We are presently highly
dependent upon the' soil for many of the essentialmaterials that
go into the production of,our food. Soil is an,extremely com-
plicated system with a number of interacting cOmponents.

The idea that soil not.a single substance, but made up of
many parts of different sizes; shapes, and kinds was introduced

Grade 3, Miniseguen,e 1, Activity 2. In the present Activity-
the understanding of soil is extendeiwto include the idea that
there are different types of soils, as determined by where they
are found and the properties which they exhibit. In addition,
soil varies in its growth-producing pOtential.,

MATEAIALS AND EQUIPMENT:

16 coffee cans, 1 pound size, with plastic covers

8 ..quarts (liters) of topsoil.

8, quarts (liters) of subsoil

1 potted plant, -s-uch as a geranium

balances,", e.g., Qhaus Student Balance Model No. 1200,
('once for each group would be 'desirable)

0 0

1-8 sprinkler 'bulbs, such as those used in sprinkling clothes

1 pkg corn seeds, 1-oz

3 thrmometers,,=20°C to 50°C

supply of, paper towels

ForAtach group of 4 children: 40

SN'.S
0

A. sheet of,newspaper, at least 2 pages

' 18 27-
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MINISEQUENCE I/Activity 1-

.4'
3 cups, polyfoam, 8-oz (140-m1)

1 cup, plastic or-waxed paper, 1-oz (30-m1), unit meas,pre

4 magnifying"gla.sSes
A

screen, 18-in.smesh, 6-in. by 6-in: (15 cm by 15 cm),
obtainable from hardware stores

1 scxeon, mesh, 6 -in, by 6-in. (15 cm by 15,cm)

1 screen, 4-iii. mesh, 6-in. bAy 6-in. (15 cm by 15 Cm)

8 sheets of plain, white paper

1 tall, narrow, glasC j-ar or bottle,; with lid, for'.
instance, an olive'jar

2 aluminum pans, 4-in. (10-cm) in diameter

1 pair of scissors

1 Worksheet 171 4.

jr
. .,-

.

PREPARATION FOR TEACHINp:
--..;

.

Most soils are producedNfrom rocky materials': at the surface of-
the earth. _Exposed rocks arecontinually, b'fit slowly, being
bYoken up by wind, rain, heat, and crustlike -plants thatgrow.

)
upon them. As rocks are slowly crumbled into"s4A1 er particles,
other kinds of..plants can grow in the developing s il. Eventu- '

ally many kinds of animals find -this material a suitable place
to live also. When these pints and animals,die, their remains
become mixed with, the rocky material? In this way, organic .

material is added to the developing soil. ,As the process goes
bn overt, thousands of years, the uppermost sail becomes the most
fertile. It is called topsoil. .

By, the prodesses de-
scribed above, it takes

,, .,.,....-.
% about 1000'years Co pro-

lauce_one inch of good
topsoil. '''.As- shown in the
diagram, the layer of

Topsoil

Subsoil

soil beneathlh.d---topsoil
is Called s- u- bso'il. Sub-
soil is yoqnger and les

4 fertile than topsoil.
A About the only place

where original topsoil
11 can be found today is or

land that.has'not been
markeply disturbed by
natural forces such as

19
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MINISEQUEnft-I/AstiVity 1

earthqdakes, flood', and glacier orby human activities such
as, farming, mining, and different kinds'Qf construction-.

In this Activity the properties of topsoil and subsoil are to
be compared. It is therefore necessary 'that samples of each of
the two types pf soil be obtained.

been

best p cesto find them
are where a deehole has recently been dug.into the earth to

pconstruct the foundation for a building or laces ere wide
cuts in hills haye recently been dug for,a new highway. Along
the bariks of such placed it is usually' possible to locate the
diffefent layers of it shown in the- diagram.,

)
After locating such Ca 'place, -obtain permission, if necessary, to
remove some of the soil from each layer. At a time when the
soil is relatively moist from recent rains, take a group of at
least four children to the location. It would be preferable*to
`take all the children, with eadh group of four,collectinga
sample of topsoil and subsoil. Havethe children remove eight
samples of topsoil and eight samples of subsoil from *correspond-
ing layers. Each sample should include at least one quart of
soil. All samples should be put into coffee cans and labeled
as either topsoil or subsoil. The label should also carry the
loction5.from which it was obtained.

'Ask several children to help you turn up the edges on al* of the
screens to prevent the soil from falling off while sieving.

ti

.111 11111,11 111A

Arrange the Materials and Equipment at convenient pick-ug
stations in the rootCdo that the children Can help theMselves.

You may want to plant several corn-seeds i a pot of 'soil befpre
beginning this Activity. (See Commentary P-

'ALLOCATION OF TIME:
L.;

This Activity will take about 4 hours of class time; hoWever,
the corn-growing experiment in Part C will take at least 3
weeks of periodic,observation.and record keeping.

20
29
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PART A

TEACHING SEVENCE

1. Introduce this Activity
with a discussion of soils
based upon the following
'questions:

From what do most soils
originate?

How would You expect tops'oil
and subsoil to-be -alike?

How would you expect topsoil
and subsoil to be different?

;.

°Divide the class into groups
'of 4. Give each group a' full
double-page sheet of newspaper
and ask them' to spread it over
their work area. Ha've each
NrouR obtain }the. following
materials:

1

1
1

Oolyfoam cup
1-.Oz cup
magnifying glass for
each child'

r

O
)
MINIStQUENCE I/Activity 1

-COMMENTARY

thi,s Part,of the Activity
:children will compare their
samples of topsoil and subsoil
-with respect to: components,
as they can be'determined visu-
'ally, and relative amounts of
:particles of different sizes,
:AS determined by sieving and
sedimentation.

the children should -be encour-,
aged to ute the obse'rvation
made and. conversations held
.du'ring theit, sample-colleating
trip as background' for this
discussion.

`Rocky material.

both are made of particles pf
rocky materials-.7cumbly.mix-
ture, brown in color, etc.

The children may suggest that
subSoil will have more large
particles, such as large rocks.
Because it has morejorganic
material in' it, topspil would,
probablybe a diffe'rept dolor.
However, the children may not
realize that topsoil has':t1Cire
Organic'haterial in it. -4,4t

them freely suggest possible
diff-erences

Groups of
Activity.

work well in this

21
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TEACHING SEQUENCE

1 'set of 3 screens
1 container of topsoil

, 1 container of subsoil

Ask khe children tobase all
of their observations' upon a
one -cap (8-oz) sample of each

- .soil. Suggest that they keep
this in mind when taking_, soil
to use. They should try not
to waste it.

'Pour a orre-cup sample of each
type of soil onto the sheet
of `newspaper.

- Are the two types o.f soil
the same color?

ti

Ask the children to put their
hoses directly overeach sam-
ple and sniff'it.

How do their odors differ?

-Suggest that they examine their
soil sample for organic mate-
rial..

'What are organic materials?

4

Ask them to spreadout each'
sample of soil and pick out the
organic material from each

MINISEQUENCE'VAdtivity 1

COMMENTARY,

The remaining soil in \each
original sample is to be used
in subsequent parts of this
Activity.

The two samples should be dr-
ranged on the newspaper sottiat
'they are clearly separated from
each other.

No, the topsoil should be darker
in color. The soil will vary
from light re,11py to dark brown,
but regardless, the topsoil and
subsoil will differ in color.
This is accounted for by the
presence of Mote decomposed
plant and animal material in
the topsoil.`

The topsoil should have more
the odor of decomposed organic
'material--an "earthy" smell.

4.

Organic material includes both
plantkand animal material,.
whether or dead. Plant
material may consist of pieces
of roots, stems, and Leaves. '

Animals may consist of insects,,
worms, spiders, mites, and

'ticks.

One-half of each group should
Work on the tdpsail and the
other half on the subsoil.

31
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(CENCHING SEQUENCE

separately. EncOurage them to
use their magnifying glasses
to locate small bits of it (nd
then compare, tiv amount' and
variety of organic material
the.two samples.

After they have picked out the '

organic' material, remind, the
children that each group was
examining a samPle (1:cup)
from a sample., (1 quart) of
soil taken from a large area.
Therefore, it would,be quite
'proper for all of the groups
to combine their collections.
of organic material from top-
soiland combine their collec-
tions of Organic material from
the subsoil in order to compare
the total amount of organic
mateqal'from as manl cups df

'4ch'soil as were examined,

liave them combine the organic
material found in each type of
soil-and estimatd'its vo"..ume
by using the 1-oz .unit mv..s.gre
cup.

40

Now have them compare the
amount of organicmaterial in
topsoil lyitb that In subsoil'.

2. .Next, have the children
, compare the size of particles

in the remainder of each of '

their samples of sil., First
call their attention to the
three screens and have them
note how *the meshes of the
screens are different.

How could you use the
screens to 'compare the sizes
of particles in the two
typezp of soil?

ty

MINISEQUENC I/ActiVity 1

CUMMNTARY

I

It is suggested that this be
done in order to emphasize the'
concept that samples are parts
of the total population and
that the larger the sample, the
more sure one can be that it
is representative of the total \
population.

The amount of organic material
from each one-,cup sample will
be relatively small. However,
by putting it together, it will
be possible to make a reason-,,
able estimate of its'amount.

They should find somewhat more
organic material in topsoil.

You may wantto label the
screens in a graduated way,
such as 1 (largest mesh), 2,
and 3v The label can be taped
on a turned up .edge. ,

is may be done by first pass-
ing each sample of soil through
the screen with the ,largest
mesh. The particles that
remain on the screen 'should
then'b set aside' on a piece

23



`TEACHING SEQUENCE

41.

After the children have di-
vided the samples of each type'
of soil into four parts based
upon the-relative sizes of
particles which it con\ ins,
ask them to use a magni ng
glass to exsmine some of t e
particles of sold that passed
through the screen with the
smallest mesh.

yr

Are te particles all the
same size?'

How can this part of the
sample be further divided
into portion with parti-
cle4 of the s_rile size?

since po screens having a
smaller mesh are available,
suggest a sedimentation or
settling technique. Show them
a of water and ask how it

3

MINISEQUENCg I/Activity 1

COMMENTARY

of paper in order, to compare
later the relative amount of
large paxtLcles in each type
Of soil. The portion, of the
Sample that passes thiough the,
large-mesh screen should be
sieved through the screen with
the next smaller mesh. The
same procedure as abovve should
be followed for setting aside
the particles that did not pass
iihriough'the second screen. The
remaining soil'i'should be sieved
through the screen with the
smallest mesh and the particles,.
from each sample that do not go
through it.shourd again be set
aside ford later comparison.
This procedure will result in
the separation of four dilfer7,
ent size particles for each
type of soil:

1. larger than mesh holes
in screen 1

2. larger than mesh holes
in screen 2

3. larger'than mesh'holes
in screen 3

. 4. smaller-than mesh holes
in screen 3 ,

The amounts of each size may be
>

compared by.weight or by using
' 11the 1-oz caps (unit measure) 't

to determine their relative. \

volumes.,

No; they are not.

Someone may suggest' ,that
smaller mesh screens be used.,
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TEACHING SEQUENCE

ight be used to bring-about
further separation. Then
distribute narrow gLass jar
and lid to ch group. The
children sho ld put'the soil
that p tse through even the
fines en into the jar,
add wa fasten the lid,
shake it igorously, and then
et it asi e for a day or two.

They should use at least thr e

-time as ch water in the j

as there' i (

Ask them to note_thediffer-
ences in sizes of soil par-
ticles from the bottom' to the
'top of the 'sediment. Tltey can
examine the sizes of the par-
ticles with a magnifying glass
through the 'transparent sides
of the bottle.

t

To summarize their comparison
of subsoil and topsoil, based
upon particle size, youm4y
want to suggegt represqnting
the rang'is' of sizes froiNlar-
gest to smallest 'by driwing
sets of circles. To the right
of each set of circles they
might indicate, in unit yeea-
sures, th.e amount of particles
of each size.

11.

MINISEQUENCE I/Activity.

COMMENTARY

Let theohIldr,en discu s their '

ideas before y1ou- proceed.

Wi6li1n one day. most Of the soil
Will have settled to the bottom,
of t e jar. The largest par-
ticles will settlb out first
anctth smaller ones' last.
Afte two 'clays, all of the
,material may still hot,have
settled out orthe.water. Some,
fine organic material may be
left floating on top. Also,
the water may be cloudy, in-
'di:cating that t1iere were some
particles in thesoil so small
that they remaIn suspended in
Ohe water.

44'

0 1'

de'

It should be quite evident that
the.sediment.is made up of two
or more layers of small parti-
cles of recognizably different
sizes.

An example is given here using'
data collected from two sam-
ples.

A

25



IV% TEACHING SEQUENCE

MINIS UENCE /Activity 1

COMMENTA Y

.

,

N- Subs0.1
' (.unit measures)
-

.N
Topsoil

(unit measures)

, "-
.

b

Size of Particles

.
11.

.

3/4
L.

_

1/2 j(larger than°1/4>in.r
a

.. ,

f

.

1-1/4
/..10 .

', 1
p

(larger than 1/10 in.
but smaller than,1/4
in.) a

1/2 1-1`2

'

-,

(larger than 1/1$ in.
but Smaller than 1/10
in.)

el
i

../'

5-1>/2

\

5

/

(smaJ4er than 1/18
in.) i
°

Summarize Part A.by discussin
questions such ast these:,

Why would it 1De proper to
call soil a mixture?

What kinds of things 'ale
found in soil?

How big are the,particles of
material that make up the

In what ways do tops1oil and
subsoil appear to be differ-
ent?

PART B

1. Introduce this ,Part of the
-Actiyity by showing the class.
a potted plant.

26

33

It is made up of different
things.

Litring tAngs, things that
were once alive, and rock
materials.

There'is no one answer to't'his
question since the particles
vary in size from those that
are so small they'remain sus-
pended in water to relatively
large piec f rock.

'The color, odor, and amount of
organic mat nial, they contaip
are differ nt.

In this Tart of the Activity
children will colnpare the
water - holding' capacity of sam-
ples of tompsoil and subsoil.



TEACHING SEQUENCE

What is the plant growing
in?

Why is soil important to the
plant? ' .4

4f

Continue tha discussion kiy
asking such questions as
these:

What happens .to a plant when
it's roots cannot, get water
'from the soil?

.e

/hen soil is watered, either
by rain or by people, what
happens to the water that
soaks in?

I

MINISEQUENCE I/4.ctivity 1

MENTARY.,

/
Soil.

Their.responseS may)inciqde
such statements as:, The-soil
holds the plant. The plant
gets water from the soil. The
plant:gets minerals from the
Soil., All of these areAcorrect;
however, emphasize the fact that'--
plants cannot grow without water
and the main source of water for
plants that grow in s;oil is the

,

I y

First'the,plant will wilt. If
water is' notsuppaded, 'it wil.1
then 'dry out and die. If Sbme,
children have not seen this
happen, plant-everad corn
,seeds ina pot of soilahead
of time: Water well, Until the
plants are about 6cm tall.
This Will take about 10 days.
Soak'the...soil and then ada no
more water.' Observe the,daille
changes that take place. Tes
length: of time it will.,takOifor
the corn plants to wilt and die
will, depend ugon ifwo important
factors: the amount Of water
held by the soil at the time
it was- soaked and how much, of

gter it will eventually
elease to the plant. Both of
these factors vary With the
type of. soil. The!humidity of
the surrounding' air Is also a
factor....

All water that falls on the
soil does not necessarily soak
into it. Some may run off;
some evaporates into the air
before -it soaks intotthe soil.
Some water continues to perco-
late deep into the earth. The

. 27
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TEACHING SEQUENCE

41.

alleve mustthe water that
enters the soil be located
it it is to be availabIb to
plants?

What property of soil,
therefore, is important to
keeping water available for
plants? P

I

ktk

Tell. the class that they can
compare the water-holding
capac1ty of the topsoil and
subsoil. One...new cup of soil
from the topsoil sample and
on-e new cup frob the subsoil
sample should be spread'ou
on separate sheets df news-
Raper. Lf there are large
luthps in.pitNer'sample,they
.should be crumbled. The soil
should be left exposed to the
aix for at le4st 3 days to dry;
out.

MINISgbbENCE I/Activity 1

COMMENTARY

fact that water soaks or-per-
colates through soil can be
demonstrated easily by over-
watering a potted plant. The
water that is not held by the
soil will pe2.'colate through it .

and run into the dish or tray
under title pot.

The water most be-held by the
soil surrounding the roots.
The water which passes deeper
through the aail

di

does the plant
little or no goo .

Z
,

.
.1

The property has to do with the
,amount of.water soil can hold
against the gravitational force
that pulls it downward. Water-
holding -c..aipacity may120 defined
as the percentage of,water held
when the soil is completely
filled with water. For example,
let's assume that a sample of
air-dried soil weighed 100 grams
and after being saturated with
water it weighed 125 grams.*
The sample, of soil absorbed and
held 25 grams of water. Since

\il
25 grabs is 25% of 100 grams,
t could be said that the

water-holding capacity of the
toil sample was 25%.

t

Ask for suggestions regarding
,how theiwater,holding capacity

28

If yo9.., wisIMpo dry out the
soil in an oven, pans of it
should be left at 200 °F fo,r
at leist 3 hours.

There are several ways in which
this might b'e done. One would

37 -'\
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TEACHING SEQUENCE

of soils might be determined.

In addition to the materials
and equipment used in Part A,
each group should obtain:

fbalance
2 polyfoam cups
1 paper towel,
2. 4-in. aluminum pans
1 pair of scissors

First they should use a pencil
point to punch about 25 holes
in the bottom of-eadh polyfoam
cup. The .holes should be
evenly spaced over the bottom
ci"? the cup. Then they'should
cut one round piece of paper
towel (one -layer thick) td
fit im4o the bottom of each
perforated' paper cup. Fit the
disc of towel intp the bottom
of the cup so_that all holes
are covered. Label one cup
"topsoil" and the other "sub-
soil."

MINISEQUENCE

COMMENTARY

be to place equal volumes of
each of two samples in cans v
with p'erforaed bottoms. A
measured amount of water could
then be poured into each can
and the runoff collected. If
the volume of the runoff water
is subtracted from the volume
of water poured into the can
of soil, the difference would
be the volume of water held by,
the soil. .Anoher interesting.
way of doing it is presented
here, based on "before and
after." weight determinations.

The children can again-Work
in groups of 4. They should
divide the things to,...be,!.
done among themselves, taking
turns where necessary. If an
insufficient number of balances
are available for each group to
have one, they can take turns
wits them.

The holes will allow water to
enter the paper cup when it is
placed in a pan of water.

You. might suggest that the
children measure for the disc
on the bottom of one cup. When
the disc of paper towel is
placed in the bottom of the
Cup, it will preOent soil from
falling through the holes.

l 29
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Next, discuss and demonstrate
the following technique:
Gently fill each cup about
1/4 full of watet as it is
held.over a pan. Allow most

t

of the w er to run out of
the bot mrof the cup. The.
remaining water should then
be poured out.

The children should weigh the
cups while they are still
moist on the inside and record
the weight of each.

At this point, if you have not
already done so, discuss with
the children theLtationale be-
hind the procedures in this
experiment as a whole. It
might be helpful for them to
set up a kind of Worksheet-
organizer ,for their weight
data before they begin:

MINISEQUENCE 1/Activity-1

or

COMMENTARY

This is done before weighing
the cups to include in the
total cup weight water that
eventually may be absorbed by
the paper towel disc and the
%ides and bottom of the cup.

Have at least two children
weigh eaph cup to check on the
results obtained and to refresh
their skil-ls. (In COPES, chil-
dren were introduced to the
standard type of equal arm bal-
ancetand the gram System of
weights in Minisequence I of
Grade 4.)

0

A

Topsoil Subsoil

Weight of moist .

empty cd-p
.

.

'Weight of cdp after
dry soil is added

Weight of cup
and wet,soil .

.

.

They should also be given the
following specific directions:

Into one moist cup put
exactly 100 grams of air-
dried topsoil. Into the
other, put exactly 100 grams
o -f air-dried subsoil. Again,

30

This can be done by setting the
cup on'the balance andslorWly
adding soil until 100 grams is
added. If, as in one example,
the moist cup and disc of paper

11.
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record the weights.

1

Set each cup into an alumi-
num pan. Then pour 2-1/2 -,
unit-measure cups of water
into 'the bottom of each pan
as the bottom of the pdr-
forated cup is held down
against. the bottom of the
pa4. When you are-certain
that the cup will not tip
over, it is no longer,
necessary'to hold it.

Observe the top of each soil
sample for evidence that
water has reached it.

N

After the entire surface of
the soil in each sample.has
become wet, leave the' cup of
soil in the pan of water for
at least another 10 minutes.
Then pour the water out of
eaqh pan and allow the wet
(Al to drain for about 5
mi:Ltes before weighing

Finally, the children should

MINISEQUENCE

COMMENTARY.

towel weighed 3.1 grams, .the
cup with dry soil should now
weigh 1.03.1' grams.

Water will rise in the ,soil
(against the pull of the grav-
itational force of the earth)
by 41 process known as capillar-
ity. Iitthis Base capillarity
is brought about by the attrac-
tive forces between water'mole-
pules and pai.ticles of sort.
The attraction o.the liquid to
the solid surfaces is great%-r
than theinternal cohesion of
-the liquid itself. Wetness at
the toR of the soil sample will
become evident by the soil be-
coming a darker color. The
first evidence of this may
apPear as a_small, dark spat
within 30 seconds aftee the
cups of are' placed in..

.water. It may take from.3-5
minutes for the entire soil
surface.to became wet.

4

O

If the water in the pates .Tops
below 1/2 cm, pour an addition-
al small cup (r,0"z) of watef
into each pan.

40
31 e.
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TEACHING SEQUENCE

weigh the samples of wet
soil and record the ,weights.
Then, if they subtract .the
dry-soil-plus-moistJcup,
weight from the wet -soil-
plus- moist -cup weight for
,-each sample, the difference
will be the weight of water
absorbed and held by each '

100-gram Sample of topsoil
and subsoil.

lifter the -children have.com-
pleted tkis procedure, ask
them to compare the vater-
holding capacity of their sam-
ples of. topsoil with that of
.their samples of subsoil,

Since you ma'y get' as, many
quantities for the weight of
water by each type of soil as
.there are ups conduct'ngf
the inv s.tigat gas, his will
provide` an excellent opportu-
n
/-
ity to apply a method of

averaging to arrive at weights
of water held by the different
samples of soil that would be
more nearly representative of
the larger samples of topsoil
and-subsoil.

SuMmatize this Part of the
Activity by asking such quep-
tions as `these:

'If water-holding capacity
were the only factbr (that
determined how well plants

32

41

,MINISEQUENCE I/Activity 1

4
COMMENTARY

A

tr

In one example, the wet topsoil
plus cup weighed 141.5ram.
The dry topsoil plus moist cup.
weighed 105.1 grams. The dif7,-
ference was 36.4 grams. The
wet subsoil plus cup weighed
134.1 grams. The dry subsoil
'plus moist cup weighed 105.2
grams. The difference was 28:9
grams-

Inothe above example, I00 grams
of topsoil held 36.4 grams of
water whereas 100 grams of sub-
soil held only 28.9 grams of
water. Theltopsoil had greater
water holding capacity. If one
wished to express this asQa
percentage, it could be said
that the water-holding capacity
of this sample of topsoil, was
36.4% whereas for this sample
of subsoil it was only 28.9%.
The:data can be easily converted
to percentages because the sam-
ple size was 100.

V

In earlier grades of COPES.,
children have averaged by
"evening off" bar graphs and
by "piling-in".squares on a
histogram. It .may also be
done conventionally, by adding
the weights and dividing by
the number of different ones.'

The "if" in this qdestion is
very important - because there
are other factors, such as the

/

I
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TEACHING SEQUENCE.

would grow in a soil,. which
1.0 soils would be most suitable'

for growing plants?

S

How could you determine
which of the two types of
soil was really better for
growing plants?

PART C

1. introduce Part C by re-
viewing what was covered in
Parts A-and B. Thet ask ,the
following question:

41 In which soil would you
expect plants to grow
batter, °topsoil or
soil?

Encourage them to give rea-
sons for their expectations.

Ask them to plan an experi-
ment, using the remainder of
their two soil samples, to
find out in which soil plants
grow better.

Im their specific planning,
encourage them to consider
the following factors that
should be controlled:

a) size of pot

MINISEQUENCE VAAivity

COMMENTARY

availability of- essential
minerals, that must be con-
sidered.

In comparing the soils for
which data are reported above,
the topsoillwith a water-hold-
ing capacity of 36.4 grams of
water per 100 grams of soil
would be-better than the sub-
soil, which held only 2819
grams.

42

Discussion of this question
should lead into Part C of this
Activity,-in which an experi-
ment will be conducted to de-
termine which soil has better
growth-producing\potentials.

2/

Children will probably answer
"topsoil."

Ih%
It contains more origanic mate-
rial and holds water better.

It is quite likely't!hat they
will suggest'that seeds be
planted in each of two pots
of soil, one of topsoil, the
other of subsoil.

Pots should not be so large'
that you cannot fill them with
the remaining soil.

tit
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TEACHING SEQUENCE

b) amount of soil in each
pot

c) kind and dumber of
seeds

d) depth, of planting

e) amount of water each is
given

f) temperaturi

g) light

After the experiment has been
planned, each working group
should be responsible for
planting 3 seeds in one pot
of each type of soil.

' If the experiment is'carried
out as suggested above, each
group will need the follow-
ing:

34

2 perforated cups from
Part B to use as flower
pots

2 4-in. aluminum pans,
into which the flower
pots may be set

6 kernels of seed corn

MINISEQUENCE I /Activity 1

COMMENTARY

Soil going into each pot should
he approximately the same
'weight.

It is suggested that three corn
seeds be planted ineach pot
to be sure 'that at least one
will germinate.

The seeds should be planted
about 2-1/2 cm deep'

Sufficient water should be
added daily to keep the soil
moist. Each pot should have
holes iri) the, bottom through
which excess water can.drain
off. Before soil is put into
the pot the holes should be

-loosely covered to keep the
'soil from being wash4d out of
the pot.

This is controlled by keeping
them in the same place and can
be checked with thermometers.

1

All pots should be placed on
a window sill -61 where they
can ge't diirect outdoor light.
the east'and south sides of
the building are best.

The cups should have discs of
paper toweling in the bottoms,
as before+.

43

,



ti

b
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1 sprinkler ulb with spray
head

After all pots have been pre-
pared 'and planted,.they should
be arranged in a place where
they can get-direct light
from outdoors. They shopld
.then be watered thoroughly.
ArrangeMents should be made
for them to be watered daily
for the duration 'of ,the exper-
iment.

O

, Arrangements should also be
Made to check the` temperature
of the air around the plants. 4,
in, the morning, at noon, and
'in the aftetnoont Record the
temperature on Worksheet I-1.

V-.

.MINISEQUENCE I/Activity 1

COMMENTA

The sprinkler bulbs can be
.shared among theigroups, if
:necessary.

The three seeds should be
'planted near the center of
the pot of soil.' '

PateriWg shou44 be done gently
ith a sprinkler bulb. The

sprinkler distributes the
:water over the soil and pre -`
vents it from being' washed off
tle seeds. The soil should be
sprinkled unetil water appears
in 'the dish beneath the pot.
Most sprink4e bulbs contain
about a half cup of wate ., It
is estimated that after
-first soaking; half a tap. inkle-r
*bulb of water per pot each day
will be sufficient. With pracr
'tice, one squeeze on the sprin-
kler bulb will force out ope
half of the water it contains.
;Thus the amount of water given
each plant can 'he conveniently
-controlled.

To keep watef supplied to the
plants over the weekend when
,school.is closed; it is sug-
'<jested that the sofl in each
pot Ve soaked Friday evening,
-The pOn in which'the pot is/ set
should also be filled with

,

!water.

If possible the th,fee thermom-
-

eters should be suspended by
string directly above the
plants for the ,duTa ion of the
experiment. They s ould be
,arranged in places that will
sample the temperatUre of the
air surrounding all plants.

You might want to acquaint the
custodian of the, building with

35
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TEACHING SEQUENCE

2. After the seeds have
gerbinated and the plants
have grown to a height of 5
or 6 cm, remove all but one
planein each pot.

How will you be able to tell
which type of soil produces
better groWth of the plants?
What could you observe or
measure? ''

From here"on, it is important'
'that, in lddition, to tempera-
ture, such items as.the
lowing should be observed and
daily records maintained for
each plant:,

a) height irk centimeters
b) number of leaves
c).color of'leaves

d) evidence of 'wilting

In your discussion of the
results obtained fri.r9 periodic

4

MINISEQUENCE I /Activity 1

C MMENTARY

the experiment and the care
with which it is being con-
ducted. You will need the
custodian's cooperation to
prevent Unanticipated accidents'
to the plants.

The little corn plants should
begin to appear in abdut4'
days. Care should be exer-
cised in thinning the plants
to avoid, disturbing the roots
of the one you wish to leave.
The plants to be left in the
pots should all be about the
same height.

I.

The children may suggest that,
they should watch for differ-
ences in the height of the
plants grow.ing--in the topsoil
and in the subsoil. They may
also suggest using the number
and color of leaves as a
Criterion:

S

One.of the first indications
that a plant is not doing Well
is a change in the color of the
leaves frogILdark greentd light
green. Evelltuallx,yle leaf
may become yellow, after which
it may die.

This is anot,herrAndication
that.all is riot well with the
plant, especially if,wilting
occurs when the plant is being
properly watered.

The various observations can
be recorded on Worksheet I-1.
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TEACHING SEQUENCE
,

observation of the plants,
giVe .attention of such qes-
tions as these:

Are the plants growing,
straight?

Which leaves should ,be mea-
sured to determining the
height Of the,plant?

Should more water be given
to one of the plants if it
,shows signs of wilting?

. Eldes it affect the experi-
ment for plants to be in
drafts?

ss.

Is it possible that on sdine
days all plant's may require
more water?

. What should be done if, one
or more plants are destroyed
by insects or rodents?

3. Continuf observations and
record - keeping for at 'least
three weeks. You may want to

01"°38 4

4

MINISEQUENCE I/Activity 1

COMMENTARY.

When young, the plants will
bend toward the light. They
can be straightened by merely"-
turning the pot.

The leaves of the corn plant
are long and narrow. The
longest, leaf in each plant
ANald be measu d each

All plants °Shouldl,be given
the same amonAt of w er None
,should 'be given extr watery,

Not unless the current of air
is unusually strong or un- 0
usually warm. However, if\
some of the'plants are in
even a mild draft-whereas the
others,-aren't, the experiment
would be affected. °Plants in
the draft would req9ire more
water to sustain themselvee.

If for some reason the place
in which the plants 'are lo'-
catdd should become unusually
warm, the*water allotment for
that day should be increased,
However, all plants should
still receive the same amount
of water.

This may happen. If the de-',
struction results in fever
than two healthy plants re-,
maining for'each type of soil,
the experiment shouldbe
started again and precautions
taken to protect the plants,
Such unfavorable events are
not uncommon in scientific t
experimentation.

On* a few minutes eac day
are necessary for thes obseri-

vations. the children can go
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TEACHING SEQUENCE ,

distribute another copy of
Worksheet I-1 to each group.
Then compare the records for

.plents grown in each type of
soil.

ika

MINISEQUENCE I /Activity 1

. COMMENTARY

on to Activity 2, if you wish.

Sae you will probably have
at least 4 pots of each type
of soil, quantitative observe-
tions'such as height and number
of leaves should be averaged
for each type of soil. Dates
upon which otherchanges were
observed should be compared.
For example, here are the corn
growth records for two pots
each of topsoil and subsoil:

Three corn seeds were plhted
in each of four pots on Sep-
tember A. Each pot contained
laoo grams of soil. Pot's No. 1

and No.'2 contained subsoil.
Pots No. 3 and :p. a' contained
topsoil., The p 'eds were planted
at a depth of t-1/2 al in each
pot. The soil was then watered
with sprknklr bulbs until it
was soaked thrgugh. Each pot
was watered daily with the s me
amount of'weter. The pots er
kept in a warm,.welllighted
place. Plants appeared in
two pots. (one subsoil and one
topsoil)'within4 days. Plants
were above the soil surface of
all, pots within 5 days.' On the
.10tIrday all plants but".one
were removed from each pot.
The height records do page'40
begin on. the 10th day ant,
after the 11th day, continue
for alternate days through the
25th day.

There was no observable differ-
ence between the two types of
soils in the time that it took
for the seeds to germinate and
for plants to appear. However,
on the 10th day there was a
difference in the average height ' .

of the corn plants in favor of
the topsoil. The average height
of plants in the subsoil on the

39
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In which soil do plants
grow better--topsoil or
subspil?,.

fi

<10

MINISEQUENCE I/Activity 1

COMMENTARY

10th day was.7.7 cm, whereas
the average height of plant
in topsoil was 11.3 cm. the
difference in Average( height
persisted thro gh 25 days. On'
the 25th day, 1 awes on subsoil
plants were sh wing larger
.areas.of brownl g and drying
than, they did on the topsoil
plants, At the termination of
this experiment on the 25th
day, the'two subsoil corn
plants had only three leaves
whereas the topsoil plants
had four.

Height of Corn Plants
in cm.

Day NO. 1

$

No. 2 *No. 3 No. 4

10 8:5 7.0 14.0 8.5

11' 11:q 8.5 18.0 12.0

13. 19,0 10.0 '23.5 f.0

15 24.0 , 1310 26.0 23.0

17 25.5 1575 13.9:0 27.0

19 27.0 14.0 31.5 31.0

21 26.5 14,5 34.0 33.0

23 2'8.5,- 15.0 37.0 36.0

25 632.4, 16.0' 40.0., 39.0

Clearly, topsoil is conducive
to bptter growth than sub-
soil.

' EXTENDED EXPERIENCES:

1. P4a.nning a field trip to one or more, of the places listed
on page:41, where children can observe the effects of soil
erosio,m, would be highly desirable.

r

(:4940 .
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,
.

(
...'

a. Fields where gullies have been cut by unchecked run-
I off water;

I .
.

)b.i, Sidewalks next to bare soil Where runoff water from
rain has washed soil onto the tidewalk;*

c. Small muddy streams after a lain caused by runoff f
water carrying soil into the-stredam. (Bottles of the
muddy water should be taken back`to the classroom 'and
allowed to stand until the soil particles Sav& eettled
out as sediment.);

d. New highw y embankments, before grass has grown on the
them, wher there, are gullies formed by runoff rad
water;

e.. Nei/ building probects where topsoil hasbeeri scrape'd
away to construct foundationS for houses and where"
runoff water has washed'away NEme of the soil;,

f. ..Unplanted fields where wind hae blown away bits of
soil and dvposited them near breaks.

2. A field trip to,tr# wooded area in which there are" rocks, to
obsmve the soil-forming itocess, wily serve as an excellent
sup merit t6.the.discdpsionzip Part on formation of soil '

The-pace shiluldbe 'an.ar.5.asiihere and moss are grow -'
on expoSeArockg., If the-lichens or moss are reMovA, the

rock beenea.th 4 ke cruMbled 'snore thah the rock surround-
ing the plant This is4brought -"about by a weak acid that is
formed from carbon d2xid.e given,ort:by lichens and moss: The'
acid dissolves p rt of the rock Material 'Which causes ,other
parts Of it to mble.

4 may, be possible to collect,a samp)..e. of ticbens and mogl:j,:
growin4 on a. small rock, and take th,fra ba*k to the'classro6m.
If this is done, the samples canybe'lkept. in an .unused aquarium
tank. The samples should be sprinkiaNgith water'pekiodically.
Betweerl sprinklings the tank should be keipt coliered, with.plastic
wrap to prevent excessive evaporation Ofater.

3. In a vacah lot that hap not been
have-gthildren fin three or four diff
With a spade, carefully, dig azound ea

used forr ,severaljears
ent row-trowing plants.

Sant and rembve it 'and: .

its roots from the soil. Shake or wash the soil free. Lay the
plants with roots attached on a newspaper'and 'compare-the ex7'

(L

tensiveness of thei root systems. If therp were a shortage.of
water, .Which plapt w\uld.be best able 'tosurvive?, If these
plants were growing as weeds'in a garden, why would itbe de-
sirable to remove them? i

..,: 1:9

.

4. Conduct investigations to determine
the soil at different depths varies.

° .u

w the temperature of
ure'the temperature

(41.
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of the soil at the surface. Do this by "ever-so-gently" stick-
_

ing the bulb of a'thermometer into the soil. Leave it there....
for at least 2 minutes before you re(Id the tempir:aturer* Use a .

spade or hand towel ,to dig a hole 6 'inches deep. Use the same
procedure as described above to measure. the itemperature of the
soil at t inches. Now dig,down,12 inches and then-18 inchiks
and measure the.soil temperature at each depth. 'How can the
differences be accounted for?

5. By using the basic experimental de ign described in Part C,
investigations,may be 'conducted to det rpine if the gr.owth7..
producing quality of subep.il can be mproved by adding differ-.
ent 'substances to it:

Decompoped plant material, such As foupd neai,the
surface o thT soil in' wooded areas, is supposed to;..
improve the quality of soil. Does it? ,. x

-

It has been said that ashes from burned wood are good k

for the soil. Aie "hey?

There are several organic fertilizers processed from
the remains'of plants and animals or the materials
they have produced. Most nurseries or garden stores
sell them. Do the-garden shops or nurseries in your
community sell them?, If so, would they add to the
growth-prod6ing quality of subsoil? -(fihey should be
added to the soil in the amounts recommended by-the
processor. This will be given on the containerin
the instructions for use.) There are many so-called
commercial fertilizers that are supposed to improve
the growth-producing quality of soil. Which of
'several brands does this best when properly applied
to subsoil?

'41
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Activity'2 Yeast Plants Interact with a Liq9id E9yironment

In this Activity the'children are given two "unknown liquids,"
to find 'out what happens when yeast plants' are p'ut ,inte them.
After they discover that yeast plants iq..teradt and produce a
froth in one of the liquids but not in the other, they a/re
challengedto speculate about the nature of the two, liquids.
They find that the liquids are water and a sugar solution.
The childre.a%then view yeast cells under the microscope and
learn that yeast plants.are one-celled nongreen plants. Bf-
call-se they cinnot manufacture their own food, in order to grow
by a pkocess called budding, east cells must be in an environ-
ment in which there is a foqd--sugar. With this information
children hypothesize regarding the difference in the two
"unkn6Wn liquids." They then test the hypothesis that one of
the liquids was a. sugar solution. Finally, they,Are 'encouraged
to speAplate further regarding-the nature of the gas' that pro-

.: duces The froth in theinteraction of yeast with the sugar

4,

I

solution. .

AND....E.Q_ILT..21011T-L

sugar, granulated, 1 rb (453 g)
0

20 packages of "active dry" yeast, f4 oz (7 g)

10' cups, plastic or waxed paper, 1 oz

8 teaspoons )4,e0.

.

. 16 paper towels

16 stirring rods, such as popsicle sticks
I

p.lstic bags,11-1/2 in. by 13-in. (29 cm by432 cm),
giol.(3.7 liters) capacity.

' 1-.pt jax, (0.5 liters) 4,

, ... .,./..,Aig,

i. ,.., ...,0.16:1.*:AFt7ttrp rok:imate11.-l-pt . (-0.5 Liters ) -*

. .. .. .*:' - ;,i- ;I % .

16 'baby-fccdjars or their equivalent .

. 7 I,
.1

1 or more.. compound microscopes with 100x lenset and higher.
if possible 4

/
microscope slides, cover slips, and medicine droppers.

52
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The number of each will Ira" determined by the number of '

micro$copts available.

PREPARATION FOR TEACHING:,

Prepare a sugar solution by mixing 8 teaspoons of sugar 'nto one
pint of water. Put 1/2 teaspoon of yeast plants into each of
8 1-oz cups. Arrange the 16. baby -food jars into 8 paiis. Into
one jar in each pair put 1 oz of sugar solution. Into the other
jar in each pair put l'oz of water.

Yeast cells are so small it is
impossible to see them with a'
40x microscope. With-a 100x
microscope they appeaor as shown
at the right; with a 450x
microscope they appear as
shown at the right below.A.As
you will observe, very little
detail can be seen with-400x
magnification. However with
450x magnification,ibuds can
be seen forming on some cells.
It will also be observed that
cells may appear singly or in
bunches. ,

It is extr4mely important that
children- have the opp6rtunity
of actually seeing yeast cells.
Therefore, every effort should
be made to obtain one or more
mS9roscopes with at least, laOx
magnification. A culture of
yeast cells for observation
shodia be prepared by thorough-
ly mixing just a pinch of pac,k
aged yeast cells with 1 oz of
sugar solution.. The culture
will be ready to examine within,
about 20 minutes. With a
medicine dropper, put one or
two drops on a microscope
slide. Place a cover slip over
the drops. If a microscope
with both r0Ox and 450x magni-,
fication is being used, observe
the cells with 100x first.
While the microscbpe,is% still
set for' 100x
gently turn the objective that
produces 450* magnification
into-place. Only, slight

44 53
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further adjustment should be required to bring the cells into
sharp focus.

If you have never used a microscope to observe yeast
is important that you practice the technique before you begin
this activity, in class. A section on the Use of the Miyroscope
was presented in the Grade 5 Teacher's Guide.

ALLOCATION OF TIME:

'Observations may be made periodically over a period of several
hours; howevdr, actual work wilt take abo'ut one and a half
hours.

iste

TEACHING SEQUENCE

1. Divide the class into
working groups. Without tell-
ing them what it is, give e
group' 'one of the -oz cups of
yeast cells. Explain to them
that this is the material
with which they will be work-
ing in this Activity. Ask -

them if they can tell what
the material is.

If they cannot identify it,
(show them the package and
Write "dny yeast" on the
chaakbaikd., Encourage them

what they may know
about this material.

Give each working Troup a
pair .of the jars containing
sugar solution and water.
Tell them that these are two
"unknown liquids;"-and that
the problem is to find out
what the "unknown liquids" t

COMMENTARY
,

Groups of no more than 4 chil-
dren are ideal for Ehra'Activ--ty.

In their efforts figure out
what it is, en urage them not
only to look = t it,'bUtPto
fel...j...t and smell it as well
Some may_be able to tell What
it is by the smell,

Yeast was first -intnoduced in
4tivity 3 of Minisequence IV
of Grade 5. If it seems de-
sitable° to keep a record of
some of the things they' say

4about the dry yeast, make notes
4on the chalkboard. The chil-
dren will probabiy suggest
that yeast makes bread rise;
hence it is used in basiAsing.

5 4 .
t

5-

45
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are. Have them review some of
the methods they have used in
other Grades to find out what
various materials are.

Ask' the children if they have
ever found out what Something
was by seeimg how it inter-
acted with something else.

0

Suggest that they mix dry
yeast with each of the unknown
ri-,gpids to find out if 4n i-
tezaction takes place. Ask,
them, to .place each container,
of liquid on a paper towel.
Give each group two sti-rring
rods. Have them mix dry
yeast from one of the cups
with each of the unknown,liq-

, uids and stir each 'Mixture
thoroughly, using's'epar'ate
stirring.rods.

.

What happens to the mix-
tures? Describe any
changes:

Be sure the children saw
clearly that, there was a.,
46

55
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COMMENTARY

Remind them that a material :pis
identified by describing its
properties. Its,properlfes
may include such things 'as what
it looks like, how it spells,
how it fee]island how heavy it
seems. (Caution' them abofit
tasting any unknown material.)

In Grade 4 of COPES red cabbage
extract was used to identify
vinegar (an acid) -and-ammonia
(a base), When vinegar inter-
acts with purple cabbage-ex-
trac, the solutioa,turns red;
.when ammonia' interacts with
the extract, it 'turns green.
Later in this sequence red cab-
bage extract will be used again
as an indicator.

The iodine test for itarch*has
also been used onseveral oc-
casions. Iodine solution in-
teracts with starch to prodUce
a blue7black col r.

Within 5 to 10 minutes,. bubbtles
will begin to form in the sugar
solution. Later a brown froth
will form and may run down the
sides of the'sugar solution
containers. There will' be
relatively little action in
the container with water.

_J
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rather marked interactivornbe-
tween the dry, yeast and
of the unknown liquids:

If at all possible give them
an opportunity to observe
yeast cells under the micro-
scope.

Give the children this addi-
tional information:

a. Yeasts are single-celled,
nongreen

b They cannot manufacture
\\their own food. as green
plants do.

c. They must be in an envi-.
ronment where there is
food, water, and a suit-
able 'temperaare in order
to grow and 'produce more
yeast cells. 4

d. They produce more cells
by a-process cabled bud-
ding. When condition's

. . .415.e suitable, small buds
fbrm one yeast cells. The
buds increase in size and
soon become fullgrowh
yeast cells. Food and

. water must be available
before this .can happen.
Sugar is the only food
that'yeast cells can.use.

Now, ask the children to use
this information aboUt yeas't
dells in stating an hypothes-is
r,egarding the principal dif-
ferencelpetween the two "un-

-known liquids."

. rJU

MIlsIISEQUENCE I/Activity 2

COMMENTARY

If it is not possiiple to use
the microscope for this pur-
pose, draw on the chalkboard
the yeast cells as shown
earlier.

Draw a sequence of sketches,
such, as thesee on the chalk-
board to illustrate budding
and growth of yeast dells.



TEACHING SEQUENCE

What evidence was there of
interaction? In which liq-
uid?

. What is one possible liquid
that the unreacting unknown
liquid might be?

111

4

What was probably present
. in the liquid in which the

interaction look place?

.Can this hypothesis be
',tested'? How?

Have the groups clean up, their
baby-food jars. Ask one 'gnoup
of children to prepare a sugar
solution, as you had done
earlier, and give each group,
1 oz of it. Ask another
group to put 1/2 teaspoon of
dry yeast material into each
group's 1-oz cup. Ask a third
group to see that all .groups
have 1 ounce of water, in their,
second jars.

After all materials have been
distributed,, dry yeilSt materi-
al slibuldibe mixed with the
two liquids and the two set-,
ups observed.

4hat is' the first evidence
,or indication that yeast is
indeed interacting with the

.known sugar solution?

WhaA do you think causes the

48 57
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COMMENTARY

The production pf froth in one
of the liquids should make it
quite obvious that yeast cells
were interacting with the liq-
uid.

The children could suggest any
other colorless, odorless liq-
uid that contains no sugar.
You might tell them it was
water. (

,Based upon the'information
about yeast cells, it would be
reasonable tb hypothesize that -\

for such an interaction to take
place the liquid must have con-
tained sugar.

Eventually the children should
suggest making up or obtaining
a liquid that is known to con-
tai sugar and seeing VT the
same kind of interaction is
obtained.

Bubbles appear in the solution.

The answer you will probably
At
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bubbles?

2. Have thechildren suggest
methods by which you could be
more certain'that a gas was
being produced as yeast in-
teracted with the sugar solu-
tion.

Show the class one of the com-
pletely deflated plastic bags.
Blovra. small amount of air
into the bag and ask the chil-
dren to describe what is hap-
pening. Blow a Little more
air into the' bag. Again ask
.tem to describe what is hap-
pening. Now completely in-
flate thb bag.

Give each group a plastic bag.
Ask them to prepare a fresh
mixtureof yeast cells and
sugar,splution. However, this
time, they .should use .1 cup of
sugai solution and an entire
package of dry yeast material
should. be mixed with it. The
container of mix should be
Placed inside a deflated bag
and the bag closed with a
rubber band.'

Suggest that the children take
turns observing the b y'er
the next 2 hoots:

When do you first notice a
change in t,he bag?

Conclude this ActiVity by ask-
ing the children if they knOw'.
what gas is givenoff.by yeast
cells to their environment

MINiSEQUENCE I/Activity 2

,t.

COMMENTARY

,get is that gas rs,being pro-
duced.

Encourage discussion of method'S
for demonstrating this more
convincingly.

The deMonstration should, be a
clue for the children. They
should suggesta method where-
by the gas given off- -by yeast
cells in the sugar solution
may be used to inflate the
plastic bag. If.they do not
make the suggestion, you might
offer it.

Make. certain that the bog is
completely deflated.

a

The volume of gas produced by
the yea'st veils will not be
sufficienttto blow up the
plastic°bag completely in less
than'about 4 hours. However.
in ab6ut 2 hours, there-will be
enough of it -to distend the bag
noticeably.

In asking this question empha-
siie-the fact that the gas is
given off by the yeast cells
to their environment. In other

53, 49.
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when they interact with a
solution of Sugar.

Tell them that in later Activ-%
ities they will find out more
about this gas.

50 59

MINI SEQUENCE I/Aqtivity'2
A.

COMMENTARY

words the yeast is etting
semething^(sugar) from its
environment. It is also re-
1.urning something, a gas, to
,the environment

As" suggestions are made regaxd-
ing the gas,write them on the
chalkboard. If carbon dioxide
is mentioned, do not indicate
that it is the correct answer.
Save the chalkboard vecordl
for the next 'Activity.

4
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- Activity 3 Interactions that Produce Carbon Dioxide

The children begin this Activity by discovering that the gas
detected during the growth of yeast cell causes the same kind
of change-in a cabbage extract as th.i'ir own exhaled breath. The
gas that causes these changes is carkyon dioxide. They.then go
on, to investigate a wide variety of living things and again find
the same kind of interaction with. the cabbage °extract. In this
way the concept is introduced tha't organisms give off carbon
dioxide,. A second Objective of this Activity is to demonstrate
the concept that w en an organism changes, its environment may
also change. In t way children are introduced to the two-
sided nature ofk interaction between living things and the
environment. .

MATERIALS AND EQUIPMENT:

sugar, gtanulateA, 1 lb (453 g)

1 'red cabbage', medium size

1 hot plate

. 1 sauce pan, 2-qt (2-liter)

Q ! .

2 3-qt (?- Liter) jars'with'lids

1 jar with lid, 1-qt (1-liter) ;.

rubbing alcohol, 1 qt )

ammonia, household, 1 oz (30 ml) .

Vinegar, 1 oz (30 ml)

5 medicine droppers

20 packages of "active dry" yeast, 1/4 az (7 g)

15 labels, 1 in. by 2 in. (2-1/2 cm by 5 cm)

2 pitchers

1 bicycle pump with hose

6 teaspoons

0 51°
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11)
supply of paper towels

plastic wrap

1 package of radish seeds and dishes for germination

fresh fruits, such as tomatoes, bananas', apples, grapes,
plums, apricots

.'fresh vegetables (not green), such as eArrpts, potatoes .

flower buds

/100 meal worms (obtainal:he,from'a pet or aquarium supply
store)

For each child you will need:

1 tdrinking straw

1 polyfoam cup, 6-oz (180-ml.)

1 baby -ocd jar or similar small container

.ft

1 wide-mouthed glass ler with lid. Jars may be 1-qt
(1 liter), 2-qt .(2 liter), or 4-qt (46.1iter) capacity. -

Mouths of the jars should be at least 3-in. (7 -1/2 cm) is
wide. Other wide-mouthed transparent' containers of
similar capacity may be used.

1

1 stirrer such as a popsicle stick

PREPARATION FOR TEACHING:

Cut up the red cabbage and boil it for 5 minutes in 4 qt of
water. The purple liquid thus produces is cabbage extract.
(See Minisequence IV, Activity 1 of Grade 4.) After ,5r has
cooled; fill each of the 3-qt jars half full. (This will use
up«,3_qts of the extract. The remaining 1 qt of cabbage extract
can be used as indicated in the next paragtaph.) Put,one x)f
the 3-qt jars of the purple.extract in a refrigerator: It
-Should be labeled "cabbage extract." Refrligeratron retards
the growth of mold and bacteria. This extract will be used in
Sections 1 and 2 of this Activity. Now mix a quart of rubbing
alcohol w4th the 1-1/2 qts of fed cabbage extract in the other
3-qt jar. This is now a solution'of the extract containing both
water and alcohol. The alcohol also retards the growth of mold
and bacteria. Thus the alcohol solution of-the extract does
not, need to be stored in a refrigerator. It will remain suit-
able for,use until you are ready for it in Section. 3 of this
Actiyity. It is a good idea for the' children to be involved
in the preparation of the extracts so they will knpw where
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the liquids "came from" that they will be working.with.

Immediately before using either of the extracts in the Activity,
yOu will need to addlammoni:a drop by drop with continuous stir-
ring until the color of the extract is bluish-green. It is
suggested that you use the leftover 1 qt of pu,fple.extract to-
practice this procedure.. Do not add more ammonia than necessary
because too much will cause the pigment to break down slowly and
turn irreversibly yellow. You have added too much if the ex-*

tract becomes deep green. If you do this accidentally, add some
vinegar drop by drop to restore the bluish-green color.

Before beginning Section 2 of the Activity, be sure the follow-
ing materials are arranged on tables in the classroom:

1. 30 wide-mouthed glass jars or substitute containers,
each filled to a depth of about 1/2 inch with the
previously prepared bluish-green cabbage extract;
The''size of the containers can vary, but you should
have 2 containers of the same size to give to each
working group. The opening in the containers should
be wide enough to make it possible to prace a cut -

down polyfoam cup in the bottom of the jar, as shown
in the diagram on page 571)

2. 30.6-oz polyfoam cups which have been cut down to
WboUt 2 inphes. Half, of the cups khould contain about
2 ounces of sugar_solution and should be labeled I'S." -
The other half should contain the same 'amount of water
and should be labeled "W."

3. 30 stirrers, such as popsicle sticks,,

4. Five babyfood jars, qi/other small containers, each with
3 packages' of dry yeast in it., Arrange the containerA
in places on the tables where it will be convenient fOr
children to obtain one teaspoon of dry yeast from thex.O.
Place a teaspoon beside each container.

,Twenty-jour'hours before beginning S4tion 3 of the
set out about 50 radish seeds to germinate on moist paper
toweling. Lightly cover the germination dish with plastic

__Wrap or a plastic bag to retard evaporations. Other seeds
than radish can be used but they will take longe to germinate.

ALLOCATION OF TIME:

The investigations and observation of results will extend over
a period of a few Weeks. Actual class time will, be 2 to 3
hours.

a
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TEACHING SEQUENCE

3-

1. Introduce the.'Activity by
asking......che children to take a
deep breath of fresh-air, hold
it for a .while, and then ex-
hale it.

Now. ask them to tell in what
ways their exhaled air was
different from the fresh in-
haled air.

After it has been suggested ,

that exhaled air contaiAllmore
carbon dioxide than inhaled
air, tell them that there is
a way that this can be shown.

Distribute, in one of the
small containers, a 1-oz sam-
ple of the bluish green cab-
bage extract to 'each chIld.-
Keep some af the original
extract for later comparison.
Identify the colored liquid°
as an extract made from boil'
ing red cabbage and then
treating it, with ammonia.

Distribute a straw to each
child, ask them to use it to

54
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COMMENTARY

You should feel free to use any
technique here that will call
their attention to the breath-
ing process and eventually to
the question of how the air we
breath out (exhaled air) is

different from_the air -we breath
in (inhaled,air).

They may b- relatively well
informed on this subject based
upon what they'have heard or
read previously. Exhaled air
is generally warmer moister,
and contains more ofa gas
called carbon dioxide than the
surrounding air. Tilley can

demonstAate that it is moist
by'Aserving, condensation when
they breathe on a cold surface.
Theylcan also demonstrate that
it ism warmer by breathing on
the back of their hands.° The
exhaled a (ir will feel warmer
than the'fresher air surround-
ing their hands.

So-called fresh air also has
carbon dioxide in it. The
point here'is that'exha'led
air has proportionally more
carbon dioxide in it Our
bodies put additional carbon
dioxide into the air:,

jr-1

1kis, desirable to show them
how you did this. Children
who have had the experiences
in Minisequence IV of Grade 4
will be familiar'with this
color change.

Caution: The children should
be instructed not to suck the

11,



,TEACHING SEQUENCE

exhale air gently into their
liquids. Ask theth to observe
any changes in the liquid.
CoMpaA it with the sample of
extract befgre exhaled.air
was blown through it. "

How did the vextract change
as'exhaled air was blown
through it;,

_

How long did it take?

What did the color chahge
indicate?

*Tela them that it was the
carbon dioxide in the air
that caused the color change.

Now ask the question: Since
freshair hits some carbon
dioxide init,,howcan you
be sure that our bodies,
,through breathing, were ac-
tually putting more carbon
dioxide into the air?

They could set up a controlin
which fresh (unexhaled) air is
bubbled throughan equal vol -1
.ume of extract.

2. 'What happened in Activity

:

MINISEQUENCE I/ActiAty 3
)

COMMENTARY.

liquid into their- ouths. .By
'using water,, you might demon7
strate the correct procedune
of first inhaling and then ex-
haling slowly into 'the straw.

it changed color from bluish-
green to blue and then to

-7-lavender to purple.

AbOut 1 minute.00'

The air or something in it was
interacting with the extract:

As carbon,dioxide dissolves in
water, a weak acid'c411ed car-
bonic acid iTformed. The
change in color was actually,
caused...by intreasing.the acid-
ity of the extract. This kind
of change was also demonstrated
in Minisequence IV o'f the COPES,
Grade'4 materials.

Let the./-dhildren discuss ways
to do this.

To do this, they can use a
bicycle pump. Since it may
take almost an hour for the
carbon dioxide in fresh alr to
produce a color change, it
might be desirable to conduct
this test as a class project.
Childrtn could take turn's work-
ing in pairs, one child pumping
and one. holding the container
of extract. Care should be
.taken not to bubble the gas-
through the extract-so vigor-
ously that it plows extract
from the container.

,
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2"when the yeast cells grew?

Remind the children that they
. had previously badesugges-

tions about what that gas may
be. Use questions such as
these to direct the discus-

:.

. sion:

.,Ls it possible that the.
gas may have been carbon
dioxide? How could you
find oust?

Encourage them to suggest
se<eral methods by which the
gas given of-f by the yeizt
cells as they'interact Inth
a sugar solution could be
tested with the extract.

I

One such method, whichithey
can-easily follow, is, to put
both the extract and a (sep-
arate) yeast solution into a
closed system and see if the
trapped gas that is generated
will affect the color of the

sextract in the same way that
breathing into it did.

Arrange the class into workin,g
groups'of two. Show the chil-
dren ,he assembled equipment.
Apk each group to do the_fol-
lowing: Put an open container"
of a well-stirre'd mixture of
dry yeast (1 tsp) and sugar

MINISEQUENCE I/Activity 3

COMMENTAR

11 gas formed.

Show them the list of their
suggestions that were written
on the chalkboard during the
last Activity.

The discussion shouldlead to
the' suggestion that the cabbage
extract could'be used as an
indicator.

Some children may suggest that ,

the extract be mixed with the
sugar solution. If they try
this they will discover that
the colot doss not remain
clearly identifiable when tile
dry yeastjgtatexial is added.
Another suggestion might be
to fasten a tube to a con-
tainer of active yeast cells
in a solution of sugar and 1dt
the gas bubble through the ex-
tract. This is a good idea but.
diffj.cult tot-Ez_t3o1 without
specialelaboratory bottles,
stoppers and tubing.

As indicated in the Preparation
for Teaching, each wide-mouthed
jar should contain about 1/2 din.
of bluish green cabbage extract.

The dry yeaSt should be added
to the open; cut-down polyfoam

1
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.solution (2 oz) into one wide-
mouthed jar and close it
tightly. Put an open con-
taimer of a well- stirred mix-
ture of dry yeast (1 trip) and
water (2 Oz) into the other
wide-m'outhed jar add close it
tightly. Each jar should look
like the one in the illustra-
tion.

After the experiment has be1,,
set up, suggest that the chil-
dren discuss the changes they
expect.

What evidence of inter-
.. action do you predict in-
each case?

The children should observe
the systems Periodically for
about 30 minutes.

F

n

MINISEQUENCE I/Activitli 3

N

COMMENTARY

:tubs of water or sugar solution,\
stirred', and "then placed in the
jars.

,

This will be the cont,J set-
up., You might also want tc
set up at least one jar con-
tainihg only the cabbage ex-
tract to'see if there is any

.change Cbmplef:e,y1 ariart from
the -yeast.

ay101:7

)
411"""N

Based upon previous expei.ience
the children will probably pre-
dict thtt the s%gar solutions
and yeast will interact and
bubbles of gas'will be pro-
duced. The,water and yeast
cells will show no apparent
interaction and no gas will be
produced. The''gas produced by
the yeast cells and sugar solu-
tiqn-may interact with the cab-
bage extract in ,the-same way as
exhaled air did.

Havethe groups make observa-
tions at 5-min intervals. With
in 30 minutes or less, the
yeast cells in the'sugar
tion.willproduce enough carbon
dioxide to cause a color change

VU
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TEACHING,SEOAWCE
*It

.4r

Use questions such as these in
/ discussing the results:

the
1.1.osed system,within which ."

-'the' sugar solution and yeast
cells were placed?

What evidence was there -e
that the yeast cells and
the'sugar solution were.

interacting?

As gas 'Was formed and left
. the cup.,' where did the gaS
probably go?

With what im the system 1di.d
the cabbage extract have
direct contact?

Through what part of the
system did the gas prob-
ably gIt no the extpet?

it What
the

the evidence that
as was carbon dioxide?
r .t.,

ow did the yeast cells .

change their .immediate.
environment within the
sugar solution?

- -58
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(blASh greenvhlueo.lavender)
441-the cabbage tract. As
predicted, ther7ater control'
will not show any apparent

in-tx-ti rre---zst

Yeast -9-e1-ls and qug.ar solution,
the polyfoam/cup containing
the mixture, the Cabbage
tract, and the air within the.
jar.

Froth appeared nd filled the
cup as ]?efore-. This was evi-
dencethat a gas was being

'formed:

The gas-went into the.air'that .

was C the systqm, just as, Our
exhaled. gases go into the air
surrounding

The bottom of the ja1, the
outside of the cup, and the

s,
air.

It might have, gone through the
cup but since the cup did not
leak, it probably went through
the air.

It interacted with the cabbage
extract and caused it to-change -
color.

They used ,the/sugar as food,
althpugh.this cou-rd not wctual-
ly be observed. Here is ana.b-
"breyiatethexplanation of what
happens: In 4 sugar-solution
envirommeA yeast'cells'produce
chemical substances called en-
zymes, that- interact with 'sugar
td'produce alcohol, carbon
dioxide, and beat-energy. This
is called alcoh714_2, fermenta-
tion. It is the pr ess that

4-



TEACHING SEQUENCE.

A.

did.the yeast cells
change their larger environ-
ment within the closed jar?

ir

. What would you expect to',
happen to the yeast cells
when the, food in their

4 immediate environment had
all been used?

Ask:each group to describe the
(yeapt and sugar-'solution mix-
ture at the conclusion of
their experiment. On; member
of the group can pour.the mix-
ture into a larger container
such as one ofc4the ,baby-lood
jars. Each jai should be
,labeled with the name of the
mix'tUre, the date, and the
names of members of the team
It should,then be set aside
and observed daily for at
east a week.

After 'a week ask children to
report their observations and
discuss what the results ma
indicate about the changes
that have taAn place in the
sugar-solution-environment of
the yeast.

Yk.

' MINISEQUENCE I/Activity 3..
.

COMMENTARY.

is usedn producing. all alcq-
holic beverages, aS well as ,

commercial alcohol. *Many
sources of sugar may be used,
such as fruit juice, grafn,
and molasses.

Carbon dioxia'e was pilt into thee
air in the far and eventually .

it went into the cabbage ex-.
tract. The fact that the ex-
tract changed color was evi-
dence that aninteraction was
occurriwg.

The children may suggest that
the yeast cells might eventu-
ally die if the food became
used up. In that case, they
would no longer produce carbon
dioxide.

Their description should,in-
clude its frothiness, and its
yeasty smell. Some children,
may detect the odor of elcohol.
From day.to day there will be
less and less froth," indicating
reduced carbon dioXide produc7,
tion, which may 1n turn indicate
a reduced4641d supply and a

_ -
decrease riNthe total number
of yeast cells. After a week
Ihe froth will have practical-
ity disappeared and the liquid
will have becom*relatively.
clear, indicating fewer yeast
cells._ *The odor will changes
to a yeasty alcoholic on'e and
then to a) vinegary ane.

The yeast cells changed their
environment and as a result_ -'
fewer of them ,could, live in4
it. The idea that yeast cells
couldiAno longed' live in it can
be tested by adding a hal
teaspoon of fresh yea te-
rial to the remaiginik liquid.
If this is done, there will be
no action because when there
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9

b.

3. Suggest that the children
continue to work in pairs.
Show them\ the alcohol solution
of the cabbage extrac-t and ex-
plain how it was prepared and
why it is necessary to use an
alcohol -water solution and not
just the water solution used
earer.

0
Demonstrate how, by adding
ammonia dropL-by7drop, the
color of;the extracts,is again
changed to a bluish-green.

60 69
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4r, "

is no more food; the environ-
ment becomes a less favorable
place for yeast cell produc.-
tion. Their rate of oiseprodUc-
tion decreases markedly and the
cells go,into a resting stage
in which they no:longer repro-
duce. If conditions .remained
unfavorable for a long enough
period of time, the cells would
die.' .HoweVer, yeast cells are
able to maintain themselves in
the resting state for many
months.

The children have learnedlhat
humans and yeast plants,jacth
living things, produce carbon
dioxide. The purpose of this
Sectioh is to enable them to
see that one way in which-many,
if not' ail, livings things
change their environment. is by
the'Nproduction of carbon diox-
ide.

This Section will extend
a longer period of time,than
was required for the,/yeast.
Therefore the bacteria or molds
which are always present in the
air are more likely to grow in
the cabbage extract. If thege
do grow in the extract, they
will cause a color change which
will interfere with the experi-
ment. The'alcohol ptevents
mold and bacteria from grow-
iffq, but does not affect the
iNteractlon of carbon dioxide
with the extract. mft
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)
Next:encourage each pair of

'children to select a 'different
t}ae of living).thing (organ-
ism) from those listed below;

Germinating seeds

Fresh Fruits

or/

Fresh-Vegetables

,Flower Buds

3

Mealworms

I0

COMMENTARY
ti

Radish seeds (about 50) which
are just beginning to germinate
(about 24 hours a ,fter sowing.on
moist paper toweling) will pro-
duce enough. carbon dioxide to
change the color of the extract
if kept overnight. Othek seeds
which are just beginning to'
germinate should also Work well:

Many whole fruits wil`1 produce
enough carbon dioxide to change
the vplor of the extract within
a few hours. , These include.
tomatoes, apples,.bananas,
peaches, oranges, plums, 'and
apricots. Tomatoes will give
the quickest change (about 2
hours) .1

Pieces of carrot and potato
produce enough carbon,dioxide
to cause a change in the cab-
bage extract if left overnight.
Green vegetables ,such'att spin-
ach, in additibn to producing'
carbon dioxide, utilize it in
photosynthesis and'are there-
fore unsuitable for this exper-
iment.

t

Fresh flower buds,-suoh,as rose
buds, proddce enough carbbn di-
oxide Co change the color of
the extract in 3 to4 hours:'

About 100 mealwo2Ms will pro-
duce enough carbon dioxide to
change the color ofirth'e extract
in about 3 to 4 hours. The
mealworms should be Iplaced'in'
a container with tteep glass'
or plastic sides so that they
cannot crawl out. If the meal-
worms do not produce enough
carbon dioxide in about 3 to. 4

61
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a

Have one child from each pair'
take two equaldeized wide-
mouthed jars. The bottoms
of the jars should be covered
with the blFish-green cabbage,
extract to a depth of about
1/2 inch.

Thep a-sk each group to find a
way to place its selected
organism into one of its
containers without having
it contact the extract. .

Close, the container, and ob-
serve' it periodically for any
changes-.

The second container' is the
control and should be prepared
in the'same manner.but without,
the organism.

What change occurred?

62
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1

hours, they should be removed
or the alcohol fumes will kill
them.

The jars should be large enough
to hold the chosen organism
without an unnecessarily large
suriounding air.space. There
will, of course', be a greater
volume.ofextract in a*gallon),
jar containing 1/2 inch of ex,-
tract than in a quart ajar, but
this doesn.:t matter . Only
qualitative (color) changes
are being inve,tigated'here.

The pitchers should be used
for pouring the extract into
the jars. It is a good idea'.
to appoint 1 pair of childrvi
as the "pourers.'' Each child
can take a pitcher. and go to
each group to pour extract
into the jars. --0

The organisms should not be,in
contact with the cebbage'ex-.
tract. The children may eup-
port them on freshly cut-down .

polyfoam cups, or other suit-
able holders such.ai
aluminum pans, or dishes.

,Tie control container should
bq the same size as the exper-
im4ntal c9ntainer.

In most cases,' ths bluish-green
extract will have turned blue,
although, depending on the
length of time the system is.
left standing, as well as on
othei-var.,iebleg, the color
may change to 'lavender Or
purple and even eventually'
to red.
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. When did a change occur?

Over what period of time
did the change occur?

Conclude the Activity with a
disbUssion of questions.such
as the tollowing:1

In what way have you found
the organisnis (living
.thiligs) investigated in
this Activity to be alike?

How did.these organisms
change their environment?

EXTENDED EXPERIENCES:

MINISEQUENCE I/Activity 3

COMMENTARY

The children should be encour-
aged to discuss and compare
their resul.W. Let them sug-
gest reasons for differences.
This should be on open-ended
discussion.'

lr1,1 the organisms investi- .

ated--children and mealworms
animals), and plants (seeds,

etc.) -- produce a similar kind_
of col6r change in bluish-
green cabbage extract. The
substance which caused the
change is carbon dioxide. All
of these organisms, -therefore,
although completely different
in appearance, share a common
interaction property. '

They changed their environment
by adding carbon dioxide to
it. This was indicated by the
color change in the cabbage
extract.

Microorganisms ofmany different kinds can be grown by putting
'4,11rost any kind of organic material-in jars Of water and letting
Et stand in a warm place fOrone or'more weeks. Drie hay,
dried grass cuttings, dried lettuce, and dry lima, beans ork
very well. for.this purpose. One-pint jars are a good siz to

? use. If tap water is chlorinated, it should be boiled,/ p force
out any.chlorine gas, and allowed to cool to room temperature

, before using it. About an inch of the dry organic material
should be put on the bottom of the jar. The jar should then
be filled about two-thirds:fu 1 of water. The 'uncovered jars
should be kept in.a reasonabl warm place.

After about one.week the water will become turbid. Blibbles of
gas will begin to,oppear. These'are signs that microorganisms
are beginning to,develop. Within-another week the mixture will
have acquired a distinct odor, anotheri,gign of life within the
jar. If, after two weeks, drops of watIr from the mixture are
examined with a microscope, using 100 and 450x magnificati-
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a variety of microscopic animal organisms can be observed swim-
m,ing around.

One question that children are sure to raise is: "Where did
they come from?" The organisms were probably on the .organic
material in a resting stage,or floating around in the-lair.
The mixture of organic. material and water,,alopg with .a reason-
ably warm, temperature, provided the organisms with an environment
ment within which they could grow and reproduce.

After several weeks the odor produced by the microorganisms'as
they decompose the organic material may become quite unpdeasant.
However, if the mixtures are kept until all the water evaporates
and the material dries up, it will have been possible .to ob-
serve, within a relatively short time, a series of,environmental
changes accompanied by changes inyopulations of living things.
The series would have gone from a dry, lifeless-appearing.mate-
rial through obviously active periods of lively interaction,
back to a dry lifeless-appearing material.

t

1

10
64

, 703

4

'Or

O

4.

:e



MINISEQUENCE I/ARtiVity 4

Activity 4 Plants and Water. Vapor

In Activities 2'and 3, the childrem.demonstrated that plants
and other living things produce carbon diOxide which is then
released into the environment. This is one way in which a
community of living things, that includes,greeg plants, inter-

.acts with, its environMentC

The children explore a second interaction of slants with their
environment in this Activity. The leaes of a green plant are
shown to release water vapor into the surrounding air. From
this observation, the children are'introduced to the concept
of relative humidity: they then learn how to measure it by
using wet- and dry-bulb thermometer techniques. They measure
the relative humidity in a number of different environments and
finds that there ardksignificant variations. Then they hypothe-
,s'ize regarding the effects of such variation upon the evappTa-
tion of water from open'pans. Experimentstare conducted, and
the children discover that, in the same period of time; more
water will evaporate in a place where the relative humidity is
low than in a place where the relative' humidity is higher. From
this evidence, an inference is made concerning relative humidity
and its effect upon water loss from plants. r .9

Through an examination'of their experientes with the 'drying of
wet surfaces, such as their hands, the ch4ldren hypothesiZe
regarding tKo other, factors'that'caffect evaporation pf water .

from surfaces expostd to the air. ppe has to d'o with relative
areas of exposed wet Surface and' the other with currents of
.air moving oiPer wet surfaces. Experime.nts with open pans of
water confirm their hypothesis. From these results -they infer
that the same factors will have an effect upon water loss from
,leaves of plants. Further experimentation confirms these
inferences.

.k .°

I

MATERIALS AND EQUIPtIENT:

ror the class you will need.:

15 plastic bags, 11-1/2 in. by 13-in. (29-cm by 32-cm)
1-gal,'(3.7 liters) capacity

8 geranium plants, Potted, approximately 12 in. .(30 am)
tall, with at least two weir-leafed branches

1 ball of string

74
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MINISEQUENCE I/Activity 4

1 pair of scissors

*1 jar of white petroleum jelly (vaseline), 4 oz

1 'roll of plastic tape

7 rulers with hole near- one end, 12-in. (30-cm)

14 thermometers,:-20°C to 50°C

7 pieces of cotton cloth, 1-in. by 2-in. (2-1/2 cm by
5-cm)

7 cups, 1 -oz (approx. 30 ml), waxed paper or plastic

12 shallow cookie sheets or cafeteria trays, all of the
same size

1 or more measuring cups, 1 cup

1-8 balances, the same as those called for in Activity 1

12 baby food jars

1 electric fan

18' tettubes, 5/8-in. by 4-in. (13-mm by 100-mfi)

6 aluminum pans, 4-in. (10 -cm) across the top, or their
equivalent

6 aluminUm pans, (20-cm) across the top, or the,irj
equivalent

7 copies\of the relative humidity conversion table shown
on p. 75

30 copies of Worksheet 1-2

PREPARATION FOR TEACHING:

On the day before you begin this Activity fill a dry plastic
a bag with air and place it over the leaves on ()lie branch of one

'of the geraniumpplants in full view of the'children. Gently
grasp the edges of the open end of the 12ag around the stem of
ticbranch_at a position.just above where it grows out froth the
mZrn stem. Tie the b..2g with a string so that. little or no air
can 'escape from ii(. Soak the soil around the plant Wand,p1\atce

° it on.a window ledge in the sunlight. Within several hours
drops of water will have ondensed on the inside of the,bag.

th
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MINISEQUENCh I/Activity 4

As explained on pages 7-76',,
relative humidity can be deter-
mined by using a sling psychro-
meter, which consists V. two
thermometers mounted on 'a frame
that can be, whirled rap,idly,in
the air. The bulb of one ther-
mometer,' wrapped with two thick-

, ness of cotton cloth, is dipped .

into waterlpefore it is used
and is, therefore, the wet '
bulb. The,?other is th4,-dry,,
bulb. You will need to con-
struct a sling psychroMeter-
fcl. demonstration in Ptrt B.
Use a l2-ipoh ruler as'a frame;
the ruler Should have A hole
near one end into which you
ti-e-''6, end of a two-foot
string. Two Celsius thermom-

: eters should be selected that
register the 'same temperature.

.c

One should be att ched..-to each
side of the ruler1/4near-the end
opposite the string, as shown
.t

in the diagram. Two thick-
, n&sses of a piece of cotton f

cloth, l'inch wide, shOuld be
wrapped around the bulbof one
.thermometer. Bo,th thermom-
eters should be securely
attached. with plastic tape,

with the bulb-ends at the
lower end of theruler.

The 8 geranium plants will be used a number times in differ-
ent'experiments throughout this Activity; therefore arrange -

''''ments should be made to keep them in good shapel', They should
be watered ery day and kept in direct sunlight. If you do,
not have di ect sunlight in your room, arrange to keep the
plants wher there' is direct sunlight when you are not using
them.

ALLOCATION OF TIME:

Although a number of t'he observations to be made i thif Activ-
iti will extend rover a pekiod cp..several deSidl, the actual ctass
Working time should be approximately 6 hours.

_r 76
67

`51 4



PART ,A

42.,

TEACHINIG*SEQUENCE

1. Introdirce Part A of the
Activity by showing the'chil-

... dr.en the geranium plant with
the plastic bag tied over the
leaves on one of its branches.
After they ve had a chance
to observe t closely, ask
them to des ribe what they
have seen.

How did the water, get nto
the inner sides' of, the bag?

A6 they begin thinking bout
this problem itcou -ge hem
to recall other. inetanceS'
where they have seep some-
thing like this happen.

//
tv_

Did the water come from the
,thi bag or from. the

plant? s

Encourage the c ildren to sug-
gest experimept that could'
be performed, t test their

41:*

68
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COMONTARY

In addition to the general ob-
serVatift of a bag tied over
one branch of the/geranium,
they °should note' that the bag
is somewhat inflated with air
and that there are drops of
water on.the inner sides of
the bag.

Under.certaiin conditidis water
vapor in the'air-may condense
(change fromla gas to a liquid)
and be deposited on surfaces
with which it somes into can -
tact. (This h seen demon
strated sreViously in COPES,
Activities .for earlierogrades.)
On warm humi4 days they un-
doubtedly have seen that water
'vapor from the, air condenses
oncont'ainers of cold drinks.
On cold days they have seen
that water vapor from, the air.
inside a warm building con-
denses on the cold windows.

Among the hypotheses they ffiay
'suggest, two.appear__quite
reasonable: __,a) The water came
from the leayes and th-e-n con-
densed on the side fof'the

t//7
,bag; b) T rhe lwate came from
water vaiortha yhs°already
in the air with _which the'bag
was inflated. Tpe leaves had,
nothing to do wilth it.,

A very simile class experimspt
.. ...

could' be' dote by inflating a

77
\plastic bag3with room air,
I .
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MINISEQUENCE I/Act

TEACHING SEQUENCE COMMENTARY

hypotheses.

,

J

tY

If }you have ennui geranium
plants, divide the class into

tying it oet, and setting it
aside for therrest of the day
to see if water condenses on
the inside of it. (Caution:
Keep the bag'at room tempera-
ture. If the'air in the room
is warm and humid when it is
put into the bag, and, if the
bag is then put into a cool
place some water vapor Will
condense.)

Another experiment would be
to remove all the leaves from
one branch of a geranium plan
and tie a bag. over the naked
branch. What happens In thi
bag should be compared- w-ith
what happens Ln a bag tied ver
a leafed branch on the same

,plant. The plant should be ^

placed direct sunlight, if
possible. -The,illustration tO
the left "Shows a sgranium plant
set up for such en experiment.

If)

,Still another experiment would s\

be to cover both sides of all
leaves 6n one branch with white

0 0

petroleum jelly (vaseaine)fto
prevent wateA,evaporating from
the leaf. A bag could the be
tied over the branch and the
results compared w416.thoSe of
a bag tied orer a branch on
which the ^leaves were not cover-
ed with vaseline. Here, too,
plants should be placed'in
direct-sunlight if possible.
(Condensation should appear in'
the bag over the uncovered
leaves first.).-



TEACHING SEQUENCE

groups of 5. Each group
should be assigned -the task
of performing one of the ex- ,

perimente.

r

Have one member of each'group
record on the chalkboard the
time of his or her group's
first observation of moisture
formation on the sides of the
bag, any is formed.

4
At the end of the day, have
each group report its find-
ings.

What conclusion would seem
reasonable regarding the'
source of water in the
plastic bag?

Let the children discuss this
question and their findings
at ldngth:

.1

Im what form did the leaves
give off war?

Why do yo
was in the
vapor?

nktfte water
m of water

How did the water gent from
the leaves to the sides.
df the bag?

70
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COMMENTARY

It would be highly desirable to
have at least two groups per-
forming each of the experiments
so that results can be com-
pared.

All exper,iments should* be set
up first thing in the morning
so that' observations can be
made throughout the day. Where
possibl-e, controls should be,
run.

In all of the above 'ellveriments
differences.,in transpiration
rate will_be judged 'subjectively
by noting the time that conden-
eation appears on the,sides of
the bag and/or the re4tive
amounts Of water that condense'
on the bag. .

The findin0 should lead to the
conclusion that the leaves of
geranium plants give off water
The loss of water, as a as or
vapor, from plants is called.
transpiration:

. .

In the form of a gas or vapor.

is
.

They could not see it leave the
plant. However, it krObably
left the plant since it later'
condensed on the bag.

In order to get from the leave's
to the sides of the bag, it
must have lravel,ed through the
air.
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TEACHING SEQUENCE
Om.

Where was the water vapor
before it condensed on the
bag? ig

Do'you think plants such as
gera4ums are always giving
off water vapor intothe .

air?

PARR B
4

1. Revi the'discussion of
the relaSve amounts of water
lost by plan's, as presented
at the conclusion of Part A.

'0.
If one mature corn plant
loies one gallon of water
to the air in one day, how
quch do you think' an acre ,

of corn would lose in one
day?

`0 Whmt effect does the loss. of
tfiis amount of water have '

MINISEQUENCE I/Activity 4

COMMENTARY'

It thusthave been in the air
inside the- bag since air is
the on1.47 material that had
conteRwith both the leaves
and the bag.

Yes., in fact over 95% of the
. water taken up by most plants-.
from the soil is lost through`
-transpiration. In one day A
single corn plant may lose to
the air surrounding it as much
as a.gallon of water. A ,single
10-foot apple tree may lose as
many as 5 gallons of water.
A'date palm irra desert oasis
may lose daily as many as 125
gallons Of water to the dry
ai,surrounding it. Thus,
plants change the air surround-
ing them by addifig water vapor
to it.

In Part B, the relationship of
water vapor to reLati e humid-
ity is discussed. In ad tion,
the ideas first developed, in
Grade .3 of COPES, that as.
water evaporates from an object
the temperature of the object
is reduced is also reviewed.

An acre is'4840 square yards
(43,560 square feet). If there
is one mature corn plant per
square yard, there would be
4840 corn plants ,ger acre. Thus
an acre of. corn would'lose 4840
gallons of water a &ay. That
is more than one half the
iniount of water it would take
'o fill a large gasoline,tank
truck. The largest,..of the
tapk:tTucks hold 8500 gallons
of gasoline.

It i r eases the amount of%Se
110.

water.vapor in the air.

80



TEACHING SEQUENCE

upon the air?

itighen the air has g good deal
of water vapo in it, how do
we describe it?

-a

How can you determine the
relative humidity of the
air?

The following questions can
help to develop the rationale
for using-wet- and dry-bulh
thermometers in determining
relative hmdity.

What happens to an object
when water evaporates from
it? I *

72
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*COMMENTARY

We say that "the humidity is
high." However, there is a
more accurate way of explain-

- ing the phenomenon. The actua
ambunt of water vapor in a
sample of air at any one time
is called the.absolute humidity.
It is expressed in grams of '

water per cubic meter of air.
Relative humiditl'is more com-
monly used; it is the amount of,
water vapor the air actually
contains, compared with the
total amount it could hold at
any one temperature. Relative
humidity is expressed in per- -

centages. When the air ist
holding all the water vapor it
can-at a given temperature, it
is saturated. ,Zts relative
humidity-is 100%. This was
the condition of the air in
the plastic bag in Part A when
water vapor was condensing on
the in de Of the bag. % .

The children may have had some
experience with wet- and dry-
bulb thermometers. However,
even if s9meonesuggests such
thermometers, proceed with the
development of the idea under -
lying their use.

4

Eventually it'may become dry,
but it also hecomescooler as
the wate evaporates. It be-
comes coa;Lleribecause heat en-
erg' is taken from the object
to change water from a liquid
to a gas. Tha cooling effect
of evaporation can be demon-
serated by putting water on

81
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TEACHINGSEQUENCEi

On a warm day, when the
relative 'humidiEwis high
and you are perspiring,,
why is it hard for you to
become cool?.

Show the.class two thermom-
eters. Have one of the chil-
dren read the temperature as
it is registered on each one.'
of them.'

to,What would happen. to the
?temperature, as registered
on one of the thermometers,
ifyou put.a vet cloth over .

its bulb? '

Put the Viet clot-Wer, thei
.'bulb and have them note
in fact, the temper&ture_
drops. Tell theme that you
are going to call this ther-
mometer the wet-bulb thermom-
eter.

.

Why does- the wtt-blqb
'thermometer registeta
lower tempera tu re .fttian
the dry-buTb thecmdmeter?

Have someone fan the wet cloth
over the wet-bulb thermometer,
and see if they can make the
tOmperature go downather.
When it has gone down as far

,a's it apparently is going to
go, have the registered tem-
perature of both th&rmometers
=t'"

AINISEQUENCE I/Acti\rity 4

COMMENTARY

the back of your, hand and blow-
ing on it. As tile water evap-
orates, the hand feels cooler. AD

(These,,ideas were introdUced
in Minisequence V, Activity 5
in .Grade 4.)

Perspiration, which is mostly
water, evaporates slowly when
the relative humidity is
Therefore the body is not
cooleeas much 'as on a day
when the relattive humidity
is to r. The more water vapor
in the air,,the slower water
evaporates frbm objects such'
as people and leaves.

.

Make certain that the thermom-
eters have beeniochecked before
class and that they register
the

s4

ame temperatures.
0,

-*/*

eased upon earlier discussion
they should predict that the'
thermometerseith\the wet bulb
would register a lower temper-.

*

It shOuld be'clear that this
happens because water is eN.cap-H
.orati414\ from the cloth, thus
cooling it and the wet bulb.'

4.

'
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TEACHING SEQUENCE
4

read, and reoordl em on the
chalkboard.

Ask what the difference was
between the temperatures reg-
istered by the wet-: and dry-
__bulb thermometers.

When woul.d you expect the
diffeience to'be greatest/'
and when would you expe
it to be least?

.Show them the sling psychro-
meter you have made and ex-
plain how it was constructed.
Then show them how it is Used.

How could we find out what
the relative humidity is in
this room using this instru-%

"\-,ment?

Distribute copies of the
_relative humidity conversion
table to the childreA.

at is the difference in
. temperatures between the
two ther'mometers?

Use the table to find the
relative humidity., You will
want to,iaork through this

74
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'COMMENTARY

The dry ,,bulb thermometer, 4

AcouTse, registers the tempera-
ture of the air. Depending
upon theorelative humidity,
the difference may be as much
as 3 or 4 degrees.

../n, '
4

When the relative humidity is
lowest, the difference would be
greatest. The less water vapor'
there is in the afri the mere
rapidly the water 'evaporates
and the lower the temperature
record d by 'the wet -bulb

4thermo eter. When the relative
humidity is highest, there
would be the least difference.

Wet the cloth surrounding he
bulblbn 'one side of the r ler.
Whirl the psychrometeroi the
.air at least two minutes, then
record 4he temperature reg-
istered by'each thermometer.

The difference between the
temperatures recorded by the,
wet and dry bulb thermometers
would heed to be determined
first. After the difference is
determined, the relative huMid7
ity oan .be read from tables ,

sqch.as the one on' page
. Copies can be made using the
duplicated, table on page 467.

Here are actual readings after
a pyschrometer was whirled in .

the air for two minutes":
bulb thernlometer islet= '

hiplb thermomqter 2l:0°C;;,,,The
difference wais

ice 26.5°C-is nearer 2.7°C
than any other temperature in
the frst dolumn'in

-
the table,

t_

It "ol

0



C
CONVERSION OF eTH RMOMETER READINGS INTO RELATIVE. HUMIDITY ($)

. -

..-,e.
TEMPERATURE OF
DRY-BULB IN °C.

i

,-,

'

, __

..
DIFFERENCE BETWEEN VET-BULB AND DRY-BULB IN_°C.

',,

1
- :

2 ]\
50

6 7 8 9

,

.

.

+9, - 88

.

76

P.
65"

..
53* 42

.

-71---.,;
t

22

,

12

,
..

.

..

.

.

.

+12
,

~r~r

-

89
..

,

78

,
)

68 58
,

48

,

r;
28

.

36

.

21

.

.

12

f

,

.

+15

.

.

1
.

90

(

80 71

,

62 0

.

.

53 44

,

.

36

,

.

28

N

i

20

1.-
.

\
,

t

/
+18

',

.
.

90

,_,

82 73

.

65

. ,

57

.' ,

.
-

42
.

35
,

,

27

.

,,
)

.

t

,

of'.
+21
.

.

.

.

91

.
,..

83 75

..

.e'

67 60

-

5]^ . 46 .39

,

, 1,2

;

.

,

,

-''
, .,

.

+24
, .

.

.

92
,

.!:

85 ..

4.
77 70

.

63.

.. .

.

N

',, 561 .
.i- ,

.::4
49 43 .

)
?.-'

37
k

ri
.

-

I

, ,

.
.+27

.

...

93 86 79 72 65

;

.

59

' .

53t 47

-,

.4, 1
.

I

.
i

.

kli

.
.

+30.

,
1

.

.

93

.

t

,

86 79

.
,

73

.

,

67
.

.

.
,,

61

,.

.

,-

.

.

,

..

55

..

it
,

.

T

59

.
,

,
,

.

44

.

.

1

.

.-

,

84
75



TEACHING SEQUENCE

;

example with the childreh.

2. Divide the class into
4 groups' of 4 5 childr".enand

give each group the' materials
for making a sling psyChro'-
meter.

4

'After they have constructed
their sling psychrometers,
have them determine the rela-
tive humidity in a number of .

different places of their own
-choosing. Pass' out Worksheet,.
1-2.. Ask that'they use it td
record their findings.,

When all groups .have completed
'collection4Of their data on
relative huillidity in at,least

76
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COMMENTARY

it is used. To find the rela-
tive humidity, go across the
tablffi at 27°C to the column for
a difference o.f 5.5, wl,ich is
between,5 and 6. As ydbu will
note,. therelative humidity is
between 59% and 65%. The,-half-
way point between th se two
percentages cs 621. Thus 'the.
relatilve humidity the time
these measurement were made
was 62%.

The followingAeterials will
be needed/.

1 ruler, 12-inch (30-cm)
with holdrnear one end

2 thermomdters (pret-teSted
to ensure their4poinci-
dence)

piece of heavy cdrd.2 ft
(60 cm) long

1 piece of cotton'c4oth;
1 inch x 2 inches .(2-1/2
cm x 5cm)

1 cup, plastic or paper,
1 oz (30 ml), cdntain-
ing.water

1 copy of the conversion
table .

a roll of plastic tape..

ExIdou'age them to select places"
in which they would expect to-
find, differences in the rela-
tive humi?dity.. These might
include: their class room,

' outdoors in the sun and in
. the shade, over a grassy-
and. -over a park'in'g area or ;play
area:

this data-.collection shaulde,
a "take- home" assignment.
can be.done at lunchtime, after
or. before school, etc.

8-
1

- -
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TEACHING SEQUENCE

3 places, have them report to
p the. cless.'

Discuss what may have account -
ed for the differenOes
relative"humidityey found
for t.D..c.same area!

.

Based upon their data regard-
ing relatiye, humidity in dif-=.
fer,eut areas, ask them: to

78 '
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COMMENTARY

() O

Here are data that were do1-4
lected at various place.

-
ACE

DB'
'TEMP

WB
Anw

...TEMP

: DrtE,
RED
HUM_

.

b

'91$

)

Pfrking
.)kLot :

. '

:

''-

::7-

2,3.0'- 22 >0

, ,

,.
.

n.: 0

.Park :
Lawn 23:5: 2'2.5..

,

1.6 :8i

Kitchen .25.0 .22:5

..-

3.10 . 8d%

Bedroom 25,....5 22.5 3.0 78%

Base- ..-

Iment
.:

2D,,e,.-
!

2.1,d '4 ...0* R:l.i.

r
A number of variables .in %the
perforMandel of :to..chnigue

may 'account "fo,r-differencep:I.
-Some ,ar:

1; fMprOpo reeling of the
-'11hetrilometi=ts-.

NI*
2-. :Failure swing _the, sling

until the.
wet-bulb reached 'its

/lowest level.

f;:Therviomet§-r4= not :being

prcil5er adjtsted in the.
beginning to' register , 4

,,identcal temlierattUrea.',.- rr
, under -.:the 'same cOhditions:- 1

4.: Wt dry:" " e re bu PP t e-mp e r;a:11
.. .. , ,-.tures and/or difceenOp

. . --.

.ibetween wet:bulb" arid-ciry-:. ,.:";

'-'ibulb did not' co .'reep6nd ...

,.. egctly:with. tlicfpg in-the
; tablet, the difference maw

.. ,

'' ; : not have. been interpreted'-
?

, i n ttie: .;s a 4-4.. was,...-:-.--_,,,- \...... .

I h., the dalta reported apov, , the
"relatii;e-htimijdity *-in ,th,e- air-

....

above. \the, lawfVtwaset91% 'whereat
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TEACHING SEQUENCE

'identify two places where the
relative,humidity appearg to
be clui,te diffprent.

Im,which,plaCe would you
expect water to evaporate
faster?

Encourage them tjo plan egyeri-
ft ments for testing their hy-. A

potheses.

Gy

t

,

Conclude this part Ofathe
Activity'by asking the'-chil-
dren to discuss how plants,
affeqt relative humidity' and
how relative humidity affects'
,plants.

PART C

MINISEQUENCE VACtivi,ty

COMMENTARY

in the basement it was only
71%.

Usinfthe above date-yoU would
expect it to evaporate fas'ter
in the basement.

A simple ex,perimefit would be to
use two rather shallow but wide
pans or dishes '6f*thnsame size

.

(area). Put the same amount of'
water into each. (Amounts could
be measured as weights or vol-
umes.) The shallow Aims should'
then be placed in each area for
the'same period of time and
then the emounteof remaining
water compared. In such en
experiment the relative humid-
ity should be checked every .

hour or so to be sure thi dif-
ference persists.

c

As Aants transpire, they. add
water'vapor to the air. This
increases" the relative humid- -

ity.. As the relati,pe humidity
'increase's, plants'lose Less
water. ,In this way, plants
interact with their environ-

.

1. Revietcwhat children I-61;nd,
out about relative humidity
andits, pp agent effec-:_upon
evaporationf water. Ask if
there may be other co ditions
or factors that would cause
water, to evaporateftst.er.,

To relate this to experiences.

In this Part of, the 'Activity
children ihvestiga,te the, re- ,

lationship of two factor's to
the amounts of water evapo-

.

rated from different surfaces.
. /

./ .. ---

they should Tteve'found that j
water evaporates faster-'wheni
the relative humidity is low.

. .3

4
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TEACHING SEQUENCE

they may have had, ask duk_
questions as these:

Why will swinging your wet
'hands in the air dry them
faster'then merely holding
'them in the air?

Why are wet clothes spre0
out when they, are hung tio
dry?

MINISEQUENCE I/Activity 4

COMMENTARY

.1

Swinging the h nds in the air
increases th rate-of evapa-
ration. .If the hands were not
Moved, the-relative humidity of
the air im surrounding
them would become higher and
the rate of evaporation,fromg
the hands' would decrease.. How-f,

,.ever, by m'ving them; they are
kept in c ntact with air in'
which the elative,humidityis

K not as high. Therefore, the
water will evaporate freely.

N. 1

Ask niold, ex eriments ciuld be
conductecirto determine how
much of a difference it makes,
in the amount of water:evapo-

9 rated, to moVe\air over the
surface or to,i'he-cease the
surfaCe area of water exposed
to th' ait.

First 'you might guide ',the
class in,planning,an experi-
mett to d4termine how much.
more water would evaporate .

from al container When ',lir is
moved over it continuously
thah would evaporate from,
one in which the air above it
is relatively undisturbed:

How many containers of
water should be used?

What ,types of Containers
should be used?

80

Spreading them out,exposed
more/ofthe wet surface to ;

the thus increasing the
-rate at which the Water- will
evaporate from the clothes.',.

In planning their experiments/
encourage the children to in-
clude a techniqUe'for actliely
measuring the amount of. wilier
'e'vaporated under,eact of the
Various condition .

suggested that.a alance be
used-to weigh the' aterbefo're
and after enpodure,to each of
the experimental:aaditions.i

You may prefer to allow,the,:
children to form Small groups 6
and do, their planning i'thout
your,gUddance. .11oweyer,'the,
qudstions listed::uhder Teac0
ing Sequence are those with
which they will' eventually
'hkve to deal in order to' plan
controlled enperimehts.

AVleast two-, o ne with moving
tiboVe it and one with un-

disturbed air above it.

Containers auch,as Mans with
re.r ively ,large open areas
exposed'to the air.' The

89
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TEACHING SEQUENCE

a

How much water should be
put into each container?

How should the amount be
measured?

N

Bywhat means should the
air be made to move over
the one container of
water?

11.

A

-After the exge imint has been
planned to the satisfaction
of all, have the chijdien

S

MINISEQUENCE I/Activity 4
1.

COMMENTARY

containers should be the same

The sameamount.

,Weighing the pan and water be-
fore and after exposure on a

balance is better than measur-
ing volumes. In measuring
volumes, there Wight be acci-
dental loses because it *ould
be' necessary to. pour the water
out of the pans. Furthermore
all of the water may not be
removed each time, increasing
the amount of error.

.

It wou.ld be desirable to use
an electric fan. Bowyer,
an'uninterrupteA breeze is
blowing throUgh'an open wid7
dow, one contkiner could/be
placed 'in the breeze or the
iperiOd'of time necessary tok.
get measurabae results.

Here. are theireaUlfts of a sam-
pl=e expeximepte Two 4-inch.
aluminum '0V wer used. Wa=,
.ter was gou 4d in o each pan ',-
until th,e pan aid .ater weighed

' 109.4 g: The, surface' of the
water panAdas within
112 inch (l cm) bfhe tdp
the pan.° One pan was placed
on one tabl9and theother'pan
was plefced4:41.n-front ofian
electric fan on a table.'in
another part of the
After 4 hours the parts were
again weighed. Both pans -of
water weighed.less4However,;
the pan-of water over vihich ai.r
Old' been moving weighed 1.4 g
less; the 'other pan'veighed
1.6 g less. 0-

I

sN
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4"' TEACHING SEQUENCE

,

'proceed'in'a similar manner to
p,Yan another experiment to'
determine how much water ;,

evaporAies fro ans- with 1
different tur a`c areas

' exposed.

What:data.need to be col7
lected fon this xperi-h
ment?

1'After both experiments have
been planned, again} divide
the class into groups of 4
anth5. Half of the groups
canpo the first experiment
and the othdr half the se6ond
one, When results hale been
obta.ned, have the groups

16. compare their findings,

4I

Now ask hQw
c n,help 4explaIn the

ter from-0.at

f'in'dings

loss Of .

to
deas 'regarding r4nner,an
hic xperimehts max be on=

.1 ducted' -anSwe these ques-

OP,

V, '- -

, '40 Wbjuld'algreate leaf surfiCe As a.reSult.of,their findings,
.

,. .

,

P
I

82 7 '
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MINISEQUENCE f/Activity(4

COIMMENTA4Y

Here is the manner in which an
experiment Using rectangular
cake panswas conducted: _The
sur ace dimensiOns'of one were
12 n. by 8 tn. (area96 sq
in rd 'other pan was 8
Joy (area 64 sq in.).
-Three cupsioeWater were put:
into each an: The larger pan
of water di4 ed 879 g and the
smalle nd ighed 742.2 g.
The%pans then placdd side
by side onj a table and left
undisturbed for 24 hours. hey
were again weighed. (The p n
of water with the large'r su
Oce, area txposed to the ai
had lost 141.6 g of water
whereas the pan with the
smaller diirfaceAkrea exposed
to air had logt-wonry 1U8 v'of

water.). 4

Let the
.

iliren construct '

their ow dalta sheets for
t ese exp riments'.

.Whereas .u..titative findings
may nthe tlyrthelsame.for
each g oup, the rends should
be the sam : Movi g air causes
more 'Water to evaporate than
still ai Mord water,.;levapp-

Trates w en largeior
areas ar exposed to thea .

4.

4

.4
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TEACHING SEQUENCE

exposed to the air resul in
greater water loss from
ppnt,s?4

4olOold moving air (wind)
result in greater loss of
aver 'from plants?

ip the children see that by
asking specific,' questions
sucll as those, what needs to
be done in designing an exper-
Niment becomes clearer.

ss

.=t

Suggest that the 'children plan
,,their own experiments. Ask 4`

"questions such as thege to
guide t,4eir,thinking: 7

stelhat kinds of plants - shou ld
be ,used?

x.
.

What part'of the plan-t
shoculd be :used?

S

J.

ae

MINISEQUENCE I ACtivity,

COMMENTARY '

the chiTNen may expect that
the lafgerthe surface area of
leaves exposed to the air, the
greater the, water loss and that
winds would increase water loss
from plants.

The word.geeater in 616 firs t

question impliei that some -

estimates, or quantitative
measurements will have td be
made; first with reference to

'the-area of leaf surfaces and
second, with reference,t0..the
amount of water lost. In.Ehe
second question only the amount
of water lost will need to be
masUr91, We detect the fact
that air is moving by observ-
ing the movement of things
with which it comes inn contact.
HoWever, i the( speed of air
were a fac or,,a measurement 1,

of it would haVe to be made.

/.\HOW should the branc ik,es and The bel'qches 'co
. their leaves be treated? - and their stems

Since geranium plants are
still,on. hand, they should be'
used.

A branch /ith relatixely few,
or smaller, leaves c9ulebe
ed to :compare its water loss

With a_bl.anch containing mole
or ,lager leavQs. /TM seconds
beanch shoUld have obviously
grNeater leaf surface expoed.
To measure the actual.areas,of
leaf surfyl.e is
for children to do.

9

d be cut of f
ut into test

'tubes containing.water. T4st
tubes' can be" ap roxi ately
I/8 in. x 4'i DI x .

92. A

/



t

,4

TEACHING SEQUENCE

Ho can you determine how.
much water i5 lost by the
'leaves?..

g-

8.Wha t crantrols
set up?

should be

cN.

Ask-the children to set up
their experimentsandCrunl
them in groupla of 5 'for fou'r
days. Have each group then
report on'its findings.

MINISEQUENCE I/Activity 4

COMMENTARY

, AC'

100 mm) . (This siz'e test tu)De:
is called for in later se-
quences.)' Cuttings prepared
in this rrianner can latex be
kept in larger containers of
-water until they grow roots
and than potted so as to pro -
duce new.gevanium plants.

Begin'with the stem and test
tube filled with *ater. Weigh
it in the beginning-and each
day for a period of four,days.
Test tubes can be put into'the
babyfood jars and left_there___
for weighing. It 40.11endt be
necessary .tr.; deduct ,the weight
of jag' and, test tube ,each time
,b.ecause their'Weight will be
the same each time.- ,The loss

weight wil.1,be acounied
for by'loss of water.

One full test tube of water
shou11.4 be set up without .a
gerinium cutting in it. Rather
.than a geraniuM cutting, it
should have A pencil (farin-
(tance) in it with a small
.paper fin attached td-the
upper end ,of the The
pencil occup'es apProxitately
the, same sOevithine'and
abov4".the test tubeS'as,the.
cuttings' do.. Whatever

willtlost from his setup will ap-
proxima4tethe, amount evapo-,
rated from the sujface o'f the
water .in the test tubes with
the cuttings., The amount it,
loses should the be sub-
Lt.i.cted froM the amountilost
Irotl, test tubes containing
cuttings to find the, amount
'actually lost by the leaves.

Mere are the findings from one
experiment conducted-as sug-
gested above. The weights
recorded are iehe ja'r in
which the test tube was held;

93
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'MINISEQUENCE I/Activity 4

TEACHrING SEQUENCE
I COMMENTARY
a

,,,,, .

plus the.test tube, water,,ind
cutting. No. 1 was the setup
for the cutting. with th6 esti-
mated larger leaf surface ex-
'posed. No. 2 was the setup for
the cutting with'the estimated
smaller leaf surface exposed.
No. 3 was the control setup of
test tube, pencil, attached

.

fa

)

, and )4ater. .

0

f.

f

O

Set-
ups

i 'Days

l' 2 3 4

.
. .

14,'N9.1tAi4.8.:8g 116.Ig 113.6g 111.8g
,

c

No.2, 111.0g 109.2g 10,...4g 107.8g

No.) 111.511101.8g 110.3g 109.9g

S up No. 1 lost 7.'grams of
water'in the four days, 'No, 2

lost 3.2 grams, and No. 3 lost
1.6 grams. From this it can be
inferred that Ole,leaves in
setup No, 1 lost 5,:4,gram
(7-1.6),.and in No. 2 they
lost 1.6 grams (3.2-1.6).
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TEACHING SEQUENCE0

Ask What conclusions can be )
nade based upon their find-
.
ings.

47

Now ask the children how they
can use the ,,,setups th y,pres-
ently have to conduct an ex-
periment that will help them
to answer the question regard-
ing the effects of moving air
on water 1 ss fr"bm leaves.

`After they have (completed
their Weighings/for the fourth-
day, have them make compari,-
sons, sietup by se4up:

a

r
'

1

4

3... Summarize this Activity by
4

discussing tuck questions as
theses:4

How does water loss from the
leav'es Of.green plants af--
fect the air surrounding''
them?'

How does the loss-of water
from leaves affect_their
temperature?

MINISEQUENCE I/Activity 4

COMMENTARY

The findings Vill clearly lead
to .the conclusion. that the
greater the leaf surface ex-
posed to the air, the g.reater
the loss of water.

One workable plan is to refill
their three test tubelirs be-
fore, weigh them, anditet,them.
in an air .current produced by
tie elec:tric'fan. .They should
aldo 'be locatdd in a well- -
lighteskplace. The setups
should )Se weighed at the same
intervals they had preViously
been weighed.

t

Here' are the finding tained
when the setups previodsly
referred to wereput into an
air current prOduced by'a fan:, 0

t Days
Set-
ups 1 1 3 4

t

A

No.1 119.1 112.0 105.1 101.2

No :2 1113.8 105.7 100.2 96.3

No ..3 112.1 1091:3 106.8 105.).

Note that a consideeWbly. larger
quantity of water was lose by -

geranium' leaves when they were
placed in a current of air*.'

As water vapor mixes with bt erg f
gases__ in the air, it increas s
the relative humidity of the
air. . -

Heat energyis used in chang7
ing water from a liquid tcoa
gas. As heatenergy is taken
from the leaves,'their

9)
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TEACHING SEQUENCE

6

What are some -of the envi-
ronmental faldtprs.affeat

water loss by leaves? -"

t
What is a plant factor-that
woiid'affect water lkis.f?'y
leaves?

,v1P'
EXTENDED EXPERIENCES:

AO >44".".
,M 'INISEQUENCE I/AdtiMity 4,-

COMMENTARY

teMper4tdie becomts lOwer.
thi.s did 'not happen, leaves i
direct sunlight would became
seriously damaged. i

V

:Radiant energy froth 'th sari,

relative humidity of the air
and movement of the air.

The relative'siie, shape,and
number of leavs-p, all of which
affect thelsurfacearea Px-
J5osed,.

_., o
. .

.

1. A modification of the experiment-described on p'age WOO might
be pqrformed to find out from which side of thb leaf most of the , , .:k

water evapora.C.e.s.% The children could set up some paant leaves ° it

withlvaseline,on the upper' side and s'e withvaseline on the. I,.

lower side. Most of the water evap!5rates from the Undeiside of
the' 'geranium leaf where there ateem9re-tiny. opedingsc4led,
stomata in the epiderMal layer of cells. The air moving out
of the,stomata contaiis more water vapor than the aiPmevillig '19,',
il. The plant loses much of its water in this, manner. 1,Similar'

. .
experiments could' be{ conducted with other _types of pottrd plant a'

le s, and,Eriglish Ivy. q4one ...oflri-pl'ants 4s:uah as Begonia,
11,45 stomata in t upper epiderMis of ,their. laves

1 T

c',n he.,made of extrem ly'tliirlayer of tht fowe -ebidermis -at

Stdmata in ,ep derinal cel of leaves cane -be dbsered with
.41e microscope, at 45 ,m4gification,. To'viewthem, ige,L'mount4/4

it is peeiOoff the leaf, Here is: what a4to looks ,dike
e

e

closed and open. . = ,..
.

.

,
. .,

ae

a

\ -
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MINISEQUENCE I /Activity 4

a. the relative rates and/or amounts of .transpiraUon,from
different types of trees, shrubs, and garden' plants car, be
i nvestigated,.as they are growing, by using the plastic bag
technique. The bags can be tied onto the ends of branches with-
out harhing the' plant. Where such comparisons are being made,
care shoild be exercised in getti.ng approximately the same num-
ber and size of leaves into each bag. Finally an experiment

-might be done to find out if a branch of leaves inXthe sunlight
will transpire more thah a shaded branch. (Radiant energy heats
the leaf and increases the rate of trnipitation.)

.1)1ants such as evergreen treey'and cacti have modified leaves
that lose relatively small amounts of water by transpiration. -
The needles of the evergreen are its leaves; the spines on a
cactus are its leaves. In both types of leaves the surface ex-
pOsure pis much less than it is in broadleaf plants. An inves-
tigation of water loss, from these kinds of plants would be a
highly interesting project.

4. Sorde children may be interestedin conducting a long-term
(3 to 6 month) survey of variations in relative humidity in
several different nearby environments such as a ylaygroun'd,
a grasly park, a woods, a swampy area, ))and ,a large parking lot.
If possible, the relative humidity shodld. be checked every day '

at about the ,same time, After the survey...is 'completed, a report
could be written in which the findings of the survey are report-
ed, along with possible explanations of differences in relative
humidity from day to day and from one place to the other.

88
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MINISEQUENCE I/Activity 5,

Activity 5 Action in the Underground

This Minisequence was introduced with an investigation of soil.
The investigation included consideration of.< the- interaction
processes by which soil is forMed, the complexity and variiabil-
ity-of its composition, one of the ways it interacts with water,
and the comparative plant-groWth-producini qualities of differ-
ent types of soil.' It was later shown that one way in which

. plants and animals change their environment is to release carbon
dioxide into it. However, green plants, dufing their food mak-
ing periods, remove some df the carbbn dioxide and replace it
with oxygen. This carbon dioxide,oxygen cycle.is, one of the-
ways in which a community of liv,Og things interacts with its
environment. In the preceeding<Activity thq children found
that plants also change their environment by adding water vapor
to it. Such changes,lin turn, have, an efeect upon plants--thus'.
providing another example of how living'things may interact with
their environment.

In thislActivity still another example of the interaction of,
living things with their environment is investigated: Collec-
tions of woodland litter are examined for the presence of animal
life and evidence of'its interaction with other components of
the litter environment. The larger animal specimens are removed
from the litter and examined. The. litter is then subjected to
conditions that change dramatically the environment to which the
smaller animals remaining in the litters have become 'accustomed.
As a consequence of their reaction to such environmental changers,
they migrate into collecting bottles where they are examined.

Ale

MATERIALS AND EclUIPMENT:

1 hand trowel

1 roll of plastic tape

1 pint (500,ml) of rubbing alcohol

microscopes, 40x, 'one for every three, or fOur children'
if possible, arid slides

vp,

1 box of toothpicks

-"?

'For each group of threekor.four children:
.

1 plastic ba\of woodland litter. Bag'S should be

9 89
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MINISEQUEN.CE 1/Activity 5

'approximately one gallon capacity (See Preparation'
for Teaching)

S., magnifying glasses
4js

popsicle sticks

1 double shesheep of newspaper

1 thermorteter, -20°C .to 50°C

crdboard box,'approximately 8 in. x 8 in. x 8 in.
(20' cm x 20 cm x 20 cm)

11

1 .12 -in: (30-cm) ruler

-1 Gooseneck lamp, or its equivalent, containing a 100W
bulb

1 funnel; 5 in. (13 cm top diameter, or its equivalent

1 scre'en, 14-in. mesh, o wire. gauze, 5 in. x 5 in.
(12 cm x 12 cm)

1 sheet of black construc paper,8-1/2 1n. x 11 in.
(21 cm X 27 cm)

1 baby-food jar"

1 aluminum pan, 4 in. (10 cm) diame ex

1 pair of scissors

pardnag fe

5 3 in. x 5in. (5 cm x 1.3 cm) 'cards

PREPARATION FOR TEACHING:
-10

preparing for Section 1, locate a wooded area wheie there fare
ing leaves, rotting wood, and other such woodland litter

on the grOund. .Such a wooded area need not bye verylarge. Suit-
able areas can usually be found'evenin urban'parks. Soon after
a rain, wisit the voodland area and collect 10 bags of moist
litter, or about 10 gallons, 'A trowel may be used to dig up
the litter; however, it should be sufficiently loose iko that you
can dig it up witWyour bands.' Be sure3that you dig it up to a
depth of at least,4 inches. There -111ayte a few low plants grow-.
ing in tne litter.. Sufficient litter hould be put into each .

tbag t,o'fill i..t. about one-third full. . hen the, bags are returned
to the. classroom, the litter' should be sprinkled with water and

. .
the bags stored in a large cardboard box away from the, light.,

90
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1,INISEQUENCE 1/Activity 5

IT litter should show signs of drying out before you are ready
to use it, add as much'as a cup of water to each bag and let it
sit for a day or twos It iSvery important'that the litter be
moist when examined by the chlldren.

Irb preparing for Section 2 encourage the children to assist iri
collecting the cardboard boxes after you have shown them one
with the approximate desired dimensions.. Make a display insect
trap from one of the boxes by following these instructions:

Lay a box:on its side so that
the open side faces-you. In
the water of the upper side
of the box dras$ a circle 4
inches in diameter. This can
be done with a compass or by
using a pencil to punch two
holes', 2 inches apart, in a
J-in x 5 -in, card. With one'
pencil hold one hole over the
center of the side f the box.
Put the point of a second pen-

, cil through the, other hole and
draw a circle around the first
hole as its center.

With a paxing knife cut the
cirdle out of the box. You
now have a hole which can be
used to suplArt the funnel
when it is placed into it.
Cut a 5-inch square out of othe
black construction paper an
lay it aide Cover the out
side of the }funnel with the
remainder of the construction
paper; so that no light will
enter the funnel from its
side..Luse the plastic tape to
attach the paper to the outside
of the funnel. Now insert the
funhel into the hole. Put a
screen on top of the funnel.

Now draw a circle, 3 i hes in
diameter, do the'-5 -inch square
of black construction paper.
After the circle is drawn,
carefullycut it out without
cdtting through any sideso/f.-
the square. Lay the square of
construction paper,,.with the .

hole in its centern top of

4.



MINISEQUENCE I/Activity 5

the screen. but the bo.ttom out of one of the 4 -inch aluminum
pans and place it over the circle in the black paper. Put a
baby-food jar wider the end of the funnel. Arrange the goos'e-

is about 4 ta. 5 inches above theneck
pan.

lamp so that the bulb

a
b

When a handful of woodland litter is placed into the bottomless
pan (pia the screen, and the light turned on, small insects will
mo,ve downward,'away from the light and heat. As they move away
from the heat andf'light they will fall through the screen, into

i
the tunnel and then into t e baby-food jar. About one inch of
alcohol should be put into! the jar. This will kill the insects
^and' make it possible to examine them later. To prevent stray
insects from flying into-the jar, cover it with a card. /Te
card should have a hole in it large enough for'the funnel tube
to enter. .

ALLOCATION OF TIME:

This Activity 'should take a minimum of.two hours of clgss time.

TEACHING SEQUENCE

\.
1. You might introduce this
Activity by asking the chil-
dren where they would go -to'
hunt wild animals. -\

When the woods are mentioned
' as a lace to hunt wild ani-.

ask where they would
P-look for the.-wild animals in

the woods.

I

pour out one bagful of litter
onto a sheet of newspaper on
one of the tables. 'Invite',
th,e childrn,to take a-clo'se
,look at it.

Ask if anyone. can tell where
you obtained this material.

no.one can tell where you
got it, explain that you ob-
airted it from th'e ground in

woOds: Teal them that -it

-92 1 0 _t.

COMMENTARY

Encouragethem,to suggest as
many places as they can imag-
ine Some will undoubtedly
say that they wou1d, go to the
woods.

Again encourage theM to think
of all the places they might
lOok, ThAy will probably men-
tion such places as in trees
or caves, ,behind rocks, in,
holes, under dead'logs, and

. under bushes.

1

After you pour it out,.pick, up
a handful and then filet it all'

back onto the piles

Forest litter

4F

is produced by



(

3
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TEACHING SEQUENCE

is called woodla or forest
litter.

Arrange the crass into working
groups of three or four, each.
Give each%group the folloAing
materials:

1 bag of litter'
3 magnifying glas -ses
1 baby-food jar
4,ttoot1ipicks
2 popsicle_a.ti.4s
1 double sheet of
1 thermometer

neWpaper

Invite them to go on a small-,
animal hunt through the lit-

,

ter., Have them carefully
§,tveck the litter in lone 'mound
on a double, sheet of new.,
paper.

MINI5EQUENCE I/Activity 5

COMMENTARY
J

all of the wildlife- -both plants
and animals- -that inhabit the
woods.

The litter should lie carefully
emptied from th agiin the
same condition itwas ill'
the bag. It sh'o

4
d AO't be

mixed,ui or scattered overt the
paper.

.

..
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TEACHING SEQUENCE

Ask thLu to describe their
mounds f litter as an envi-
ronment or small a imals.
Suggest hat the usj their

- thermometers to c eck the
temperature inside the ound.
Caution tham-,abolit,d turbing'
the mound of litter.

Do you observe any animals
outside the mound?

Where would you expect most
of the animals to be?

'Have the childrem spread the
litter into a relatively thin
layer on'their sheets of news-
paper. Instruct them to ex-
amine carefully all parts of
the litter for small animals.
As .they find theM, 'encetrage
them to describe the animals.

. Have them put the animals i4
the jar. (They should keep
the lids on.)

40,

As they search, for small ani-
mals in the litter, ask them,
to look for anyievidpnce they

. can that animals have been
causing changes in the materi-

' al making up the litter.

Now ask how the litter, in
turn, may' hay.e caused changes-
in the animals.

94.
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They should ',co nize the fol-
lowing propertie of the mounds
of litter: it is made up of
organic materi 1 rimarily from
different,' parts

\
and different

'kind of plants. It is moist
It may be. assumed that At )1t. s
dark inside the ouhd. It is
'cooler inside the mound than
it is outside.

There will be rela\tively few
Or none that, can lock seen..

The animals are probably' inside
the mound of litter.\

The litter should be \spread
into a layei no dee'pei. than 1/4 .

inch. They should use\ tooth-"
picks' and the pppsice;stiCks
to separate par of e'. lit-

ter in their searc orani-
mals. They should us. ,their
magnifying glasses to observe
animals as they are'fo n4.

'
Some animals such as' ea 41worms,
ants, centipedes, beetl s;, and
spiders children may be able
to identify on their own.

Small pieces of dead tre
have holeS in them. Thes
probably made by insects.
shouldrbe possible to s'ee
leaves have been partially
eaten by insects. It nay e
be possible to observe ants'
other insects carrying bits
material. It would appear't
animals, as thy'live in lit
are slOwly reducing the size
its particles. In time tblese
will become a part of ehe
beneath the litter -

Although it cannot actually be
observed, the animals have
grown and increased in number.

Will
were
It
here

en
or

At
er,'

as one resplt of using
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4
After those animals that are
easily picked outhave been
captured al-Arput into jars,
ask if anyone found evidence
of animals that were too
small to pick out,.
.1 L

Tell them .that they will need
sto use a special kind of smakl

animasl trap to cgtch the tiny
ones. While they prepare the
trap, they should return each\i
pile of litter to the plastic

.1 bag, sprinkle the litter well
with water, tie the bag, and
return it to the large card7
board box.

2. Use one class session to
survey the ool3,ection5--of
small animals_that Aildren
found'in their initial examIn-
ation of-the litter. Make a
'list ,Fif the different kinds
founa.. This may be one by
act aally naming the if

1

MINISEQUENCE I/Activity 5

COMMENTARY

material from the litter as
food. As these processesave
gone on the 'animals have re-
leased carbon dioxide into the
air, fahich permeates the lit-
ter, and diacharged th it
excrement, 'which becom s part
of the solid material ithin
the fitter enviroinment.' In
these ways,:anima-l/s and litter
have 15een interacting.

I

They will undoubtedly have seen'v
little worm-like and insect-/
like alpimals that were too
small to pick up.

As mach. as one cup of water may
be used to make.sure tliat the
litter is ,Soaked through be-
fore it Ls set aside for later
examination. Remind the,chil-
dren that the litter was moist
when they removed it from the
bag., It will have dried out
considerably during the time
ft was spread oven the sheet of
newspaper. By adding water you
are attemptintl to return the
litter environmenitto its orig-
inal condition.

A

If you or any of the children
know s'omeone who can'identify
any of the animals, invite i

-them to assist with this class
session.'' Such a person,may

104 .
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TEACHING, SEQUENCE

possible, and assigning dif-
ferent children the task of
sketching each animal on a
separate 3 -in. x, tin. card,.
They can then categorize them
on the basis of their observa-
'tions. The names and sketches
of the animals should be dis-
played in some prominent place'
in the classroom.

4

1

MINISEQUENCE IA ctivity,5

COMMENTARY
/_

-also 1:).ing al6ng books
ing picturesIof the sm,
mals.

contain-
11 ani-

.

A bulletin hoard display might
.be 'arranged.

1

ANIMALS IN
WOODLAND

LITTER

3. Display foF the children
the insect\trap you cop-
structed.

Demonstrate how it is used.
You may find it helpful to
show them;' step by "step, how
you made the display model

96 103
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TEACHING SEQUENCEo

What are the properties of
'a litter environment?

b
What other property could-
now be added?

What Flo you suppose 'would
happen if the properties of

4 the litter environment' were
greatly changed?

what ways are the prop-
erties of --t,he litter envi-
ronment,changed when the
lamp above the small-animal
trap, is turned on? '

In what direction will the'se
changes be taking place?

. In which direction will the
smell animals in ,the litter
probably move?

Give each group of children

4 1

the'necessary materials t9 use
in constructing their ow2
insect trap: After the traps
haver-been constructed, have
the children use them in col-
lecting the smaller animals ''

from the litter in their bags.
They should'put about 1/2 inch
of alcohol in their jars.

'1

MINISEQUENCE I/Actitity 5

COMMENTARY

material are likely tofa1,1 .

into'the jar.) Now place the
jar of alcohol into position,
but do not turn the light on
just yet: op-

These properties are listed
in the commentary do ,page 98 !

made up of organic material
.moi6t inside
dark-inside
.relatively Cool 'ins de
(recheck the temferature by
reading,the thermometer.)

Contains small animals.

O

The animals would probably
move out or die.

Ps you ask this question, turn
the larffp on. Tie litter then
will receive more intense radi-
ant energy. As the litter
absorbs this energy, its tem-
perature will rise. (Verify-.
this by "checking the theemoM-
eter `reading.) The litter
also dries out.

From the top down.

'Downwai.d into' the jar of
alcohol. ,

Eacb handfal of lit ter shou'ld
be eft on the trap for at
least one day. If the entire
bag of litte r,is to,besearched
for smaller animals, it will '

take about one week, After
each handful of litter is

166
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TEACHING SEQUENCE

4. Follow a procedure. Similar
to that earlier and conduct a
survey of the collectioRs. of
smaller animals that came out
of the litter and were, trapped
in the alcohol.

5. Below 'are some important
'concepts that should have been
learned in this Activity. One
way to review --the concepts is
to task questions that direct
childrdn's thinking toward
them.

What is woodland litter?

When is Woodland litter
being formed?

Why are there small animal
woodl.'.isrld

What ard" the properties of
a suitable litter environ-
ment for small animals?.

W h7at happesn to the litte"rte
when a lighted bulb is

a
above it?

- 4:4

How do small-a4Amals inter-
act With a woodland Utter
environment?

'98

I
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COMMENTARY

removedvithe remaining litter
should be sprinkled lightly.
with water'.

. Most of them will be -so small
that it,willbe desirable to
use the 40x microscope to ex-
amineamine them.. Again encourage
the6children.to sketeh'and
categorize the tiny animals
based on their observations.

ar

O

Woodland li tter it made up
primarily of the parts.of
plants that live. in the wood-
land: ,

Woodland litter is being farmed _

all the tithe.

Woodloand litter appevs to be
a suitable environften't for
certain kinds of small ani-
mals.

Darkness, a cool temperature',
and moisture make an environ-
ment suitable for g'mall.ani-
mals found in woodland litter..

When the litte'renvironment.
is exposed to radiant endrgy_
from,the lamp, its temperature
rises./ water evaporates, and
the sball,inhabitants. move out:

Small animals. interact with, :k
woodland environment by using..
parts of. it efor'food and the
food, in turn,-contributes to
their growth.



MINISEQUENCE' I/Activity 5

EXTENDED EXPERIENCES:

1. A field trip into a wooded area will add greatly to the
',concepts developed in this A.ctivity. Encourage the children to
assist in Planning the field trip. Here re some questions that
may be helpful in planning what, to look for:

What different kinds of larger, plants And. animals' can 'be
fOund living in the woods'? These may ,include different.
ki,pds,of birds, mammals (squirrels, etc.),reptile§ (snakeSP,,
amphibians' (frogs), insects, trees, bushes, loy-growing
plants.

Howcan you find the name of the differen t kinds of living
things? YoU may be able to have someone accompany you who
n'iden,tify many of them-' You might also have book's in
the library that would help. The following books are pic-
ture guides written by Herbert Zim,..and others, ana Published'
by Simon and Schusterr Birds, Flowers, Insects, Reptiles
and Amphibians, and Trees. In preparation tOr tfte
committees of children might be assigned the task of ac.. -'
quainting thoeme.lves with these Kooks.

What additional evidence'dan be found that theplantspnd
animals living in the woods are interacting with their,
environment? They should find ftingi of var4ous kinds
grovting on dead trunks and bramCheS,of tree's. Fungi are
simple plants which do not contain chlorophyll. There.

are many different kinds ,of 'Bread mold is a common
one. Mushrooms' and toad stools are others'. ,Dead, trees
. generally have Large shelf fungi growing onApnd inaide of
thym. The'fungi causethe decay of the dead tree -and it,
in 'turn, supplies food for the fungi! Birds and squirrels
may be seen .in bushes and trees eating seeds, nuts, or
insects.' If rocks or logs are rolled over, Many insect's
will be seen scampering in all directions.

How do the 'trees affect the environment Within the woodt?.
During the summer, they shade thewolodland floor. 'There-
fore, you Will see 'few-of the kinds of plants thpt grow
well` on unshaded plots., Trees are constantly edded
the. oodland'litter. They alsb breaktthe impact of'heavy'
rains. Their roots' keep the earth beneath them relatively',
porous. In these ways they prevent soil from wasl'iing away
after heavy rains'.

2. The environment Within. woodlaed litter 'may be referred ep
t

'as a microenvironment, because it is a sall part of a Larger
woodland` environment. After discussing the.,i4ea of micro-' ".

environmenes encourage children to locate other, ones:- Such
places As the following may be considAred micro,dnvionments:
a lawn from the''soil surface to the-tip's df blades .of grass;
the north side of a house; the area beneath a bush; the denutted-

" %lb. tio t
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MINISEQUEIiCE I/Activity 5

ground around an ant hill; t narrow space between two build-
,ing; allower box; and a hole 1 In each of these
places air temperature, relative humidity, amount of sunlight,
moisture, and the living things that inhabit 4t will be; in
one or more ways, noticeably different from the larger environ-
ment within. which it is locSted.

4

Children 'can create miciroenviropterits populate- them wit4:liv-
ing things, and observe haw the li g things interact with such
encapsulated environments.' Brea mold may be started on a slice
of bead, ih a see-throUgh conta er. If. small jar of water

lso placed in the container and, the Container covered with
a plastic mrap, the mold will grow very'r'Apidly. Mold that has
just begun to grow'on'frlit can be caused to grow more rapidly
if kept such an enclosure. ,However, with,fruit it
would not be necessary to include a jar of water since there is
sufficient moisture in the fruit to maintain-an environment with
high relative humidity.

a

3. 'A very-Enterestingprojectis to make a
fruit -fly farm. As'the name implies, frhit
`rriesare generally found around rotting or
fermenting Fruit flies are insects'
that go throchgh several stages in their de-
velopmentfro% a fertilized egg laid by a
fem.0.4,24rAi,t,flyto an adult fly. After'the

reggreIaAi, it -takes only a few days for it
to hatch into a van wormlike creature
:called a larva (or maggot) . The-larVa con-
sumes relatively large amounts Of food and
grows very rapidly. Ih several more days the -
larva encases `itself. p a relatively hard
little case and is called a pupa.- After a
few days of development as a Tupav & ful17.
grown fruit fly.emergeg. This entire prodess
of development takeg less than 2 week's. Chil-
dren' can observegenerationafter generation
taking place in a fruit-fly farm., 6,

4

- Before starting the farm children will. need a-s -through plas-
tic container. An excellent one for this purp se is the con-
tainer that florists use in delivering corsag s. These have a
hinged lid that can easily be sealed with plas is tape. An
appropriate size is one .that is about 9 inches long, 6 inches
wide and 5 ,inches high.

An overly ripe banana can easily be obtained from a. fruit market.
','he likelihood .of fruit "flies having already laid eggs on the .

soggy banana are,very good. However, this can be'checked by
placing the bananainto the container, cloqing it, and putting

. it in a part of. the room that is out of-direct sunlight'. Under
such conditions it is almost certain that a fir.st generation

100 C .10J
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of adult flies will develop within a fewodays. If-by chance qpne
appear.within/two weeks, the container should be left open fora few days. The distinctive odor of the ripened banana will
surely' attract a number of starter flies. WIce there is an
estab...1.1shed population, the lid of the 'container should be
sealed w±- h'scotch tape. A micri)environment, including air,a bknana, and fruit flies, has been created. The banana is
/%setirce of food for flies. It contains sufficient.4ater to
p rwisture in the environment. Even though the container
sealed with plastic'tape, in all likelihood the seal willn. be airtight. There will be sufficient exchange of air with
'roam to maintain the flies for as long as the banana sup-,

ies.them with food.

To observe details within their .fruit -fly farm,-the childrenshould use magnifyingglasses. When observing the container it
should be herd in various positions relative to a light source
in order-to dee clearly such objects as the following:

U

adult flies, thpir bodies, wings, 'legs and antennae
.eggs, after being laid and as theylare hatching
larvae, from freshly hatched small °die's to large

ones about ready to pupate
pupae, freshly farmed 'as well as thOse from which

the adult flies are.beginning to emerge

From week 4

to week', the fruit=fly faresliould be observed by
children.to note any 'observable changes,in the interaction
between fruit flies and their environment. Questions such as
these Could be used to direct their observations:

Does the banana appear to.be getting.smaller?

Are other living things, su)h as molds, finding this
-environment a suitable one?.

.

Does, the number. of flies in-the fruit-fly 'populatioA
appear to be.cheng,kng?

*"\

What happens to fruit fly activity when the container is
placed'on ice cube's?

What do you think about the relative humidity in the
container?

4

In one such farm, over a period of six weeks, the banana ap-.
peared to be getting smaller. There was a good deal of browns
liquid around the banana. No other living things, besides the
banana and fruit flies,- were observed. The number of fruit

I flies appeared to be approximately the same from week to,week.
:NumeroUs dead flies could be observed in different parts of
the container. When the container was cooledby putting it on
ice-for a period of time, movement off the fruit flies appeared

11.0
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1

to be less. As indicated by deposits of liquid on the lid and
walls of the container, the relative humidity remained high
over most of the six-week period. .

It is recommended that each group of children who start a fruit-
. fly farm keepiti`for as long as flies can survive within it. If

'<--...records are kept of such changes as the above,, children will
have a better concept of how living

may
interact withtheir

environment, acid md'how living things ay eventuaMy change the
environment so that they can no longer in it.
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Minisequence II
Heat Energy,and Hydrate Bonds

The Minisequences in Grade 6, for the most'oart. serve as culmin-
ating experiences'in develOping the five conceptual schemes se-
lected fyr the,COPES curriculum. Observations on living systems
and their environment in Minisequence I were 1.14. to develop
further the concepts within, the scheme Interaction and Change.
The Conservation of Energy conceptual scheme has'been developed
along two major lines--conservation of heat energy and conserva-
tion of energy in mechaniCal systems. Minisequence II of Grade
6 is intended as a culmination of the heat engy story towards
which specific Minisequences in Grades 3, A, and 5 were directed.
'(Minisequence VI will deal with conservation-of energy in mechan-
ical systems.) ."

sr 4

The storyline started in Grade 4 withrthe concept of the heat.
energy unit (h.e.u.) as a measure pf thermal energy'which could
be used to keep track of this energy when samples of water were
mixed. Subsequently, in a series of Activiti.es, concerned with
the role of thermal energy and change of state,,'children ob-
served the ;'disappearance" of the 'measured heat energy of.a
sample of water when mixe'd )with its sAolix --a piece of ice. A
model was developed to. help account. for this 'absorption of
thermal energy during the melting of afvolid. According to
this model, the absorbed heat energy was used to free molecules
from binl.ng for.ces holdin them in tha fixed patterned array.
Characteristic of a solid structure. The fpeed molecules of
the liquid were inferred to possess more energy than those IA
the solid by virtue of the energy absorbed to form the melt.
Change of state was further extended to the observation that
heat energy also had to be ,absorbed by the molecules in a liq-
uidin order to free them from any bonds holding them to neigh-
boring molecules--resulting in completely free molecules in a
gas. Similarly, they observed that to change a gas back to a
liquid, and 4 liquid back to a solid, heat energy had to:be re-

/Moved. Thus the liquid Was considered to,b.e in a higher energy
state than the solid, and the ga's to bain a still higher energy
state. To change from one state to ajligher energy state re-
quires the addition .of (thermal) energy, which serves.to break
the bonds holding the molecules in position. Conversely, to go
from a higher to a lower energy state (e.g., liquid to solid)
involves removing thermal energy so that,the bpnds can re-form .Al.
In Grade 5, Minisequence III, t...12,Ase concepts were extended to
the solution process which involves tfle breaking up of solids
(dissolving) by placing them in suitable liquids: In this pro-\
cess, as in melting, it was found that the molecules of the
solid absorb heat energy as they re freed from their fixed

;

positions (i.e., their bonds are roken). In dissolving,
A
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however, :t1.0 necessary'heat energy 1.8 taken'from the solvent,
rather thap Supplied from outside the iyst7em.

or I,

The present Minisequence will, again be concerned mainly with
overcoming bonds in solid's but with a very distinct difference.
In melting and disiolving, where freely flowing liquids are
formed; the bonds holding the units of matter in the structure
exist throughout .the solid--one unit may be held by several
bonds, each one holching it 4o a neighboring unit in,a particular
directioA, Heke we will consider another type of bond - -a chem-
ical bond. This bond is directed between two units of matter,
either:tWo atoms or two molecules. Chemical bonds can vary in
strength between extreme values: a moderate amount of energy
can break the bond between units of water and of copper sulfate,
while extremely large amounts of energy, not available in the
laboratory unless one resorted to electrolysis, would be needed
to break the bonds*holding the units of hydrogen atoms and oxy-
-gen atoms within the molecule of water.

The bond between units of water and of copper sulfate is called
a hydrate bond. The experiences in this'Ilinisequence will ex-
tend the concept of energy and bonds to the specific' chemical
.bond between certain salts and water molecules, known as a hy-
drate bond, and subsequently to another example of such chemical

cbonds. Blue vitriol, known chemically. as the hydrated form of
copper sulfate, is one hydraed salt which the children will
investigate.* As the name implies, the dolor of the hydrated
'salt is blue; the anhydrous form is white. Thus the bonded
water changes the properties of the solid,salt--the color'iv no
longer blue. A great many salts e found in both hydrated and
'aPhydrOus forms; however, there 1rd not be differences in color
be'tween the two. ,Epsom salt .(magnesium sulfate)** is white in
both its hydrated and anhydrous forms: Agaix1 the 'Children will
find that energy must be absorbed (by the hydrates) to break the
'bonds; and when'the bonds re-form, this energy is' released. Us-.

ing the model of bond formation (or breaking), developed in ear-
lier grades, they are able to infer that the dehydrated salt is

*Chemicl formulas are often used to represent the composition
of the salt with its bonded water. Thu' blue vitriol is
written.as CuSO45H20. This indicates that there are 5 mole-

....

dales df water-bonded at specific sites on the CuSO4,(copper
sulfate)molecu%e. The chemical formulaof the white anhydrous
form is simply d9SO4. Note that copper sulfate throughout this
Mi nisequence is referred to with the children as blue vitriol
only. The chemical name is not .used. In the next Minisequence,
the children discover that copper is a componeAt unitNof blue

**The formulas of the hydrated and_anhydeous forms.of epsom salt
,would'be MgSO4.7H20 and MgSO4 respectively. In the hydrqted
form there are 7' moleculevof water bonded to each molecUle of
magnesium sulfate. . 4 i
104
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at a'higher enei"gy.state than the salt with its water bonded to
it-since the solid has to absorb energy to break these.bondS.
This additional energy is released when the bon4 to water is re-
formed. Thus the purposes of this Minisequence'are first'to
introduce another type of bond,foUnd between unjz,ts of matter
sa(hd to reinforce the concepts introduced earlier that the break
ing of a bond requir's the absorption of energy and that energy
willbe releasedN/h n the'reverse takes glade. It is further
reinforced that the substance formed as a result of'the absorp-
tion ,of energy, wh:till,ar.a Liqui&, gas or anhydrousisalt and
water,'..Will be at higher energy state, or level, than the
corresRonding soli liquid, hydrate, et'c.

The first ACtivit is a review,.of the effect of.heat energy as
the children observe the ability of different heat sources to
melt several solids. Then heat energy is added to.two solids
which db not behave in the usual mannertable sugAr'and blue ,

vitriol. Both Change color, but whereas the former also melts,
the latter does 'not. Are these reversible changes? In the case
of the simple melts, the children see that. es heat energy was
removed the solid 'state re-formed. They find that cooling the
sugar and copper sulfate -,des not bring back the original con-
ditions.. 'Thus they are le to infer hat different types of
interaction maylbe taking place there

In the-second Activity they investigate the interaction of 'heat
energy and blue vitriol still further.. y observe under, the
conditions of the experiment in this Act ty that, as the blue
color disappears.on heating, droplets o a colorless liquid alp-
pear in the cooler portions of the system. They discover that
the colorless liquid is waver because only_ when water is returned
to,the system does the blue vitriol re-form; and when it does
so, it pis, with the release of heat ,energy. They observe the
same type of ,interaction with egsom salt which does not change
color on dehydration. 'They can then relate the interaction
with ener' to the removals of bonded water rather than to any
change f state.

A 'model of what might'be happening at the molecular level is
developed in Activity 3. By means of a'marble model, the ch41-
dren are led to confeptualize the bonding of water molecufes,to
a salt with none of the characteristics 44 free WAter. Upon the
addition of heat energy, thet*Nbonds.are Severed and water is
lost ftom the system.. The mod?1 alo explains the similar be-
haviorsf other/hydrated saltSi)only some of whi0'may undergo
changes in colo,. In., addition, they are helped t'o relate these
concepts to ob ervatAons on the release or absorption of heat
energy as diffe ent salts' dissolvl in water. Their earlier
experiences in rade 5 exposed them only-to salts which absorbed
heat energy from the water as they 4issolved7-tht is, the solu-
tions cooled down. Now they mace use of the model of hydrate
bond formation to inferthat'VOlen a salt dissolves in water ac-
companied by'a release`of heaeSenergy, it .i likely that hydrate

1
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bonds are forming between the salt and water. Energy is given
off as bonds form. But salts cooling down on dissolving in
water would signal that hydrate bonds may already be formed and
heat energy is being absorbed as the bonds holding the units
together in the solid are broken.

In the last Activity the concept that heat energy is involved
in in any bond breakage is further generalized by examining a dif-

rent kind of Chemical bpnd--that between molecules of starch
and molecules of iodine. When the bond is present, a charac-
teristic deep blue color is exhibited. 'This.color is used as
a test for the presence of starch as the children found in
Grade 3. The children now find that adding heat,, energy to the
deep bl.ue'starch-iodine complex results in a lossof the color;
the bond has been severed. On cooling (removing the heat ener-
gy), the bond re-formi with areturn of the deep blue complex.
Thus observations and conceptual model building on the interaction
between heat energy dnd blue vitriol eventually lead to a more
,generalized understanding of the striicturg of more complex
p6lecules.

The concepts developed in'this sequence are as W S :

1. Heat energy that is absorbed'by an ap"parentI ry solid
salt may drive off water molecules that.were--bonded to
the salt molecules. `

0. The bonds between water molectl.les and the salt molecules
in a crystalline structure may be broken when heat energy
is absorbed.

. The h -at energy that absorbed (used) to break bonds
11.45Id'ng water molecules in a hydrated salt will be released
whe the bonds re-form.

4, Whe solid salts interact with water to form a olution,
the emperattve may increase if hydrate bonds ftqm during
the in r ctkon. ti t'

k

5. When solid salts interact,with water to form a solution,,
the temperature will decrease if hydrate bonds do not form
(or are already formed) and heEt energy is absOrbed in
breaking the bonds holding the molecules within the solid
structure.

6, The anhydrous form of-a solid salt, (the salt minus its
bonded water molecules) possesses more energy than.vthe
hydrated form (the sail with the bonded water). This
extra energy is givetrojf in the form' of heat energy
when tte 'hydpe bon are formed.
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MINISEQUENCEII/Aaivity 1

Activity :1 Interaction of Heat Energy with Solids

0

'Very early in the COPES curriculum children ware introduced to'
the concept that something we call heat.energy can interact with
matter in several ways. One way,is to.cause a change of state,
such as that from a solid to a liquid. Here children will re-

'3view differences in the ability of certain heat energy sourcesto melt some'solids. The".Y willclassify a serigs of solids
based on this observation and relate these differences to dif-
ferences in the strength of the bonds beyeen the molecu/eS,
or units of matter, hpdini them in position in the'solid. In
th-es melting procss the added heat energy allows the moileculef
to be freed from these bonds to become part of the more mobile
molgcules of the liquid melt.. 'rhe heat energy absorbed byt,he
Molecules as they beacime part'of the melt is present-in the
more energetic molecules within the liqqa4,01. Thus;.the concepy

,, that a liquid possesses,more%eneegi than nits splid by virtue pf-=,
the change of state is reintroduced and will be used in suh-
Sequent Ac,stivf.54eS ws children consider other results of heat
energy absorption. Children will also focus their attantj,on,
again on the reversible nature of'this interaction: RemoAPal,
of heat energS, flom a melt rasults in bonds re'-forming as a
solid gain appears. It is inferred that theNsolids which-can-
not, be melted by the heat Sources must have extremeLy*strong
binding forces holding the molecules in place.

This review prepares the children .for intoductio t* another
kind of interaction as heat energy interacts with sugar crys-
tals and with blue vitriol cri'stals. In the former, after the
melt has been produced, there'sppears a change in-cPlor.; in
the latter, the addition of heat energy-results in-a loss oC
color--the blue crystals turn white. Howev1,.:no melting.t4es
place. Thus, the children are presented wit "-a dilemma; when
some of the melts lose,heat energy_as they cool doyn, the origl
inal solid re-forms. However, not only does. blue vitriol not
melt, but upon cooling the colorless. substance they ob'Serve
no return of the; blue' sOlid Is this' process' reversible?' Just!.
whatcan this interaction involve?' In subsequent Activities
the children attempt to find the.answerto these queet*ns.

),IATERIALS AND EQUIPMENT:

IFor the class: '-, , -

(
se4ral (at leat 7) wide, squat containers to serve as
sources of chemical supply, e.g., ttage cheese con-
tainers

'107
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N 'MINISEQUENCE II/Activity 1

several narrow wooden dispensers such as popsidlg
sticks, beverage stirrers, etc.

plastic wr

3 spolyfa cups, 6- to 8-oz

cupful of, ice chips

safety matches

.2 polyfoam containers, 3 qt (3 litei) capa,g.i.ty, unless
4r, hot tap water is available in the classroom

ti

several jars, empty, which can fit into the polyfoarp
cups, erg. a 4-oz baby food jar (optional--see Prepara-V
,t ion for Teaching)

supply of the following chemicals: (about '1/2 cup of
each)

salol (phenl salicylate)

,table salt (sodium chloride)

Sugar: (sucrose]

blueyitriol [copper (cu ric) sulfate,' hydrated blue
crystals]*

N ,

.30--makes of the same size ,and color

tement, 2-part epoxy

double-sided masking tape, or carpet tape
o

cardboard square, about 6 in. on'a side

1 shallow dish, e.g., a petri dish; glass or plastic

Fot each child or group of children:

1 candle

2 polyToam cups, 6- to 8-oz

5 alumifium foil muffin cup liners or 3 in. by 3 in.
.47.5 cm by 7.5 cm) pieces of aluminum,foil

7

1 test tube holder, metal

1 magnifying glass

11
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*You will probably need tip. obtadn this substance from a chemital
supply house. For all these Activities the crystals should be
fine. TherefOre4 request ACS (American Chekuical S ) or
Reagent gray, rather than technical gra echnical gr.de
copper sulfate usually is in the form large clumps, which d

are unsuitable.'

MINISEQUENCE II/Actiyity r

_4
PREPARATION. FOR TEACHING:

i

Have some 50°C water vailable in the polyfoam c ntailiers. If
you have hot tap wa er and children have access o it, you may,
want them to obtain their hot water supply at theesinke

a

. Nes.t one polyfoam cup in another tolprovide better thermal
insulation arid half fill th,,bs with some chips of. ice. Invert
the third polyfoam cup on7,,,,,top as a cover.

When you are ready to begin Section 1, put the Ice., 'salolk, and
the table salt in the wide containers. about 1/4 cup in each
container will be sufficient. For,ease of a/cces4 by the chi-
dreri:, you may ant to set up more than dnp `container for each

""- chemical. Ne to each container place -sev,va1 'wooden splints
or popsicle s ioks. These. will serve akdispenters. Before
c14.ss, have'some children assist in marking ,t4e dispensers.With
a line about one, centimeter up from one end.( One measure of
solid will be that amount whioh can ibetpi'cked upon the marked
tnd of the wooden stick. Drinking sVaws-can also be used as
'dispensers: simply flatten a -cm 1eAgth of, the end to form-',
a small spatula. se

The children will be, placing some of each chemical in an,aluMi=
num "boat" in this investigation. -They can use the metal.foil
liners sold w h muffindenps'or thercarr.make thetrlown as fol-
lows:' Press ,piece of aluminum foil around the,base of'a-jar,
which can fit into a polyfoam cup. A 4 -'oz baby food jar is
ideal. Leave nough foil extending up so.that 2t can be picked
up with a test tube holder. Also, there should be no seams' at
the edges through ich water can seep. ,

For Section'2, ag in haye hot (50°C) water available either iR ,t
the polyfoam.cont finer or at the tap. Using one or weveral°,
squat containers f r each'chemical, set out' about.1/4 cup of
the following: sugar (sucrose), and fne crystals of.blue
vitriol (copper sulfate). Cover the containers with plastic
wrap, during th time the children are not getting their sup-'2

-plies.and Place the different substances in different locations
to avoid possible contamination. Place several- marked (1 cm)
,clean woen dispensers next to each container. Label the

,

containers with the common name of the substance.

' Also, put out the supplies,of candles, aluminum foil; test tube
holders, polyfoam cups and dgnifiers where the children can
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MINIEQUENCE II /Activity 1

help themselves. Metal test tube holders are called for instead
of a wooden clamp substitute because in a later Activity they
will be using it over a more intense heat source which might
affect the wood ...

Activity 3 calls for a marble model of a solid to be used
he discussion of bonds--more specifically the Chemical and

between a water' molecule and copper sulfate. This mode should
be ,made up ahead of the time you expect to use it. Th instruc-
tions for its preparation are very similar to those given in
Grade 4, Minisequence V, Activity 2. -Marbles and epoxy cement,..

can be used to make the model. There are two parts to, all epoky
cements: (1). the llardiener and (2) the resin. Squeeze out equal

amounts of each on a lalean surface./ convenient to mix. the*/
two parts with a toothpick or wodUen match stick'in one of the
alumihum foil ':boats." (The wooden mixer cad also be used as
the applicator.). Mix them _together thoroughly until you get
a uniform color. Mix o1y,,,A4A-t- amount that will be needed.
When finited, allow tl*uirsed epoxy to harden and then dis-

co

/ room tempelzatures. is 1 hour but you will need t..o leave the
card both he dish and the.00thpick. ',Drying time at normal

tmodels overnight for a more permanent bond.
.

. .

$

C

The first part of the model can be made by cementing together
four rows or marbles, each row containing four marbles of the
same color and size. A larger model can be made--for instance,
1 5-marble by 5-marble squarebut preferably not a smaller
one. Cement each row separately. , This can be done by placing
each row in the groove pt a ruler as shown in the illustration
and applying a small bit of epoxy (with the toothpicks, between
each marble. Be sure that all marbles are in contact.

a r 1
Make 4 of tihe rows and all ow the epoxy to at least over-,
night. Then cement the rfws bogether to-mak e. the square.. The
rows can be held in position for support and ease of handling,
while'-the epoxy is. hardening by setting them do the sticky
surface of a mat which has been ma1de by sticking Aluble-sided
mdskin 'tape go a piece of cardboard.a,_

The ndel des cribed above representg a highly ordered arrange-
men of units in a solid such as the crystals they. ark

110
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MINISEQUENCE

observing. Let E.-to 10 additional marbLes remain loose i4 a

t .

shallow dksh to represent the mobile molecule& of a

-.' .

ALLOCATION OF TIME:
_ ,.'

.,

f
The lchildren will need about ,1 -1/2 hour's to complete this Ac
ttvity butkyou may want to allocate more or less time depending
On the amount of -review you feel is neCessary. '- ,

TEACHING SEQUENCE

a

c

1. Have the children get
three of the aluminum foil
"boat's", go to the supply, and
place "one measure" of ice

41

COMMENTARY

The 'first part of this Activ-
ity'is meant to provide a re-,
view of concepts introduced in
Grade 4 and expanded in Grade 5
concerning they role of heatlen-
ergy and the liquefying pro-
cess.- In this sequence we will
focus our attentioi on -what
happens to solids as heat en7-
ergy alone is added to the
system. This %ail; will be con-
cerned, initialay, with the
melting of a s6lid and not with
the dissolving process (where,
water is added to the system).

The intent is to review the
concepts introduc in Grades
4 and 5 that soli are held
together by binding forces be-
tween-the smallest units in the
substance,' the Molecules, and
that the size of these forces
varie& amping differentsub,
stances. In addition, atten-
tion will be focused on the
reversible natureof the melt-
ing process. n13.ace yourself.in
this review depending on the
needs of. the children. You may
want to refer-to the introduc-
tory Activity of Mini&equ,ence
III of Grade 5 amd td,"Change
of State" in Grade 4.

1.

These boats may be muffin -cup
liners or they can be made

111
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TEACHING 8i6JENCE 'm

4 '

chips 'in one one, measure of,
table salt in anothe -r, and one
measure ofsalol in the third.

They shotad place the three
boats at their 'work areas and-
'observethem.

illything.heRpening to
the solids?

What is causing the ic,e to
become a liquid?

, Where did the heat energy,
come from'eo Cause the ice
to liquefy?

Are there any signs thatian
inteeation.is taking 'place
in the other two solids?

9

4
What can you say about the
bonds holding the solid
together in ice as compared
with these other two solids?

Showhe children. the supply
of hot water and suggest that,

, since it is a more. efficient
source of heat energy than the
air in the room, they test the
two -solids over hot water ,to
see if they might liquefy.

Have each child take two poly-
foam cups, nest one inthe
other and plgce in if'about

112
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COMMENTARY

.4
from aluminum foil as described
in Lie Preparation for Teach-
ing.

A "unit measure' is ,that amount
which can be picked up on lrcm
of the wooaen dispenser.

11

Only the ice shows .sigrA of an
interaction7-it appears to be
liquefying.

It takes heat energy to break
the bonds Of a.solid.

,

From the surroundings, the air,
the pan the ice is sitting in,'
etc.

Encourage them to observe these
solids carefully'witfi'their
magnifiers. When they can
measure (or otherwise detect)
a change in..4 property, they
,can be certain that some inter-
action is taking place. There
does not seem to be any inter-
action taking place in 'these',
two substances.

The bonds must be weaker in
ice, since the heat energy
available from the room could
liquefy it, but not the salt
or salo1.40p

I

The temperature should be ones

24.
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TEACHING SEQUENCE

Z.

half cupful of Ndt water.

Set the aluminum b,04.1161 the
salol on the hot wa, a and
carefully obsery
tents of. the boat.

This boat, shoilld then be set
aside on a' piece Of foil white
they repeat the procedure with
the Boat containing the, table
Salt.

Based on this observation,
what can'you say about the
forces holding' the 'solid
structure together In salol
compared with table salt?

0.

'The binding forces holding
salol/ together are apparently
weaker than those holding sal
together and the forces ho
ing ice together are weaker
still. #.

:where is the heat energy
#saa after the bohds have been

broken?

As they disdliss the situation,
if the marble mogimiisoready,
show it tO the-cIais.. Indi-
cate that this is oille way.of.
repres.eriting the properties
1pf a solid. Ask, them to' tell
y6u in What Way this model
depicts asolid crystal' strap
ture.

,

MINISEQUENCE If/Activity 1
o

'COMMENTARY

that can be:,pbtained from a
hat taater trap= -about 50°C or
above.

1

1

The solid, will satt to .'melt
and form clear globules of
1iq s

It may be necessary for thet
/6 get a freSh supply of hot
water. They Should observe4no
change in the appearanceo.f the
solid sodium, chlorkde...''.

From this observation'they can
conclude that.heat energy trans-
ferred from the hot watexwas
sufficientVo break the bind=
ing forces holdinTsalor to-.
gether as a' solid stiructurebAlt
not sufficient to overcome the
binding forces in table salt.

1his inferenee, Ipat there are:
differences in be id strengths,
was introduced' in Grade s' and
will come ,u-p' again later in
this, 'sequence.

The heatenergy is in the tore
freely' moving; tobile liquid.

.

Each marble, of course, repre-
sents a molecule *making p"the
substance. Be sure theylking

_up such chjracteristics a the
definite shape of a solik4s,-
well as the orderly arialf which
might.be thought to make up
crystals.
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TEACHING SEQUEN

Disptay, the looser marb es in
the'dish.

What could this be used to
represent?

a

Now direct their attention to
the boat which had been set
askUe containing the salol.

',What has been happening
there? Feel it. What do
you think is its tempera-
ture?

IS it still a livi'd?

84VA the 'temperature returns
to that of the room, what
state should it be in, liq-
uid or solid, (as evidenced
by what they started with)?

As they observe the liquid
salol, have them drop a tiny
crystal of salol on the drops
of liquid. You'might'tell
,them th417 .are "seeding" it.

114
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COMMENTARY

Ther is freedom to move about.'
Thus t is model could repre-
sent a liquid, in which
molecules are, more energe c.

For one thing, the salol has
'cooled down. It is probably
back to room temperature.

rt may still be liquid because
it tends to hav difficulty in
reforming crystals from the
melt.

If the phenomenon is reversible,
the liquid salol should revert
to the solid, which is the
state of matter one finds salol
in at normal room temperature.

Crystals should form almost ,

immediately. At the same time,
some children may be able to

ff--sense a sligH.t rise c e rmpea-
ture. When a subst Ice is
still'a liquid at a temperature
when it normally would bea
solid--that is, at a tempera-

'4"tlire below its melting point-1
it is referred to as "super-
cooled." (Children who have
had the Grade 5 COPES'experi7
ences'may see the analogy to
a super-saturated solution.,
See Activity 4 of Rinisequence
III.) In both.cases;seeding
causes solidsto form, with
the release of the extra heat
energy present in the super-
cooled liquid.

1.23
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TEACHING SEQUENCE
6

What happened to the heat
energy whichthe salol had
absorbed when it liquefied
What happened to it as the
saldl solidified?

L
Discuss what was happening
with the salolas heat energy'
:was added and then given off.
During the discussion, you
°might put a schematic diagram
on the board to highlight what
happens. This type of sche-
matic will be used in sub-
sequent Activities.

LIQUID SALOL

/

Heat Energy Heat Energy
Given Off

N Absorbed

SOLID SALOL

Is the interaction of heat
energy with ice also re-
versible? '

2. Two questions might arise
vo9t

,

COMMENTARY

The system gave off heat ener-
gy to the surroundings. The
air and container warmed'up.

As heat energy was absorbed by
the solid, a change of state
occurred--the solid melted.
Then when heat energy was
removed, the liquid cooled
down and eventually reverted
to a solid: In other' words,
this interaction is reversible-

A

The child en will undoubtedly
suggest hat water also can be
made t revert' to the solid
state (ice) by removing heat
en .ergy. / .

In the next Section of the Ac-
tivity, the children
ject the table salt and other
solids to an even greater
source of heat energy,.a candle
flame;, and look for signs of
interaction. Remove the salO1
before starting this Section.
.Sarol, if heated over such a
flame, .may smoke and ignite.
Be sure the small samples the
children have been working with
are discarded in a trash:basket. .
Since salol is insoluble in
water, it should not be thrown
into a sink. The water can be -

disowrded also but the ,salt
shourd be saved.
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TEACHING SEQUENCE

as a result of the children's
previous observations: (1) If
a hotter source of heat. energy
were applied to the salt,
would it too lique4iy? and (2)
Would other solids than the
ones they have tested also
show a reversible interaction
with heat energy.? Sugges:
that they try putting th1 sar),
and two other solid substances
over a,candle flame and see
what happes:

Have the children obta'in 2
more foil muffin-cup liners or
make them' out of additional
squares of aluminum foil.

,Each child should place 2 mea-

a

sures of t
meas /res of
into each

ugar, and 2
e blue vitriol

two boats.

They s'h uld bring the boats
and their contents_back,,to the
work area and place them on a
sheet of, paper. Encouragthe
childr,en to observe the, sub-
stance carefully with their
magnifiers and describe their
appearance.

Next, they May want to find
outout if the tWo new substarices
will change if subjected to
the temperature of hot, water.
If so, have them obtain a
fresh supply of il'Ot water.
Then' carefully place the boat
containing each soj.id on the
water and observe the con-7
tents:

116
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COMMENTARY.

They should still have the sam-
ple oftable salt.

Blue vitriol is the common name
for copper sulfate and the com-
mon name should be used through-
out the sequence and into,the
next, rather than the chemical It

name. The children will dis-
cover that copper is a struc-
tural unit of this substance
in Minisequence III.

Like the salt, the sugar
tals will be familiar'to them.
The blue vitriol also exhibiti'
characteristics of crystals in
that some will' reflect ,

They will observe no change in
the appearance of the sugar.
The intense blue color Of the

'other substance may 'lighten
very slightly. Neither will

125
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TEACHING SEQUENCE

Have each child obtain the
rest of 'the equipment that
will be'needed in this Activ-
ity. This should include a
candle, an extra piece of,foil
on which to place the candle,,
and A test tube holder.

,

After the candles are set, up,
light each.one and tell them
to heat each chemieic its
boat over the flame, one by
one.

The foil boats should 5e held
with the tet tube holder,; and
the children should slowly
move the boat over the flame.
At frequent intervals have
them, remove the boat from the
,flame and carefully observe
the contents.

ft )
-MINISEQUENCE II/Activity 1

COMMENTARY'

liquefy.

If the short, fat, food-warmer
type candles are not'used,
longer candles can be, inserted
into a ball of.pLasticene which
has been. flattened out on two
sides .so it sits evenly on the L
table top. This serves as a
convenient candle hoder.

As ;the, children start to work
with the candles, be sure they
have been alerted to all tke

-precautions regarding working
around, flames:

1: Hair must be'tied..baCk,
no Loose 'strands-.

2. WO long or loose sleeves.

3. Do not stretch arms over.
the, flame to get at an,
Object.

4. The heat source should be
.aced in an area clear,of

'bOoks, papers, etc.

5. When the object or materi-
al being heated is to be
observed,' the child en'
must brdng'it away rom
the flame to avoid 1 an-

. ing over IA.

-Ther-e'will still be no app*arent
change in/the salt. In the
case of the sugar, hilever,
there will be considerable
changes:' At ,first it will
liquefy. Then the sugar, will
start to change color. It
will become yellowish brown.
If held,over the flame too
long., it may actually start to
smoke and become black. Have
the children remove the sugar
from- the flame as soon as they
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TEACHING SEQUENCE

01.

'Have the children set aside
the foil boats one by one
'after they have been heated.
Be sure each is identified.

Did the increased amount of
heat energy coming into the
boat cause the table salt
to liquefy?

Did either of the other two °

solids liquefy?

Did any other changes take
.place in the. sugar?

..-Isthe interaction' of heat
energy with sugar revers-
ible? How could yOufind

. .but?

Endou age them to try out
the r suggestions to see if
the4griginal state can be
jormed again. A schematic of
"'what they have observed, so
far, can be placed on the
board:

118
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COMMENTARY

/ ,

observe a color change.

As the blue vitriol crystals
are being heated, the children
will .also notice a color change.
The blue color disappears> It
becomes lighter blue and even-
tually becomes veryilight
almost:wifite.

They can place tilem on 'a' sheet
of paper after the boat has
cooled of and wfrite either
the rimes or numbers next to
each cup.

There was no, change in its ap-
pearance. Some children may
be alert to the fact that the
temperature of the solid was
raised. Heat energy was ab-
sorbed to accomplish this
interaction but there was no
change. in state. rt dap be
inferred that the binding
forces in this substance are
very strong.

Yes--the sugr formed a 'liq-
uid.

The evidence for an, 4inter-
action, as they should be

-aware, is a change in a prop-
erty. In the case of sugar,,
it not only melted, it also
changed color-,-t charred.

They should suggest removing
the added heat energy, as
thdy did with salol..;

By this time the foil-boat
will have been`litting at room
teMperature for'a while. If
itstill feels warm, the cup
and its contents can be placed
in cool water in the polyfosam
cup to bring it clown to room
temperature.
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.MINISEQUENCE II/Activity 1

COMMENTARY

They will find that this,par-
ticular interaction cannot be
reversed by meiely reversing_
the procedure; it does not
appear,to be a two-way street
as the other interactions
were. t

Now 'focus attention on the
contents of the last cup:

Did heat energy hiteract
with the cnystdls of blue
vitrioL7' What is the evi-.
dence?

Did you observe any. melting?
Were the binding for.ces
broken?

By now, the'contentS of the
cup will probably hdve,cooled
down as much(as they're going

' to. Cautioutly ask them to
feel'the aluminum.

What occurred as the system
came back to the,temperature
pf the room's

,o Do the contents return to
their original' condition?
Is' the process reversible?

- ,{

A

Y'es-=the change incolor,(blue
.'to white) is evidence ofian
interaction. The solid also
changed from being in the form
of crystals to being "powdery."

Since the blue vitriol showed
no signs of liquefying, it
appears that the binding forces
holding the solid in place are
still in effect.

'It will feel comfortable to the
touch.

Heat energy was given up to the
surroundings. The system re-
turned to the temperature it
was before, heating started.

The solid still remainika
whitish color, even on cooling
off. (Don't let this system
remain in the air too long,
since it might pick up some
moisture and bedome a faint
blue--btrt not the deep blue of

119
123



TEACHING SEQUENCE

The blue vitriol did'not liq-
uefy op interacting with Ilat
energy; it did change its col-
or and appearance. What hap-
pened? Some children may be
eager to develop hypotheses
to explain the strange be-
havior of this soli En-
courage their specU tions.

In conciusiOn help e chil-,
ren to summarize the differ-

en indY of interactions that
he energy seems to have with
solids.

1) It raises the temper,a-
e

re.

2) produces a change in
state (melting). When
the heat energy is re-
moved, the melting pro-
cess is reversed; a solid
re-forms.

* e

3) It produces a change in
state and sometimes.a

"change in other prop=
/1erties (sugar: charxed).

4) It produces 9n1y a'color'
'change, accompanied by a
slight dhange in the ap-
pearance of the solid.

K

P ,
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COMMENTARY

the unheated substance.)

40.

129

`.0

c;.

1.

.



/

MINISEQUENCE II /Activity 2,

..

Activity 2 Water Out and Water In

As the chil n continue to investigate the inte action of heat '

energy and e vitriol'crystals, they find tha y. under the con-
ditions oft present Activity the loss of therblue color as
eat nergy is bsorbed is accompanied by the appearanceof
droples of a colorless liquid in the cooler partlon of the
system. Although the substance doeenot revert to its original
conac .iion on cooling, the blue colp s returned when water is
added to the system.' Children fin hat w er is the essential
ingredient by investigating the effectiveness of other t'olorless .

liquids in causing the color to return. Fur hermore, not dnly
does the blue color return, but heatenergy is liberated! The
entiresystem becomes very hot as drops of'-cool water are added.

Thus the children infer that the absorption of heat energy by
blue vitriol removes water from the crystal, called a hydrated
crystal. Adding water results in the dehydratea-(white) form
of the-substance returning to its original state, with the re-
lease of the absorbed heat energy. The heat energy:Used in the
process,of dehydrating the blue substance did not disappear but
was present in the white substance andipos§,ibly also in the
other product, water, which had gone off ag.a gas. S'uchcolor
changes,. howbver, are nct,a requirement of hydration,.orof
dehydration. This the children learn when they follow the same
prodedure using a colorless )ydrated salt, magnesium sulfate,
more commonly kn6wn as epsom salt. The children are aware of,
the hydration when they again sense the'release of heat energy
as water is added to the colorless "dried" solid.

Apparently, then, the dehydrated form of thee substances is at
II'gher,"energy level" than the hydrated form. Thus the con-

cep of relat'i've differencein energy levels is now being re-
lated to two solid forms and not to a solid and its liquid (or
a liquid and its gas), as in a change of state. The absorption
and release of heat energy to accomplish all these changes'isc'

, ,
)one of the criteria for such iriferences. In the next Activity;
1 they 'will develop a model of -watt might be, happening at the
molecular level which could explain these observations.

MATERIALS AND EQUIPMENT:

For the class:

plastic wrap

.130
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safety matches .

MI ISEQUENCE II/AcO.vity.2

L container, polyfoam, 3 qt (3.1iter4 capacity

6 narrow wooden dispensers such as popsicle sticks,
beverage stirrers, etc.

1/2 cup mineral oil

. '1/2 cup glycerin
'1

'blue vitriol (copper sulfate, hydrated), about 1 cup

epsom salt (magnesium sulfate, hydrated), about 1 cup°

6 medicine droppers, dry

a few wide, squat cOntainers for the blue vitriol and
epsom salt

. For each child:,

1 test' tube, 5/8 in. by 4
heat resistant

test tube holder, metal

. mm wide, 100 mm high),,

1 medicine dropper*

2 corks, to fit the tvst tubes

For each pair-of children:

1 jar to serve as a test tube rack e.g., 4-oz baby food.
'jar

.1 polyfoam cup, 6- to 8-oz (180- to 240-ml) capacity

1 can of s'ternO

1 (or more) pieceCs) of aluminum foil, heavy duty,
4 in. by 4 in. ($lus asbestos square, optional)

1 piece of paper, smal'

PREPARATION FOR TEACHING:

Fill the 3-qt polyfoam container half full of cold tap water.
The blur vitriol and epsom salt should be placed in ..the wi -

mouthed containers. About 1/4 to 1/2, cup in each.containe will
be adequate and convenient for children to heliv themselves.
Cover the containers with plastic wrap when n in use to
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MIN).sAVVNCE II/Activity 2

prevent the contents from drying out.. Set
where the children can obtain their supil
the Activity. Place wooden dispens'ers
each station.

several stations
n called'for in
as 1 cm) next to.

Have the ()titer supplies at a place- accessible to the class.
Each childcan perform the investigatiori individually. H7wev6r,
pairs of children will share the heat source(Sterno), the sup-
ply Af-water and the jar to hold the tesI tues. Because the e
test tubes will be hot'when they are to bestoppered, rubber
stoppers must not be substituted for corks.'4

For Section 3 put out a small sup ly of mineral oil'and of glyc-
.

erin (1/2 cup of each). These liquids must be placed in dry .

containers. Cups of bowls are adequate.' Next to each of these
liquids place several drOtedicine dropper5...for the'children to
use in obtaining these liquids when call-e'd 'fOr.

ALLOCATION OF TIME:
i

. ,s.

., ->
..---,---2. .The children will!,need about 1-1/2 hours to complete this Ac-'

tivity. .. .

,

-.
t.

.

r

TEACHING SEQUENCE

1. Recall with the children
what happened when they added
heat energy to the blue vit-
riol crystals.

In what way did these, cry--
.tals behave differently
from the other solids you
investigated?

*N,

Propose that the children,
study the effect of adding

c-
heat energy to the blue.vit7
riol crystals in greater de-
tailto see if they can find
out what' causes. the color to
change.%

Show them a can of Sterno and
tell them that, when lit, it
is a more intense source of
heat energy than the candle

4

COMMENTARY

--

aThe crystals lost their .blue
color.

The self. (sodium chloride)
showed noichange in,appMarance,.
The salol-and sugar melted.. , r

V rThe sugar alsor changed in col'
sir after it melted.' When
cooled n,7the salol -reverted9/Ags4
to it .original state--it sol-
idified. The blue crystals,
however, neither melted nor
reverted, to their original,
'color' When cooled down.

If some children question
this., ask Prow they could c
it out.- In Grade 3,sthey in-
vestigated the rate at whi

beck

ch
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TEACHING SEQUENCE

flame: r.

Open the can of Sterno, light
it, and demonstrate to the
children how to hold the test
tubejwith the holder so that
.the tube is not inadvertently
released. Also demonstrate
how'the tube' shbuld be sloWly
moved over the flame with the(
open end point fig -away from
any child.

4

Each team of two should then
get its supply of Sterno, alu-
minum foil, a jar to serve as
a test tube holder, and a half
cupful of water from the con-
tainer. 'Then each child
should get his or her own test
tube and medicine dropper.

' Also, have each one obtain a
few extra crystals on a small
piece of paper..

First, ask each child to put
two me.;).hre.s of the blue crys-
tals in onecof the two test
tubes.

MINISEQUENCE II/Activity 2.

COMMENTARY

the'tamperature increased in
equal-sized samples of water-
when subjected to different'
sources of heat energy.

Use an empty tulA in this
demonstration so as not to
detract ftRm the children's
discovery of what will happen
when they heat the blue crys-
/cals.

They can use these as "controls"
for observation.

The amount which can be picked
up on the'a cm mark of the
wooden dispenser is again _con-_
sidered a "unit measure." If
there appears to be any diffi-
culty getting the crystals into
the tube, the children 'can place
the required amount on a small

-piece of papdr, cup the paper
so it acts as a "slide," an
let the crystals slide i,ntoj the
tube. However, popsicle sticks

e- like will fit into 4-yen A

these A ,

Since the Sterno flame is not .

as visible as til,yellow candle
flame, the usual precautionary
measures in working with f arcies'
must be emphasized. For .in-

itstance, Hair mu Le tied bac
the heated obje t must-be re-
moved from the fiaame before

A youlightthelrSterno,
each child should het the-

blue crystals in the test
tube. (Both children's tubes
can be heated frtthe same
time.). The heating should be

-done gently at first, holding
the.tube, above ,the flape.

.
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After a half- minute or so,
when the tube is sure to be
all warmed up, it can he held
steadily in the upper portion
of the flame so that the crys-
tals will be subjected to as
much of the heat energy from
the flame' as possible. Remind
the children to observe this.*
system carefully.,...

_....-"'

,

L.-

,
---.../

I

' ,What changes are you aware
of?

i.,.

Do you notice anything hap-
pening i.A. other portions of
the -system?,

MINISEQUENCE II/Activity 2
4

-COMMENTARY

imp

attempting to observe the con-
tents, arms must not be stretch-
ed over any' can of Sterno since
it might be lit. The cans can
be placed on a piece of heavy
duty aluminum foil, or asbestos
squares if these are used in
your school. Theflame can be
easily extinguished by smother-
ing it with the upside-down
Sterno lid placed over ehe can:
(If the lid is not upside down,

. it might close the can, causing
the lid to pop out as the hot
contents expand the trapped
air.) It is more desirable to
extinguish the flame by placing
over the top a- piece of metal
larger than the can, e.g., a
piece of aluminum foil.

.

As you mention the "system" ask
some to,identify the parts of
this system--the test tube and
the blue crystals. This partic-
ular systemris obtaining heat
energy from the Sterno. How-,

ever, since we are not con-
cerned with what is happening
within the can oitSterno, we
can ignore it,in identifying
the system.

/In
a similar manner, ice can neg-

lect the test tube holder, if
we wish,-because"it, too, does
not enter into theinteraction.

As the children observe the
contents of the tube, thy may
see that e crystals near the
glasS walls become *whitish.. As
they continue to heat the tube,
the remainder o4 the crystals'
will lose their deep blue
color.

If necessary, direct their at-
tention to.the upper part of
the tube. Droplets of a color-
vless liquid will be. forming

.134:
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TEACHING. SEQUENCE

MINISEQUENCE II /Activity 2

COMMENTARY

there, When they heated the
blue vitriol in the foil boat,
there was no plat e for droplets
to\form. But now, since it is
confined in the tube, the drops
of liquid can condense on the
cooler portion of the test tube.
Do not identify these dropeas
water--the children should in-
vestigate this for themselves.

4

As they continue to heat the
contents of the tube, the liq-
"uid drops will disappep. If
they tend to remain in the
tube, have the children heat
the upper portions also. They
aan slowly shift the tube in
the,Mame until all harts have
been heated, and until, the
tube is completely drY

Once it is dry, they should
ctautiOusly place the hot tube'

Or'

Otherwise, the condensed liquid
will run back down the tube when
it is cool and turn the white
powder blue again, which is un-
desirable at this point.
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in t} jar, handling it only .

with the 'teat tube holder,
then releae the holderAand
gently place the cork on the
top of the tube. They should
not try to insert the cork.
The test tube will be too hot.
The Sterno flathe can then be
extinguished.

As the test tube systems are,
cooling, open up a ,discussion
-about what ehey have observed.

What do the contents of the
_tubes look like now?

Did the blue crystals change
in the same way they did
-when' heated in the open
boats? Were there any dif-
-ferences?

What do ypu think the liquid
is?

Where do you think-the
uid camp from?

Were the blue vitriol drys-
tals wet at the beginning?

Was any water added to the.
tube?

What was added to the system
as the 'liquid ,ippeared?

MINISEQUENCE II/Activity:2

4-

COMMENTARY

She purpose of the cc:Irk is to
allow the contents to cool down
without exposure to the moisture
of the' air.

The solid still appears whitish.
(Actually this form of copper
sulfate is usually described as-.
light green in color).

The dolorochange was the same
but, in t--is caste, droplets of
a coldrless.liquid appeared in
the upper part of the tube.

Since the-drops looked like
water, many children will indi-
cate that they^think it is
w4et.

If any child suggests that the
water came from tbe,test tube
itself, ask how this hypothesis
could be tested. One way is to
heat an empty dry test tube
aver the same eype,of flame.
They may find is tiny hit of
moiture but not, . -a' s much
as h.en they hea e sa t
crystals.

*No.

No.

O
Only heat energy.' Some chil-
dren may associate not only'the
colbr change of the sOlidut.
the formation of liquid with

12713o
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TEACHING SEQUENCE

Summarize the children's find-
.ings, up to this point with a
schematic diagram:

WHITE
POWDER Vat

COLORLESS
LIQUID

Heat Energy
Absorbed

BLUE CRYSTALS

2. By now the test tubes
should have cooled suffi ient-
-ly to handle. Have the c il-
dren place the bottoms of h.

ctubes in,the cups of cool
ter t0 reduce the tempera
still further.

Is the test tube sysem.back
to room temperature ?.

What is the color of the
crystals now? ,

. ,

How could we get the blue
color back again?

What liquid do you want to
try adding?

$

.44" 128 13
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MINISEQUENCE II/Activity 2

COMMENTARY

the addition of heat energy to
the system.

As theydo this, be sure the
corks remain in place.

After a few minu n the cold
water bath, it will be.

Even though the system by now
is back at room temperature;

.the color of Vthe cryst4ls
remains almost white. They
have not reverted to the color
o the control crystals- at
room temperature.

If the idea4of returning to the
\system the'liquid which they
saw forming near the upper por-
tion of the tube is not sug-
gested, you might have to ask
abput the liquid which left the
system.

Experiele has shown that most
children think the colorless
liquid was water-and want to-
try adding some of that to the
contents of the tube--even
though they don't know it was
water. However, if they want

VP



TEACHING SEQUENCE

How much water should De put
back into the system?

As soon as they have mastered
the technique of releasing
just 2 or 3 drops of water
from the medicine dropper, ask
each child to hold ehe tube in
the palm of his or her hand.
Then they should remove the
cork, and, holding the tube'
straight up, add the 2 or 3
drops,of water directl/ down
so they land on the white
material.

MINISEQUENCE II%Actiyity 2

COMMENTARY

to try out other colorless liq-
uids first, they shouldbe en-
couraged to do so. (See.Sec-
tion 3 of this Activity.),

Two or three drops is a good
approximation_of the amount of
.liquid driven off, so the chil-
dren should put no more than
two or three drops of water
back into-the systeM.

`

Be sure the child can see the
contents of the tube.

There will be an immediate
change in color of the white
substance. It will start to
turn blue again. Also, within
less than half a minute, the
children will suddenly feel
the release of heat energy.
Some systems may even get so
hot the children may be quite
shocked and even drop their
test tubes. This reappearance
of both the heat energy and the
blue color of the crystals us-
ually generates considerable
excitement. Again, see Grade
5, Midisequence III, Activity
4 for an analogous phenomenon.
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TEACHING SEQUENCE

There will probably be no need
to ask the children what is
happening. You will hear
plenty of, evidence that the
tube became very hot and that
the blue color returned! Once
they have calmed down,, open
up.a discussion of their ob-
servations: )

What could account for the
reappearance of the blue.
color and the release of
heat energy?

If necessary, review the
events with them. During the
discussion refer to the sche-
matic on the chalkboard to
emphasize that whattthey are,
now observing is-the reverse
of what previously .occurred.

'WHITE POWDER' WATER

Heat Energy Heat Energy
Given Off Abeorbed

'BLUE CRYSTALS!

3. At some point, if the
question has not come up be-
fore, ask the children if wa-
ter, and water,only, is nec-
essary for the white powder to
change back to its original
state. Challenge them to ov

/prove to you that any, other
colorless liquid, such as
glycerin or mineral oil, '

would not have the same
effect. (Show them the glyc-
erin and mineral oil.)

. 130

c

MINISEQUENCE II /Activity 2

COMMENTARY

C

The evidence so far misght, indi-
cate that water is given of
-durihg the transformation of the
blue crystals to the white pow-
der. As they add liquid water,
and get the original substance
back, the ht energy which had
been originally added is also
returned.

a

Playing the "devil's advocate"
can be a useful technique in
inviting children to examine
their assumptions. After all,
they only observed a colorless
liquid formin the cooler por-
tion of the test tube.

139
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TEACHING SEQUENCE

One procedure that they might
suggest to Qeheat the re-
formed blue vitriol to again
drive off the liquid and then
to add either a few drops of
mineral oil or glycerin to
thee tube.

after all discussion is over,
14ggt the Sterno again and
let the children add heat en-
ergy to the blue crystals
once again.

In ,the same manner! as in Sec-
tion 2, be sure the° tube is.
completely heated so that the
condensed liquid is driven off
'and have them cool the con-
tents. The tube,,sho'uld also
be lightlystoppAed agin.

After the test, tubes have
cooled down to room tempera-
tUre, the children can add to
'-the cooled white. powder 2 or
3 drops of the colorless liq-
uids. They should hold the
tubes inthe same manner as
before While they add the
drops.

J. .

What do you observe,as the
mineral oil is' added? As
the cglycerin is added?

AO

Arethese colorless liquids
effectil.re in returning the
white powder to its original'

MINISE ENCE II/Activity 2 .

COMMENTARY

So. that all.the children can
see the effectS of adding both
substances, yolu might suggest
that:one team member work with.
glycerin and the other with
mineral oil.

406-

They should again observe the
sa Flange from blue to white,
-and the appearance of drops of
liquid in the cooler portions
of the tlbe.

O

It is very impbrtant that the
droppers, as well als the, supply
containers (cups) in which the
lipfds are made available, be
absolutely dry'. The presence
of any watet will give errone-
ous- results.

,

The crystals may exhibit a
slight change in color because
of beirkg "wetted" by the liq-
uids. However, the'intense
blue, bf the original will not
reappear nor will there'be any
evidence o'f the liberation of
heat energy.

No.
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TEACHIN6'SEQUENCE

state?

Now suggest that the children
.1.0d 2 or 3 drops of water to
the mixture with the "wrong"
liquid. °

'With the addition of the wa-,-
ter, the blue color suddenly
appears! They again feel some

. heat energy coming out. In
fact, they- may observe the
liquid hissing as the tube be-1
comes quite hot?y.

What conclusion can you now
draw based upon this experi-
ment?

Finally, using the schematic
. diagram on page 130, review
the interactions they have
been observing with particular
emphasis on the role of heat

' energy- at. each stage and on
the concept of reversibility

-of these interactions.

What can yoU infer was hap-
pening as the temperature
of the blue crystals was
'being raised?

What does this suggest about
the energy evel of the
white solid as compared
with the blue?

MINISEQUENCE II/Acti ity 2

COMMENTARY

Before doing so, you mig t sug-
gest that they predict w at
might happen.

Help the children to realize
that the evidence so far
in favor of the hypothesis that
it 'is water that-was dri'Ven off
the blue vitriol crystals as
the temperature was raised.

Heat energy was added to the
system. The color changed .#
from blue to white and water
was- driven off.,

Stai.ting in Grade 4,.children
ANdeveloped an)upiderstanding of

'the concept of conservation "of
energy during a vaAiety of

.interactions. When heat enery
gy fs used in a change of s.tAte
such as melting, the addelrheat
energy becomes part of the in-
creased energy 'of 'he mobile
liquid molecules. ere too,
the 'added heat ener y ecomes ,
part of the products f thiq.
interaction--one of which is
the white powder. Thug the
whi -te solid must be at a higher

14.k_ .*:!"
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T.o help emphasize this concept
of the diflexerice in energy
levels, ask:

What the evidence that
the white solid. is a" a

higher energy, level than
. the blue?

4. Now suggest that. tt chil-
Oren investigate and*her "hy-
drated" salt under similar
conditions to' see if ,t be-
haves in the same way. Show
them the supply of epsom salt.

.. Halve the children get the same
su plies they used whe9 they
he ted the bldg} vitriol.
Th y should place a few mAerx
0.1 es' of the substance in the
test-tube just as they
fore.

Also, suggest that they take,
some extra salt on a small
piece of paper, so they can
observe unheated magnesium
sulfate and compare it with
the heated sample. Before"
they start heating,'ask them
to 9b(erve and describe the
crystals.

What are the similarities
between thi'S salt and the
blue vitriol?

What are the differences?

Now have the children use the

MINISEQUENCE II/Activity 2

COMME TARY

energy level then t e blue
solid.

Heat energy is given off by the
system when the blue crystals
reform.

Have themAse the highest
power of magnification on
thi.r hand' lens.

They both exhibit flat sides
and definite angles where the
sides meet--all Varacteiist'ies
of a crystal.

These.are coloiless, although
the individual crystals are
also transparent as in t4he
blue vitriol. .The) crystal
shape is'also different. .This
difference will be-explored
further in Minisequence III.

142 133
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Sterno flame to raise the
temperature of the sample in
the tubend Look for evidence
of water being driven off.

Make sure that they dri,ve off.
all the water from the system
and repeat exactly what they
did with the dehydration of
the blue vitriol.

Was.there any change in col-
or during the heating4or
cooling process?

Just before they add 2 to 3
drops of water to the sup-
posedly dehydrated salt, ask
them to predict what they ex-
pect to happen'.

Then have them do it.

No;

What indication did you have
that magnesium sulfate is a
hydrated-salt?

Is there necessarily a color
change as water is either
given off from a hydrated,
salt or taken on?

At which stage was the .,s'alt
at its highest energy level?
How do you know?

134. 14 3,

MINISEQUENCE II/Activity 2

COMMENTARY
M

A

Some water will appear in the
c ler part of the tube.

As before, they-should cool
the tube in air f' st -and
then in cool water.

No.

If .the,salt lost water, them
6

heat energyShould be released -

when water is added back.

Again they will, experience the.,
tube getting hot. It will not' .2
bp as great as in the case of
copper sulfate. Also, if more
than the recommended 2 to 3
drops is added, the sensation'
will not be as great becalise
the extra water will tend to
"sp,read out" (absorb) the re-
leased heat energy.

Water drops appeared in the
upper.,part of the tube when it
was heated.

r
Obviously notrthe magnesium
sulfate was colorless at all
stages.

After the water was removed.
This_ time both the hydrated and
dehydrated forms of the salt
are colorless. Thus a change
in color cannot be used as
evidence that a pa'rticular
solid is at a highei energy
state. However, the children
know that the dehydrated spt
was at a higher energy levkl



TEACHING SEQUENCE

At this point you might want
to geneialize the schematic
diagram so that it,can apply
to any hydrated salt. Review
what they observed as heat
energy is added to and-then
,released from the'systems.

Hi her
Energy
Level

Lower
Energy
Level

DEHYDRATED
SALT

Heat Energy
Given Off

$P,

MINISEQUENCE II/Activity 2

COMMENTARY

because it gave off heat energy
when water was returned to it.

1 WATER

Heat Energy.
Absorbed

HYDRATED SA -LT

If any childreh have difficul-
ty with this concept, do not'
push it. They will be given
some .additional experiences
which, should help to reinforA
these ideas.

The schematic. diagram should
be left on""the chalkboard for
reference in Activity 3*.

.

4 4
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MINISEQUENCE II/Activity 3

Activity 3 The Hydrate Bond

Throughout COPES, model building accompanies the dev lopment of
abstract concepts. In this Activity the children w 11 makeuse
of a marble model of a solid to develop the concept of a hydrate
bond. -At first the children use the marble model to help explain
their observations of the effect of addiag heat energy to a hy-
drate like blue vitriol. The dehydrated salt is'depicted'as be-
ing cemented togethef with strong bonds which cannot be-over-
come by heat energy from available sources; it cannot be lique-
fied. The molecules of water are attached-with weaker bonds (a
plasticene clay)'which can more readily be broken off. This
model portrays the water as being held in rigid positions at
specific sites on the substance, an idea at variance with what
one normally finds in the liquid state of water.

Reinforcement_ of the -"dry" nature of the bonded wat &r i* provided
the children as they observe drops of water absorbed into the
powdery.solid of a previously "dried" salt. There no sign
Of a liquid present as hydrate bonds form.. The solid imply
assumes the characteristics of the hydrated crystal, a companied
by a release of heat energy. This additional expefence re-,
emphasfies that when a bond forms between two entities of mater,
energy.4.a_siven off;the bonded unit is at a lower energy state
than either of its components.

t

In the next Activity the children
dren Will apply these ideas to geverAl situations wher bonds

/

b
are being' broken and re-formed. -

MATERIALS AND EQUIPMENT:

1 dish, clear; pla-S'tic-or glasS, about 4 inches in
diameter

1 marble model of a solid (see Activcity 1)

5 marbles of a different color than these above

plasticen'e clay

plastic wrap

1 polyfoain contaider( , 3 qt (13 liter) capacity

a supply of .the following chemicals:

bLue vitriol (copper s'ulfat, hydrated) , about .1' cup

:

136
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MINISEQUENCE II/Activity 3

epsom salt (magnesium sulfate, hydrated),:
about 1 cup

copper sulfate, anhydrous ,(see'Freparation
for Teaching)

epsom salt, anhydrous (se'e Prpparation for
Teaching)

sodium c rbonate (monollydrater (optional,
obtainable from photographit epply
stOre)

nickel su , hydrated (optional)

'wide containers for the above chemicals
a

wooden (marked)' dispensers

1 microsco (Optional)

For each child:

1 magnifi.er

2 11 pi&ces .of paper

/ W-'" . 4:;:r

1 small woo,d"tn.stick,.e.g.a'toothpick
-. ft. ,

(made from foil) aTmuffim

eS

, 4461

Aluminum
linger .

1 'medicine dr per

candle (optional)
or

PREPARATION FOR TEACHING:

4

,41,3*

k."

4

Retrieve the marble model of a solid that, yo made',in Activity;
1. Set this aside together with the 5 mar 4% ofra different
color in a dish', and the plasticene (mgdel ng cl41)4.

.

As before, half fill the water container wit cool water. Put
out the chemicals/in supply stations with Clean_, marked
pensers next to each, supply. (The anhydrous salts should not be
put out until needed, in Section 3.) Be sure etch chemical is
clearly kabeled. Cover the (:vntdtner-s-Nith plastic wrap when
not-ih- Use.

,Although the dehydrated salts (also. referre
salts) can be purchased from chemical suppl

146

as anhydrout
, you can
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AINISEQUEFE /I/Activity 3

prepare your own supply from the hYdrated' crlystals. you have been
using up to now. For each,half Cupful you Will need, place this
quantity of the hydrated alt in a pyrex or ceramic dish and heat'
it in a 350°F- (175° ) oyen for several'hours...After this period,
transfer it to a jar which can be tightly covered to prevent
rehydration:, This pro dure works well for both copper sulfates
and magnesium sulfate (ep m salt). Just befo're they are-called
for,'place them in squat containers covered with plastic wrap.

ALLOCATION OF TIME:

The children will need about 1-1/2 h,6urs foip this Activity.' .

TEACHING SEQUENCE

1. Have each child obtain
measure of the blue vitriol
hydrated crystals and of the
epsom salt hydrated crys"tals
on two small pieces of scrap
paper. They khould also pick
up a wooden stick or tooth-

% pick.

Introduce the Activityby ask-
ing the children'to again ob- ,

serve these crystals.care-
fully.

Ask them what was *given off
by these crystals when. heat
energy interacted with them.

is there any evidence of
he Presence of water in

crystals:?

Using the Wooden sticks or
toothpicks have them move the
crystals about. Do they ap-
pear moist or dry?

Encourage them to view the
crytals under magnification.
Caution them not to handle the
salts.

'138

COMMENTARY

Onheaang, water was given
off.

.Ne.

t.r.

No water .will be visilolce, of
course. If) some children"wish,
they "?.an view a crystal .under
the microscope. If the miCro-
sceftpe is not available, have
them use the highest power of
tcieir magnifiers. Combinations

d 4

(



_IrACHING SEQUENCE
A

Do these substances show the
characteristics of a liquid
or of a solid?

How can, water (or water
Vapor) come front 'perfectly
dry solids?

Help the children to conclude
that the water does not appear
to be present as a
The task now is to try to
develop some ideaof what
might be thecase.within the
crystal Which could ekplaip

e rp servo ions
been making.

4

1

MINISEQUENCE II /Activity 3 ---

COMMENTARY

of'lenses are possible in the
case of certain Magnifiers.
For instance, with the AS&E
magnifier, they can go up to.
16X ,easily, although the depth
of focus is then very short. -

A solid:
shapes.

they exhibit distinct

Encourage the expres%ion of
any ideas the children have to
offer. Be sure they blck them
up with some rationalargument.

f

The task will be to dovtlpp a
model of a chemical bond. Spe-
cifically the children will
be developing a conceRt of,the

r molecule
and a'molecule of a salt.
ever, the ideap.involved can
be applied to all-chemical
bonds. Th4 basic difference
'between the pre§ent bond and
that developed in Grade 4 con-
cern*4.g the bond holding a
solid together befleelt melts
i that in any soli the units

'Vraking it up are held in place-_
by bonds exerted irk a geometric
array around them. Ih many

cases there are bondOn all
three directions around a given /
unit. In the case of the m

chemical bond, however, the
attractive force of,.the bond
is exerted between two u is --

either two atoms, or two ole-
cuies. In the present se it
is a bond between a water mol.e-
cule and the salt molecule in
the crystal. .

r

Recall with the childten the
basic difference in the con-
cept of,the structure of

T is waS developed in Minise-
quence V of Gra'de 4 and

139
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TEACHING SEQUENCE

solids as compared with liq-
uids. As you do so, exhibit
the marble model you conr
structed with epoxy in Ac-
tivity 1. Display this model
together with the loose mar-
bles in the dish.

Which of these models best
represents the blue vitriol
and the epsom salt?

a

) Which of the substances you
have been working with is
best represented by the
loose marbles?

Does water ever show a rig-
id, solid structure?

Recall with them now, their
observations of liquefying
solids,'such as ice,'in Ac-
t.i.vity 1:

/".

4b

0

Th

How was the solid structure
broker}, down in some in-
stances?

What does the heat energy
accomplish? (Refer to,the
model.) 4 '

14

MINISEQUENCE II/Activity 3

COMMENTARY

'reviewed in Activ

0

It would be the cemented
Its features of rrgidity.a d
of straight edges simulate what
they have observed in the crys-
tal's.

The liquid water.

One idea that should be offered
would be when ice forms from
the liquid.

Note that in attempting to
build a motel). reference is
continually made back to the
observations. Thit is to
emphasize that the model is
meant to help imagine what
situation at the submicro-
scopic, molecular level could

*account for the observed macro-*
scopic behavior of hydrated
salts. The task of model build-
ing may be challenging for many
children. Most children, howc

should ultimately be able
to develop viable model,
understand' it, and use it to
explain other observed phenom-'
ena.

By adding heat ene
solid.

g to thg

'Presumably, it o'vermthes..the
forces biiding the molecUlps
'within the solid--ds in the
case of j_ce, saiol, etc.

149
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TEACHING SEQUENCE

Were all binding forces the
same strength?

Did you find some substances
which could not be lique-
fied?

What, then, can you infer
about the binding forces
within these solids?

But what effect did the heat
energy from the Sterno flame,
have on the salts?

Help the children to make the
inference now that the water
moleculei in the hydrated
salts must be held in place

' by bonds which are weaker
than those holding thdhblue
vitriol molecules to each
other. However, even though -
the bonds, are they
still leep the, water rigidly
attached ih the

in order to help the
children visualize how the
water molecules might be
attached to the hydrated
salts, attach the remaining
marblepto the cemented struc.-
ture withPieces of modeling
clay (plasticene). Ask them
to imagine that these added
marbles represent the water
molecules which they have
inferred are present in the

MINISEQUENCE If/Activity 3

COMMENTARY

.

No--the binding forces h8lding
water molecUles in ice were the
weakest, in salol the next
strongest, and/sugar the next.

YeS--neither the heat energy
from the Sterno' nor from the
hot plate could liquefi (melt)
the sodium chloride. And; of
course, the white form of
copper sulfate could not be
liquefied either. Similax1Y,,
the anhydrous form of epsom
salt also remained a solid
when heated over Sterno.

See if children are able to
infer that the binding forces
must be relatively strong be-
cause they could not be over -

byAftwieho the strangest vail-
able source of heat energy.

It alpparently drove off water
molecules.

4

141
Flattened pieces el clay about
the size Of a pea vork. w11%.
Note that there is no one cor-
rect wa,y.of attaching th6 mar-
bles- -the, children can have no .

idea of how the,water.molecules
are oriented with respect to
the salt molecules.

fr
141



TEACHING SEQUENCE

salt crystals.

Does this model show any
signs of mobility in the
added water molecules?

.

In the model not only are the
blue vitriol molecules. at-
tached to each other by bind-
i,ng forces, but also each wa-
ter molecule is, bonded to the
salt molecules. Because of
this bond to the'salt, the
model'seems to indicate that
the water molecules are not
free to move about as they
would if they were "alone"
in the liquid state.

Wh,at is the similarity to
the structure of-ice?

What is the difference?

At this point in the discus-
sion, start to draw on the
chalkboard a representation of
the model.

.

142
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MINISEQUENCE II/ktiNrity 3

COMMENTARY

The structure as represented
by this particular model
shows complete rigidity.

41. 77

You might at this point refer
to the loos.1e marbles represent-
ing the liquid water moledules
to reinforce the mobility found
in liquids:

fter.e also the water molecules
are held i,n position. They are
present in a rigid structure.'

The water ingthe salt is bonded
not .to other, water molecules,
but to salt molecul'es.

The shaded circles-can repre-
sent blue vitriol or epsom
salt. As Ybil-Cisvf-ss the at-
tachment of the wOter-nfle-
cules, insert them .as open
circles and connect them with
lighter lines to the shaded °

circle. (Circles of the same
size, can be used. The water
molecules are actually smaller
than the salt molecules but
the Children have no way of
knowing this.) The lighter
lines from the water to the
salt indicates a bohd which

4



TEACHING SEQUENCE

V

Discuss the difference in the
types of bonds they are pres-

.' ently aware of in the blue
vitrApland epsom salt. Note
the stronge4bbond between the
salt molecules and weaker ones
where the water molecules are
attached to the sal.t. Rein-
force,this idea by &eking a

'child to pull off one of the
-Marbles representing water
from the marble model.

Can you dislodge the other
type.of molecules as easily?

SI

EncOurage the children to dis-:
cuss how this model can ex- --

plain what they have observed
on heating hydrated salts.
The following points should be

MINISEQUENCE II/Activity 3

COMMENTARY

is more easily brdicen than the
bond between the salt molecules
themselves.

/".

This will be very
complished. -It is stuckon
only with clay.

easily ac-

The others will take more of a
pull. Of course, with a trdng
enough pull these marbles can
also be removed, but there is

noticeable differen,Oe.

143
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TEACHING SEQUENCE

covered:

a) The water is attached to
sites on the copper sul-
fate.

4
b) The water at these sites

is not free to move about
as easily as it does when
.attached to itself. At
this.temperature, e.g.

/ 25°C, free'water is a
liquid.

c) A moderate amount of heat
energy added to the sub-
st&nce an overcome the
bonds between water and
the salt, liberating 'the
water which goes of as
a gas. (vapor) .

d) When these water moleCUles
in the gaseous State. reach
the cooler portions osf
test tube, they give up,
some"of their extra energy
and.condense to a liquid.

e) The,heat energy from the
Sterno was not

.MINISEQUENCE II/Activity

COMMENTARY
-

You may introduce the term-
chemical bond at this point to
describe the ,bond directed be-
.tween the water and the salt.
(Actually it. mu also be re-
fe/rred.t& as a molecular bona
since dt is between two molec--
ular.species.)

As a liquid its molecules wctuld
be free to move about without
muc.h restriction.

The children'observed droplets,'
of water' form'at the cooler
pbrtions of the tube. This
observation illustrates the

t'
phenomenon of change of state.
If the molecUles in a gas (in L.
this case, water) have their
extra,pnergy taken,away, the
bonds exerted between them
come into play again and the
liquid state is re-formed.
(See Activity 5 of MiniseqUnce
V in Grade 4,) They drove out
the water into-the air when.
they heated the cooler portions
of the tube.

1.53
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T4ACHING SEQUENCE

sufficiently strong to
overcome the binding
forces holding the blue
vitrio=l or epsom salt to
itself in the solid crys-
tal.

.3, 'Keep on the chalkboard the
illustration of the reversible
processes as heat energy is
added to the salts
and when it is given off as
water bonds are re-formed.
(See page°135.)

Show the children your supply
of'anhydrous blue vitriol.
Tell them the water of hydra-
tion was already removed.

Ask them where this salt be-
longs on the energy chart on
.the'board.

What would you predict would
happen 'if' you.added a little
water to/ a sample?

Would you expect the solid
to appear wet with water?

Which do you think has more
energy in it - -this anhydrous
salt or the,blue Orys.tals?

Have the children obtain (or
' make another) aluminum foil

" boat. They should also obtain
a wooden digpenser and go to

. the chemical supply station
for,2 or 3 measures of the
anhydrous salt. Have them'
observe it and describe.the.

MTNISEQIJENCE II/Activity 3

COMMENTARY

As evidenced by the observatio,
that ttl dehydrated salt did
not melt.

This Section of the Activitris
concerned with reinforcing some
of the ideas of the hydration
process,/ that is, the formation
of bonds o4f water to a salt,

.

accompanied by the release of
heat energy.

It may appear very faint blue
/or green in bulk. Be surethe
container is covered with a
cap or plastic wrap to prevent
moisture from reentering.

Have them identify Akat
would be represented by, the
salt at the top..

For one thing, Lt should turn
blue; for anothet, heat energy
would be given'off.

-Those child.en who haile under-
stood that added wa *er will
re-form hydrate bonds will
respond that it willlook like
the original blue crystals.
Ddn't b.e concerned if some
children may still be, unsure:
Shortly they will Perform the
experiment themselvekv,.....

o

Under magnification, it appea.rs
as a very fine, almost white

145
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TEACHING SEQUE4CE

appearance.

,Now; have them hold the boat'
in the palm of one hand while
they add 1 or 2 drops of we-

. ter to the white salt.

What do you think is' hap- 4

pening?

Where is the extra energy of
the white salt now?

Where is the water?

As they observe the salt in
the boat, have them shake it
about. Does it appear wet?
They can use the sticks to
get a *feel" for the condition
of the salt.

Use the schematic on the board
to reemphasize what has hap-
pened to the anhydrous salt
and the water.

P
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COMMENTARY

powder.

4 There wiU--be an immediate
change in color to a distinct
blue. Also, the bottgm of
the boat will begin to feel
very warm.

Bonds are forming. As they
respond, direct their attention
to the downward reaction on the
schematic on the chalkboard.

Given off as heat energy.'

Again refer to the schematic,
emphasizing the bond formation
between Water and the anhydrous
salt.

The water will appear to be
absorbed completely by the
solid powder. As they "feel"
the crittals with the stick,'
thgy will a'ppear dry.

The important idea they ,should
be getting is an understanding
that the water bOnds form,
heat elergy is given off--that
the salt withthe bonds is at-
a,lower energy state. The
extra energy contained in an-
hydrous material is given off
as the bonds with water re-form,
resulting in a dry solid. For

those children nterested in
repeating this type of observa-
tion, have theM obtain a few
measures of magnesium sulfate
which hasalso been dehydrated
(see Preparation for Teaching)
and repeat the procedure.
Again the water will appear to
be "taken up" by the anhydrous
salt. No color change, of
course, will.accompany this.

15i



MINISEQUENCE II/Activity3

A

EXTENDED EXPERIENCES:

44
,1. If other anhydrous salts are, available,. the children can

,peridrm additional experiments. For "instance, sodisum carbonate
Amonohydrate), which is available in photographic supply stores,
will take on water and form a more highly hydrated, salt. Again,

4. the added water will appear to be absorbed. Both forms of the
carbonate are'colorLess, as 'was true ofpsom salt.

2. Other hydrated salts can be investigated in'a fashion similar
to the blue 'vitriol. In the next Activityithey will have an
opportunity.to investigate two more, cobalt chloride and sodium
acetate or sodium thiosulfate. If fine crystals of hydrated
nickel sulfate (deep green) Are available, children can place
a few.measures in a test tube and dehydrate it. (If the chil-
dren use the aluminum boats for the heating, use:.the candle
flame and not the Sterno. The thinness of the foil might result
'in melting the alUminumover the hotter sterno flame.) The an-

' hydrous form is yellow. However, this salt is not as "coopera-
tive." It takes a long while for the hydrate bonds to re-fokm
when water is added.

ee,

aG
3.' What happens.to some of these hydrates if left open to the "
air? Children should be aware that there is-ithet energy avail-
able from the room. After all, an ice cube can melt at room
temperature, a proceps which requires heat eneigy. Will some
of these hydr,ates also hare water ,bonds broken by the heat
energy of the room? How can they find out?

ef.

te,

C
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MINISEQUENCE II/Activity 4

Activity 4 Using the Model

In this Activity the children experiment with a variety of ad-
dit.ional'hydrate salts, booth, colored and colorless, as they ex-
pand their experiences with the role of heat energy.inthe break-
ing and formation of bo'nds. They discover that when a solid
salt interacts with Water, heat energy may either be given off
or absorbed, depending upon whethilr the pelt was hydrated or
dehydrated to startloith. In forming solutions with water, if
bonds to water have to be formed first, the system will get hot-
heat energy will be ,given off. If water bonds are already, pres-.
ent, the interaction with water as the. salt goes into Solution
is accompanied by an absorption of heat energy which is used to
free the salt molecules from the' biriding forces holding them ih
the solid. In that case,, the system cools during solution-mak;
ing. ,.Thus, ,the chLldren establish .a criterion for determining
if bonds to water have to be formed along with the dissolving
of the salt. Is the 'solution process accompanied by an increase
or' decrease in temperature? If ;accompanied by am increase;
-bonds are being formed with water; if a decrease, the bonds
holding the solid are being broken. These ideas are established
as the children work with cobalt chloride, sodium acetate and
sodipm thiosulfate, the last two being colorless salts.

MATERIALS AND'EQUIPMENT:

For the class:

safety matches

1 polifoam water container, 3 qt (3 liter) capacity

148

,

platic wrap

1 test tube, any size

paper towels

several wide-mouthed containers pluswdoden splints a4.'
dispensers of chemicals

Supply of the following salts: (1/2 toil cup)

cobalt(ous) chloride, hydrated, fine crystals

"hypo" ,(sodium thiosulfate), hydrated crystals

4.57



MINISEQUENCE II/Activity 4

sodium acetate, hydrated crystals
0

For each child:

2 test tubes, 100 mm x 13 mm

1 test-tube holder, metal

1 beaker, heat resistant, 30 ml.capacity

1 thermoMeter, -20°C to 50°C, e.g., Macalaster No. 2662
(optional)

1 medicine dropper

1 magnifier

For each team of two:'

1 jar to serve as test tube ,r c

1 can Sterno with aluminum foil' to set it on
, 0 -

1 cup, plastic or polyfoam Apr'/water supply

extra pieces ofpaper an ,of aluminum foil

fib, 1
.

.tREPARATION FOR TEACHING:

J

tllalf-f$.1k the polyfoam container 144 th room temperature water
tN20-25°CY. Have the hydrated crys- afs of cobalt chloride,
.sodium thiosulfate and sodiuM acet to available in wide-mouthed
(containers together with wooden d

r
pensers marked at the 1-cm

, llevel. The containers should be c vered with plastic wrap when
,
,:not in use to prevent premature lobs of water. -(This will also
-prevent the cobalt, chloride from licking up moisture if the air-
:in the room is humid.) If the cobalt chlorids is not'in the
form of veTy,fine crystals, break it up by putting th larger
crystals in a 'cloth bag and bangi'g it with a hammer. Place the

.4 -different chemicals in different' Locations to avoid ntamina-'
-tion. ,

I

Have the other materials the children will need accessible to
--them. This should include the test tubes, beakers, test tube
.holders, Sterno, aluminum foil, j'ars, cups, magnifiers, water
4supply and optional thermometers.

.
1

..

,ALLOCATION OF TIME:

'The children will need about 2 or 3 hours. for this Activity%

.15,f3 149



MINISEQUENCE II/Activity 4

TEACHING SEQUENCE

1. Place 1a small.samplp of
the hydrated cobalt chloride
in a tes't tub and show it to
the class.

Tell them this is a salt call-
ed cobalt chloriall- The ques-
tion is: Is it hydrated?
Does.it have water molecules
bonded to it?

Now have them proceed with the
experiment.

Have each team obtain their
water supply in the polyfoam
cup, a can of Sterno plus its
required fail, 2 beakers, a
test tube holder and medicine
dropper.

Tell the children that they
will be heating some' of the
salt in the beaker, Show them
how'the beaker is to be held
with the test tube holder as
it is heated over the Sterno
flame. Grabbing it on a
side (as illustrated) will'
ensure a firm grip. Once
they%have mastered the tech-
nique of holding the beaker,
have the teams place two mea-
sures of cobalt chloride in
each of the two beakers.

4.,

COMMENTARY

Tie' children should be ready
with suggestions on how to find
out: get any possible bound
water off by heating and then,
if water is returned to the
system, the original material
plus heat energy, should be
produced.

In this Section the children
will be working in teams of
two. If, they'are to work indi-
vidually, -alter the-materials
requirement accordingly.

They will be placing a small°
layer of the cobalt chloride on
the bottom of the beakers to
be heated. 'They must not use
aluminum boats for this ,since
the cobalt chloride will inter-
act with the alumirium and de-

,- stroy it. *

159
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TEACHING SEQUENCE

Once they obain the salt,'
have them observe the cryst 1:s
closely with either the magni-
fier or microscope.

mIttitsEQdNcE II/Activity 4)

COMMENTARY

s-,

The amount' of salt they take
should. form a thin layer on

e bottom of.the beaker.

Using the .same precautionary
procedures outlined before,
ask them to set up the heat-, ,

ing source and then light it
for them.

Have them he-at one sample
'carefU'lly and look for Any
changes--for signs of an in-
teraction: They s ould hold
the beaker over th flame un-
til the.contents appear dry.

After extinguishia the flame,
set the beaker onI piece of
foil to cool, back I o room
temperature, It Would be,
advisable to put A overing
on while it is ,co6,1 ng but do
not use plastic wra . The
beaker will be too; ot. In-

.

stead,-place a small piece of',
metal Dbil on he t p of the
hot beaker.

°While the beaker iS ooling
off, discuss what th-y have
just observed:

Did you see any ev dende of
water. cooling off?

On close inspection these red
crystals will be tr.apsparent.
If therehappenstobe some
perfectly formed ones, they
will'appear.as cubes.

As the cobalt chloride is
heated, it starts to lose
bonded water andatp color
changes to.blue. In fact, so
much water is driven off that
before it alr'Yealies, someof
the salt may tend to form a

solution-with the Liberated
water. However, if only a .

thin layer of salt has been °

heated,,the dehydration pro-
cess will not be confused by
this phenomenon.

Some children may have seen
some evidence of water ini-
tially as the blue substance,
was created; there may have
appeared to be some liquid

.151160



TEACHING SEQUENCE

How can,,you bell lox sure if
the blue_materia171-sa-3.6".=---
hydra;ted form of cobalt
chloride?

What else would you expect
to observe the blue form,
were really a dehydrated
form of the salt?

When the beaker is no. longer
hot.t the touch, the bottom
can be immersed in the cup
of wa r to hasten cooling. 4>

Dry o f the beaker.

11;

Now, as one child holds the ,

be er in the palm of his or
her band, have the other child
add 2 or 3 drops of water.

What happens?

Did the red material lose
bonded ter when heat en-
ergy was added?

152

MINISEQUENCE II-Activity 4

COMMENTARY "

present. But unless they had
placeda loose cover over the
top of the beaker.where water
could have condensed, they
would not have been'aware of it
leaving; the systim.

back a drop or two of
water and seeing if the red re-
Torms.

Heat energy should be released
as the water bonds-are re-
formed, as well,as the return
of the original coor.

1

This time ju'st'enough water
should be. added so "that the
hydrate not only re-forms but
a very small amount of (red)
solution is formed as well.
Be careful here because if
too mu h water is added, the

dissipated over tdo '4,r..e)at an
libeOked heat-enex.qy will be

amount of material and the
children may not be able to
feel the warmth.

There is a return to the orig-
inar color and the beaker feels
warm. (U on standing some of
the dehydrated salt molecules
rebond some water from the air,
the solid will start to appear
purple, tbe combination of
blue and red'.)

Since the color not only re-
turned, but it did so with the
evolution of heat energy, the
evidence 4 all in favor of
the red coba-lt chloride having
water bonded to 1t. It is



TEACHING SEQ4NCE

V
In discussing this return to

the generalized chalkbqard
diagram to emphasize the re-
versible nature of this prp-
cess. This time show a sche-
matic,bond between the salt
-and .watrlatthe lower ner$35,

a

I

-Higher
Energy
Level

MINISEQUENCE If/Activity 4

COMMENTARY

4
hydrated.The blue is the de-
hydrated, or anhydrous,- form of
the salt-

I

DEHYDRATED
SALT,

Heat Energy'
GiverrOff;
Bond re-forms

Lower
Energy
Level limp

ti

2. Refer now to the small bit
of red ,svlutiori whic.h formed
in the beakers.

When this solution formed,
was heat energy/absorbed or
given off?

* Is this normally the case
.

WATER

Heat Energy
Absorbed;
Bond Breaks

SALT WATER
(bOnd)

k

Whenever you consider it ap-
ropriate, dis-cuss with the
children the concept of them
accountability of heat energy
in these reversible changes:.
that heat energy must be taken
in to break the bond, that the--
energy'is then present within
iesproducts formed, and that

.:--when the water and the salt
form bonds again, tiv heat en-
ergy reappears. It is hoped
that eventually the children,
may be able to transfer this
concept to the making and
breaking ,of any bond in a
molecule.

I*

Since the.eYstem became Warm,
heat energy was being given
off as the water rebonded to
the salt:

Not always--in Grade 5 of the

1 E 2 153
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TEACHING SEQUENCE

when solutione;form? Dis-
cussany examples the,)11il-
dren may recall'.

if necessary, 'to reinforce
till's idea of he absorptidn of
heat energy s solutions'are

. made, let them:take1/2 tea-.

spoon. of table salt (sodium
chloride) , place it in a 'small.
cup or beaker, insert a ther-
mometer, and then add a drop-
perful of water of*known tem-
perature and observe what hap-
pens°. The-temperatu're of the
salt-water system will drop a
few degrees--an indication
that heat energy is being i/e
"taken up" as' the salt dis-

ves.

0

Suppose you _made up a solu-
tion of the cobalt" chloride
'crystals th,yt had not been

° aehydrated--the reds ones.
r Would you still expect the
-. systemto warm up as water
is added?

. Suggest that they try doing
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COPES cuA;riculum, children
-worked with a varietS, of salts
diisolving in wate In all
the cases they invgstigated,
heat energy was absorbed as
the salts d4g-tolved. The sys-
tems co led down. Based on'
these observations and their
pr-ion experiences with`change
of state, they inferred that
it _took energy and, the attrac-
tive force0II'dee)1 water and .

the solid salt -to break the
bonds holding the moleculet
together in the solid. If the
,children have. not these
experiences, you ma want to
interpose a telescoped version
of Activi-try -2 of Ain .sequence
III,of Grade 5 at this point;
.if they.have had them, you may
still find the brief review
described under the teaching '.

sequence helpful.

If they are using the' plastic-
backed thermometers, cut .off
the plastic about 1V2 inch up
from the bottom tosexpose the
bulb so it rests on' the bottom
of the containerand is stir-
-rounded/by the small quantity
of solution. To measure out a
dropperfial of water, the ehil-
di-en should insert the dropper,
squeezetile bulb, and°1ee as'
much liquid:come up into the

:tube while still immersed as
can. This is about 1/4 tea-
spoon of liquid if you use
Atandard dropers!

1.

Encourage their speculations
and reasons for them.
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O.- I

it: F.irst ring.e.out and dry
their beakers and then put 1
teaspoon of red unheated co-
balt chloride into it. The
teams should then check the
temperature of4theirwater
supplies, insert the thermom-

-eter.in the sample of drys-
tals,'and add a dropperful of
the water to them.

eMhat happens to the temura-
ture of this system?

How does thie compare with
''the temperature change when
water was added to dried-out
cobalt chloride?

What was th'e corOr of the
solution in each case?

Help the children to under-
stand that in both cases they
obtained a solution of cobal
chloride in water.

Why did-the temperature go
Op in one and down in -tie
other? -

0.

If the children have

KIN,ISEQUENCE,II/Activity 4

. *

COMMENTARY

0
6P

It drops about 2,or 3 degreas.
(The reason for working with
a larger sap le of the salt
is to get a Ileasureable change
in temperature.)

Then the temperature'rose.

't

The color was the smote in both
cases, although the red color'
may have been more intense
where the spoonful ot:crystals
was disSolved because of the,
larlef amount of cobalt chic)...
ride.

1

Encourage them to discuss this
question thoroughly.tThe dif-
ference is due to the fact
that in the case of the dehy7

, drated salt, as water..is,added,
bonds are for teal between water
and4salt-and teat energy is
given off; tn the second case,

, the red crystals already have
water bonded to Ahem -7thus,
when they interact with more
water to 4Orm a solution, heat.
energy iv absorbed inbreakin
apart the crystal strOct

16 .4195
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difficulty with this question,
use.the schematic diagram .of
heat energy and bond formation
they have been developing to
help them provide an explana-
tion for these differences.

r

Ask such leading questions as:

What is the difference in
the two substances to which
the water was added?

What occurs as water is
added to the blue salt == -which
had been heated?

As water bonds form, it
heat energy given off or
absorbed?

What do you think is hap-
pening as water interacts
with the unheated reed crys-
tals?

.-. Is heat energy absorbed or
given off as these crystal
bonds are overcome?

A
What i8 the evidence that
heat energy is being ab-
sorbed?

3. Will'the phenomenon they
have 'just observed be, true of
any hydrate? That is, when .
water is added to a soluble
hydrated salt, does the tem-
perature decrease, signifying

156
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- °

0

* ...,.

In one, there was no water
bonded to.the salt.- It would
correspond to the higher energy
state salt. In the other (the
unheated salt) , the water bonds
are already present.

Refer to the salt at the top
of the schematic diagram. Wa-
ter bonds will form...

It is given off as the process
proceeds down in the schematic
to the hydrated salt.

The red cryst issolv-
ing: The bon holding the
cobalt chloride in the pat-
terned structure of the solid
Are being overcome to free the
salt to become pkrt'Zit--the liq-
uid solution. (See Minise-
quence III, Grade 5.)

Heat energy is absorbed (taken
in). It is used to ",liquefy"
the red crystals as they dis-
sollie in the water

The very fact that the tempera-
ture decreased--that the system
became cooler--meant that heat
energy was being absorbed from
the surroundings., which includ-

es

ed the water.

In this Section of the Activity,
the children will again find
that, when water is added to
hydrated salts, whether the
system becomes warmer or cooler
depends on whether bonds to

1.63 0
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the absorption of heat, energy?
When water is added to the`de-
hydrated salt, does the tsm-
pe`rat %se increase, signifying
the liberation of heat energy
as hydrate bonds are formed?

To find out, each child will
now need 2 test tubes, a test
tube holder and a medicine
dropper. The team will share
a can of Stexno, a jar in
which to place the tubes, and
a cup half filled with water.
at room temperatlee. They can
share the observations ifone
child works with sodium ace-
tate and the other with sodium
thios'ulfate. Each child
should place 2 or 3 measures
of the salt he shewill be
investig=ating infoo each of
their-two test tubes.

Have them observe each of the
salts and note its properties:\

Then each child should place
one of the test tubes in the
rack substitute and heat the
other test tube aft'er'the
Sterno lit: W1hile it is
being heated., the system
should be observed carefully.

first the contents will
give the appearance of Melt-

4.. i ng.

3

4i
MINTSEQUENCE II/Activity4

COMMENTARY

water have to be formed before
takes

It is suggesed that teams of
two share theexper,i.ence with
the two hydrates,.sodium acetate
and sodium.thiosulfate.

A

These are tie same salts which
.were investigated in Grade 5,
Minisequence III, Heat Energo?
and Liquefying Solids: The
properties they may note are
the color, (both are white, or
if they happened to lo6k atsa
few crystals under the micro7"---'-
scope, they will appear clear

'

and colorless) and distinct
crystal shapes.

Be sure the usual prec'autions
with Sterno are observed, paT7
ticularly the one about mot'

'letting the mouth of the test
ube be directed at any Othet

child.

Actually what is happening is
that so many hydrate bonds Ate
being brOken--so much water is
`being liberated-- that'initially
the very soluble salts ared.cs-
solving in this freed water.
In this respect these salts

15716u
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As heat energy continues tO?e
added, the freed water will
cause bubbling,. When the
children observe these
changes, ask them what inter-
actions they believe are tak-
ing place.

Ask them-to continue the heat-.
ing untilono more changes -are
apparent.

0
What do you think is the
difference between the con7
tents of theN tube you
heated and those of the
unheated "control?"

If water bonds were being
broken by the addi'ion of
heat.energy, what would' you
expect when you add a few
drops of water after cooling
the system down tovroom,

,34. temperature? Why?

'Now haVe them test their pre-
dictions. They should adda
drop or two of water, holding
the tube in the 'ame manner"
they did in Ole previous Ac-
tivity.

V

What happens?

158. t
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COMMENTARY

are like cobalt chloride. 1

Some may respond th'at change
in state-,-thelting--is taking
place. If,they do, aSk them
to reserver udgment until they
complete the'heating. Other
childrenmay refer to the Nil-
ing as another change in state,
water becoming a gas. Still
others, because of all their
previous expepences", may assume
that dome hydrate bonds are be-
ing broken as heat energy is
supplied to the system.

In both the sodium acetate and
thiosulfate, the contents will
"dry up" and a white poleidery
solid will remain.

0
Some may respond that bonded
water was driven Off from the-'
heated,tube. (Its contents
also look more powdery and
less crystal-like.)

Based on their prior experi-
ences, they soul& .expedt that
the system would become hpt.
If water bonds had been,broken
by the heating, then as they
re-form, heat energy Must be
given tiff. Thus the4temperature
will rkee.

The system gettvery hgt.

No, because both the hydrated

167
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return of color'as a crite-
rion for sensing the rever-1
sal of the water loss, as
with both cobalt chloride
and copper sulfate?

Therefore, what is the only
evidence to confirm that the
Original substance was re-
formed?

'or those 'children who may
have suggested' heft some of

wthe salt.,"melted" hen heat
energy*was'initially added,
ask what they think now.

Was the heat energy (avail-
able from the Sterno) suf-
ficient to break down the
bonds holding the solid in
its structure?

Now focus attention on the
unheated "control" system.

What do you predict will
happen if a few drops of
water ,are added .to this

tube?ube?

Have each child hold the test
tub `containing the unheated
(hy rated) salt in the palm
of their hand as they ,did with
the heated one. Add a few-

(

MINISEQUENCE II /Activity 4

COMMENTARY

and anhydrous forms of sodium
acetate and of sodiumthiosul-
fate are colorless--as in the
case of epsom sacs.

The,liberation Of heat energy
as the original bondsre-formed.

Help them to recall that melt-
ing means that the bonds hold-
ing the solid together are
broken as the solid becomes'

Dissolving, or inter-
action with water, can also
produce a liquid. But they
saw in Grade 5 that this in-
voll7es adding a second compo-
nent, water.

Apparently not. After all the
water was driven off, no liq-
uid remained. It was all solid.
74e liquid formed at first was
probably produced as the seat
dissol-Ted'in the water being
released from the hydrate.
Once the water left the system
as a gas, no more liquid solu-
tion could form.

,Those children who develo d
a full understanding of the
experiment as they added wat
to te dehydrated and hydrated
cobalt chloride will respond.
that the system will become
cpoler. Don't be sUrprised,
hbwever, if you get a variety
of responses.

6a
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drops of water to the system.

* What do you observe?

Why do you think this un-
heated sample is behaving
so differently?

As soon as: the children have
had time enough to discuss
their ideas on the differences
in the responses of each sys-
tem, the concluding discussion
should'develop the folowing
understandings:

'a) The few drops of water
which were added to the
heated'dehydrated,salt
formed bonds to the salt.
As these bonds were form-
ing, heat energy was
given off. (Since heat
energy was absorbed to -

break the bond, when the
reverse was taking place,
heat energy was given
off.)

b) In the unheated sample,
the salt had its water
already attached. All
that the water was doing
was interacting wit the
salt to form a solution.
As you discuss this point,
refer to the molecular
model diagram which shows
the attachments to water:.
In one instance these are
all intact; in the other
(the heated sample), the
bonds have been s-tvered.

Conclude tte discussion, by
comple.ting the schema4ic of
theeeactiOns:
160
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COMMENTARY

Dissolving will take place.
The test tube and its contents
will start to feel very cool.
Sorde children may still be sur-
prised at this difference.

Encourage the children to use
the schematics on the board -qo
justify any of their ideas.

tf
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Higher
Energy DEHYDRATED SALT ,+, WATERLevel A+

Heat Energy. Heat Energy
Given Off Absorbed

Lower
SALTImgWATEREnergy

Level (bond)

SALT-WATER SOLUTION

Heat Energy
AbsOrbed

IWATER

EXTENDED EXPERIENCES:

1. Often children enjoy the challenge of trying to find out
"which is (are), the hydrated salt(s)." A simple form of this
game can be played with the hydrated and dehydrated forms of
only one substance--for instance, epsom salt (magnesium sul-
fate). Set up several stations around .the\room, some of which4 contain salt which has been previously dried by heating it in a350°F ( 175 °C) ql.ren forla few Fiours as described in the Prepara-
tion for Teaching of Activity 3. If necessary, pulverize the
hydrated epsom salt crystals' in order to assure that the two
forms of the substance can not be told apart on the basis oftheir physical appearance. Following the same procedures out-
lined in this Activity, the children will find that the dehy-
drated salt incre ses in temperature when a few drops of water
are added to it, w as the hydrated one decreases it tempera-ture. [Cautionary note: The drugstore variety of epsom salt
may be partially dried out. If so; it will dive misleading
results when water is- added. ,(The system wile,. heat up.) Thus
You should'Pretest the,7hydrated" crystals to be sure the sys-
tem cools down wheri water added. If,Jhe epsom salt, is ob-
tained from a.chemical supply should,not encbunter
this, problems] Amore elaborate me would

c
involve other sub-

Stances, such as calcium chro'ride, washing soda (one form of
sodium carbonate), and.sodium carbonate (monohydrated)., The
lattr-two substances will both get warm on adding water, but
one more than the other. Why? Washing soda loses only a few

"attached waters, the other many more.' Caution the children riot
to%get sodidh carbonate on their hands.

2. The following is a nice tie-in with Minisequence I: Cobalt
chloride can be usecras an indicator ofmoisture'conditions in
the air. Remember that the red form is hydrated; the blue, de-.'
hydrated.

irated.

Place some red crystals on a flat dish and'observe
, them °Vey a period* of time. On standing in ,the room, if the
humidity is low, they array start to-lose some bonded water. The

, color will at first become purple, then blue, as itloses water
Where does the heat energy come Irom?-7the objects and con-

.

tainers ih the room. The crystals may change in physical

161
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appearance, too: on "dry" days _of low rellikive.humidity, they
tend to crumble and form very small bluish ones (the dehydrated
form). When it rains, or On very humid days, the color may
change tack again and become pink (it,appears pink, not red,
due to the powdery nature of the crystals,oncethey have been
dehydratedl. Don't attempt this in a completely dehumidified;
air-conditioned room..

r4
4
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MINISEQUENCE II/Activity 5

.t?Activity 5 Extendihg the Model

The concept of the heat of:_bond fOrmation is applied to a dif-
' ferent type of bond in this final'-Activity-7the starch-iodine

bond. However, the same reasoning applies to thismieep blue
interact iron prod6ct,of starch and iodine. Children discover
that the'blue color disappears ifheat energy is added to the /

, system. Assuming this might have- resulted from the breaking of
a bond between the two molecular 'unita, starch and iodine, thee'
children predict that if heat energy were taken away, the,bond
could re-form. Re-formation of the bond, they predict, should
be evidenced by reappearance of the deep blue color. Experi-
mental verification of this prediction reinforces the usefulness
of the bond motel they have been intic5ducT-it "works" for
'other bonds; not just hydrate bon4s. In addition, the absorp-
tion and-release of heat energy cont.inues to reinforce 'the
accountability of heat energy, which does not seem to dis ppear,
but returns as these reversible systems return to their o iginal
`condition. Al hpugh none Of these ideas can be put to the, test
of quentitativ verification as was th'e water-mix in Grade 4,
it is h ped th t by this time a faith in 'the concept of conserva-
tion of heat energy as related to energy conversions on the mo-
lecular evel will become-apart tof-th4 child's approach to
events i nature.

%

MATERIALS AND EQUIPMENT:

1 saucepan, 1 -qt (1-liter)

1 box cornstarch

1 oz tincture of iodine
*A0

1 pint.j,ar

I. 3 paper towe s or l' disk (30-cm) of.filter paper

1 funnel, Approximately 6-in. (15-cm) in diameter

1 ring stand assembly or cardboard box, approximately
12-in:. by 12-in. (30-am by 30-cm), with a hole cut
in one side through which a funnel can be supporte

1 laboratory thermometer, -20 °C to +110°C

1 jarirwith screw lid, 1-qt (1.21iter) capacity

?-4 163
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1 stirringspoon

For each child:

1 cup, 1-oz approximately 30-m1), plastic or waxed paper

1 thermometer, -20°C to 50°C (optional)
..-.

1 jar or a test tube rack

1 test tube, 100. mm x 13 mm

1 test -tub holder, metal

1 cup for water supply

1 medicine dropper

For each team:

1 can Sterno, with aluminum foil to set .,it on

PREPARATION FOR TEACHING:

You will have to prepare a arch solution ahead of time. No
more than a day before class 'prepare 1 quart of a starch-water
solution by heati01/2 to oon of starch A.h a cup of water.
Heat it to about Cb?C for 5 tb10-minutes and filter. The fil-
tering will take about 15 minutes because the filter gradually
becomes clogged with starch, but most of the liquid comes
throug(in the.first few Minutes. The filtrate, containing
the d0sollitd starch, can be diluted with enough water to make
a quart of, solution. Test a small sample of it fora positive

)tT'arch test with iodine. ,Discard the ;)t-et sample. Store'the
dear starch solution in a quart jar, preferably in a refriger-
ator or other cool place.'

. s

A

The iodine solution sshouolalnbe preiared by adding 10 or 12 drops
of tindture_of iodine to a pint of 4ter. The resulting solu-
tion will e a light yellow-brown. Each 'child will need about

P'

b

1/2 teasp on of this solution. If thesolutiom stands around
for several days, the.iodine will eitaporate from it even IfSthe
sontainer is covered. All you need do in that case is add ad- .

ditional drops of the tilIcture until the original color ).s ol:;-

tained.

I

ALLOCATION 'OF TIME:

Ilhe.children will need only about 1 hour to.comppte this Ac-
rity.

164 '
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TEACHING SEQUENCE-

1. Show thexchildren the
starch solution. Ask if they
can recall any properties of
such soluons.

6

If 1-1(:) child recalls the spe-
ciajl property with
ioda.ne, place's-time Of the
soltion in a test. tube and
Oda few drops of the iodine
sol_ution. It would also be
advisable to let them test
somilefamiliar substances with
they iodine: oatmeal, corp-

. starch, banana, etc. Ever)
pager. toweling will give the
blOe-black interaction prod-
uct of starch ,And iodine.

Now .have each child obtain a
c4pean test tube, test -tube
'holder, medicine dropper,
and a jar.

Set out the solutions of
starch and iodine'so that the
children can help themthel:ves.

H4ve them place about two
droppersful of- fhe dilute
iodine.solution into the
test tube.

u.

.aWhat will happen when the
starch solution is added?

Zacb c ,hild should take up a
small amount of the starch
solution in the other clean
dropper. 'Then they ,s ould
add about 2 drops .of t e

MINISEQUENCE II/Activity

COMMENTARY

In Grader 3 and 4 ro f COPES, the
Children had.a variety of ex-
periences with starch and its
solutions. Its interaction
with an iodine solution was
used as a test for the presence
oft starch.

The contents of thetube will
turn a deep blue.

a

a o
A Sterno can will again be
'shared with teammates.

The solutions can beoplace'd at
'central stations or Vou can
.place small amounts of the
solutions in 1-oz cups (1/2
.full)' at work areas which 4 or
more children can share.

One medicine dropper should be
used by the pair df children
to get the iodine. Then the
other can be used to obin
the starch solution (see be-'
loW).

They should expect the 'liquid,
to turn blue. .

65,"
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starch solution to the test
tube and gently swirl th/
contents.

r

If t e suggestion does not
co ;from the class, present
the hypothesis yourself than
possibly the starch and iodine
are held together by a bond
similar to the bond between
the solid salts and water mol-

' ecules they have been investi-
, ciating. To assist in discuss-

ing this hypothesis and its
-\implicatione, use a diagram on
the board. Draw a 'circle to
represent the starch molecule,

r and other (smaller) circles
to represent° the' iodine.mo1-
ecule(s).

-et
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An intense deep blue color will
form immediately. 4(The color
of the solution may vary slight-
ly depending on how much starch
is present. Thi's is not impor-
tant.) If the deep blue color
seems "reluctant" either to
form or to persist, have them
add a fewmore drops of the
starch solution.

Many people call this blue sub-
stance the s't'arch- iodine com-
plex. , If you wish, use thi's
name for it.

In Grade 4, the children dis-
covered, by molecular sieving,
that the iodine molecule, in
solution, is smaller than the
staich molecule.

rti
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As in the case of the hy-
drates, draw lines represent-
ing the bongs between the two

. kinds of molecules.

Assuming the deep blue "com-
plex" is the result of ,a
bond between starch and'
odine% 051ecules, what can
you predict would happen,
to it if heat energy were
added?

Ask them to change the diagram
to fit this prediction.

Would the color of thiS
product also be expect to
be blue?

Now light the terno and,ask
the children to heat the con-
tents of the tube gently.

What happens within this
system?

As soon as the'colOr changes.
occurs, have them place the
tubes gently in the jar which.
.serves as a.testtube rack.
While the system is cooling
down, ask them for their
ideas about what the added
heat energy was doing.

4

[ MINISEQUENCE II/ACtivity.5
I

COMMENTARY

Based on all their prior experi*
ence with hydrate bonds, they
should 'expect that the bond
would be broken. '

The diagram now s hould indicate
that upon the addition of heat
energy the bonds are bioken and
starch and iodine molecules ar..e_
separated.

Not really. When they had the
separate solutions, the stafch,
was colorless and the iodine
alone was very faint yellow.
The 'blue formed only whe the
&nteracted.

.gain be very careful th
direct the mouth of the
away from anyone.

t they
e

The color will start to fade
and eventually will be com-
pletely'"bleached out."

Some children eay, say'that the
iodine just boiled away. *This.
is certainly a reafronable idea
sipe'-the color produced whet}

was present has disappeared.
Some enterprising youngster.may
eventually want totest_.this
out by heiting,some iodine
solution alone in a test tube.

110-' The ioNp solution will4e
,faintly yellow and it heated

167
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.

At this point, you might put
a schematic diagram on the
board which would represent
the hypothesized interactions:

STARCH IODINE

Heat Energy
Absorbed

.

STARCH IODINE
COMPLEX

With this schematic as 'a
focus for discussion, can

"you predict how the'!blue
color of the complex\ might
be re-formed?

How can you test this out"?

Have the children look At the
test tubes which have ben
standing during the discus-
sion.

How c an you remove still
more heat energy?

Suggest that they cool the
test tube still'further in
some cold water.

168
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4
for the same time as they did
with the starch, will not show
much, if any, evidence of
change in color. (Eventudlly,
on

..

prolonged heating, or stand-
ing,ing, the iodine will leave the
systep =and go off as a gas and
the yellow:color Will disap-
pear.)

./

1r

Based on their' experience with
hydrate bonds, and since the
diagram illustrates that it
was the addi on or heat ener74
gy which broke the bond, help
the children to see'that taking
heat energy away might allow
the bond to re-form. ,

Remove heat eneiriy hy`cdoling
the systQm and look for the
return of the blue colony which
-indicates the bonded complex.

Most tubes will,still be*warm
and the contents will still be
colQrless.

Some will spggest acold water
bath, ice, or even putting it
in the refrigerator" All these
suggestions ratfine.

Ty can get a supply from the
c d water tap or a reservoir
ofcoldwater you have set up
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As the tubevi.s immersed in the
scold water it should be
swirled about a bit...

Many children will want to
,see if these change's can be
repeated.

The concluding discussion
Should return to the concepts
introded with Ifydrate bonds:

a) It takes ,energy t5a.R.reak
a bond.

-

`b) A bond can re-forth if en
ergy can be removed.-anti
if the components are
present to farm that,
bond.

How' does this interaction
differ from your experience
with hydrates?

What inferences caniqou now
make about the heat edevgli
absorbed by a bond as it

MINISEQUENCE II1Activity,5

COMMENTARY

for them.

Very soon, the deep blue,color
will start 'to return- -near the
walls at first. Tfils may be
quite a'surprisingonfirmation
of the hypotheticar:model. The
diagram can now bev,Completed as
follows:

x.

STARCH

Heat Enirgy,, Heat Energy
Given Off , Absorbed*

STARCHommIODINE
COMPLEX

It can be revers d elb long as
the iodine\doe tevaporate.
If it doeg, d some fresh
iodine and t e intense col();
of the Complex will return.

I .

In the yd1fIlites, the water
which was part of the bond
left t.hesystem. To reverse
the interaction, water had to
be added. Here, all the'sub-
stances k4s, still An 'th'e sys+

.a)4tey haveto. do, is to
take away /eat energy.

°.,
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TEACHING SEQUENCE

4

breaks?. Is the heat energy
lost somewhere?

If necessary, help the
dren conclude that this ab-
sorbed energy is part of the
more "energetic" dehydrated
salt molecules an the starch
and iodine molecules.

Which solids had'the more
energetic molecules ..4.n the

yexamples ou investigated?
\)

MINISEQUENCE II/Activity 5

6

COMMENTARY

Not really--it_should be preseil
in the higher energy of the, still,
stances formed.

'

The "white vitriol" and the blu'e
:form of cobalt chloride, for

/'instance. In the case oethe
colorlegs'salts, A.co,uld only
be identified as the solid lef-C
after heating% When separated,
the starch was colorless and the
Iodine waselloW.^,

Yes. All these examples Caere
.reversible. Intthe case Of
the dehydrated salts, the orig-
inal conditions were obtained
again if the water was put
back. Then the,heat energy,
reappearet as the bond re=
formed .% In the cage of tp@
starch-iodine, they could not
easily measure the liberation
of heat energy 'as to bonid re- f

formed, but .the re Vase of
heat energy was assisted by
cooling the system. In an ex-
tension,deseribed below,-Iome
.childfen'may actuaAy'be

fe.to measure theliberatiow7of
heat as the starch-Lodirie'ibond
is formed.. In any event, these
Activities sho.uldhave'prvided
the%children-with the ideal that
heat energy can cause chantes
and that-arfter it is so used,
it can be recovered:., Heat!*
eneryy is ccinserved4C

tg

O ,Were-'you able to get the
heat energy back?

.

1. I

EXTENDED EXPERIENCE:

The foll:owing.question might be .posed for those students whoiCan
0' proceed further with these rather absLitctideas aboutchemicil

bonds and heat energy.. Assuming this model correctly describes

4

t

110
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MINISEOUENCE II/Activity, 5'

ra

401.

what happens on ./e.molecular level bet iween starch and iodine,
what can they predict would happen,to thetemperature of a sys-
tem when starch and iodine come \together,toi (form the bond? They
have been learning that when bodds forth, heV,t,,, energy is given
off. Thus the temperature should increase. An enterprising
youngster who can handle chemica.rs properly can try t)e folldwr
ing: Place about 1 'or 2 roppersful of tincture of.t.,iodine* (as'
supplied, not diluted) in a 1-oz plastic cup. Insert a thermoml
eter. The plastic-backed; -20°C to +5,0°C thermometers are ade-
quate. .Be sure the bulb is immersed (trim off some backing on
the "bottom if necessary) and read the 'temperature. Then 'add 1/2
teaspoon of cornstarch_ powder and stir. The temperature will
rise a few degrees. A deep blue-black liquid will form which
may be difficult to stir. If more starch is added, the tempera-
ture may rise a bit more as more of the complex is formed, but.
the mixtute will be very thick. However, the increase in tem-
perature 'should be further con4'irmation of the model.

1

'A

0
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Minisequence III
y . Copper: A Structural Unit

;-

It is the intent -of Minisequence III to, develop culminating,
experience's for the conceptual' scheme,iStructu'ral Units of the
Universe. As described in the inCroduditory material, this scheme
is couerned with the belief that the universe and 'all the ob-
jects Iound in it areimadeup'of discrete units of matter. How-
ever, the number of truly different "buildidg blockt" is.actualfy
limited. How far dowh in;size or dimension do we go in identify-
ing these unit building blOcks? For the purposes of the COP'ES
curriculum, it will be the atom. Although the term atom is .not
esuntial, the concept ore.

will
fundamental unit omatter com-

pad .with the molecule will be introduo,ed and°developed in this
sequence:

Starting in the werY.early grades children considereathe parts
of which objects are made. The first Topic in Grade 3 was de-
voted to sleveloping this beginning with a consideratioon of
objects whose parts could rradily be seen And then going on to.
a consideration of objects Vhere the parts could not beseen but
whose presence could be- inferred by,their interaction properties.
It Grade 4 the-concept ot'the molecule as a structural'unit of,
matter was introduced. ,Experience in Molecular Sieving in
Grade 4 then introddced children to molecules of differentt
sizes, only some-of which could pass through the walls-of a
*membrane, In addition they inferred that this unit of matter
was the building block ofsolids and of the gases which could
result from the. eNaporatiiin of liquids: 'Some of these mole="
cules could 'be dete d by their distinct odor or color. In
Grade 5, the notion a 'structural unit of matter was extended
to,ttie building blocks/ Of living systems, the cells olf plants A.

and animals. .The concep that, a structural' 'unit of matter could,
itself be composed :O4.still smaller units was introduced in the
Cell sequehce when the children consideredhoomponents,within the
cell. . ...

. .

, .
. . . ,

The intent of the present Activiti&slit to refocus attention on
the molecule and then to consider 'the more basic units making
it up. Although there are thousands. pon-thousands.ol different,
kinds of molecules,'there-are only slightly over 100 different -

kinds 6f atoms, or elements, in the urftverse. -Combinations of
atoms, of these different dements joingd 'in varIcus ways make .
up all matter.: an' this case, the °children will investigate, in
more detail the structural AitintrodUced iu the previout Mini-
seqUence,',the moleculeof blur vitriolwto ditcover'a'fu'ndament.011

'''..--Omponent of it. .

)

.

,

, .

, c- . .

. What propertiet are used to characterizfyi.ktrcular substances? v
\,-..... .4a .1 .

:1 . 181
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A

The shape of crystals are characteristic of- particular sub-.

stances, the odor of the as molecules the color:- f the solid
crystals or the solutij. 1 forms, and the melting point of the
.solid. Tte molecules of particular substance tan also be
characterized by particular interaction properties. As the
children found in the previous Minisequence, blue vitriol
interacts with heat energy to relekse water molecules. Thus
they have begun to recogn4e that the molecule of a--particular
substance may be made up of parts, and to recognize that if
the parts are changed, then. the properties will also change..
All the properties of a iarticular substance as exhibited by
its collection of molecules depend on the make-up of that
Molecule. If the make-up is changed in any way, the properties
will change. Thus, specific properties can be Used`to test

;,#"' for particular materials. .Conversely it-can be reasoned that
i' if properties change, we now have a different moleNe--its c

make-up has been altered either as to the addition or loss of
a componerit part or a change in 'the number of components: The
interaction of blue vitriol .with heat energy resulyted in the ,

loss of water. The end product had very different properties-
e.g., it was a different color (white). Thus the b e vitriol
must have molecules of water as a basic component building
block. Without the wate, it is a"different subst nce.

1n Minisequehce'I7I the children discover that bltA vitriol 4.0000."
Contains, besides water molecules, units of'copper. During
another type of interaction, they will find the units of cop-
per "coming out," just as .the water m c e's came out .when
heat energy was added. They' wil observe that,this r suiting

,molecule also,lias,very differe properties. Using cr teria
that they had developed before to identify the blpe vitriol
molecule, such as color and crystal shape, they will' End that
tAse properties are no longer exhibited. Without 'he basic]
unit of copper in it, it is no longer lue vitriol. Fortunate-
ly, there are certain properties whic can be observed 'which ,

depend solely on the atom or atoms present--and notion the ;.

mole* cule of which it is a parg. One of the properties is its
flaMe spectra, whidh is exhi'OTted by atoms whether alone or
in combinAion. Sodium, whether,aione as the metal or 1il

. table salt (sodium chlor de) or ba10.n soda (sodium bicarbonate) ,

will produce a'brilliant ellow flame when sprinkled over a
flame. The yellow is cha acteristic of the atom of sodium.
The same is, true of coppe . .Whether- it is .free as a piece
of copper metal, or in blue vitriol,

, "white" vitriol', or any
'.-,other copper salt, a charatteristic green color is produced,

.. in °a, fr Me. Thus this property can be used as A test for;
the pres nce of the coppe'r atom.

-In t (rst Activity,' "The Shape .of Things," the child4
Iare reintroducd.to the property of crystal shape being c ar-

adtvistiC of a specific subseance. .Their observations re eal
th differepces in crystal 'shape among substances, as.weA. as
the fact that for a'given substance, whatever the size of it%

...s

't
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A.°
. .

---/Crystals,. their shape. is the same. The children find that, at

1

Least for. some substances, the crystal shape and color provide 4,

unique means of identilisation. / .

In Activity 2, ,children 'begin to pursue t/e components of blue =-
Q

0 . .
tvitriol. What may i.0'-contain ,other than molecules of- attached :_-_,_:.

water? (They -find th.a4t when an iron naiil is placed- in a solul',
tion of blUe vitriol, changes take. ce. An interaction odurs
in which a pinkish,$red substance iYpea s and the. blue color bf .

the solution disappears. They are led, o the. coOclusien that
the nail becomes coated' with copper; th blUe color of .the -..
solution disappears because the copper s removed from itit .- The
iron takes the place of the .capP2r" atOmsx in "the'blue vitri *,-,
resulting in free copper and a saltiron sulfate.; A e'l: of

this is developed by the children in -the next 'Activ t91, where .

they also perform some experiments, designed to test t=heir lly-.',"
co--'eses based upon the model. If their conclusions about* thi-s
interastion are valid, ttiC iron nail should be losing matter. ..,

This is verified when they\ find a:lbss, of weight in the. nail.
In addition, they are able \to i;dentify iron sulfate .on the.?

- -

-basis of .its unigue(ry.s"t1',shalbe :an color properties, Which.
had been observed in 'Ictivi-ty 1. _1.1e f'icat-don of'Doth ;of thse
hypotheses strengthens the validity o their model .of 'the, .

.

,

interaction. Since the model is basd an mOFecules,'b.einq:cola-*.
posed of subunits of -cOpper-.or of iron atoms,' verkficatiom\ lecs--

strengthens the concept4pf the atom as a rilax`e ),iSic i'Duild.Ing,..----
block of matter . Fui-telek.'rej.forcement ,o,e copper :ak:- a .e.txua-: ...- -

..-

0

tural unit's made as
,
chikreri axe-i n tiodiAe47 to the technique.

of the flame test characteristic to eaCh eleilienta,1- atoi'. Using
this pi-operty, they can "test"` for the pi-es en.:i5 f cqpIter in a .
variety of substances 'ana folloW the atgm -op.:ccuipe.r:whetherlit ..

'metalis attached to -a "partaer4 in a molecule .off_ free as copper metal. -
,*-.7 . . .-.

,. .. ---. . : - ,

. .... -- .

.
. , ..

Finally, in the last Activity, tile clq,ildrn_ ieve4e the proce-: -,

dure of the precedingactivitieb. t:hst'ead of removing tHe. atom '-
of coppe from a molecule, tbey wi41 inieriCt another- salt ca
silver k .. 1 t ) with °free COpper:metal. eigain there yAal)Re a i N.
replacement interaction: lioweve7r, th.ii.s time copper 'atoms :Will'

6 go into.a molecule and release silver:, atottls. They' synthesize --
a copper salt from the element: The. re's oliservation and Ts' .,I.

"test" -on the produCts. confirms 'th!ii..mO-V.4-meht" "O-L the copper .. * ..,,

Atom from .the 16.400. into -the' molecule':,: ThO''prdenpe. of copper
as 4 structural unit in the nd.wly:formeX4Orkecule :is detiectp0
by (1) a-characteristic blue color :,(.2) ,i^rystaI. shape (3) tili

t
,

copper flame test and *(4) the ineractonpope.rties with Iran: . . ,.

-Thus, by investigating,,the row fami4ar lai,ue vitriol molecules c!..
-,

, ...- ..furthfer they have discovered that, 'as unielas it is by' dkseif-,. ..:
,

.-.. .it is composed of more fundamental structure uni.ts. -Besidet % ,
.,

.,

units .-Of water, it contains units of opper,:.whioh, can be .

''.

identified.by its properties. ..- ' . (

*.
Aft : : ' .% ,,' \

. _

The concepts developed in Minisequence III. are as folloyA:
.

.

.
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101Some molecules are component structural units of larger
. molecules'.

2. A molecule is composed of smaller structural units,of
matter-called atoms.

O

Certain'physicS1 properties are char'acteristic and -unique'
to a specific molecule, e.g., color ancrystal shape.

4. Certain interactOn properties are unique to.a specific
molecule, e.g., the characteristic interactions betweerl
starch and iodine"iarid between iron and coPper.sulfate.

AThe physical and interaction properties can often be used
to confirm the presence of a particular molecille:

- 6. Atoms c'an sometimes be displ,Iced from a molecule and
replaced by other atoms.

7. The Properties of molecules depend upon the atoms of
which they are composed; substitution of a Single atom
for another will change the properties of a molecule.

8. Substances containing/ the same kind of atoms as a com-
ponent part mey,exhibit%ertain properties in common,
such as flame color and the blue color of hydrated Cop-
per'salks, based on 'the presence of this atom:

L.,

4

c,

ro
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MINISEQUENCE III/Activity1

Activity 1 *1.1e,_,Shape of Things

Itis the intent of this series of Activities to investigate
blue vitriol further. -Since its crystal shape will subse-
quently be used to signal its presence, the children flrst

is. are reintroduced to the tendenqy of some substances to form
crystals whose shape, is chara0eristic of that substance.
Sodium chloride always crystalliztes as cubes,,no matter what
its source,. Similarly, Cobalt chloride also forms'cubes but
its cubes=are red. Epsom salt forms needleli e crystals.
Sodium bicarbonate and iron Sulfate each form characteristic
crystals too. Sk it is with blue vitriol--it rms°blue crys-
tals of a shape different from the other'substances observed':
The children find that although they may vary in sizp, the color,
and shape are all similar. Thus the formation of this uniquely
colored and ,shaped crystal, signals the presence in the solutiop
from which it'came of the molecules which imake up blue ,vitriol.
In subsequent Abtiviies, children will us''the criterion of
crysta1,8hape and color tb confirm,the,presence'or-absence of
paxticular substances in solution.

MATERIALS AdleQUIPMENT:

1 polyfoam container, 3 qt (3 liter)' capacity, unlvs .

11111

warm tap ,w ter IS available in the classroom.

,plastic wrap

'1 supply of the following; about 1/1 cup o'f eachv.:.1

f . t t
.

.

blue`vitriol (coppef sulfate, hydralted firie cry.stals)
,

.
. . -..

. .

,

sodium chloride, from several` sources, e.g. "kosher"

....
/ Style, free'flowincitable_variety4, rock salt Oalite,

7 used as' a "de-icer) ,
.

C

t

.-176

,

epsom salt

cobalt (cobaltous) chloride, hydrated cystali
. 4.

irow.(ferrous) sulfate
V'

-baking soda (sodium. bicarb:ohaee)

several wide, squat containers to,,Serve as sources of
chemical suppl.y

r

6
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MINISEQUENCE III/Activity -1,

)
20 narrow wooden dispensers such as popsicle sticks,

beverage stirrers, etc.

1 ov erhead or /microproje ctor (optional)

microscopes, 401( (optional)

tweezers (optional)
I-

Foreach team of'two children:

Afko

4' cups, 1-oz (approx. 307M1), waxed paper or plastic

toothpicks, one for eadh Solution made up

10 -glasses, "old- fashioned," 4`- to 8 -oz- capacity, trans-
parent plastic, orglass slides

2 medicine droppers,

2 magnifiers

1 glass marking pericil

Also have available for an optiona41 teqt:

cream of tartar

.sugar, superf

PREPARATION FOR TEACHING:

I

.N.'

iif warm water is not available from a tap in the NJassroom, half
Tlill the polyfoam, conta,iher with warm water at about 40 °C. Have,
some source of water for rinsing the small'cup4. becauie the.chil-
drenmake up-several solutions. If tap water is unal'ailable,.
provide several buckets with water marked rinse/No. r and .ripse
No. 2..

,

.

For the first Section, put, out aosupply of blpe vftri.ol (hy-
4drated copper sulfate) in ape or two lqws squat Containers.

. Next to each supply container place one or two popsicle stick-s,
beverage etirxers, or flattelled,straws which the''41ildren a
use to measure the salt. If 1,,i)u use the'sticks, pre-maVk
them 1 cmp' from ne end to delineate a "unit" measure, of the

°solid, as cou did i the previous. Minisequence. If you use the
straw,,'flatten a 1-cm length.

When the children taki, their samAlts for Section 2,
_.identify.

them by name. (Continue to use the' term "blue'vitriol"'for the
colSi5er sulfate.) 'Place'the,different.chemi9als in different \
locati,ons 'of the room fo avoid contamination. If they are not .
to be used .immediately, cover each Container with some ticr

)a 1.86 ';'
....
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MINI EQUENCE 1

0

..In preparation for Section 3, grid or Sound up into a fine pow-
:der some epsom salt-and some table salt, and place' these in .

contaVers marked.X1 and X2 respectively. 'Also put out some\
baking soda' (sodium bicarbonate). It need not be ground since
it is alrea k in thp form. of .a fine Powde . Label it .X3+ Gilnd
or pound up the. rock salt and label it X Put out the Kosher
salt, which is in the form of coarse gr s label it X5.

- ALLOCATION OF TIME:
4

r

.4

.

4 ' .y
About 1-1/2 hours will be n cessary for this tivity, spread

\
over a period of 3 to 4 da .

. i/.
...

TEACHINGESEQUENCE
* '.

0

1 . Put some f the ,blue vit-,
-,xiol crystals in a-transparent'
container and show them to the
'children. . :Ask What they have

1 'found out about this substance.
,Iiave)them briefly,revieW their
findings. ,

ti

COMMENTARY'

4

There should-be'no doubt in t
minds of 'the childrer*as to th
substance you are di-splaying
ktes the extensive investiga-
tio4s'they have coMpl d.

,

The extent of this revjAw will,
of qiurse; depend upon the time
elap, esince the ch i. dren com-

inisequence II. Be
-nclude'such Obs.prva-

plete.
sure the
tions as:

f):Aa
pf

- Wh
is

178:

will happen if
ddeto this substaAce?

1 .f

-181(4 .

ng hea energy:drove
water rom the flue

crysta s an
a chair Ok

2') :upon coolin
blue' crysta
when wate
-tQ the d

xesulted'in
r t,

,,'the iginal
s were obtained
as added ba24.

dratede salt. .
3) tRevesibi1ity w s aczottl.

panie ,rel ase 4of
4.heat snet4.

Based on theft expe ience in
Activity 4of Minisequenc II'

they shoulkt expect4a blue salu-
tion to 'boilformed.. (Also'the

cool.down, but

I

4
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TEACHING SEQUENCE

Each to m should now get its
equip entdoto prepare the solu-
tion. This should include:

,1 I a* cup
1 m dici'ne droppbr

a polyfoam cue
. ,sev,eral toothpicks'-

2 magnifiers
N

One member of the team should
go to the chemical supply and
Place twp Measures of the blue
vitriol, in one of the 1-oz
cups. Then they should' half -

fill the polyfoam cup with '
warmo4ater.i

I .;

Have them add two droppersful
o water to tire sample.

r

What do you observe as. the
,water is added? 4

^".,--T The children can use a' clean

.41k

41,

,

AMINIS(... E,EQUtNC III/A 1ctivi,y
Y

COMMENTARY

perhaps not perceptibly in this
case, as heat energy is ab-
sorbed.)

9

Agatn, a "unitil measure of
salt will be that amount
which can, be picked, up on the,
marked (1 cm) endsof the wooden
dispenser.

,Warm water is suggested to
ensure maximum solubility.i'n
a short time for some of the
salts to be user later.

7 dropperful is that amount
Viiich,can fill 'the dropper
tube to, a maxiuum after -the
air is completelyexpeired.

'from the-rdlobAr bulb and- the
tube is inserted in the water.
With this tec liquid
goes'up the opper,tube about
half-way. Ordinary droppers .

then will deliver-about 1/2
.teaspbon of If our
droppers have a different
joapacity, adjust the number
offdrvipersfufl you tell the

to_ Ad so that "hey
add, a total of about 1/2 )tea-
spoon df water. Yeu.pay wish
to Itaye the children/add the- '
1/27keaspoon of water withe
measuring spoon.

T e blue vitriol will start to
orn)ra'blue 'solutkom as-i-t -i.g:

, - ,

s
>. ____teracts with the water.

a 17'§



TEACHING SEQUENCE

toothpick to stir the solu- .

tion. A; they observe 'the
blue ask whdt they
be'ieve are the units of mat-
ter in the solution.

In addition to the separate
water mole ules, what is in
the solution? Do you think
the ater molecules attached
to the. ue vitriol remain
attached in solution with
water?

The blue solution, based on
__their present experiences, is

probably Composed of molecules
"Nf water and pf hydrated blue
vitriol.

0

what would happen sj.4 you
let the water evaporate from
'f,p.is solution?

What do thg'y think the crys-
tals will look

Now have the teams obtain'a
surface on Which they cn
place' these solutions so :parr1/4

the crystals cap form and then
,can be-readily observed. One
surface could be transparent
plasf4c glasses turned upside

Adown../ They should'pourAthe
solution onto the inverted'''
bottom surface and set it.
Aside to evaporate.

'180

t

MfNIStQUENCE III/Activity 1

COMMENTARY

For one thing there are units'
of'' water, or water molecules;

Help them come to a*.realization
that hydrated'molecules of blue
-vitriol'are present. The fact
that the solution is blue would
indicate that the hydrate bondS
are not broken.

4

The `should expect-the blue
cr-Titals reappeai- when the

rw.ater "dries up."

Those who may have observed .

soMe of the "hetter" crystals
may be able to predict that
theedges will come together
at angles other ,than those
a square. Some Children may
remember their observations of.
blue vitriol crystals in the
preceding seq ce but they
May not neces?Trilli expect the

-gape Sorf'of crystals to appe'ar-
after evaporation.

1 8

Manyfso-balled,yold-(fashioned"
gladseSmde of plastic (sold
in bulkfor par.ties) have a-
small elevated rim around the.
bottom. .Tthis rim will retain
,the solution.. Glass slides;
plastic transparent dishes, .

,etc., can,substitcefor the
upside down glasses, tut if the



TEACHING SEQUENCE

Diamond- shaped
like those in the illWstra-

.

tion, may appear overnight.
They will vary,in(si4e, of
course, but their shape will
be the saute as those observe",
'earlier. (Ask the children
to obserVe ,the angles where
the sides of the crystals'
meet. Even-when;crystals are
elongated, broken, or-pmper-
fect, these chiracteristia
angles-rto-gether wih other
properties of the solid such
as color--canbe used to
identify a substance.)

Now ask the teams to compare
their crystals. They should
notice that in all cases the,---
blue vitriol formed the same
s 'hape crystals.

1

MINISEQVENCE III/Activity 1

COMMENTARY

dish is too deep, the' children
may find it difficult tb ob-
serve the crystals with'the
higllest magnification of their
hand lenses unless they -looki-
through the bottom.

4

1

If the children will'not have
the opportunity to view the
crystals immediately, they can
slog4dawn.:-t1iO'Aevaporating,.pro-

'cess bY'plaOing a thin cdver
over, but:net tOtuchihg, the
slution. This could be an-.
other glass nested on the
firsts i "

i
74.

When they ire finishe'd, they
should rinse out the small -

cup so it can be:used to make
oth'r solutions as dOscribed:-

'below: In ring, be sure
none of the blue,solution comes
in contact with :the skin.

'

J .
tor
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TEACHING SEQUENCE

J

S

V

2. Do all substances crystal-
lize in the same war

I

'MINISEQUENCE III/Activity1

COMMENTARY

/-'/The

blue vitriol crystals
should be saved fdr later com-

,
parison with others.

Before beginning Section 2,,put
out additional supplies of
evaporating glassei, toothpicks,
and 1-oz cups. (If the chil-
dren will be using the sallr
cups to make more than 13n7,,,
solution, they must ni-nsethem
very lhorou4hly 'ill between.)
Also'set'o.ut the :Supplies of

.table salt, cobalt chlori'de.,
ferrous suliate, and'psom
salt.

The children's pxio eXpe ience
may help them to, answ his.

Graderade 3, Minisequencei\of
COPES, children fOreed solutions
in water with several different
substances and, were encouraged
to allow the crystals to re-
form as evidence that the sub -
stance. was still present, al-
though the soiid.partiCles
could notlonger bq seen Once'
a solutiO was fop:ried., _;They
also obse;rVed thecrystalS of
different substances in Mini-

.

1 .I tVe te#s.e9.eat-the.. ,same:
procedlre with the foUr other
'subs'tan'ces 'out. out. Into each
of the 1-oz cups', the° team ,

putt 2 measures,Of 'table
epsoesalt',- ferrous sul:

fate, 4nd the cobalt'dhloride.
Then add two dropPersful of
warm water to each salt. Us-
ing a fresh toothpick for each
solution, stir until allthe"
solid is dissolved.

. .

Once the solutions are made,
) have the children pour them
onto the bottom surfaces_ of
four more cups, identify them,

.

182

The -ohildien show 4! not.tpuch.
these subptances with their'
hapds, nak otherwise get any '
of them on their Ain, either"
in the dry formor,in solution.
They should also be warned not`
to
these.

taste phemicals suchas

1.91



TEACHING SEQUENCE
A '

and set them aside to dry
where the solutions will not
be 'disturbed'. -

Now that the solutions are
made up, could you'tell
which solution is Which if
you don't have the- identi-.
ficatiOn?

, 4

. '

a: 1
3. HaVe the 'children retrieve
their cups and ollserve'the
crystals. They $hould'look .
at the cryqa1S izith all three
powers 9f their hand lenses.
You might s'ggest that hey
sketch the itferent k d

: Are all the crS7-stalsi alike?

/

_Ask the children to report)on
the shape bf the/table salt
(sodium chldrifle) crystal,-

P'

I 1:

11,

MINISEQUENCE II/A.ctivity 1 ,"4"^".

.COMtiENTARY
46

a

Thfe cobalt chloride forms a ,red
solution,- and the iron sulfate
a yellowish one: But th'tolu-

,tionsof table salt and of
epsom'salt'are bRthColorkess
e nd'cannotthe didtinItished..

In a day or tvio,,cry4'als
should appear ±n all solut.ions.
-The-time will depend on the '
'temperature and humidity cdn-
dition§ im the area where the
solutiOns were placed:. ,,,Also;*
if the solutions were placed
in,a deepyessel, Pt might take
longer for crystal; to be
formed.

'. II..

'1111:

Some children may be quite
fasitimaied by the different
shapes of the Crystals. If
Lf0X. microscopes. are available,%
'they canoserve one or vac),
of each ki,pol,of crystal on a
dry'slide. Twetizers.should.;be.l.
used to shift the

.

cxYstellikto,
.

tile. slide. ' - o,

All crystals forme from the
.411,

.. .

r iron sulfate ,Spluytion are 'Irel.-- ,"'

1414.1n color; a,11 b stalsfltOm
the

i
chlotid soa,utiont

-are.red4 ahe others are or- .,

less. The shapes Of h ys-
t gls also vary'frol4 one sub-

strnce.
,another.'

.
to"

t f4

All",. or almost ill, will have
formed simple cubic shepes.
(Opcasionally sodium chloride

.

will crystallize. as actalredra.)
The faces of Oe cu es tmeeta

\right (90°) .angles. If you '.

have an o'verhead.or micro- ,
projector; you might f,insj it P

useful to project some of the
cryst.41s.of table s'al't (sodium

19
61le .'2 ' ,
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TEACHING_SEQUENCE
,

Are all the crystals 'the
same size?

^

d
,

Is there any other salt
-which formed the same
shape?

Similarly, have them describe
the crystals of epsom salt.
How do they compare?

If you were shown these two
colorless crystals, could
you tell which was epsom
salt and which table salt?

What
iron

. -

do the crystals of
sulfate look like?

Now have them retrieve the
crystals formed from blue
vitriol. Are they in any
way similar to the .ethers?

0

1,

4. !,1

If you had very, very tiny %.
pieces of table saltland
blue vitriol, what do you
thinkwould be their shape?

Have them set the crystals
aside for use in later Ac-
"tivities.

184

MINISEQUENCE" III/Activity 1

COMMENTARY

chloride) from difEertpt ams
to emphaOze the uniformit- of
shape.

No. Depending on several fac-
tors, such as speed of evapora-
tion,and the presenOe of nuclei
around which crystals can
"grow," some children may get
many small crystals, some.a few
large ones. THe,shape, how"-
ever, is that of a cube.

The cobalt chloride also crys-
tallizes in cubes; but these
cubes are red. -,

;These are not Cubes; they form
needlelike crystals which ap-
pear to radiate out fl-om a
core.

From the shape-2the cubes
would be table salt.

s

They are yellow and, as in
the se of the other sub-
Stan/es,k are all of one char-
acteristic shape.

Only in that they seem to haKe
a set shape; some small ones,

0some larger. Help the children
see that, whether small or
larTe,the same geneKal geo-
metric shape is repeated.
Again, theoverhead or micro-
projector can be .used.

The discussion should lead to.
the idea that even in ypry tiny
pieces of,a sub.stance, the mole-
cules might be arranged insuch
a pattern as to produce their
characteristic shapes.

If.the air is very dry, you
might consider covering them
with plastic wrap.-to prevent,

1.93
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TEACHING SEQUENCE

a

3. Show the five white ship-
stances to the children.'

e

As

How could you tall which
might be sodium chloride
and which epsom salt?

Now let the,teams proceed,to
determine which are sodiuM
chloride and which epsom salt
by the shape Of the crystals
formed on evaporation. First,
of course, they must prepare

440solutidns. Advise them to
take the same" ratios of salt
to water they used 4arlier
(2 measures of.solid and 2
droppersful of water). The
evaporating glasses, of
course, will need to be
labeled with the identifying
number in each case. Glass
marking pencils can be' used
for this purpose.

INISEQUENCE III7Actiyity 1

.COMMENTAJRY

the, known hydrates from drying.

Also, if it is very humid,sub-
stances like cobalt chloride
may pick up moisture and become
"wet.11

Before proceeding with the next
Section, be sure' the cups in
which'the dhildrtn prepared the
solutions are rinsed to preveht
contathination. Put out the
different ground-up samples of
sodium chloride, epsom sal
,and baking soda (sodium b'icar-'
,bonate) marked X,1, X2; etc.,
as described_in Preparation
for Teaching, and.additional
eveporating glasses and tooth-
picks.

By this time, some children
will surely suggest making, up
a solution and finding out what
shape Crystals will form.,

4

If there isany material which
does not dissolve (e.g., im-
purities in rock salt), have
them, filter the small amount.,
of solution. This cah be done
by cutting out a 3 cm by 3 cm

.square of paper toweling, fold.
ing it infour pants, opening.
up one section to form a cond,
and setting it in one of the
small l-.oz cups. Pour the
solution to be fiAtered.through
the cone and ciatchthe. filtrate
in a clean cu0. The solution
will now 'be-clear; Of course
if you have/regular small, fun-
nels and q.lteropaper, use

4 /
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. TEACHING SEQUENCE

On exami,4414-the crystals the
child.r.eliv will find that cubes

formed on the glasses
Larked g2, X4, and X5 and
will probably have identified
them as sodium chloride. They..

Will hive found the needles
characteristic of epsom salt
on Xl. They may be puzzled
by the different looking crys-
tals on X3..

Confirm that the solids X2;
X4 and X5 are all really ,sod'
um chloride, but in differe t
forms, some purer than'oth rs.
Show them the container's lc
table salt, rock salt and
Kosher salt 'from which -y'ou'
prepared the suOly. Help
the children to see that .since
the three solids a're' really
the same substance, they ex-.
jaibit the same properties,
characteristic i'acteristic osodium
callio. .ride: One of those prop-
erties is crystal shape.

' What other properties are
the same?

_Relating .this experience to
the other salts they crystal-
,lizedi would blue vitriol ,

always form blue crystals
with these oblique angles?
Would the cobalt chloride
always .fort ,red cubes.?

..

186

MINISEQUNCE III/Activity 1

COMMENTARY

them, but cut down the size df
the paper to accommodate the
small" amount of solution.

See if hey realize that, on,
the basis of crystal shape, X3
is neither sodium, chloride nor
epsom salt. You wish, tell
tAm that the material is.bak-
ing soda. (sodium bicarbonate.).
Alternatively, tell them it is
one of the following three':
sugar, baking sodS or cream of
tar -.tar and ask them to figure
out a way to identify it.' Re-
member that cream of tartar is
only very slightly soluble in
water.

Can they tel 1 which were purer
and which ess.pure? (cloud-
iness, et )

Taste, color, hardnessypetc.

Yes--the same substance' always
forms the same shaped crystals.
In subsequent Activities in
this Minisequence, the children
will use.the property of

\ tal shape to identify the pres-
ence in a solut!qn of a par-
tjjular salt, or conversely
they don't obtain charaCteris-

Orystals; they can infer
that the particular salt is
not a component of the solb-
'tion. Crystal shape, is one

190



TEACHING SEQUENCE

_.Y

The concluding discussion
should center about the ideas
1) that different .5Ubstances
may form very different shaped
crystals;\2) that no matter
what the source, _if it is the
same substance, the same
shkped crystal will! form.

EXTENDED ,p(PERIENCES:

MINISEQUENCE ITI/Activity 1

COMMENTARY

.criterion for inferring the
presence of a particular salt.

1. Bjth cobalt chloride and the sodium chloride seem to have
the same type of patterned structure-.-cubeeven though one is
colorless and the, other'red. Is this crystal shape character-
istic of chlorides? On the basis of but twd saltg, the children
hiVe too little evidence to generalize. If possible; let theM

. work with some potassium chloride (a "salt substitute"). It
too will form cubic crystals. But in an optional extension of
a subsequent Activity, they will discover that copper chloride_
does not eYystallizd in cubes!

2. Some children may-be interested in growing larger crystals. .

They can pake saturated solutions of the particular,sht by ,

dissolving as much of the salt as they.can at a warm tempera- .0
ture, coolin,g the solution to room temperature, and filtering - 1;.
'off any excess solid whi h may farm. Then place.it in a cup 4'

and insert one of the sm 1 "peFfect".crystals from their ex-
periment.' This so-called "seed" crystal must have well-defined
sides and angles. 'It should then "grow" into a larger one.
This procedure works well for the blue,vitriol. On excellent
reference on this subject is ,Crystals and Crystal Growing by
Bolen and Singer, Doubleday,, 1k960.

3. To reinforce the concept of orderl?, patterned,strUcture,in
these different crystals, you can demonst(ate the processo.
crystallization with the aid of the overhead or micrbprojector%
It is recommended that you try out this.procedurebefore you
plan to do it in,class: Take some, saturated solution of a salt,

-and place it on a slide or a flat transparent If the heat
shield is rem6ved from the projector, 'drystalliza'tion may start
quickly at the edges. If not, place a "seed",crystal in
The spread of the orderly pattern can be quite exciting,to the
children, particularly 'then viewed' in a.darke'nedtoom^: Ttiis

process is similar to solidification from a Melt (see-G]cade',4,'
Minisequence V, Activity 4).'

1,90 187-
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Activity 2 Los4 of the Blue

1

.
. 4v-.

In Minisequence II the children found that blue vitrioliglost
its color as heat energy Was added.. This .loss in' colors ,they'.'

the solid. Thus they co d infer that a solid 'crystal. of blue
found, was associated wit the removal' Of"water,' molecules from

vitriol contained units of water. Now they -wi
ta

discover.that
when a solution of blue, vitriol comes into cont with,iron
(in the form of steel wool or a comox nai01.),.the )3lue'Color
also "disappears." Because this occurs ,in the pre'Sen'ce of a
water solution, it cannot be associated with `the removal of f

water units. Accompanying the loss in,color is the appearance
of p. new.material.coatiqg both the steel wool and the naij.. ' .,.

After finding that, the pinkish coating is not rust, the c1,iil-
dren are led to'the idea that this coating might 'be cdp,per.
Comparison with pieces of copper metal reinforces:this idea.
The inference that the copper came from the blue vitriol is
based on their observations that 1)'as the coating called, :
"copper" appears, the blue color fades, and 2) once the soli- ,

tion is*no longer blue, interaction with an iron nail produces
. rrio coating. ..

. i

MATERIALS AND EQUIPMENT:

pb/yfoam container, 3 qt. (3. 'liter)

188

1
4
pint white vinvgar, household variety

several 1/2'teaspoon measures_ (standard plastic tea-
spoons bougn in packages have this Capacity)

MINISEdUEE III/ACVict.1; 2

a supply of blue vitriol (copper. sulfate,'hydrated
fine crystals)about 1 cup

1 overhead or microprojector (optional) 1

'string, light laundry variety, about 3.0 feet needed.
' ' 4

several magnets

several scissors

several rusty.objscts (nails/ toys, etc.

several shiny objects'made of copper, sudh as a new
penny,- wire, pot., -etc.

V
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MINISEQUENci, III/Activity

p

For each' team of two:

4 (or more) test tubes, 100 mm x 13 mM
"NW

1 ,cork, t'fit the test tubes

several pieces of fine steel wool

4 or more iron nails, 2 in. (5 cm) long, bright common
variety

2 1-oz (approx. 30-2m1) cups, waxed paper or plastic, or
30-m1 beakers

toothpicks, to serve as stirrers

small piece. of white paper

paper toweling

magnifier

l cup, 67 to 8-oz
.1k 44*6'

o

11 jar to serve Afrla test -tube, rack substitute, e.g.,.a
' baby-food jar

,

..

PREPARATION FOR .TEACHING;
, -

k

Half fill the plyfoam container with wO tap. water (40°C) to
' be used by the children'e's their dwater supply. Set qp several

stations (tothinimiz.e traffic) whpre children can obtain sam-
ples of the blue vitriol crystals. Cover the containers with
plastic'vrap 'when not in use. Next to each chemical supply
place severa'1'mared sticks or straw substitutes to be used
fbt the "unit" measures. In addition, put but several 1/2 tea-
spoo'n me4suies. The dommonly available plastic spoons bought
fdr picnics can substitute for the 1/2 teaspoon measure. Their
capacity is usually, the sage.

Ordinary white vinegar can be diluted with an equal amount of
water_for the vinegar dip. .(See.page 192.) Put the dilute solu-
tion outalong with additional' test tubes when the child -ren are
ready to start Section 2. Put out' the string and Scissors where
children can hav4 eas'y'access to them.

ALLOCATION OP TIMh: .

. --,

Ai)out 2 to 3 hours wil eeded for this Activity,, extended
oversa Period of sev- days.

O
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TEACHING SEQUENCE

1. ,ShOw the supply of blue
vitr'olvcrystals to the chil-
drVn. Ask what they know
'aiWout the, properties of this
substance.,

- What did you find was an
essential "unit" in these
blue vitriol crystals?

What evidence did you have
that water 'molecules are
essential to,the blue sub-
stance?

What other units do you-
think are part of the solid
structure?

Suggest that they try to find
out what else besides water is
in bluevitriol.

gt

Have each team get its equip-
. ment for this Section of the

Activity:

2 test tubes
1 small 1-oz cup
1 piece' of steel wool
1. cup for't'hewater sup-

, pry
1 medicine dropper
1 jar to hold the test

tubes

One child in the team can put
4 unit measures of blbe'vitri-
ol crystals'intb the small ,

4 . J

190

MINISEQUENCE III /Activity'2'

COMMENTARY

In addition to As solubility
in water, its color and its
intergction with heat energy,
by this time, they should also
indicate that Its properties
include a characteristic crys-
tal shape.

1-141p them relate their pribr.0-
experiences to the idea that
wat2,,r molecules are essential
units in these blue crystals.
They 'apparently are 'part of
the solid structure.

When water was drivdn off, the
blue color disappeared.,f
Molecules of dehydrated salt- -
some children. may;say "vitriol."
You may want to reintroduce the
marble'model, used in Minise7
quence II, which depicted.the
different types of bonding in
the blue vitriol crystals.

4

In this"Activity, the children
cA again work in teams of two.

The 'wad of steel wool should
be about 1 in. (25.cm) in

Use the marked 'wooden dis-
pensers or straws again as a,
unit measure.



TEACHING SEQUENCE, r

cup. The other can get a sup:
ply of warm water in the pol
foam cup. 1$hen, as they did
in the previous Activity, t ey
are to add water to the crys-
tals to obtain a solution of
blue vitriol in water. This
time, however, they should
add about 12 droppersful of
warm water and stir with a
,toothpick until all the solid
is dissolved. Once the solu-
ion is made, h4ave them trans-o

fer half of it to one of the
small test tubei and the other
half to the other test tube.

Now each team should get a wad
of steel wooland.roll it un-

it is thin enough to be
inserted into a test_ube.
After the roll is inserted
into_ one of the tubes, ask the
children to observe what hap-
pens.

o gre there any signs of
changes?

Have theth pull out the piece
pf steel wool and carefully
place it on a piece of paper
towel. What,,,do they notice?

How does the liquid opmparei
with that in the other tube,
containing the,"control"
solution of blue vitriol?

Do you think they solution'
still contains blue vitriol?

MINISEQUNCE IIIYA6tivity 2

COMMENTARY

The solution abott half
fill each t4'st tube.

If the steel wool is fine, the
children will have least drob-
lemstin rollin/ it.

Within about five minutes, there
should,be complete interaction
of the steel wool and the solu-
tion. The children will see.a
fine coating' off a pink_ substance
on the Cteel wool and the-solu-
tion will no LoAger.be blue. .

If the color hag not disappeared
completely,'it will definitely
be lighter than the undisturbed
solution in the second (control)
tube.

Again leave this an open dis-
cussion at'this point. Some,
children maY,correctly infer
that if the solution is no
longer blue, it doesn't contain
the substance. If it has no-/'
coAor (it may look slightly
yellowish), some may suggest
that the blue vitriol i,s now
'dehydrated" :as in the previous
Minisequence. If they mention
this,as'k.sthem how it c.Ould be

U
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t TEACHING SEQUENCE

2. Showthe children a fNi
of the nails: A.s,..k them in

what way they compare with t
steel, wool they just used.

HoWcould pou tell if both
objects contained iron?

Have several children test
both the steel wool and. napil
'withmagnets. Since they ob

s

di served an interaction taking
place-between the steel Wool
and the.blue solution, per-
haps there wouldbe a similar .

interaction with the nail.
Suggest that they test this,
idea.-

Each team should take one na il

and a p4ce of string 6 to
8 in. long.-

Have them clean off the sur-
. face of the naiL by rubbing
it with a fresh piece of steel
wool and, after tying on the
string, dipping it into an-

.

other test tube containing
vineglr. After the dip, have
them drain off any excess
, vinegar on a piece of paper
towel.

192..
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MINIStQUENCE III/Activity

COMMENTARY'

.dehydrated when there is so
much water present!

J.

Some children may recognize
not only that they are both
metals, but that both ontain
iron.

Bythis stage, most children
Dave had experieces.with the
magnetipproperties of iron

startingin Grade 1 of
CO ?ES)

Bpth will be attracted to the.,
magnets.

Many hails come from the fac-
tory with a thin coating of
oil. This oil will interfere
with the interaction they are
investigating. Hen9e the need
f-pcleaning.

The string will hel them in
placing the nail gently into
the tube and inCretrieving it
easily.

The vinegar dap .1.ehough not
essential for the interaction
with the copper sulfate in
this Activity, will be need'ed
to obtain a copperjcoating
when they test a nail in some
'copper.nitrate in Acti4ity 5%
Sometimes, concentration of tilt
salts and acidity play a role
in the ability .of cpertain

at



TEACHING SEQUENCE

P.

Once the nail is clean, it
should be inertedin the
second tube which contains
the uninterected blue vitriol
soldtion.

Is anything happening be-
tween the solution and the
nail?

In about hdlf a minute have
them lift out thenai001.

Is there anything new one
the nail?

Once some definite 'tut tOn
depositis'stisit;le, thel
should lift out the nail and
place it on.a piece of paper
towel. Excess liquid can be,
,wiped off with-another paper
towel.

rep 19 there any change observ-
. able'in the solution this

time?

MINISEQUENCE III%ACtivity 2

COMMENTARY'

e chemicals to'interAct. The
copper. mitrate solutioh has to
be slightly acidic for 'copper
toappear on an iron nail.
Acetic acid, in the form of
common ptilsehold-vinegar (5%);
is an excellent source of acid-
ity. So as not'to introduce
a new element suddenly in Ac-

-.
tivity 5, the vinegar dip is ,

made part of the procedure here
with the iron nail. -Have them
save the tube with the vinegar
if they are to prepare other
nails.

To see if there is a change in
'the solution under these

S.

When the nail is immersed in
the blue solution, it will be
difficult to cgoserve any change
at irkt.

Ther\tips and edges may show
signs of a pinkish deposit,.
If there does not appear to
be much of a deposit, have -

them reimmerse the nail for
anotkier half minute.

The children may be unsure
whether there is a change, in
the solution. They, may rightly
point ottt the need for a con-_,
trol tube of solution with
which to make 'a 'comparison.

2C 193 :
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TEACHING SEQUENCE

circumstances, suggest thab
they try-pAting a nail into
twb.adifferent concentrations
of blue 'vitriol, One contain-
' ing half as 'much blue vitriol
as the other. This time they
can also set up a-control and
leave the nails in fora
longer period'bf time.

Have the children discard the
solution and rinse out the 2
test tubes (not the one con-
taining the vinegar). Then
ask the .teams to make up 'a
...master" solution of the blue
vitriol crystals. They should
place about 1/2 teaspoonful of
crystals in the 1-oz, (30-ml)
cup and add warm water until
it is about 5/6 full or until
the liquid is about 1 cm from
the top. This would corre-
spond to about 25 ml of solu-
tion (if there_is such a
mark). 'Stir until all, or
Almost all, Of the crystals
are dissolved. -

7 One wa-y they could set up
solutions of the two different
concentrations, so that both
have a control, is as follows:
pour some of the solutioh into
two test tubes (test, tubes 1 .

and 2) until'. each is about 3/4
full. Then pour about half
the quantities'in test.tiales
1 and 2 into aPdo eMpty.test
tubes3 and 4, aS showein
the illustration bn page 195.

o L,

Are all the solutions in
all 4 tubes about the same
color, when viewed from
the side?`

194

MINISEQUENCE III/Activity 2

COMMENTARY

Some may think there is a
change in the color of the
solution, as

/
wth the Steel

wool, but less so, and that
the change would be more ob-
vious i.the nail were left in
the solution longer.

1

In Grade,5, MinisequAnce V,
Activity 5, a series oCeight
successive dilutions were made,
from a master blue vitriol
solution. The children ob-
served a distinct gradation in
color in the series.. Each
dilution wa's made, as in this
cd'se, by adding an equal volume
of water to a

A
sampre from f'he

next moxe concentrated solu-
tion.

Before they perform the actual-
dilution, ask for their su4g0s-
tions .for making a solution
which will contain half as much.
blue .vitriol as the,"master"
solution. Some,may suggest'
taking half as_ dIch solution.
If so, tell them you need the
same amount of liquid so that
a nail cdn be immersed. ny-
way, halving the amounts does.
not halve tie coneeritration.
If some children suggest making
up.a different 'master" solu- .

tion by taking only L/4 teaspowi
of crysta'ls in the same amount
of water, that is perfdctly
,valid. In fact, encourage -them
to do 'so and .have them compare'
'the color of their Alutian
'Wi'th that, of children who will
be dilutj.ng from the original
master.

They should be, since the liq-
uid came from the same master
solution.

203
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MINISEQUENCE III/Actiyity 2

water supply

14.
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TEACHING SEQUENCE

sNb.Xt, add water to tubes 3 and
4 until they are 3/4 full of .

liquid. Insert a cork, and
invert once to mix. Then add
some more "master" solution
to test tubes 1 and 2: ,so they
contain the same volume ,of
liquid as they did originally.

ch team should now have 4
test tubes with .blue vitriol
solution --twel with,the master
solution and two With the
dilute 'solutions. The tubes
can be placed in the jar
which serves as a rack sub-
stitute.

HoW does thes,a4141int of :blue
4,itriol in the test tubes
compre?

After the class discussion,
ha4,re them prepare two nails
to insert as they did before.
Then, setting aside one,tube
of each, concentration as d
control, the children should
gently insert a nail" into a
tucte with the master soltftion
and into a tube with the
diluted solution/. The tyres
can be setaAsi.,,p in the jar
for observatiOri".on the fol-
lowing day.

3. The ,next day, have the
teams retrieve their jars and-
observe the contents of.the
test tubes.

Ask tFem to describe what they
observe and encourage them to
be as,specific aS possible,
focusing on the changes which
have_taken place.
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COMMENTARY

Alternatively, they could fill
each of the four test tubes to
a height of about 1-1/4 in.
i3.2 cm) and then mark off
ouble that height on all the

_tubes. Adding water tb:that
height in test tubes 3 and 4
and solution to that height in
test tubes 1 and 2 would ac-
complish the same thing.

In comparing equal volumes of
solution, the tubes with the
same Colored solution should
contain the same amount of
blue vitriol; the tubes with
the lighter sblution should
contain half that amount..

,,The'vreparatiOn should include
,cleaning the surface.with,
steel wool, attaching 'a piece
of ,string to each nail, and
dipping,it.into the vinegar-?.

It might be advisdble to have
each team put a mark on the jar
to identify it. A

Lf th'ey remove a nail,, be sure
thFr know from which test tube
it*Agasirremoved!

203
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Are the-re any changes in
the solutionS'?

--;" What do you observe on each '
nail?

Three point's should. emerge
from this ihitial discussion:
'1) the more dilute solution
has, lost all its ,rblues" 2) the
more concentrated solution is
lighter in color and 3) the
nails from each have acquired
a pinkish coating.

Have te children rinse c'Df
the coated nails and dry. them.
For those nails wherp the
coating can be lifted Off,
have the children do so after
they have been rinsed, and
observe the coating carefully.

What does this coating look
like?

a

.MINISEQUENCE III/Activity2

COMMENTARY

It is probable'that the, more
dilute solution will'have lost
all its..blue color; the more
concentrated one, will be
lighter,intpolos.

The solutions h.41.4 be saved
for use later irtlt'n'ctivity.

9

pinkish coating.. If these
are new nails, it is likely
that,the coating will be ver
adherent.

Not only will it be pink, but
it may have' a metallic sheen,
on that part which adhered to
the nail wall. However, if a
porous or nonadherent coating
formed, the dePos, will appear'
very spongy. In those iAstances
(which should berare with a
fresh new nail), is likely
that blue' color will remain
eveh lin the ,more concentrated
solution.

Some children nay answer copper
right away; many will not. How.
you guide this section Of'the
Activity will depend on their
response. For instance,, it it
is suggested that the coating
is Iron, ask hoar they could
test for'i-C. ,They can test the
lifted coat with a magnet. It

197
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If the children-think the
coating on the iron nail is
rust, the following activ-
ities should be taken up.

First, show the',children some
obviously rusty pieces of
iron. Encourage them to view

agethese carefully, using thdir
magnifiers if they wish. Com-
pare the,rust on these objects
with the coatings on or from
the nails.

Then the children can make
some rust on the-same kind of
nails themselves: Each team
should take 'three test tubes,,
three nails, and a jar-to hold
the tubes.. They should pre-
clean the nails just as they
did when immersing them in
the blue vitriol a d tie a
string on each.,

Place each n.ail in a test tube
and label each tube (with num-
bers or letters) to differe.n=
tiate them. Then place some
water ix one tube, being sure
some of the nail is expose
above the water level..1 In
tA.e. second tube, have enough
water so the nail is com-
pletely covered. Do the same

198
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COMMENTARY

will exhibit no attraction.
Thus they can infer it is not
iron.

Experience has indicated that
many childrAn consider any

coating on a piece of iron
"rust." Careful examination
of the ,appearance of this coat-
ing and comparing'it with some
actual rust will point up the
difference. Note, however,
that on long standing, if a
piece of iron is pautially
immersed in a water solution
particularly one which is
'depleted of the blue vitriol,
true rust will start toform
on the upper part whichwis
exposed both to the solution
and to air. (See below.) For
that reason, we do not recom-
mend leaving the nails in
the solution for prolonged
periods of time and certainly
never when .oYily partly im-
mersed. '

The children Scri make their
' own record sheets to describe
what went into each tube and
to record theirobservatiOns
of the contents after a few,
days.
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/ J
for the third tube, ,but in
addition. put in about a *Op-
perful of mineralo'il. ,1 Have
them set these tubes-aside
for a couple of da*s.

4. A few days later, /the
children should take the
nails out to .examinqoalcmg
with the nails whichjcad ac-
quired the .coating f pm the
blue solutions.

Where the rust appeared,
how does it co pare With
the aoating.pr viously,*5
formed?

11-1.e1p them to see' the similar-
ity to the coating on the
rusty objects and the differ-
ence between it and the
pinkies coating.

- What seems to be necessary
for.rust to form? How are
the conditions different
from those under which the
pink coat forms?

o' If the coating is not rust,
what is it?

Now show them some piece6 of
copper.

Is there any similarity be-
tween these objects and the
coating formed in the biue
solution? 44,

MINISEQUENCE III/Activity 2

COMMENTARY%

The mineral oil will prevent
any of the air above from
dissolving in the water. -ft

accts as a "cover."

There will be considerable
evidence of rust in the partial-
ly,immersek.nail, particularly
near' the .water surface where,
it was bothwet and exposed to
air. Where the nail was_com-
pletely immersed, there 11,/tit be
only faint evidence of rust and
there will be none on the nail
from the tube,to which the oil
was added.

The rust againewill appear
orange-brown, a different
color fromthe pinkish coat-
ing. It also thas a different
luster.

AO'

Fibm their limited experience.,
only water alone and'airseem
to be needed for the inter-
action which forms rusk. The
rust appears on the nail near'
the surface of the water, while
the "pink" coatidt; appeared On
the nail inside the blue solu-
tion.

At this poi e;.:thd children
may sugge t copper.

Use a shiny copper penny, a

fresh piece of.coppe
even a shiny copper utensil.

Where the deposit is very fine,
it*IaTV. have a rough or matte
finish. But where the coating
.has been smooth, parb-icularly

2 00
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If thecoating on the nail
is.copper, where did 4 come
from?

Refocus their attention on the
interactions in the two -dif-
ferent concentrations of blue
vitriol. Have them look again
at the four test tubes, twd of
which were controls and two of
which had hails, inserted.

Is. there any blue vitriol
'left in the solution which
lost all its blue colpr
after the nail interacted
with it?

What about the of solu-
tion, the tne that is still
blue?

If the ocipper came from the
blue vitriol, what do you
predict,wilfhappen if a
Clean iron nail is inserted
in 'each of these two "used"
soltrtions?,. ,

200
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when it was lifted off,kthe
coating will resemble the
piece of copper metal.

In the subsequent discussion,
help the children asSociate the
appearance of the copper with
the disappearance of the blue

*colorof the solution. Of
course, you might have'd chi14
in the class who knows that
bldt vitriol is copper sulfate!

You might find it helpful dur-
ing the discussion of the
-relationship between the loss
of the blue vitriol and the
appearance of the copper coat
to display the' interaction,
with a microprojeector (or over-
head). If so, place a small
bi of blue solution on a slide
an use a piece, of steel wool
instead of the iron nail. If
the solution is dilute enough,
the enlarged image will show
depletion,of the blue colbr
around the wires of the steel
wool as a shiny coppery coat
is forming. As 'usual, it is
advisable to try this demons-,tra-
tion out befor4.you do it in

...,

the classroom. ,'

°

From the color alone, apparently,
not.

Again based o he color, it
probably still contains some
blue vitriol.

Encourage their Aredictions.
At this point manIr should have
enough information to be ,able
to predict that a, copper coat",
ing will again: form n the.
stlu,tion that is still blue: c

There may be doubts about
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They should now insert a hailk
each of the uu.sed"

tions, a er first precleaning

4

After at,few minutes, have the
children look at each nail
and report theirgfinclings:
Then suggest4that they set
these systems aside for the
rest of thp day or overnight
to see if any further changes
take place. ,

5. 'After the children have
looked at the two systeets
again sometime later, ask if
there is anydifference be-
tween the nails.

geWhy, you think no coating
appeared on the nail in ,the
solution which had,Aost its
blue color?

// r,
Then 'wher did XI-1.e copper
come from?

If the copper no longer.

t

MNISEQUENCE III /Activity 2

COMMENTARY

the other ode, although some
may resize that if the copper
does come from the blue vitri-
ol, a,nd there is ngne remain-

' ing; then no coating will form:

If they use the same nails used
befOre, be sure that their sur-
faces are thoroughly cleaned
with steel wool, as with the
new ones. This time the steel
wool is not needed for any oil
coatilzg bUt to ensure removal
of the previously deposited
copper so that' it ,doesn't inter-
fere with their observatPons .

of any.fresh coating formed.

The nail in the blue solution
will show evidence almost im-
mediately of a coating, but
not the one in the non -blue
solution.

Therewill still be a coating
only or the nail in the solu-
tion which had blue vitriol
in it before the nail"vias
inserted.

Since the color of the solution,
is associated with blue vitriol/
molecules, there apparently
weren't any ip the,colorless,,
solution. Help them to ,recog-
nize, that the presence of blue
vitrib seems to be,necessary

-for the production of the cop-
per coating.

At this,point the Fh ldren can
reasonably infer th the cop-
per name from the bl e vitriol.
Ydu might tell them 'that the
'chemical name of this substance
is copper sulfate.

Leave (t m with this question.
4) . . ),

;
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in the.solutio'n! what is
in it?

202
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COMMENTARY
F.

SoMe"children simply assume
that the liquid is water.
Others may have noticed A
slight yellowish cast to the
"used" solution which tfiey
may wonder. about:

In the following Activity, the
children will develop a model
of what might be occuring dur-
ing the interaction of blue
vitriol with the iron nail.

I
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MINISEQUENCEIII/Activity 3

Activity 3 Copper and Iron Change Places

O

Using colored circles Co represent the component units of blue
vitriol,.noW called copper sulfate, the children deVertkp a model
in this Actrvity 'for the interaction with the iron nail whiCh
yielded the, copper coat. The modea suggests thai 1) the solid '

blue vitriol is composed of units of copper dttaned to units
of sulfate (with water molecules attached to both) ; 2) an ,iron
nail is also composedof units--of iron; 3) when interactiox
occurs, iron units frOm the nail exchar.ige places with the cop-
per'units in the dissolved copper sulfate.' Thus the model pic-
tures'free copper forming a layer on the nail and iron sulfate'
being the substance _in solutiop--eince th-e copper has left the
Solution, it no longer is.alartner with the sulfate. .

In tile final SecEYcns of this Activity, Fhildren perform two
experiments to weri(y hypotheses based ofk.thi,s'model: IfIthet
model is,useful and 'valid, then Li th'ey should detect a trans-.
fer of ,ironepUt of t4e',nail and 1) they should obtain crystals
characit.eri-611c of5U04hAlfate on evaporating the "Used" solu-
tion. The

i

childretk!tesiand verify the first by measuring a
loss of material in tip iron (after several- displacements) and
`the second by coMpa,rtn(l,t.he characteristic crystal shapes from
the used solution' with thos*.AforMea from iron sulfate in Ac-
tivity 1.

iNr4 4

Thus the children build up experimental evidence that either
Cppper oriron can be structural units within salts; when cop-
per a unit in a sulfate salt, the solutibn is blue; when iron\
replaces it, the solution, is colorless or slightly yellow. hus

, they can infer that the component structural units'in a sub-
stance will determine its properties.. In the following(Activity
they will study a property characteristc,..of a unit (or atom)
of a substance no matter whether it is free or bonded to other

--units-,--they will investigate` some.characteristic.flame tests.,

I

MATERIALS AND EQUIPMENT:

balances, Ohaus model No. 120.0, or its equivalent; as
many as are available.

1 overhead projector (optional)'

'12-18 transparent circles' minimum 3 cm, in diameter,°of each
of different colors (See Preparation for Teaching.)

iron (ferrous). sulfate, about

21

2 cup f
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For each team of two:

{

MINISEQUENCE ill/Activity 3

of`

test tubes from the previous Activity

several new iron nails'

aaditional materials and supplies'to make up more bite,
vitriol solutions (1/2 teaspoon of crystaLa for e'ACIIN
25 ml of water)
'

tit. magnifiers

.2' glasses, 'old-fashioned," 4- to 8-oz capacity, trans-
parent plastic, or glass slides

the crystals of copper ulfate and ironsUllate frO
Activity , 41

PREPARATION FOR TEACHING:

In SectiOn 1 you will be developing A model of he interaction
between the iron and th pe4.sulfate'w4h the children. If
you 'have an overhead pro , tor, prepare the re&ometen'ded tralns-

,parent'Acolored circles. YOu may want to asseMble someNinto
"molecuh,ps-of copper sulfate." See pAge ,Cj.rcles of
colored.construction paper can also be used.e'fectively on the
"stidky" .type of. bulletin board. Of course, coLOred'chalk-on
the board could be used too.- 4-

'.<1 A

ALLOCATION OF TIME":

'About 3hours will be needed for this Activity. Again, it will
extend over a period of several days.

TEACHING SEQUENCE

1. If necessary, briefl
yiew'with,the children that
they observed when a c can
nail was ,allolled to interact-
with the blue vitriol solu-
tion..

What emid4nce was there
that the copper came front
the, blue vitriol?

204

COMMENTARY

o

;.

A pinkish coating, which ap-
peared to be copper, was formed
in Ila instances:

rt could Ile inferred that the
copper came from the blue vii-
.7riol because the copper ap-
peered as the blue color'.

213
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L

What, then, are the, units
that seem' to make up a
molecule of blue vitriol?

;The: childreR at this time
Should se that,' besides wa-
ter, the ue vitriol molecule
probably ontains smaller
units within it called "cop-
per." Help the children come
to the idea that 'copper is an
.essential unit within the
blue vitriol. From its chem-
ical name, copper sulfate, the
children`may recognize *Oat
something called "sulfate"
is also part orthe molecule:

On the chalkb
projector, dr
had developed

1.
rd .or overhead

w the model they
for blue vitriol

units in Minis quence II. As
you dilcuss what the children
have just learned, alter the
.model. Keep the attached wa-
ter molecules, but instead of
only one central unit draw in
circles depicting copper unitsi,
and sulfate units'. The water
molecules can be attached to
both. The illustration shows
one way this could be

MINISEQUENCE III/Activity

COMMENTARY

disappeared from the soluein.
Also,. no coating was fort:red/on
. isa nail° in a SolUtion from which
the blue had dispppeared. 'It

might also be,-added that the
copper cpatLpg did mot4form.on
the nail' under any otheg cir-
cumstances han %Men bile nail
was in the olutSon containing.
blue vitxio --for instance,:,e,
putting the hail into water :
alonedseemed to produce'only

4 rust, if Anything. "'......)

..

The i,children know that water
.molecles are a necessary part,
of 81e vitriol' - - without it,
,the,substance is not the same,
as evidriceA by the fact, that4
it, is no longer blue. Similar-
ly, when" th04copper is removed
from the.suloil(Ance, it is no
longer blue: the solution from
which no furthecrcopper coating
c,pouPd be. formed on the nail
was clear or slightly yellow-
ish.

4

Actually sulfate is a "compound"
unit called ,a radical," Which

..contains several atoms--in this
case, one atom ofisulfur.9.nd
four 9f oxygen--but this is
not pertinent to'the-develop-
ment here. '-

If you will be using tj he over -'

head Projector and transRaript
circles descried below Isee'
page 207)eryou may want to,use
le-same circles here.

Actually, analysis' has indi-
catod that in the case of co prAlr, ' 4

per sulfate, ±our water mole-
/icu/es are attached -to the

2.14 205
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represented.

Tell the ch'ildre.n that, with
the information the'y have
gathered, they may be able
to develop a model which would'
lajzio to explain what happens
to the units which make up the
nail \and the coppery sulfat6
when they ianteract.

This part of the Activity.
tight be continued lay project-
ing an image of one ofithe .

5 o

N/VISEQUpICE6III/Ac.Lviy 3

COMMENTARY

Copper and one to the sulfate
but, again,the children have
no evidence of this and for
puiposes of, the present dis-
cussion it doesn't matter.

If sore children wonder' about
the difference in properties
etween copper metal and cop-p ,

per sulfate, remind them of the
difference water when it is
'fl'f,tee" and when it beComes
bonded ip hydrated salts:: In
hydrated salts at, room tetpera-
ture, is there any evidence, of
thep5ysical properties we -as-
sociatea ith water at room
-temperature? Similarly, when
copper is bound up with sul-
fate, the observable properties
will hot be that of copper
alone (even- though the mode
of chemical bonding is not the
same).-

r

Just aswith\the marble model
in niseci4ence the model
the will consider need not
be t e only possible one. The 'A

requivements are that the
model-explain the observed
facts and be useful in predict-
ing other events: If it does
this effectively, it is a good
model.
a

2.1u
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1

blue copper sulfate crystals'
,grownciby the class in Activ-
ity 1.

Addsome water to the solid
and have the children observe,

othe slow spread of, blue of
the copper' sulfate through th'e'
surrounding iquid.

o What happens to the mole-
cules of copper sulfate
wA'n water is added to
the solid?

Then how could we represent
the units in the copper
sulfate solution?

Using several transparent cir-
cles of three different col-
ors, if you are working with
the overhead projector, ar-
range the circles to 'represent-
two or three separate,mole-
cules of copper sulfate anda
few molecules of water. (If
the molecular model of copper

"NJ sulfate is still on theovert
bead, break the lottern apart
and distribute the units.)

possible; move the units
about to represent their

if' freedom to move.

1

MINISEQUENCE fII/Activity 3

COMMENTARY

Ifse tile overhead projector.
As pre'viously recommended,
check the .operation bef9cre
you demonstrate it to the
class.

The molecules of copper sulfate
will have the bonds holding
them in the solid broken as
they becoma part of the mobile
liquid. (See Activity 1 of
Minisequence III in Grade 5 of
COPES.)

As the children discussed'in\.,
Activity 1, the solution con-
'tains molectiLles of water and of
hydr4ted blue vitriol (if it
were not hydrated, the solu-
tion would not be blue). ThUs,
to represent the solution', a
drawing or other representa Lon
could be madeaf separate op-
per sulfate mOncules together_
with water Molecules.

As indicated in th
clircle of different

colored construction paper
could also be used on a sticky
bulletin board. This model
construction can even be made
on the board with colored
chalk. Use whatever medium
you are most comfortable with.

a 1 s

Some children may be aware that
the molecules,in solution move
about. There is conFaderable
mobility in the liquid, as

216 207
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.Now show the class the circles
'Qf a fourth color. Suggest
they be usedvbo'represent the
iron nail.

How should thes4\circles be
,arrangea?

7-.7

You might arrange the circles
11in three rows as 'shown. Place
\thecamong the copper sulfate
Ind mater

a sr

0

208

0

0

0

MINISEQUENCE III/Activity 3.

COMMENTARY

compared with a solid. This
difference between the solid
and liquid states was extensive-.,
ly developed in 'Grade 4, ,Mini-
sequence V and Grade,5-, Mini-
tequence III. Tifey willrproe-
ably not be aware that the cop-

00- per arid'-ulfate "ions," with
their attached Waters, dissdr
ciate in' solution. However,
it is not necetsary that th-ey
know this.

Since the iroja_ nail is a solid,
these circled should be
ranged in an orderly array with
bonds connecting. them.

ci'

0

0

0
0

0

0 Key:
whim

Copper
4 0 Sulfate

21 r' o Water
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J

Now ask one of the children to
come up and show on the model
what the' nail looked like\
-after it was in the blue solu-
tion for awhile.

11,

a

Is every one'satisfied with
this model'of the inter-
action?

Is the nail really necessary
in this'modelr- Couldn't the
copper come out as a solid
on the Surface of anything- -
for instance, 'a toothpick?

If ,9.o one Antions it, you
might ask if anyone noticed
any .chang,e in the iron nail.

7-

MINISEQUENCE'.III/Activity 3

6

COMMENTARY

`Often children will take the
colored circles representing
the coPp)er and line them up
alongthe na.O. 'repreSentation,
with of without theattached
water, as, shown below. This
seems que logiCal to thelitr4.0,-
because in many cases tie:
sheath of copper coating could
be peeled-off.

0

The childientmay be brought up
short by such questiOns. One
or two mey want to actually-
put a' toothpick into a-copper
sulfate soletion and .see if a
copper coating appear on it!,
;f so, encburage_tljem to do so
and take up the remainder of
the discussion oT the Adel
after th-d results are 'in.

Some chi-ld-(en may 'have noticed
that 1) the nail was po longer
shiny, 2) it may have appeared
pitted,. and 3) the nail re-
inserted for a second coating
might 'have appeared thinner. 40
However, don't press for these"
responses.

Here you are focusIng on the,'

209.21a'
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_ask then how they might change
the representation to show the
iron nail as taking part in
the interaction.

Ask the children to consider
this model for the interac-
tion.

What happbn.Rd to the color
of the solution when enough
iron nails were inserted?

HDid you have any evidence of
.copper left in the solution
when there was no more blue?
Did an'tdded nail form a

.copper coat?,

Do you think this

210 219
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COMMENTARY

.

essential nature of any inter-
action--that is,as two sub-
stances interact, changes will
pear in both as a result.

(T is is also true is energy
int racts with matte not
on y do the propertie f mat-
ter change, but the energy will
often change in form.)

If no child suggests it,'you
may have to do an exchange'of
a copper "atom" for an iron
"atom." At first, set up the
model so that about half the
available copper units are ex-
changed for iron on the surface
of the "nail," as shown below.
In other words, a few copper
atoms should be.put where iron
atoms are and the iron atoms
that are displaced put where
the copper atoms Were.

tz.

The color disappeared.

No--once the, blue color was
gone, the copper coating did
not appear..'

o

1a

Help the children to recognize

6
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representation is a good-
model of. the system which
was no lOngei blue?

Now have a child show how the
model should be changed to
represent the solution that
had .had all its copper res
moved.

N

0

0

ti

0

0

0

MINISEQUENCE III/Activity 3
a

COMMENTARY

that at that stage the evidencdo
was that there was no longer
any copper in solution.

The outer columns on
nail should have all t

e iron
cii-

cies of "copper" while surround-
ing it the sulfates are still
there but now there are units
representing iron with them.

0

4

If copper and iron chaO
places completely, what /Is
the 'substance dissolved.in
the water?

Before going' on' to tes the
model, you might want to ask
the children to make heir own
representations of t is model
using whatever medi they
wish -- buttons, seq ins,ctiddly
winks, etc. This/could be
done at home. /

0

0

Key:

Iron
o.C9pper,
0 Sulfate
o Water

According to. the model, the
' dissolved substance would be
iron sulfate. Note that this
illustration sim shows 'that

.

iron and copp have exchanged
places, based on the,children's
inferences. The illustration
shows 5 attached waters as with
copper sulfate. Although iron
sulfate may have as many as 7
attached waters, h'il is not
germane to.their model build-
ing.

2 4 U
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TEACHING SEQUENCE
A

- 2. With the model of the
interaction between a nail and
copper sulfate still on dis:-

,play, ask the following clues-
..tions:

1.11

If the copper coating does
not jus lie on the'surface
of the ill but actually

' takes the place of taf)
the iron, how woUldV is
affect the amount o iron
in the nail?

How might the nail be repre-
sented after you removed the
copper coat?

In this model, how'does the
refiaining iron compare with
the original iron?

How can you check out
*whether there is less iron
after'the-copper forms?

Have the teams set up an eX-
periment to test.this predic-
tion., For those wishing to
follow any change in the
amount of iron in-the nail.by
weighing it, they can-us,e the
Ohaus balance, or its equiva-
lent.A

4
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COMMENTARY
O

Encourage the children to devel-
op ideas on how their hypotheses
and predictions could be checked
out.

7

As this question is raised,
take away the circles repre-
senting the copper coating.

There 'would be less iron in
the nail after the interaction
than before.

Some children may suggest r
measuring the thickness of
the nail after removing the
copper coat; some may suggest
weighing the nail.

Be .sure that they plan to weigh,
or Measure the nail before, as
well as after, the interaction.
They can qse a millimeter ruler
to judge thickness. Howeifer,
tince all they want to test
for is loss of material,,some
children may merely want to
outlinesthe nail before and
after the interactions.

Whatever balance is. used, the
nail' should be weighed, lo one -
tenth of a- gram. A typical
2-in. common nail, was found to.
weigh 3.0 g. (Some children
might be interested to see what
variability they can detect in
the weights of different nails
taken from the sample you ro-,
vide. Such.val.iability in a,-
property for memberg of.a .sam-
ple-was the'focus of Activities

22i
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TEACHING SEQUENCE

The. teams sh9uld make up fresh
batches of master solution of
the copper sulfate. As be-
fore, it will be convenient

'for them to perform the inter-
action in a test tube. Thus
a string should be tied to
the nail after it is cleaned..

Have them immerse the fresh
nail in the copper sulfate
solution _and leave it in for
a considerable period - -all day
or overnite'. They should then
remove the copting-of copper
and reimmerse the nail until
the blue coror of the solution
is depleted. Then take a
fresh solution of copper sul-
fate and continue theprocess,
removing the copper .from it
as well. Each time the nail
is immersed, its surface
should first be carefully
cleaned of copper.

Once the nail appears to be
smaller, they can stop the

, interactions With copper sul-
fate. They can then rinse
and dry off the nail, remove
the coppfer and weigh what's
left of the nail.

3. While this test of the
model is going on discuss

COMMENTARY

in Grade 5, Mini'sequence VI (r
"Investi'gating Populations.)

They should again use 1/2 tea-
.

spoon of the salt in about
25 ml of water.

See if the children realize
that they must weigh the
after cleaning with steel wool
and with the string attached.

f.

The children should rinse off
the plated nail before handling
it, use paper towels to dry it
and a small piece of paper
towel to help remove the cop-
er. It should not be rubbed '

wi --steel wool. Rubbing will
physically remove some iron
trfat was not part of (the inter-,.
aqtion with copppr"sulfate.
After the nail had had its
first coating of copper re-
moved, its surface hay be
"pitted.~' ,Subsequent coats
will be very fine, nonadherent,
and will deplete the blue solu-
tions more quickly.

Sive the first colorless solu-
ti,on obtained.

. .

As many as three or Eour
.

im-
mersions may be necessary to
obtain an easily detectable
loss in weight.
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TEACHING SEQUENCE .

with the class their hypoth-
eses about what is left in
the colorless (or slightly
yellow) solutions after the
.copper completely coats out.

. If .this model is correct,
what would the molecules
in the solution be after
interaction?

Could you perform some test
which might indicate.whether
the non -blue solution is
iron sulfate?

Using the technique estab-
lished in Activity 1, have
them set some of the solution

' reserved in Section 2 aside
to form crystals.

After the crystals are formed
and they have made their final
weighings on the nail which
has been immersed in copper
sulfate solgtion several
times. Ask the children to
report on tbeir findings-

214
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Of'

COMMENTARY

*N

If the copper And iron do in-
deed change places, there would
be iron .sulfate in the'solu-
tion, instead of copper sulfate.

The crucial 'insight here is to
see that if the colok and shape
of the crystals which forrti on
drying are the same, as that 'of
those formed iN Activity 1` from
the known iron sulfate, t.ien
it probably is iron sulfa

In addition, some children may
want to Make.a+solution of
known iron sulfate (fibril the

chemical suprify bottle) and
see if it resembles the non-
blue solutions They should use
the same ratio of solid to water
that they did making the
.coppeAsokulfatelsoluticri. Pro -
vided the size of the crystals
are the same, the solutions
will aprar

If the iron sulfate crystals
obtained in Activity 1 have
stood around too long, some
changes may,. have appeared in
them. If so, you might want'.
to have the children.evapokate
the solution of known ironsul-
fate (from the supply bottle)
and obtain fresh crystals for
comparison.

The crystals will be light
yellow and, of the same shape
obtained .for iron sulfate in
Activity 1. They will have no
similar y o copper sulfate
crystals.

The nAil'wi have "lost"



TEACHING SEQUENCE

Do yob have any more cbn-
fiden in the model'noW?.,,

What evidence is there that '

irOir units and sulfate units
were in solution?

MINrSEQUENCE III/Activity 3

COMMENTARY

considerable material: After
inserting the same nail in 4
fresh solutions of copper sul
fate, the 2-in. nail, weighing
3.0 g initially, weighed 2.0 g.
It lost 1/3 of its iron. Its

'thickness was noticeably less.

Help them tolsee,'Lf necessary,,
that the it .an apparently did
take the iplace of the units of
copper in the copper sulfate
solution. It was present as
iron sulfate.

The similarity in the crystals'
formed in drying.

,What happened t,o the copper? The copper appeared as a coat-
ing on the nail,.

-Now, instead of the Circular
model representation, write ,

the "word-egUatiOn" express-
ing whatrthey think happened
inthis interaction.

COPPER SULFATE AND IRON COPPER AND IRON SULFATE

,Esm,the final discussion the
children should b'e able to
identlIfle not only'the differ-7

. ent units whose movements, they
have beencfollowing,,but also
the ..two dffferent-changes
noted in this interaction:
The copper sulfate is giving
up its copper, the iron from
the nail.replacing it in the
molecule,.

\.,1

At the end of this Activity,
have the children cover anti
set the cop-
per coatings, the coated
nails, the solutions of blue
vitriol, and the used, color-
less solutions. They wiLl be
needed inActLtr.tty 4.

EXTENDED EXPERIENCE:

Some children pay-want to pursue the interaction of the iron
nail with the solution until the 43e,aii is all used up.. This
'will happen eventually as fresh solutions of copper sulfate
are used. Do not let the nail remain eicpbsed po the air or

a' copper-depleted solutiOn, however, or rut will form.

224
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C

Activity 4 Further Corroboration ofihe Model

In this Activity the children investigate a propla,ty of atoms
which reinforces the concept of copper as a structural unit o
matter. 'The children have observed that "free" copper (the
metal) has different properties than blue vitriol. The presence
of copper in the tter could only be inferred, froWthe appear- ,

ance of free cop metal on the nail as the blue color-of the
solution disappe d and from the fact that it did not appear
in a non:blue solution. Now in the preent Agivity, they
in estigate a property- -thethe flame test -is,characteristicin

the copper unit, no matter whether it is bonded only to it-
lf or bonded to another kind of unit in a salt.

They learn the technique of flame testing with several salts,
some of which have a common flame color. Sodium salts, for in-
stance, all exhibit,a characteristic yellow flame.when heated.
The children find that &tipper salts yield a bright green flame.'
This characteristic bright green is also-Obtained from pieties
of copper metal such as a wire or a penny. The presence of the
unit of copper can thus be verified from the green flame test,
whether it is "free" or in a salt. Then they find that the
flame that is characteristic of a given salt can be obtained
from a salution containin, some of the dissolved salt. With
this information, the^chi ren further corroborate their model
of the interaction betwen the iron nail and blue vitriol. As
predicted, they find copp r\in the blue vitriol solution and
OF the coating on the nail'. In other words; these two sub -
stances,. which appear so different, have something' in common.
That something is copper. But Do copper units are detected
in the solutions from, which thIe copper has been'removed.

MATERIALS.AND EQUIPMENT:

1. several metal waste cans

1 , polyfoam container, 3 qt (3 liter) capacity or othe r
container for Cold water

safety matghkes if not .given to the teams

4
1 pi t a moniumf chloride solution (see Preparation for,

Teaching) or substitute such as a mouth.wash containing
.zinc chloride (e.g., Lavoris)

216

sodiuM chloride (table salt), about 1/2 tsp.
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poiaTsium chloride (s4lt subsIltute)

t

MINISEQUENCE III /Activity 4

sodium bicarbonate (aking soda)., about 1/2 tap.

epsom salt (optional)
. \r .

supply of the following chemicals: about 1/2 cusp each:
,-, 4....

"5

sodiUm sulate (Glauber's salt), available in drug
stores

dium thidsulfate (hypo)

assium bitartrate ,.(cream of. tartar)

copp4r sulfate, hydrat_e.d crystals (blue vitriol)

copper sulfate, anhydrous
%

-3

copper chloride* (optional)
,..

calcium chloride* (optional)

lithium chloride* (optional)

several wide, squat containers to serve. a's- supply
stations for the chemicals, with dispense'is

.m
several pieces of metallic coIppOlFr; e.g. wireA, pennies

pieces of iron,' e.g. nails

plastic. wrap S

masking or plastic tape, in dispensers

several new unopened containers of Sterno

. sev.eral pitstic or metal spoons, small

the items produced in the previous Activities, e.g., a
copper coated nail; the copper qoatinci removed from
the hail, crystals of copper sulfate formed by evaporatL.
ing the blue solutios, crystals obtained from the cop-
per-depleted solutiOn, etc.

For each team of -two children:

at least 10 pieces of heavy duty aluminum foe., about
;8 cm on a side .

several paper clips, standard (the tinned steel variety)

217,
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1 btx safety matches (optional

ISEQUENCE III/Activity

glass on porcelain cup, dish or'beaker (for discarded
matches).

several pieces of paper, small

1 cup, 1-oz (appz-ox.) 30-ml, waxed paper or plastic

1 Worksheet III-1

1 test tube folder

*These chemicals would need to be ordered from a supply houpe
such as Fi; er or Cenco. Although calcium chloride is avail-
able comv- cially as a de-icer, flame test results with this
material are' not dependable: it contains'other substances 4s
.well as calcium chloride. It also is in the form of pellets
which would need to be crushed into a powder. A yellowish red *

flame. is obtained from calcium. 'Lithium chloride yields a
beautiful carmine red flame which is very easy to see., This
substance would be a nice addit on to the list'of materials to
be tested ,..,r1`" Section 2, Copper chloride, which yields the cha
acterietic green flame, could lso be added to the list, es 0-
ciallyif you plan to have some or all of the children do t
Extended Experience at thp end of the Activity.

PREPARATION FOR TEACHING:

There are several thing5 Which could"be pretared ahead of time
in order to simplify the procedures the children will follow in
performing flame tests. Instead of using a whole container of
Sterno, each team will dse a small glob on a piecelof,aluMihu
'foil. This means only a very'small source of heat, a small'
flame,' and if any contamination occurs by the chemical tested,
the .entire can of Sterno need not be discarded. If you,wish,
and have helpers, you might "prepackage" the Sternof place an
amount the size of a 3/4-in./merble (scoop it out with the
spoon) on one piece of foil/ cover with another piece of foil,
and crimp the edges together. This is the package to 'be used

. for each test. Each teiem will need at least 10.of'these.

For use in Se8tion 2, prepare several Lo ge, squact containers of
various chemfcais. Label the containers X1 to-X7 and fill ,them
as follows: X1 might contain potassium chloride, X2 anhydrous
copper sulfate, X1 calcium or lithium chloride, X4 sodium sul-'
fate, X5 cream of tartar, X6 copper sulfate,and X7 "hypo"
(sodiu thiosulfae). Copper' chloride could be included as
X8, if you wish. Of, course, the order can be varied. It is

4

most important not to let t e various chemicals beb a contam-
inated with each other. T teams Will take each s mple of
solid to be tested on a sep rate piece of paper, whih should

218
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then be discarded.' Planning the plaCement of separte stations
of.chemicals ahead of time will"minimizie traffic problems.

The test for,some forms of-copper requires dip into a solu-
tion.such as ammonium chloride. This car' be prepared Ahead of
time by Cissolving several tablesp6ons of ammonium chloride in
a quart (liter) of water. Ammonium chloride, often sold a*
sal ammoniac, is available in drug Arid hardware storel. It can
be stored in a plastic or glass container covered with plastic.
If a screw top is placed, on the jar; be sure no metal is ex-
posed: '`'Re-cover it with `plastic wrap.: Some mouthwashes can
readily be substituted for thi4 solution if they contain Certain,

such as zinc chlorilde, which ,tend to produce a
slightly acidic solution. Lavoris is one of those commercially
available.

ALLOCATION OF TIME:

This Activity will require about 3 hourso, exclusive of the
Extended Experience with copper chlorid.

TEACHING SEQUENCE.

1. Bring out some ordinary
tabl-e salt. Ask the children
what they recall about its
propertieS.

Now show them the sample of
.baking soda.

In what wa'y is it'simi4or
to table salt?

What about the crystal
shape it forr?

Set up one of the flame' test.
units for all the childrTn to
see :'' place a bit of Ster'ho
thetsize of a marble on the
foil. Tape the'foil to the
desk top and have the second
piece of foil along side, to -'
gether with a ,cup of water.

.0"

" COMMENTARY.

They should remember the char-
actetis%ic cubic crystals
formed n A- ctivity 1. In
additioh; it is white and,
soluble in water.

ti
It is white, and also is soluble
in water.

T e crystal shape is quite
different.

The second piece of foil can
'beusedto snuff out -Ole flame
if there is leftover Sterno,

219
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TEACHING stquENcE

Light the Sterno.

tl

Can you see the color of
, the flame?

Now sprinkle some table salt
on the flame. To do this, '

scoop up a few crystals on
the back of the handle of a
spoon and tap it lightly
over the flame.

What do you see?

Set up a second foil with
Sterna" and light this
time sprinkle some bakihg soda
on it.

1

What happens to the flame?

COMMENTARY
11

when a particular flame' test
is finished. The water will
be used'to extinguish the dis-
carded matches.

If the room is darkened a bit,
the flame will be more easily
seen.

To avoid contamiation, don't
touch the crystals with your .

hand.

The flame becomes bright yel-
low and will continue to burn

. yellow because of the2salt
that wa-s sprinkled on.

InadditiOn to being white and
soluble in water, table salt.
and baking soda have another
-property in common: both'
substances cause a flame to

220

I

You will have to use new Stern()
set -ups for each test. The
flame test is_ very s"isitive
particulaly for sodium salts;
sprinkling even a little sodium
salt on,the Sternb in this
fashion will continue to give
the characteistic yellow color
`for a long time:

It also becames bright yellow.

Be sure you snuff out the
flame when you are finished
observing it. Use the second
piece of foil and place it over
the flame: To discard used'
et-ups, merely wrap the foil:

up and around and throw them
away. (Have metal wasts tans
distributed around the room
for the childr'en to use later.)

100

Some children may, -say that apy
powder will do the same. If

223
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TEACHING SEQUENCE

.turn

rr"

What- does the same flame
test sugges,t about table
salt and, baking soda?

Ask the children if they know
the chemical name for table
salt. Then ask if they know
the chemical name for baking.
soda. If no one knows, tell
them it is called sodium
bicafbonate.

What do they ha,ve in common?

If table salt consists
units of sodium and chlo-
ride, what are,the units
making up the. molecule of
bdking soda?

2. Suggest tha't the childien
try using the flame test to
see if any of a group of sub-
stance.* are made up of the
samekinclOf units.

MINISEQUENCE III /Activity 4

AO

COMMENTARY

so-, bring out the epsoM salt
which also is white. Sprinkle
this bn another flame test set-

.

up. Not all elemental units
will produce a ,readily visible
flame under the simple condi-
tions in this Activity. Epsom
salt (magnesium sulfate) does
not.

Perhaps they both contain'the
lame thing.

Many will know that it is
sodium chloride.

As you discuss these, solids,
write their chemical names bn
the board.

Something called sodium.
ft

Presumably, sodium units and
.bicantonate units. -'Note that
we are now focusing attention
on the components of certain
molecules. The name atom
need not be used because in
the salts investigated, the
unit otheg than the metal atom
(copper, iron or sodiuM) may-
itself be composed of several
atoms, forming a radical (e.g.,
sulfate has one sulfur and 4
oxygen (S00; bicarbonate has
1 hydrogen, 1 carbon and three
oxygens (HCO3), etc.). It
might be confusing to use the
term atom for copper and not
for sulfate. The concept of
a unit within the molecule is

,

bwhat is being develbped in th.e-
Minisequence.

The various substances, eaQh
with its identifying number,
should be distributed around
the room at this point.

230 A 221
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Before they start, show them
another way to test in the
flame--with a paper clip
loop, like the one shown at
the right. The loop part
should be small *enough so,a
crystal or two will sit on
it,(and when they pick up
solutions later the liquid
will cling there).

Show the class how to dip the
loop into some salt, pick up
the crystal and hold it above
the Sterno flame.

The children can perform this
part of the Activity in teams
of two. One team member can
prepare a Sterno set-up unless
you have prepackaged the
Sterno. The aluminum foil
should be secured to the table
top with small pieces of tape
(masking or plastic) to pre-
vent the unit from being
blown off. .

The other teammate should go
to one of the supplies of.
salts and get a. small supply
on a piece of paper.

If the c-hildren will be*light7
ing their own Sterno, each
-team should have a box of,
safety matches. It should
be kept well away from the
flames.' Have them half fill,
a cup with-water for,the dis-
carded matches.

222
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'cOMMENTARY

The clip will not get too hot
to hold.

They should go to the supply,
of Sterno, scoop out a small
bit, place it on the Piece of
aluminum foil, covet' it witg
another piece, and take it over
to their work! area. The foil
will not get hot enough to
damage the desk, top. ,

0

113t,

He or she can take the standard
"uniI-measuren with the dis-
pense.r stick or straw.

There are certain simple, basic
precautions in working with the
Sterno in this fashion insiad-
:dition .to the general precau-
tions in working with flames
indicated in Minisequence II:

1) If Sterno accidentally gets
the hands as it is being

transferred, wipe them well
with paper towels before
striking a match.

2) Never put additional pieces
of Sterno on a foil if there
is still a flame. Blow it
out first.



TEACHING SEQUENCE

4

Have the-children make a loop
out of a paper clip and prac-
tice lifting up a small bit
of solid with it.

When they are ready to test
the salts, have them light
the Sterno and observe' the
color of the flame.

_Now place the 1Rop of the pin,
containing the piece of salt
in the upper part of the
flame. What happens? The

-results can be.recorded under
"color of,flame" on Worksheet
III-1.

A

MINISEQUENCE III/Activity 4

3) 'Keep
when
This
tion
tion

_a

COMMENTARY

the Sterno covered
it is not being used.
will prevent evapora-
and possible corkamina-
which will obscure the

flame tests.

4) Discarded matches should
be put into the cup of

.watez.

Be sire there are no drafts at
the wo areas.

'If uncontaminated, as it should
the'Sterno, will burn with a

very light_ blue flame. It will
be easiest to see .if the room
is datkened somewhat.

2 3
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WORKSHEET III-1 , Name :
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Next, with the team members
reversing their roles, a sec -
once setup should be prepared.
Using a new paferclip, have
them test-another of the
salts, and so on.

As they go along, they should
notice that some'salts pro-
duce the same color flame as
others. The number of numbers
of the substances which seem
to have a unit in common can
also be recorded on the Work-
sheet. An example is shown
on page 226.

When the children have fin-
ished-testing all the salts,"
ask them to describe their
observations of ,each one,

Which substances seem to
have a unit in common?

tr

What unit do you think
caused the yellow flame
of X4 and X7?

Identify substances X4 and X7
as sodium sulfate and sodium
thiosulfate (hypo). This
.information can be recorded
on the Wo'r'ksheets.

What do you think caused

MINISEQUENCE III /Activity-4

COMMENTARY

...-

To avo ;d contamination, a
fresh paper clip should be
used for every test.,

.

There will_probably,,be general
agreement on the color of the
flame obtained in each case
with the possible exception
of the potassium salts (X1 and
.X5). The flame color for po-
tassium is similar to the
flame color for Sterno--thus
children sometimes report ob-
serving "nothing," See if the
children suggest resolving
arguments.about this flame by
comparing it with a "control"
flame of Sterno alone.

As indicate4 by their flame,
color, the following-,substances
contain the same kind of unit:
X1 and X5 (light violet), X4
and X7 (yellow), and -5(2 and X6
(and X8, if included) (green).

Since the flame color is the
same as that obtained from
sodium chloride and sodium
bioarbonate, many children'
correctly infer that X4 and
X7 mist glso contain sodium.

Most children will, have

234
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'SUBSTANCE
NUMBER

.

COLOR OF
FLAME.

UNIT IN
'COMMON WITH

. _ -we

CHEMICAL NAME

es.

Unit
Responsible Partner

,
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4I

the green flame, of X2 and
X6 (and X8)?

How do you know that the
green flame is/not caused
by the sulfate unit in
copper sulfate?

3. What about copper which is
not;bohded to anything else?
If no one hds already,sug-,
geted it, show the children
a piece of.opper Wire (or a
.penny) and suggest that if
they get the green flame color
with this, it will provide

'still more evidence that it
is copperkwhich is responsible
for'the green flame Obtained
with copper sulfate.

What do you pred4ct will
happen if you heat these
plain copper units in the
flame?

Suggest .that they try this' but

MINISEQUENCE III /Activity 4

4:T',-COMMENTARY

recognited k6 as blue vitriol; ;

they may or niay not have rec-
ognized X2 as its anhydrous
farm. If not, or if they only
suspect that it is, suggest
that they add water to'see if
it will rehydrate to form blue
triol. 'The response then

will probably be that copper
is the, unit responsible for th$
gree flame.

At:this point, yoso,u might provide
them with the names of the other
substances they, tested so, that °

they can verify the'irother in-
fereAces about substances which
did Nor did not) have ,units in

.copmon.

/I
Since a yellow flame, and not
green, was obtained from sodium
sulfate, it is reasonable to
assume that copper is the com-
ponent of the Copper sulfate
molecule that causes the flame
to turn green.. If they tested
copper chloride, which aslso
yields a green flame, tfiis
additional evidene that it'is
the copper that is responsible.

'"

v-

o

The children may pr may'not
expect the flame to be green.

2 3 u 227
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tell them that since the flame
color is not easy to get as
in the case of sodium, or even
copper sulf te, they have to
go through n extra step.

Each team should get a piece
'of copper wire or a penny,
a test tube holder, And half.
fill the small cup with the
ammonium chloride solution.

After they have prepared a'
new Sterno setup, have them
light the piece of Sterno,
grasp the copper wire with
the .test-tube holder, and
heat it in the flame.

What happens?

Now have them dipthe hot end
of the copper wire'in the am-
monium chloride solution.and
reinsert the wire in the
flame.

How does this flame compare
with the ones obtained from

/
.copper sulfate? .

What unit is producing the
green flame in this case?

228
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. COMMENTARY

If the wire and/or the penny
are tarnished (covered with

' oxide), the children should
clean them with steel wool.

Because copper is a much better*
.conductor of heat thatti the "iron
In the paper clip, the end in
.their hands may become too hot
to handfe. '

It is most likely that no
special color in the flame
will appear, except for some
sparks from pieces Of steel
wool which may be present,.

A beautiftl,'intense green
flame will form. It will be
very similar "to the fleeting
one obtained with the solid
copper sulfate, both h-ydrated
and anhydrous.

The copper in the coppewiret
If some children quite'reason-
,ably consider t
chloride caused
them perform the

at'the.ammonium
the green,

owing:
Take a paper cli oop, heat it
in the flame (no special dolor) ;
immerse the hot clip in the
Ammonium chloride and reinsert

)r).)
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TEACHING SEQUENCE

Help the children to'recognize
-

that what they are observing- -

the green flame--is a property
that is characteristic of cop-.

. per whether it is bonded to\
other structural -unit "part=\
ners" or not.

.

4. Now reintroduce the model
the children had beend-dA=vel-
dping of the interaction with
the iron nail. ,Could they
use the flame .test to find
out if Copper re lly does
come from pleeopper sulfate
solution tb form the,. pink
coating?

P

How would you test, the pink
coating?," *iv

How would you test the cop-
per sulfate solution? What.
happens to.mblecules of a
salt when dissolves in
water? Aie they still
there?

. ,po you .think a table salt
solution would give a yel-
low flame test?

MINISEQUENCE III/Activity 4

MMENTARY

in the flame. No special color'
will be produced. It is only
with the copper wire that a
green flame appears. (The
functiCh of the ammonium chlo-

.

ride is to form a small amount
of copper chloride on the sur-
face. Copper chLorideevola-,
tilizes readily inNthe Sterno
flame and it is that which pro=

'duces,the green color most
readily.)

The pink coating courd,be,
tested in the same way the
wire or penny was tested. If
the ,same' green flame is ob-
tained, they can be.even more
certain that .the pink sub- .

stance is copper.

Their experience has led them
to believe that the molecules
of a salt go into solution.
The evidence was that the
salt crystal re-formed when
the liquid d4ed.-

The children may be uncertain
about this.

233
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TEACHING SEQUENCE

Make up a table salt solution
by, placing'some measures of
salt ip a small cup and aid-
ing water until asolution is
obtained. Then take .,fresh
paper clip,.dip it into the
salt solution, and held it
over the olution-',

Are there sodium units in
the table salt solution?

Would you predict the- blue
vitriol solution will give
the green flame test?

the coatings?

the nails?

the non -blue solution re-
sulting after interaction?

\',Adk the children to record
'their predictions as to which
of the sUtstanceS will give
the .green test indicating
copper units. Then have the
teams retrieve the iron nails ,
the copper coatings, the
coated nails, the solutions
of blue vitriol, 'and the
"used" solutions which had
lost their color, from the
previous Activity.

The coatings and the nails
should/be tested by first
heating them, then dipping
them in the- ammonium chloride
before reheating in the flame.

'In the case of the solutions,
the same procedure should be
applied: Heat the paper clip
loop, dip it into the solu-
tion, then heat it, dip into
the ammonium chloride and re--'

'heat. If the green color does
not appear immediately with

230
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COMMENTARY

The flame will be distinctly
yellow.

Apparently so.

Yes.
\L.

Yes.

Not the uncoated one.

6

No. It was inferred from they
model that iron sulfate was`
in the solutibn.

4.

In working with the solids, a
flame setup may not have to
be replaced but simply replen-
ished with more Sterno. If
the children feel they have
contaminated the Sterno--if
theylare unsure of the test- -
they can get a new setup.

Let the children work at their
own pace with these tests. You
may wish. to have them work
independently during an "open "':
period. If you do, be s re
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TEACHING SEQUENCE

the blue viridl, repeat the
steps.

The resu]ts, which they should
make a record 9E, will be as

Object Green flame?

coated nail yes
nail no.
coating yes
blue solution yes
colorless solu- no
tion

As expected, the.pink coatings
and the blue vitriol solution
do indeed yield the charac-
teristic green flame: These
two substances, which appear
s7 different; have something-

,

in common copier.

Thus the original int.eraclktion"

MINISEQUENCE.III/Acivity

COMMENTARY
.

there will be a minimum of -'

e traffic in their work area.
and that all safety precau-
tions are observed. .

4.prp.

BLUE VITRIOL COLORLESS
SOLUTIO and NAIL'

SOLUTION and PINK COATING
N--

as a resultf;f the various/
tests of their model can
confidently be wri.t en as
follows:

COPPER SULFATE IltON SULFATEand IRON -> and COPPERSOLUTION : SOLUTION .,--:-.

t c

EXTENDED EXPERIENCE: A

r.,

What do you predict will happen if a nail, is allowed to inter-'
act with copper chloride?

Write the tentative word description for the interaction:

COPPER CHLORIDE AND IRON COPPER AND ? ?

Will copper come out? If so, what will be left in solution?
(See if they 'predict iron chloride.) The children can

`.fii 231
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MINISEQUNCE III/Activity 4

this invettiga,4on duplicating wha tleydid with copper sul-
fate: that is, first identify the aracteristic crystals of
copper chloride (elongate and bluis green). After the inter-
action with iron, the'characteristic color disappears and the
crystals can no longer be recovered. There is na more copper
.chloride in the solution. At the same tine, a copper coating
again appears on the nail. This interaction, as compared with
that involving copper sulfate, is much more rap d. If steel
wool is used, there is a very fast deposition of copper with
a loss i e colot in the solution immediately surrounding
the stee w ol. (In fact, the copper chloride i soamucth more

,.rective th n the copper sulfate that it will bedisplaced by
slyidinary uminum foil. Aluminum is usually protected from
interactions by a very adherent oxidt-coat. The copper chloride
penetrates this ;oat. The aluminum then displaces it from solu-
tion, just as the iron aid, forming free copper, and the alumi-
num replaces the copper in the solution, forming aluminum chlo-
ride.)

In a manner similar to the flame tests they just completed, the
children may want to test the products of the interactions for
the presence of copper units. The repeat cif the interaction
with this sedltd copper salt serves to reinforce4 the concept of
a replacement type of interaction and the idea of copper as a
structural unit.

232
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Activity5 Putting the Blue Back In /\
In theearlier Activities in this sequencer.the children were .

helped to develop a model of the interaction between a nail ax1
copper sulfate built on the premise.that copper was a unit of
matter. Copper had been-originally one of"the component units
.of a dissolved sal In the present Act ity they will observe
the synthesis of a ue_copper salt--th. units of copper now
toming from a piece o copper metal. Here for the first,tim
they cause 'units of copper to leave the free d'tate and becOm
associated with other units in the form of a salt.

t . .,7.'

The children will find that when a piece .of copper is imme'sed
in a colorless solution of silver

.

nitratp.a blue solUtio4,
forms. ,Furthe° re, the appearance ofChe blue solution is
accompanied by e appearance of a grey, deposit. A model !

similar to th e used to explain the interaction, of copper
sulfate with ai;Lis developed ..to explain this "opposite",
type of.exchange Ita4is suvested that units of "free" copper
exch e with un is Of silver in the dsolved silver nitrate

''to fo -blbe'6,per nitrate a a !"freen*silver. The. transfer
f unts of cqkper'intoa'talt is con4Tmed as children agply .

all their prevl.00t'experiencee On the properties of a dissolved
copper salt--t1 prOpertieswith*an'iron nail and
the flame test. 'scussia of their results emphasizes that
not only can- copper take part in '1.).ci,tek-Chart,(4es, but also iron
and silver. As.a esult of these Activities, it ie anticipated
that the concept a component 4I1i,i. of-4atlteriwill have been
established--wheter or not-the name" ". atom' is applied.

. .,. (

!
AP/4.

I

Q

PC

.4.MATERIALS AND EQUIPMENT:
D

materials necessary to pe! rform fie e tests Stern°,
aluminum foil, ammonium chloride s ution,, aper clips)

1 polyfoa container, 3 qt (3 lit r) capacity, unless.
warm t p water is available in he classroom

.°/ . -.%'

1 pint white vinegar,.household variety

everal squat containers 'for the chemdcals other than
the silver nitrate:

overhead or microprojece or (.01Wional) With extra pieces
of copper wire and silver nitrate lution

I 242 ,
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For each group of 4 or 5 children:

MINISEQUtNCEIII/ActiVkty 5

1

A small supply of the following: (about 1/8 teaspoon)

any sodium/salt (sodium chloride, 'sodium thiosuliate,
sodium sulfate, etc.)

silver'nitrate crystals.

copper (cupric) nitrate -crystials (optional)

1 glass, 'old-fa hioned," 4- to -oz capacity, transparent
plastic, or g ass slide (opt onal)

-2-- (or more) test tubes, 100-mm x 13 mm, heat resistant

2 (or more) .pteces of copper wire, at least 18 gauge,
about 4-1/.2 in. (12 cm) long

paper towels 7
,I. cup, 1-oz (approximately 30-ml-),Waxed paper or plastic

1 jar, to serve as test tube rack

1 'iron nail, 5 cm, common, with steel wool to clean'its
_ surface

PREPARATION FaR TEACHING:

Silver nitrate crystals can be obtained from a chemiC'al supply
house or in certain drugstores. Bef9Ap the Activity begins,' °m
place about 1/8-teaspoon of sliver niOrate in a test tube for
each group of children. (A group size of 4 to 5 children has
been suggested so as to reduce the requirement for the ,com-
paratively expensive silver nitrate. If economically feasible
you can consider. decreasing the group, size. If so, alter the
other requirements accordingly.) The antity.is not critical- -

the test tubes recommended, this woul ,fill them to about
1/2 cm. It is advisable for you to prep re them for the chil-.
dren because.if they should accidentally touch the-silver
nitrate,Sit will leave dark brown stains on their .skim, even
it they observe the precaution of-washing it off immediately.
These stains will eventually wear off. Place the` test tube
with the silver nitrate in the jar "test tube rack" for each
,group of children to help themselves. The other test tube can
be filled with the same amount of ,the othlr salt by the children
or by yEu. If the children are to tike thedr own supply of the

, sodium salt, placeit in containers with adequate dispensers
as in tfle previousfActiv,ities.

/

The vinegar, diluted with an equal amount of water, will again
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be sed as a d
children Wi

MINISEQUENCE III /Activity 5

pi for an iron nail. As before, each group of
take their supply in a small. cup.

Before .eg.inning Section 3, place a supply of warm water (40
to 50°C) in the polyfoam container. Place enough 30-ml cups

\next to it so that each group of children cah take its own
supply of water.

O

ALLOCATION OFJIME: ,

ci (
1

.

The children will need 1-1/2 to 2 hours to complete this Activity.

TEACHINt 'SEQUENCE

. -

1. Remind the children of
the interaction they have just
been investigating--whee
copper units from a salt were-
exchanged fpr iron un =its to '

produce ,"free"wcopper and an
iron salt:

c-1

COMMENTARY

`R.

COPPER SULFATE' AND ,IRON ---COPPER aND IRON SGLFATE,4
0

What do you predict would
happen if you could'do.the
opposite--that is, take .

"free" copper from a, wire
or penny (or copper coat-
ing) and link it up with
a- partner in a salt?,

How would you know if cop-
per units leave the
and firm partners with
othe'rwunits to .form a ,

copper salt?

Look fOr the copper units in
the liquid or in any-new solid
which might appear. The chil-
dren will probably osuggest
that if it.gave the charac-
teristic green color-in-the
flame test, this would "tell
them that the copper had
changed places.

.

Sugg st that the children in-
vestatk the interaction of
coppe ith soluti-ons of so-
dium chroride and ,Ft ver
nitrate. Write the names
of the two substance, on the
chalkboard.

/MD

Any sodium salt (sulfate; thlo=
sulfate, etc,.). can be used in,
tRls:act.ivity,

4 4

6

235



0.

"to

TEACHING SEQUENCE

* *hat do you think are the
units in sodium chloride?

in silver nitrate?

--!'
What could be used as a
source of plain copper to
replace the sodiuM or the
silver in these materials?

Distribute two pieces of cop-
per wire 'to each group of
children, along with a jar
holding's test tube contain-,
ing the silver nitrate. If
the remaining test tubed do
not already have the sodium
salt in them, ask the childten.
to themselves, using the'-
same techniques as when they
obtained samplei-bf thecop-
per salts.

Next, each group should get a
supply of warm water in the
small cup and add some water
to etch /salt until the test
tube is between 1/2 and :3_/_4

- full. ' *

236
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COMMENTARY

Sodium units and chloride units.

046.

From the name, silver units and
nitrate units. In some ways
it wotiOld be nice if a silver
or °tiler sulfate could be used
in ,this Activity--in, that case,
copper sulfate, the salt with
which they started, would be
obtained. However, since sil-
ver is one of the few units
which will exchange with copper
and all8w the copper to go into
solution,'we are forced to work
.with a soluble silver salt--sil-
ver nitrate. Silver,su]efate is -

not very soluble.

If no one suggests trying a
piece of copper metal (or the
pieces of copper coating they
saved frpm the earlier des-
placement), remind them of
how an,iron nail was used to
replace the copper in copper
sulfate.

They will use copper wire, not
pennies, for this part of the
investigation because they want
td insert the copper into the
test tubes. Also, the coppe
will be used up excessively as
it interacts with the silver
nitrate--that would mean the
destruction of thepenny:*

Be sur-the tube containing
each salt is.properly iden:
tified, as the look very .

similar.

It may take A little while for
-the sali.tsito dissolve -. Theo,
copper wire should be used ag61.
stirrer. Ii is irladvisabla. for
the Children to invert or shake

-ft>,
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TEACHING SEQUENCE

As they add the water, have
the children describe the
properties of these salts,.

If the copper wire is not
shiny, the children should
-clean it with some steel wool.
One end can be slightly bent
so the Wire can be used more
efficiently as a stirrer.

.... Then one wire should be in-
serted into each of the two
solutions. After 'stirring a
few.tim
each sy
report.

s, have them observe
temcarefully and

What do you observe in'the
'salver nitrate solution?

MINISEQUENCE III/Activity 5

COMMENTARY

the tubes_to ensure dissolving.
Definitely' do not letthem dp
this with silver nitrate since
it might accidently touch'their
skin or interact with the cork.

They should include such prop-
erties as color (both are
white), crystalline appear-
ante, and the interaction
property with water--both are
soluble, forMing colorlqss
-solutions in water.

While the interaction is pro-
ceeding, encourage them to
develop hypotheses as to what
might be happening. What
might be producing the blile
in the solution? What might
the -greyish material be?

'After dissolving., no cha e

will be, noticed in th odium
salt solution--an teraction
with the copper does,n9t ap-
pear,to be to ng place.*
Within a min te, however,
distinct - elianges mill be ap-
parent in the tube containing
the dissolved silver nitrate.
This phenomenon will continue
to,generate excitement forat
least the next half'hbur.

A greyish deposit starts to
clver the copper wire. Within'
a few minutes, a 1:21ue color
will appear in the solution
around the wire.

All, the while,the soption
will be

'

getting, bluer. In
30 minutes to an hourglisteil-
ing.silver crystals will form,
sometimes in-the form of a
beautiful silver tree. As the
interaction continues, some

237
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TEACHING S QUENCE

Witt', these questions, in mind,
hawe them set aside this test
tube and the one containing
the sodi m solution until the
next ti e.

2. W en the children have
ketri ved the test tubes, ask
them what the systems lodk
like now.

What do you think turned
the liquid blue?

14.bat about the copper wire
they started with? What
does it look like?

02,

With fheir help construct a\
model of the interhdtion with
silver nitrate. Start by
writing. the first half of
the word equation for, what
happens in the solution:

MINISEQUENCE'III /Activity 5

COMMENTARY

children in the group should,
occasionally shake the tube so
that the silver that is forming
falls to the botXom, exposing
more fresh copper.

The test tube which cohtained
the silver nitrate fill be
distinctly bluer the/tube.con-
taining the sodium e/alt will
still show no_chang

Some cifirdren may associate
the blue ,colcax with copper 4,,

salts merely on he basis of
their ,experience with copper
sulfate. (If they worked with
copper chloride in'the preced-
ing Activity, they are even
more likely to make this as-z
sociation.)

In some cases' it _may have dis-
appearedcorhpletely. In other
cases it appears distinctly.
smaller. At the same time,
there is now a considerable
deposit of grey material in the
test tube.

SILVER NITRATE AND COPI)ER-1.--

Hopefully some children may =,
exchange the copper and silver
and suggest that copper ni-
trate is forming along wit

238 ' 24
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trouble suggesting the dis-
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TEACHING SEQUENCE

,plain-, "free" silver. There-
fore on the right side of
word equation, SILVER should
appear but not copper. The
copper went into units of a
salt which is blue.

Is the salt copper sulfate?

Now 'construct the-c_omplete
model for the interaction:

SIL47 N;TgATE AND

MINISEQUENCE III/Activity 5

COMMENTARY

when the iron interacted with
the copper sulfate.

If some children say yes', ask
them where the sulfate came
from. Help 'those who seem un-
sure to tee that.the substance
on the right is probably blue
copper nitrate.

COPPER -----4SILVER AND COPIER NITRATE

As you write the names, the
interchange between the.silver
units and the copper units
should be diScusse.ga,-,-copper
became acomponent unfit of a
soluble salt called copper
nitrate and`the silver was
"freed" and appeared as the
metal, silver.

How can we be sure that the
ssCopper4units went into the
_blue Atstance fOrmed in
the water?

In 'the discussion the childrenk
shoy.d bring up both 1) the
green flame test and 2) inter-
action with an iron nail.
That is, if they obtain a°_._
positive flame test (green)
from the blue solution, thi's
would 'be evidence that copper
units weant into solution. And
if,a new iron nail can

Stress the similarity to the
'interaction betdoen iron and
copper salts. Tere, iron and
copper units change places.
Iron is "used up" and copper,
is "freed." i

Some children may suggest
evaporating the blue solution
and looking at the crystals.
If they do, they should realize
that they would hav'e tR com-
pare the crystals with those
from known' copper nitrate. If
copper (cupric) nitraterils-
tals are available, they should,
be encouraged.to make this. com-
.parison.

Eliciting the second suggestion
may require leading questions,
such as: If this is a copper
salt solutioo, will itinter-
act with an iron nail as the
copper sulfate did?

2 40
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TEACHING SEQUENCE

displace copper out of the
blue solution and re-forms
metallic copper, this also
would be evidence that copper
was in the solution.

3. Before they start to test
the solution, have the chil-
dren filter it, because it
may contain a considerable
amount of silver. As 4they
did in an earlier Activity,
they can make a small filter
with a square piece of paper
towel formed into a cone.
Filter 'into one of the 1-oz
cups.

Once the blue solution is fil-
tered:'have each group divide
it into two parts. One part.
can be pla*ced in a small cup
and one in a test tube. Two ,

members of the group can' use
the first part for th.e flame
test and the remaining chil-
dren can use the other part
of the solution, in the test
tube, for the interaction wit
the nail.

h,

.If they are using a nail fresh
out of the box, it should be
thoroughly cleaned with steel
wool fii,'rst. (qf-the nail had
previously been used in a cop-
per solution, this will not
be ne.easary.), Then, in the
case 'of copper nitrate, it is
essential that the nail be
dipped in a small bit of di-
lute vinegar solution. Afte
dipping, excess vinegan can,
be abs.d4bed on a paper towel,

- 240 '24)
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The purpose is to separate out
the silver metal which has col-
lected. This powdery preIip-
itate should be saved. There
may be a local market for re-
covered silver.

\

In flame testing the soltitAon
of-the supposed copper"
the'children should follovithe,
same procedures as in testing
copper sulfate, including the
dip in the ammonium chloride
solution.7

The flame will be a distinct
greekcolor, the same color
they obtained from the copper
wire.

I

As mentioned in Activity 2,.the
vinegar dip is required for the
interaction with iron by cer-.
tain copper salts, some,of

.1t



TEACHING SEQ.UENCE

as before, and the nail in-,
serted into, the test tube
containing the blue solution.

The appearance''of the copper
on the nail, plus toe green
flame test, is positive evi-
dence tliat the blue solution
contains upper By now the
children should be convinced
that copper units went from
the wire into a soluble salt- -
as the word model .indicated.

MINISEQUENCE III/Activity 5

COMMENTARY

which; depending, on their
concentration, need'a,slightly
acidic environment. Without
the vinegar the copper may not
"plate out."

Immediately on immersing the
blue solution,'copper will
start to appear on, the nail.
f the solution is dilute

enough, and if the nail is
left in copper will continue
to' form until all the blue' dis-
appears. (Here again, however,
if left partially expos-64 to
the air, some rust, may also
start to appear.) As the nail
interacts with the blue solu-'C'
tion, again a replacement of
units takes place: the cop-
per units come out and iron
takes its place. The color
of the solution gradually be-
comes green as iron nitrate
is formed at the expense of
the copper nitrate. See jf
the children realize what'is
going on in'this'second inter7
action before any dfscussion
of it.

For the purpose of the discus-
sion, it is important that
children be helped to under-
stand that in the first inter-
action, unit particles of cop-
per went into solution be-

. came associated**.$101 n
In the second interaction,
the same unit particles of-,t
copper appeared, as a deposit
on the nail as the iron inter-
atted with the copper nitrate
and freed the copper unit:

e.

SILVER NITRATE AND ICOPPERI
V

COPPER
1

4

4.1

./

NITRATE AND SILVER

0--

ICOPPERI NITRATE /2),N6 IRON;ILL--*IROWNITRATE AND
N

250
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Bring the discussion together
to' include both interactions
and to emphasize the unit par -
ticle, idea: both the popper
and its salts contain units
of copper; the silver and its
salts contain silver units;
the iron and its salts con-'
tain iron units.

The concluding discussion
'should attempt to generalize
about these units, which ap-
pear to be parts of larger
molecules but are also able
to appear alone. These Ac-
tivities focused On the cop-
per unit and followed it'from
a component in a salt, to the
free metal, back into a salt,
and finally into the tree
metal again. Similarly, ixon
units were free.in the nail
but could become part of a
soluble salt and they saw
units of silver come out of
a colorless solution as cop-
per units went in to-take
their place.

,es

MINISEQUENCE III /Activity 5

COMMENTARY

Use of the term "models" of
these two interactions during
the discussion will help to
emphasize the integrity of
each particle unit and its
ability to be "tree" or "alone,"
as a metal, or a partner of
other unit particles in other
molecules. They will_also help
to emphasize the "movement of
units of copper from the metal
into a salt and out again.

The children should not be mis-
led into thinking that any unit
can be so easily freed. Cer-
tain interactions can taken
place readily, others cannot.
Although copper could readily
be freed from ,a blue salt by

diron (and some other metavls),
it would be more difficult to
free the iron, say, from iron
sulfate.. Similarly, there are
only a few substances which
Will spontaneously exchange
with the metal copper and put'
it back into a alt. One of
those substances is silver.

EXTENDED EXPERIENCE:

,An interesting variation oni(ie theme developed in this Activ-
ity can .be carried out using copper and vinegar: If the chil-
dren put a penny (polished with steel wool, if necessary) into
a small jar, cover it with white vinegar (undilute'd), and set
it aside for a day or so, they will observe the same kind of
interaction d's witth the copper wire and silver nitrate. (The
products, however, will be different.) A blue solution will

242 25i.



4

MINISEQUENCE III/ActiyitV 5

A

appear around the penny. ,Again, tests of- tlie solution will
reveal the presence of cbpper. It produces a distinct green
'flame test and, if allowed to evaporate, the resulting deep'
-blue crystals will also give"thetgreen flame.

In order for the children to understand what is happening in
this reaction, tell them that vinegar soltition of acetic
acid. Acid molecules al:l contain hyArogen and thus acetic
acid could be called hydrogen - acetate. What, then, is the
blue substance in the solution? The following word-equation
can describe the interaction:

COPPER AND HYDROGEN ACETATE------),COPPER ACETATE AND HYDROGEN

The 'blue substance is another coppqr salt, copper acetate, As
they view this ipterchange df copper units, help them to see
its similarity to the other interchanges in which copper moved
into a molecule to form a salt or boved olt of a molecule to
form the metal.

a
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Minisequence
A Tendency To Spread Out

It' is this Minisequence that COPES develdps the culminating
idea,s in the conceptual scheme, Degradation of Energy. In
Grade 5, Minisequence INe reference was made to.the obsevatian
that in'anx practical systeth, while the total amount of energy
remains constant, there is a tendency. for it to be converted to
heat. In general`, this is a Less useful form of energy than
meOlanical energy, or electrikals energy, etc., because it cannot /-
be converted efficiently to thee forms. That is, while mechan-
Pical energy or electrical energy--or any other conventional form
of energy--can be completely converted to heat energy, the fe-
verse turns out to be impossible. For example, it can be shown
that i.n order to have heat energy do useful work, as it does in
ia steam or gasoline engine, there must be a temperature differ-
ence between the inret and outlet regions of the system. The.
greater this temperature difference, the more efficient is the
process of conversion, although'for all ptactical purposes the
conversion does not even approach being 100% efficient.

Thus, since all practical systems convert some energy to heat
(because of friction)--and this heat energy, iii turn, cannot
be fully converted back to other forms--it follows that-the
total energy of the Universe is gradually being transformed
to heat,energy. This is known as "The Degradation of Energy,"
implyin4'only that the energy is being degraded to a less use-
ful form. e

We know that the direction of heat energy transfer is from
regions of higher temperature to regions of lower temperature.
If we think of temperature in terms of the kinetic energy of
the molecules (or structural units) of the substance, we can
understand why heat transfer occurs in this direction. The
"high temperature" molecules collide with their immediA4ge
neighbors, which in turn collide with their` neighbors, and
in this *ay "transmit" the energy of motion (kinetic energy),-
from the high temperature region,to the low. The reverse is'
impossible simply because the'molecules in the low temperature
region do not have enough energy to add to the already higher
energies of'their neighbors. The illogic of the feverse
situation should also be apparent from the fact thatl,if heat
transfer, could occur spontaneously from regions of lower tem-
perature to higher temperatures, the low temperature regions
would become colder while the higher temperature regions be-

, came hotter--which, of course,,is contrary to experience. This
is what happens in'a refrigerator only because outside work is
done on the system by way of an electric motor.

Or; )400
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//It is convenient to think of'higher temperature regions as hav-
ing higher "concentrations" of heat energy--that is, higher con -
centrations of more energetic molecules. Then, just ag higher
concenttions of'molecules tend to equalize by spreading out
(as in a drop of food coloring added to wate

Z
), heat energy

tends.to spread out from regions of higher't il perature (higher
concentration) to regions of lower temperature (flower concentra-
tion). The reverse does not occur.- One would not expect to
find a drop of food coloring becomp more concentrated when added
to a liquid such as water. This tendency for matter to spread

. out and theieby equalize concentrations is analogo-us to the
spreading out of heat'energy, and is therefore useful as a
means of conveying this concept to children.

The degradation of energy °is a very important conceptual idea
in science because it predicts what must happen in any real
situation, as well as the ultimate fate of the Universe. If
the energy in the Universe is being transformed to heat, and
the heat energy disttibutes itself uniformly throughout he
'Universe, it follows that the Universe, as we know it, must
eventually run cloWn.

The first Activity is a review of the conept ofjheat ene gy a's
applied to mixtures of water'samples, as investigated by, the
children in Grade 4, Minisequence0ll. They review the d 1

tion of the heat energy unit (h.e.u.), and through quantitative
observatiorrs'conclude not only that heat energy is conserved;.in
water mixers; but that it "spreads out" from higher temperature
regions to lower. In the next Activity ,the children continue
their study df the effect of the "spreading out" of'heat energy.
For example, they find that, given two samples of water at dif-
ferent temperatures, the one at tfie lower temperature, while.
containing more heat energy thali the higher temperature sample.
(because of its greater volumeT, is unable to melt a certain
solid while the other can. L other words, the energy in the
lower temperature sample is degraded - - ,in the sense that it is
unable to perform the work required to melt the solid (break
the bonds) .'

The third Act.ivity extends this experience-to the case where
water samples are not physically mixed with one another, but
are simply brought into thermal contact. Here the children
find, as expected, that the direction of heat transfer is from
the higher temperature sample to the lower; The same "spread-
ing out" from higher to lower concentrations is observed in
the next Activity, but this time in connection with the spread
of food color (molecules) rather than heat energy.

A model in the form of a game of chance is introduced in Ac-
tivity 5 to account for this "spreading out" or transfer of
colored molecules form regions of higher concentration to re-
gions of lower' concentration. Activity 6 continues with an
experimental model that is analogous to that of the previous

25(1 245
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Activity, but one that actually uses colored liquids to depict
the spreading out of color in stepwise fashion (a gradient or
gradation of color is produced)--and ultimate uniformity of
color,through.out the model. However, in this case, instead of
restricting the transfer only between two samples, the transfer
takes pmt -ce between adjacent cups in a series. In this way,
the system within which the transfer is taking place is open
ended. The intent is to lead into the final Activity of the
sequence where heat energy is added at one end and is (removed
by the surrounding air continuously. It too is open ended.

,This final Activity hat the children investigate the transfer
of heat through a solid (along a nail). Here they find the
same sort of spreading from the higher tempe'ratureend of the
nail to the lower, with the same kind of gradient formed as in
the earlier Activities dealing with color gradients, but the
gradient is that of temperature. Thus they conclude that
whether dealing with matter or energy, there is a tendency
toward equalization or equilibrium -a spreading out from
higher concentrations to lower.

The following concepts are developedjen MNisesunp-,IV;

1. When two samples of a liq d at different temperatgre
are placed in thermal contac , whete heat energy trans.-
fer can take place,

a. the transfer will be from the sample at the higher
temperature to that at the lower temperatUrei

b. the total heat energy in all parts of the system
remains a constant. Heat energy is conseriv'ed.

2. Although. heat energy is conserved on mixing samples pf
water having different temperatures, the available heat
energy, being at a lower temperature, may` no longer be
able'to perform certain work- -such as breaking bonds
within certain solid substances. That is, the heat'
energy has been degraded.

3. There is a natural tendency for molecules to spread
out into whatever space is available to them.

4. Molecules tend to .move from regions of higher concen-
trationr,to regions of lower concentration,: juAt as
the transfer of heat energy.

5. As the' molecules disperse, (spread aut over a period of
time), there develops a smooth gradation (gradient) in
concentration from the higher to the lower concentration
regiont.2.

Systems, if left to themselves, °tend naturally towards



equilibrium, equal concentrations of molecules and
equal temperatures..

7. The spreading out into r ions of lower concentration and ,..

the attainment of the oe of equilibrium should-be thought
of as a --iri-re-70 or ave age ffect. At the molecular level, -

somesmolecules may be ing in the reverse,direction--intc.
regidEs of higher co centration.

O

6
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MINISEQUENCE IV/Activity 1

Activity 1 The h.e.u. Revisited

rt

The children will begin this series of Activities, which is
. devoted to the tendency of both matter and energy to spread
out or become Less concentrated, by considering heat energy.
In order to focus on the spreading out of heat energy, the
quaptitative concept of the heat energy unit (h.e.u.) is re-
introduced in this ,first Ac.tivity. As in Grade 4 of COPES,
the children will discover that the heat energy in a water sam-
ple depends on the volume of will

).

as.on its tempera-
ture. The will observe that f two different-sized samples
of water_at the same templwaure, the larger sample will melt
more ice--a measure of its heat energy content., The amount
of heat energy contained in each sample of water, expressed
in heat energy units, is a product of its volume and its tem-

.pen&ture. Initially the prOduct is arrived at by a graphical
area count as_they prepare bar.graphs to represent the two
water s.amples. The heigh0 of each bar represents the temper-
ature; the width, or number of gplumns, 'rerepents the volume.
Inspection of the number of h.e.u. squares enclosed in each
bar helps the children to explain why the larger sample of waJ
ter was able to do more work in melting the ice.'". Consideration
9f the number of h.e.u. in the water mix formed by combining
the two samples then provides them with a review of the con-
cept that heat energy'rr the mix is the same as the, sum of the
heat energies of the two samples making it up-4,

MATERIALS AND EQUIPMENT:

6 polyfoam containers, minimum size 3-qt (3-literl,, with
lids

16 cups, 1-oz (approximately 30-m1), plastic or waxed
paper

2 plastic bags, approximately 11-in. by 13-in.

75 ice cubes. (see Preparation for Teaching)

1 ,roll or stack of paper t els (at'least 60)

In additidn, for each pair of chi dren, you will need:
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polyfoam cups, 8-oz (approximately 240-ml)

\"-stirrers wooden or plastic for 13-e=ir erages, popsicle
sticks, etc.

.1
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MINISEQUENCE IV /Activity 1

1 theimometSr, .-20°C to +50°C, plastiC backed, e.g.,
Macalaster No. 2662

2 pencils and/or felt-tip pens

2 pieces of graph paper, 4 squares per inch (or 2,per cm).

PREPNRATION,FOR TEACHING:

If the comparison, of the amount of ice melted by two systems is
to be meaningful, the same size ice cubes, must be used. Also,
for the conditions set up inthis Activity aa ice cube which
yields at least 1-oz of.water is needed. If the ice'is in--

cubes, then the minimum size would be 1-1/4 in. on a side.
Ice trays with molded-in sections are ideal for makingsuch
uniform cubes provided they /are filled to.the same height so
that each section yields*a cube of the specified ditimensio'ns9
They can be filled to the same height by placing into each
section a unit measure (1-oz) of water. An even more conve-
nient method of obtaining uniform cubes is to freeze water
directly in a sufficient number of the unit-measure cups. Then
each cup will yield the same size and shape "cube," and com-
parisons of the idepremaining after experimenting can be easity
made.

( k--When you are ready to begin, put 30 or more ice cubes into the
thetwo plastic bags, and put the ags of ice intotwo_ofthekol)- -

foalicconfTrilers. T e-remaini g four insulated containe14-4hould
be 2/3 filled- with water at bout 20°C.- Additional'ice cubls
will be needed for Sedtion 3.

ALLOCATION OF TIME:

About 1-1/2 to 2 hours will b,cieeded to complete this Activ-
ity; gbre time may be necessary if the children have not had,
the COPES Water Mix Experiences described in Minisequence II
os the Grade 4 Teacher's Guide or in the American. Science and
Engineering (AS&E) booklet, Water-Mix Experiments.

TEACHING SEQUENCE
4

1. Show the children one of
the ice cubes you haiTeAp.c."-
pared and ask them what is
necessary for in to melt.

n

.

COMMENTARY

The children will 'undoubtedly
respond that heat energy is
required to break the bonds
holding the molecules,in the
solid. (See the review of
this concept in Activity 1 of
Wilnisequence II.)

25(.5(.5 249
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-MIdISEQUENCE IV /Activity 1

TEACHING SEQUENCE

Which do you think would
melt more ice, water at a

COMMENTARY

Children who-have had the Water
Mix experiences will know' that

low temperature .or t

same amount of wat r At,'
a higher, templadture?

-
.

Suppose the two samples of
WAter were at 'the same tem-
p ,drature but one sample .2
contained-twice, as,much
water as the other. Do
you think -they would melt
the same ,o.r. different
amounts of ice?.

Put one measure of water from
one of the water containers
into one fOam cup and mark it
with,a "1/."'" ,put two measures
of water from the same con-
tainer,into a sepond foam"
cup and mark it with a "2."

.What is the volume of water
in each sample? .

ths.:What can you predict about
the temperature of each?

Now -have th4 child tie one
of 'the thermometers and- mea-
sure the temperature in each
cup.

Do you think the samples
differ in the atount of
heat energy they contain?

I-, How could you find out?

250

the higher temperiliure water
iwill:melt 'more ifT7 If the
children have not had these-
-exp,e_enc:es,,x let them try it
out, using, say, 2-MeasUres
of the water at 20°C and 2
measures'of 40°C water. One

__measure 9.f mater_ is _the amount
that will fill a 1-oz (30-ml)

.Ci.115'to

Even children who have had the
Water Mix experiences may be
-unsure of what would happen
in this t.ituatio

-

The samples contain different
volumes: one has 2 measures,
the otther 1:

Since each sample came from *
the same retervoir,.they should
be aCtifesame, temperature.

-/
Both "simples should...be at .20°C.

Encourage the children to ex-
press thOr.opOlions..

Hopefully, some children will
relatethe amount of heat en-,
ergy with the amount of ice
which could be melted. Thus

25J'



TEACHNG SEQUENCE
t.

The children can' work in teams
of two. Gilp each team two
polyfoam cups, a thermometer,
two stirrers, and two.paper
towels. ,Each team should ob-
-Eain -two samples of water, one
sample. with 1 measureand the
other with 2 measures.

.

After' the children return to
Weir places,°they should
pla ce the cups On one of the
paper towels.

Ce
.

MINISEQUENCE' .IV/Activity 1

,COMMENTARY'
11.

they could find out by seeing
which sale will melt more of
the soliFspic,e.

They

111

.

may find it helpful to

4 Using the same thermometer,
have the teams check the tem-,
perature of each sample being
investigated to be surf they

-`

are the same.

to

0.

e cups with a
1 and a 2. They could also put
corresponding marks on the
towel in front of each sample. ,

The'temperature stiOuld be the
same. Iiecause of slight yaria7°
'tions in response between ther:.
mometers, each team should
the me thermometer to check
bOthYswamples. If there are
differences of more than on
or two degrees in reading
temperatures,the fallowing
might pe.the causes:

a. Failure tot.,k0ad the thei---
mometer,4i eye level.

C.-\\'

b. Touching the bulb of the
thermometer with one's ,
finger.

c. Slippage Of the stem along
the plastic backing. Thi6
can be overcome by checking
again4t ot4er .thermometers, ft

for theutrue" reading and
then, with a piece of cel-
lophane or masking tape at,'
the top resecuring the stem
to thegolastic. It is im-
poltant that this slippage

-hildren will obt
not occur. O8' tNherwattathe

rro-
neous temperaturewneadings.

26
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TEACHING SEQUENCE

Next, the children, should use
the other paper towel,to ob-
tain two ice cubes. At a
time signal, each chi)ld in
the team should put one of
the cubes into one. of th.p
water samples and stir gently
with a stirrer for3 minutes.

When the 3 minutes is up, the
children should remove the ice
cubeseand place them on the
paper towel in front of their
respective cups. Ask them to
mark 'the size Of each cube on

paperaper towel.

.Which water sample melted
more ice?

/ Which water 'sample appears
to have contained more heat
energy?

; What two properties of a
water sample determine how
much heat energy it con-
tains?

2. At this point, distribute
the sheets of graph paper-1-
one to each child% They
should also have pencils.
Suggest that they use the
graph paper to represent the
heat energy in the one measure
of water at 20°C.

This can be done by letting
the height of a space repre-
sent 1°C and the width of the
space represent 1 measure.
Since the waterin their'sam-
,ple was at 20°C, they could
count up 20 spaces and make a

252

4
MINISETJENCE IV/Activity 1 p'

, COMMENTARY

The stirring should be contin-
uous.

There will be less ice, in the
cube that was removed from the
sample which contained 2 me54 .

sures, of water.

The paper towel record should
be saved for reference in Sec-
tion 3.

The Larger sample melted more
ice'.

Since the larger sample melted
more ice, it must have con--
tained more heat energy.

Both temperature and volume
determine the amount of heat
energy in a sample.

You may find it helpf
°

261
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TEACHING SEQUENCE

mark 'across the top. ,The
should do this, starting a
few spaces from the bottbm
of tO, paper. By retracing
the lines around a single
column of 20 squares with a
pencil, they will then have
represented the sample of
water., They can use felt-tip
pens to color in lightly the
squares the column. Each
square an 4e thought of as
a heat energy unit ,(11.e.u.):

How many heat energy units
are shown in this-represen-
tation? -

Next, ask the children how
they could reprQ'sent their
other samplekof water--the
one containing 2 measures
_Of water at 20°C.

How high should the repre-
sentation be? .

,How wide should'itlbe?

miATPEQOPNcE IV

COMMENTARY

iv ty 1

a grid on the chalkboard or
overhead projector aS -you,dis-
cuss the wa.of representing
this with'the children.

If felt-tip pens are,not avail-'
able for shading in the heat
energy units on the graph,
their pencils can be used to
crosshatch the area. Crayons
are not recommended because
they make
scure the
ficult to
squares.

heavy
grid,
count

marks that ob-
making it dif-,
the h.e.1.

The heat energy unit is being
defined here as 1 square (1°C)
high and (1 measure) wide, ex-
pressing the factthat the
amount of heat energy is de-
termined by both the tempera-
ture and the volume of a sam-
ple. Thus, this representation
of 1 measure of water at 20°C'
shows 20-sh.e.u. squares.

The h:e.u. was introduced in
Activity 2 of Minisequence II
in ,Grade 4. If you feel that
the, children heed a more ex-
tensive introduction to it
here, refer to tithat.

Since the temperature of this
sample is also 20-°C, t!e height
should be the same a.s before.

Since the width represents'the
volume, they must"mark off two
columns of squares to repre7
'sent the 2 measures of water

262 253
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TEACHING SEQUENCE

Have the children outline an, 4

area to represent the 2-mea-
sure sample of 20°C water. It
should be 2 columns wide and
20 squares high.

Then, aS before, ask them to
ui their felt markers or pen-
cils to .lightly shade in the
representations.

Next, review with the children
what the height and width o'f
the graphs represent. The
axis running vertically repre-
sents the temperature in de-
grees Celsius and the hori-
zontal,axis represents the

- !volume of water:°.Thei should
label the axes accordingly.

How'many heat energy, units
does the graph of the 2- .

measure sample show?

In what other way could you
have found the number of
heat energy units in this
(and the other) sample?

On the chalkboard or oierhead^
projector,\write doWn the
temperatyre and"volume of
the sartip.le. Indicate the
number of h.e.u. underneath:

X.
g.

MINDSE6ENdE IV/Activity i

COMMENTARY

in the second Sample.
wp

Be sure the children 'select two
adjacent columns, as shown on
page 256.

6

4

Again, they sh6uld count the
shaded. squares.' They will find
they have' go of them. Note
that the children are really -

,calculating thb product of
volume times temperature by
counting the enclosed squares. .

Seeing the area of the squares
on a.graph permits concxlete.
visualization of the value of
the product, V x T. However,
at this level, many children
will be ready to substitute
arithmetic multiplication for
the.graphical calcination.

The .children will probably
-realize that they could multi-
ply 20°C by 2 measures and
arrive at 40 h.e.u.

:1
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TEACHING SEQUENCE

Temp.
Volume
h.e.u.

20°C
2 measures
40

In this fashion the children
can'record the temperature

cand volume, ali" with the
number of h.e. . for both
*samples under thei respec-

. tive 'graphs on the graph .

paper. .

How does the number of
h.e.u. in_the'stwo measures
of water compare with the
number of'h.e.u. in the
single measure of water
at 20°C?

How does this help explain
why the larger sample was
able to melt more ice?

3. Now return to the experi-
mental setup: Again put one
measure of'water at 20°C into
one foam cup and 2 measures
into another. Then ask the
children what they think would
happen to a cube of ice placed
in a, mixture of the two sam-
ples. Will more, less, or
the same amount of ice be
melted by each sample sepa-
rately?

MINISEQUENCE IV/Activity 1

COMMENTARY

As they consider this calcula-
tion, you might Ask the chil-
dren if they could find the
temperature U:a sample, know-
ing its °volume and the number
of h.e.u. it contained. See
if they undeistand that divid-
ing thee h.e.u: by the number
of measure's would yield the
temperature--e.g., 40 2 =

20°C.

By comparing the heat energy
units, the childrenshould see
that when the amount of water
was doubled, the number of heat_
energy units was doubled. There
was more heat energy in the
larger sample, even though they
were both at the same tempera-
ture.

Heat energy is necessary to do
the work of breaking the bonds°
holding the water molecules to

, gethear in the ice. Since there
was more heat energy in the
larger 'sample than in the
smaller sample, as expressed
in h:e.u., the larger sample
was able to melt more of the
solid.

-Refill the containers with 20°C
water before beginningi;this'
Section, You'will al .o need
more ice cubes.,

I

Reactions usually vary here.
Some children predict right°
away,that more ice will be

I melted because of the increased
voluMe of water in the mix.
Some even suggAt that (three
times-as much will be melted -

as was melted by sample 1.,
Children who have gone throu'gh
Activities 4 and 5 of The Water
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TEACHING SEQUENCE

What would be the tempera-
ture of such a ,water mix?

What would be its volume?

Ask the children to obtain the
two samples of water as be-
fore. After recording their
temperatures and volumes, have
them pciur one sample into the4
other to, make -the mi. The
temperature and voluale of the
mix should also be recorded.
Then an ice cube can be.put
into the'cup and the contents
stirred for three.minutes.
After the cube is removed,
its size can be marked on
the paper towel. Comparison
with the sizes recorded,pn the
other paper towel earlier can
then be made..

What was the temperature and
volume of thk mix before, the'

. ice cube was put in?

t

,How many h.e.u. did the mix
contain?

How does the number of .

h.e.u. In the mix compare

V

MINISEQUENCE IV/Activity 1

COMMENTARY

ix arse, bf cpurse, more likely
respond in this way.

°

The children may or may not say
that the temperature will re-
main unchanged.

There shduld be general agree-
ment-at this level, that there
will be 3 measures of water in
the mix. .Volumes of water are
always conserved when _added to-
gether.

'Be sure that this information
is recorded before the ice.
cube is puts in!

It may be clear, tven without'
this comparison, that, more ice
was melted by the mixture.of
water than by either of the
two samples.

The temperature of the 3 mea-
.sures of water was 20°C--the
same as that of the'samples.

. .

Knowing the temperature and
volume, the product can be
Calculated arithmetically:
20 x, 3 = 60 h.e.u. However,44
ask the children to do a
graphical calculation as well.
This way they can see that the4
area of the graph is the same
as that of the ,other two areas
(of the.graphs'for the separate
samples) combined.

The children ,should realize
that the number of h.e.u. in

. 2.6u fr 257
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TEACHING SEQUENCE

r

with the number of h.e.u.
in the samples?

a

Before going on to Activity 2,
the:children should have ar-
rived at the understanding
that the amount, of heat ener--
gy in the water mix is the
same as'the.total of heat
energies in the two samples
(provided that no heat energy
is lost to the environment in
the process) . A review of'
this concept is important to
the 6ilbse-qtrent development of
ideas in this sequence.

4:2*
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MINISEQUENCE IV/Activity 1

COMMENTARY

the mix is the sum of the
h.e.u: in the two samples:
60 = 20 + 40. That is,'all
the heat energy units of the
original samples were still
present in the mix. In other
words, heat energy is conserved.

.

.
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MINISEQUfNCE'IV/Activity 2

a

AciaGity 2 Unavailable for Work

In this Activity the children will continue to focus on Ehe heat
energy contained in samples of water and on the work that this
heat energy can do in breaking the bond's in soilaids. But this
timepit is a<solid other than ice. They will driscover that a
sample of water at 50°C can melt some salol, whereas one at a
lower temperature (25°C) cannot. When these two samples are
combined, their prior experience tells them that the mix now
possesses the total h.e.u. of both the original. 25°C and 50°C
water: heat-energy is additive and thus conserved on4mixing.
But the mix cannot do the job of melting the salol! The tem-
perature is too low. The total heat energy is present in the
mix but is spread out or dispersed as result of mixing higher
temperature water with lower temperature water--resulting in a
temperature inbetween the two. The inbetween temperature rs
too.low to do what the 50°C water could do, even though the
mix contai s much more heat energy than the higher temperature
sample., lthough conserved, the energy is unavailabl --in other
words, it is "degraded."

MAT RIALS AND EQUIPMENT:

polyfoam containers, 3 qt (3 liter) capacity, with lids

1 hot plate

thermometer, registering temperatures above b0°C

1 large saucepan to heat water 0 ,

s --L-

a supply of salol (phenyl salicyla'te) &bput 1 cup

.severs narrow wooden dispensers, such as pOpsicle
sticks beverage stirrers, etc.

.
, f

2 or mere squat containers to serve as supply stations
for :the salol

For each team of two childret:

3 polyfoam cups, 8-oz capacity

2 -aluminum foil muffin clap liners or 3 in. by 3 in.
.. (7.5 cm by 7.5 cm) pieces of aluminUm foil

graph paper, 4 sq/in. (or 2/cm)
263 259
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scrap paper

PREPARATION FOR TEACHING:
/ % -

,. . .

Fill two of the polyfoam coritainerS 2/3 full with water at room
temperature (20°C-25°C) and label them with the letter A. Fill
the other t4io with hot, water (50°C-55°C). Label these with the
letter B. Lids should be placed on allIthe containers to pre-
vent the loss of heat-energY,'Partioularly from the high tem-
petature water, to:the surroundings. For this purpose you Can
keep a large sau,cepan or tea'kettle of water simmering on A'e.
lot plate .an add some as necessary; or, if 'hot tap water is

I
readily avai able', you can use that when needed. Keep a check
on the tempe ature of the hot water by means of thermometers
registering temperatures above 60°C. - a,

-,

Put out the supply of\salol in two containers. Place the diS-
.pensers alongside. AS in Minisequence II., Actiyity.1, the salol
Will be placed by the children on alumintlm dishes which can be
formed from squares of oil as described there. (See page 109. -)

- Again, if the aluminum oil muffin-cup liners are available,
they make excellent dish S.

MINISEQUENCEqV/Activity 2

S'

ALLOCATION OF TIME:

The children 1 need 1 to 1-1/2 hours for this Activity.

7', TEAcHING SEQUENCE
.

,I - ,
,,/. '

ly_,---1. Let the children'watCh As,
,,, you- ppur two- unit measures of.

I, cool water into. a polyfoam
cup. "'Put, a thermometer into

' this water sample and stir itj?
a Tittle..; Have one'or two,
children read, and' report-the
temperpure. ( Write this and
the, volume of the sample'On
the chalkboard: %

Sample A

Temperature ,20°C
Volume 2 measures

Then put two unit. measures of
'hot water, into a ther; dou-
ble polyfoam cups Put

,

a

260

COMMENTARY

11

te'cause the ,temperature' of the
hot sample tS so high,using a
double foam cup--that is, one

0

C 0

a

().
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tlfACHING SEQUENCE

1

thermometei into this water
sample. Stir it a bit. Then
have one or two children read
and report this temperature.
Record (A and the volume on
the chalkboard
0

Sample B

Temperature 50°C
Volume 2 measures

Next mix thectwowater samples
together, add a thermometer,
stir and ask one or two chil-
A3ren to read the temperature
and write it down but not to
report it to the class yet.

0
What do you predict wild be
the temperature of the mix?

The exact method the childreri
use to prediCt the temperature
is not important. After they

',have made their predictions,
the one or two who reed it
can report the measured final
temperature. After -comparing
it with prediction, the chil-
drenshould calculate the
actual number of h.e.u. in
the mixture to see that it
is about equal to the total
number of` h.e.u, in both of
the initial samples.

MINISEQUENCE IV /Activi,t 2

(

COMMENTARY

nested inside another--will
vent too great a loss of h.e.u.
The loss would show up,as a
temperature lower than that
predicted by calculation.

In order to limit the loss of
heat energy to the surround-'
ings, it is advised that the
cOld water sample be poured
into the hot one.

The children have learned.tha
th4 total number of heat energy
units is unchanged by such
Mixing. This provides a way
of predicting the final temper-
atures of such mixes. In the
example 'givoen, thp number of
h.e.u. in sample,A is 2 x 20 =
40; the number,,,in,sample B is
2 x 50°= 100; ,Therefore, the
number of h.s.u. .inthe'mix
should be about 10. 'The vol-
ume of the mix will be 4 Unit,
measures. Therefore, the pre-
dicted temperature of the mix
will be such that the number
of degrees multiplied by 4
equals about 140. By the
graphical methold, this would
mean finding the height of a
bar graph 4 units wi contain-
ing 140 square units.. The
arithmetic calculation 'would
be 140 = 4 35 °C.

The predicted and measured'
temperatdres of the mix, may
not agree exactly because of
some loss of heat energy to
the surroundings;', However,
j'hex should be close.

261
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TEACHING SEQUENCE

I

2: Now ,show the children the
supplies of salol and suggest
that they find out which of
the two samples of water will
melt more of the solid.

The children can again work
in teams of two. One child
can go to the water supplies
4 d put 2 measures of the cold
water in one polyfoam cuay
labeled A; then he or she
:Should put 2 measures of hat
water in a, double polyfoam
cup, labeled B. The other
child shauld go to one of
-the'supply stations for the
salol and place several unit
measures of the crystals in
each of two foil dishes.

ta

After checking the temperature
of each sample, they Should
place,. each of the dishes with
the salol in a cup so that it
rests on the war;

,

Ask thdm to observe closely
any cliangts which occur.

262

MINISEQUENCE IV/Activity 2

COMMENTARY

Again; if the children need
more experience in predicting
the temperature of mixes from
samples at two different tem-
peratures, 'refer to the AS&E
Water-Mix Experiments booklet
or Minisequence 'II of Grade 4.

Be sure the temperature of the
water in the containers.is un-
changed.

The children will be faMiliar
with salol, and with the alu-
minum foil dishes used for

-.melting, as a result of their
work in Minisequence II.

i
As in Minisequence I, a unit
measure is that amount of
solid which can -be 'picked up
on the end of the wooden
stick, which is marked off
at a,distance of 1 cm.

." .

4

,

Be,sur the dish,is of such a
size ,that it'canego into the
cup as far a,s the surface of
the water. It'is esstial
that the aluminup be directly
in contact with the water--not
the air above it. , .

The children will observe that
the phenyl salicylate in the
dishes placed on water frcm

4.., i .i..
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TEACHING SEQUENCE

dt

why do you think thesalol
. melted. when placed' on Sam-

.

pie )3 but not on Sample A?

How many,h.e..u. will be in
the mixture when the water
in both cups is combined?'

Now have tl* children4pr4dict
what they think' will be Ob-
served if the two samples
are combined-and the dish
of ,unmelted salol crystals
is placed on the mix.

3. The children should then
carry out the experiment to
check on their.predictioAs.

Some children will Suspect
that the water in their cup
has cooled, (lost heat energy
to the surroundings) and that
this explains the, failure of
the crystals to melt. They
can repeat with-Eresh samples
of water from the supplies, or
check the temperature of their
water to see if it agrees With
their predi4ted temperature:

MINISEQUENCE IV/Activity 2

I

COMMENTARY

the supplies labeled B soon
melt's' (the 'pelting temperature
of salol is 43°C); no change
will be obseryed *in the dish
placeeri water from supplies
labeled-A.

According to the children's
earlier calculations, sample r
contained 100 h.e.u. while 'k

sample A contained only40
h.e.u. They may reply that
the heat energy in sample B was,
sufficient tiPbreak the bonds
holding the molecules of'salol
in the rigid- crystal structure,
while that in sample A was,not.
.(This is not the. reason, as
they will'find later, but ac-
cept this _response fOr the time
being.)

There will be 140 h.e.u. in
the mix.

Since the combined sa le wil l
have more heat energy even
than the 'sample that id melt
the salol, mostchildren roh-
ably will predict that the
Crystals will smelt.

AgAin, check the temperature
of the water in the containers
to be sure it is:unchanged.

No melting will be observed!
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TEACHING SEQUENCEo.

When all attempts fail to melt
the crystals'with the combined
watel--samples, ask for an ex-

-,

plklationt

>, Doesn't a combine sample
have more heat ene y units
than either of the original
samples? Then why can't it
melt the crystals-when one
of the smaller samples'can?

Ask

*la

e children to prepare
e ore" and "afters' graphs

to show how the heat energy
was spread_out by thej4xing'
of their two samples. for
this purpose give each a
sheet of graph paper on which
to mark temperatures, vol-
umes and squares represent-
ing the h.e.u% An example
is shown on page.,265.

o

0264

r-

4I
MINISEQUENCE IV/Activity 2

COMMENTARY

410.

. Yes .

The heat energy is "spread
out" too much in ths.,_.com-
bined sample. Som-6children
may also suggest that the
temperature is not high
enough.

Note that if the children
are using graph paper with
4 sq/in., it will be neces-
sary to let. the height of
each square represent 2 °C if
the temperature /of the hotter
sample is-to be accommodated
even 4engthwise on the paper
(unless they want to paste
two sheets of paper together)

%

When the hildren give either
"low temperature" or "spread
out.heat energy" as an ex-
planation, you can show them
that these-are tWo'ways of
saying the same-.thing. When
a given amount of heat ener-
gy is spread out through a
larger volume of water, the
temperature must be'lower
than if the same amount of
heat energy were concen-
trated in a sthallet amount,
of water. You can show this
giaphiecally by. putting 24
h.e.u. in 4, 3, and 2 mea-
sures of water., T1is will
produce gaiihi'filled up to
the 6°C; 8°C, and 12°C lines
respectively, as shown in
the illustration on page 266.

r

I

ag



'4a11101(

'0*

MINIEQUENef IV/AAlvity 2

50

48

46

44

42

38

36

34

32

c.,30
p=

-- 26
CD

'a 24

12, 22

-1-20
18

-16

14
12

i0
8

6

4

2

Before mixing

...

... n ..
.....

-* ,:
.....

... . . .

`I .

.....
t ...

....

.....

.....
. . . ....

G.

After mi

4

.......... , . .

. .
. . . .. ...

. ........
.. ..... ..

. .... ...

1 .1 .... , ...
r 41

... ...1 ........

2 1 2 _

I -
Volume in measures

V

4

274



;

c.4

,TEACHING SEQUENCE

MINISEQUEnZ IV /Activity 2

COMMENTARY

10

5

I

.....

.

__

0

Volume in measures

N

.

266_

ti

o'

In the mixing example shown
on page 265,-the.temperature
of the hotter'sample was 49°C
when measured and the colder
sample e-was '21°C.' When the
heat energy was spread cOt
fn the mix, its t5fiperature
was 35°C.- From the graiA,
the childrem may notice 'that,'
in iffect, this could
`achieved by transferring
from the higher column to the '

,lowek one. In other. words,
heat energy went from khe

275
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TEACHING.'SEOENCE

Was ther" any loss cif h.e.u:
in mixing?

What_4.it the system lose?

1

MINISEQUENCE IV/ActiNity.24,

COMMENTARY

higher A4mperatilre 's'ample to
the lower. If they do, this
will provide a nice transition
to the next Activity. 'There
the clrildren will observe the
transfer of heat energy from
two separated parts of a sys-
tem and rediscover that heat
energy is transferred only
from higher temperatures to
lower temperatures, even if
there is. more heat ener-
gy at the-lower temperature.
The dhildren's before-and- \,

after graphs should be saved f

fox reference in Activity 3:
0

No. Heat energy was conserved,
as expected

It lost the ability to melt
the solid salol when the heat
energy was spread out. The
heat energy was there, but
unavailable for work because
,of the temperature.

276
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MINISEQUENCE IV/Activity 3

Activity 3 From Higher Temperatures to Lower Temperatures

A

4.
V

In the, present Activity, the children will again obseeve the
spreading out 'of heat energy, -but in thi's instance there is ,no
actual mixing of the samples of water., -IWStead, the samples
are physically isolated9from each other -but in thermal contact.,
Heat energy.can'pass through the walls of the container sepa'ra't-
ing the two. By calculating the h.e).u. before and after the
samples are in contacts children realize that again. heat
energy is conserved. They will also.observd that the heat en-
ergy .is transferred" only fr8m.the sample at the Itagher tempera-

4pture to the one at the lower temperature, no matter what the
original heat energy.content of the 'samples. Even if the 10wer
temperature sample has more.h.e.u. in it, it will still gain
h.e.u. if it%is in contact with. a sample which isiphotter. Chil-
dren will follow the changeg in temperature with time as the°
two samples are in

g%contact
and rep,resent the changes oin400rdi-

nate 4raphs.. The raphS4in'all instances portray the direction
of heat energy transfer -from the higher to the lower tempere-
ture sample. This observation, which was introduced in :r.a:de:4,

Minisequence is one of the Cornerstones of the...conceiDt.ual
scheme the DegradatiOn of Energy. In the followirig Activity
the children will observe a' very similar phenomenon with the.:
transfer of colored molecules through a barrier membrane.

MATERIALS AND EQUIPMENT:

1 clock or timer with sweep.seCond hand,

6 polyfoamloontainers, 3-,qt (3,-14t.fer) capacity

For each p4r of children:

1 ,p'olyfoam cup, B=oz, (240-m1)"
t / 46 4

1 cup, plastic, about 57dz (150-1)

2 colored pencils or Crayons,siorefer,ebly of .diferent'
colors,, such as red 'and bicuel

° 268

4
thermometers, 72CK'C to +50°C

geaphs from previous Activity
I

1 Worksheet Iy -1

pieces of graph ,Paper, 4 sq7ii1.

,
. 2 7
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C,
A MINISEQUENCE,4y/Activity,3

PREPARATION FOR TEACHING:

Half'fill 2 polyfoaM c tain4rs with'waer at 30 °C to 36°C; half
- -

fill the rest of the cOtainera with water atl5°C to 18°C,
(The hotter'water should have a temperature about twice that.
of the ,colder.) Only the cooler water will be n eded for Sec-
tion 1.

On a chalkboard or overhead projector grid, set up an example
of the before-and-after graphs-from the precede g Activity.
(See.pa5e265.) You will also neecLa gri'd-for later discus
sions of abordinate *graphing.

ALLOCATION OFTIMEI

About 1-1/2 to 2 hours will be needed to complete this
More time may be necessary if, the children have not had the Heat
Energy Transfer experiences in Grade 4..

TEACHING SEQUENCE
0

1. Have the children retrieve
'the before-and-after graphs
they made to show.ow the
h.e.u. were spread out as
they mixed,the-50°C Water
with the 20°C dater. Refe
to the sample before -and-

,tafter graphs you prepared:
,

. at the two "before"
graphs, indicate the tempera-
ture of the mixture on the
graph; of the hotter water.

`bDra'w a_ horizontal line theipe.

Does this agree with the
height af.the graph of
the mixture?

Nowtranefer h.e.u. square's
from the higher column yo the
lower one until the new graph '
is the .height of the tempera-_

tore .f9und.for the mixture.
In ef0ct the'graphs are
"evened off."

0

COMMENTARY

4.

Ityshouldt'

The width of the graph would
be the same as that of the 'two
separate sample graphs "pushed

1."

together..''

2 7

.
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COMMENTARY
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TEACHINO SEQUENCE

What about the number of
h.e.u. gained and lost?

MINISEQUENCE IV/Activity 3,

The sa
by the
gained
they' h
experi
can be

Now ask if this transfermight
representiwhat happened when
they mixed togethei-On-e hot.
and cold samples of water.

What if the two samples are
not allowed to mix physical-.
ly7 (how the chilceren'-an
"experimental setup like the
onethecy will be using.)
How could you tell i,Pthe
transfer was from a higher
temperature sample tcy a-
lower or from a larger numn
ber of h.e.ue to a'smaller?

If the discussion does not
.bring up the idea of usingtwo
samples having the same tem-
perature but different vol-
umes, them what they would
predict if a sample of 2 plea:-

sures of.18°C water were
placed in contact, but not
mixed with,' 1 measure of 18°C
water.

0

COMMENTARY

e number were givenup
hotter sample as were
by the cooler one. As
ve learned from previous

ts, the heat energy
counted for.

y
Of qo rse, in- the physical mix-
ing a 1 the water frog bnesam-
ple mingled with that from the

i

/other It would not have been
easy otell in what direction
the transfer took place. In
fact, some,children may think,
quite reasonably at this point,
that the transfer is from a
larger number of h.e.u. to a
smaller.-

See theillustration on page
272.

t

c

The intent here is tg provide
the children with a brief re-
view of Activities coveredin
Minisequence I of Clkade 4 on
the transfbr of'heat ener'gy and
to focqs attention on the di-
rectiOnal aspects of'thos,e
periences. If you feel that
the children would,benefit from
a saoweriapproach, consider
taking up those Activ4ities in
sequence. For instance, you
may want them'to,:begin by i.

vest'igating the transfer of 'r
h:etu. betweenCtwo "sambles,of
equal volume but difierent tem
perature. That would be a
situation Pike tha't in Activit;
2, but without the physical
mixing.,

k



TEACHING SEQUENCE

The children can continue to
work in teams of two. Give
eacli team two thertOmeters.
Ask them .to measure the tem-
perature of the'same region
o'f. the room with both ther -'
mometers. -

N If both thermometers do not
show very nearly the:;same tem-
perature after waiting a min-
ute or two, the children
should e)ichange the thermom-
eters,foi others. Then they -

should place,tw(k measures of
18°C water in the smaller
plastic (inner) cup, and one
measure in the outer, poly-
foam cup. Place a.thermOmetq
in eadh and read the tempera-
ture over a minute period.

9)

MTNISEQUENCE IV/Activity3

COMMENTARY

The purpose of this is to be
certain that both thermometers
in a pair are alike by seeing
if they register the fame room
temperature.-

Set out the ontainers of 18°C
water.

They will find. no change in
temperature. This is similar
to makiqg.a miX -of two samples
of water at the sametempera-

.ture. (The temperature of.t
milFis the same as that of the
individual samples.)

1 ,

s

2S_L,

)

4

6
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TEACHING SEMENCE

, How many h.e.u.lwere in the
larger, 2-mea'sure sample?
How many were in-the smaller
sample?

Hqw would you interpret
these results?

4

MINISEQUENCE IV/Activity-3

2. Since, there was no trans-
fer of heat energy at all in
the preceding situation, it is
beginning to look ai if such
transfer occurs froitt.higher

P temperature sample4M1Pa ]ower.
If so, wiat could be predicted

' in the following two situa-
tions?

Situation 1': There is one °

measure of 36°C water in the
inner cup and 2 measures, of
18-°'0 Water in the-outer clip:

.How many h.e.u. will be'in,
'each cup?

Will there be a transfer\of°
heat energy? If so, from.
where to si,ttx,e4

Situation There is one
. measure?of36°C water in the
inner cup and 3 measures of
18°C meter in the other cup:
(The same questions can be
asked as above.)

}ow assign half theAteam4 to'
investigate Situation 1 and.

COMMENTRRY

This would be 2 x 18 or 36
h.e.u. The smaller, 1- measure
sample would contain 18 h.e.u.

.

There usI be a difference in
temperature in order for arl\
transfer_of, heat energy (or
evening-off of sample graphs)
to occur. In other wordi, the
heights of the two graphs must
be different. Here, the heights
of the graphs of each samp1'
remain the same, although the.
larger sample continues to pos-
sess twice the h.e.u. of the
smaller because thedouble
number cof h.e.u, are spread
out'over the double volume.

I

.

Encourage-th cHildren -

press their p edictions as
to heat trnsierl. :Shortly -

they Will/experiioerit'to'ftnd -

out wha-t wiil happen. in the
first situat_ion,;, aIthoughceach
-sample hasthe,same number of
h.e.u.-(36), he44t energy will"
be transftrred be-cause thipre
is'a;temperatu're differenCe.,
There also a temperature
difference intituation,2, but
in this instance the coldelr
sample actually has more h.e.0
because of its lrger volume.

282
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TEACHING-SIE CE'

4 'p

If

the other half. Situation 2.
Each team should obtain A sppy
ofNyorksheet IV-1 and graph
paper.

What do you expect the tem-
peratures will be, say, af-
ter 1,minute?,

What do yoU thirik the anal
temperaturel will be?

d'

The teaMsecan divide into one

t
child who ill observe the
thermomete s';and one who will
watch te clo,2ck, call "now"

,- every m4inyte4,i and record. the 'e e.

thermoMer readings as called
ott. When tliey are `ready, the
teams should-put 1 unit mea-
'sure o,hot Water in th'e plas-
tic'c,up and the required.mea-
.sures' (2 or 3) of cold water
in hA Polrfciam cup, wit a'
thermometer isn eacb. Be Sure
that they stir each for a. ,

rtlinute and record the two.tem-
peratures inIthe appropriate
,spaces fo time "zero." The
they should Place the smalle
cup in,the larger 'exactly when
the clock shows a particular,
minute` (i.e.j when the
second hand rieaches 12) .

. Thlreafter, temperatures
should b4e read and: recorded
every half minute. ,Th

: sh uld swirl ',the conte
ge fly beetleen'I:eadin.
...

. -,,

)

4,

INISEQUENCE I /Activity 3

(

-
COMMENTARY

Note that the data will\conpist
of temperature readings on each
Cup every half minute.

By 1pme children will pre-
dict thai the cooler sample
will (yet warmer, and the hotter
sample will cool off.

Some may *6 teat the finail. °

.

temperature w41 be "in the
middle"; others may realize
that it will not because in
both cases there is more col
water than hot.

1

lit

Zf the classroom doesinot have
p clock with an-e
sweep `second hand, it any be
necessary to. synchronize the
ants And have one person with

aAswleep7second-ha'Aid,watSh cell ,
tim- for the whole\las's.

# (

f

1.
1.

*. ,

2/4

ts

1

I/

4

t

The Continued 's li g is pim-
..4portant *to*ach4 ualization
of temperature befor to,o2mTiCh

change 6f hea energ with
the room surrounding t e system
occurs..' The children ay need ,

severaa3 reminders to eep the
contents of the cups n motion.,

'a
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WORKSHEET IV-1

Situation

J

Name:

..,
1IME

ni.

TEM&'ERATURE ( °C)
.,

outer-cup
(colder sample')

inner cup
(hotter sample)

0

.
.

: '
.

1/J
...

,

t,
. p

1
. /

1 -1/2' .
..

,,.

,

.
24

. . ,

o

-2 -1./ 2
a

. .

0

3
.

1 ., 1-
3 -fia

. 4

.

.
.

k 't

.

s.,

4-1/2 '
.

.. ...

.

Coldft.Sample:

BEFORE

Temp._ oc Temp-.

K
AFTER

Volume

h.e'. u .

: ;VOlUM

4

.°C

,Hotter. Sample:

BEFORE

Volume

h.e.u.
,

AFTER ,

ee
°C Temp . °C

3

Volume'

h e .ti. ,



TEACHING SEQUENCE

.4t

Select typ cal data to place
on tie cha kboard fiom each
exper

Di4 the final temperature
agree with what you_ex-

,..

pected?
.

.

---Now- have each child enter the
.

actual data he or she obtained
on a Coordinate graph. *Dis-

`tribute graph paper and%then,
following the child' en!ssiag-
getions, label andribmber the

,

,axes of ehe grid, on the; chalk-7-
bard or overhead projector.
Next ask one of the children-
to show where one of the data
points should be triaced. F0.1.-

low, this with the plotti g 'of
a few other sample'- CtillIS from
the data table on he:bdar'
fileiyshouid then 45'...41e., t
work on their own. '2;,

4. i ,.,

Ohce the data have beehW.7-
tered,e.a.ch'child should- -aw,
the "best trend" 3.ines t 'ought
the two sets of points..

,

'4r

3. The trend /Ines of the
graph seem to ,suggest that
the hot water-decreased in
temperature faster than the
cold. water increased in tem-
perature. Ask tthe children '

what they think happened to

276
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MINISEQUENCEIV/Activity 3

COMMENTARY

'(Stirring the contents of the
cup is difficult, especially
in the outer cup where there, '

is such a small space. It.ay
also cause the thermometer
stems to slip against their
basking.)

44,

Since the3final temperature is
not in the middle, some chil-
dren may be surprised.

'

Coordinate graphing wis ".J1t-i6-=---

duced in Grade 4: If the.,,chir-
s

'Aren are! note skilled,n in such
representations, 'pleaserefer
to,the introductory Activity,,
of Minisequence III in Grade 4.

'The .data for bath the outer
ama inner cup sould be plotted..
on the same graph.- They can
use different colored pencils
or crayons\for' the two sets of
points.

811

.Note that as trend lirke need
notgo through every point.
In these cases it is a smooth

. curve where as many points.
might lie rove astow the
line. A sample for
Situation 1 is shown on page

z
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TEACHING SEQUENCE

the heat energy in,the hotter
wat,er and'the colder water
,oven the period of time:

I What became of:the .e.u.
inhthe hot sample? WhereI\ .

did th4 new h.eu gained.
by the cold sampl come
from?

How%could you find out how
many h.e.u. were lost by,
the hot water and how many
were gained by tmh,e cold
water?

tegin by considering Situation
1.i Sample data and calcula-.
tisms are given below:

4'

Colder Sample:

BO5ORE FTER
Temp: 17°C f -gm? 23°C
Voi.2 measures Vol.2.me"asures
h.e.u. 34 h.e.u. 46

Number of t..e.u.'gained 12

14 which direction was the
..-

heat energy transferred?.

Next Consider Situation'2.
Here are some sample data and
'calculations:

278
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MINISEQUENCE IV/Activity 3

COMMENTARY

The children should sugges't .

that some of the.h.e.u..inrthe
hot sample were acquired by the
cold le.

The number df
gaimAd could b:determined by,
main/ V-T graphs before and
after the transfer took.place.
If you fekl the children would
benefit from making the bar
graphs andactuallycounting
the h.e.u., co 'der sing
Worksheet 111-4 i t e Grade 4
_Teacher's Guide. pk?ever, most
children will be able to cal-
culate the h.e.u: arithmeei-
cally-at the bottom of Work-
sheet '11(-1.

Hotter Sample:

BEFORE AFTER
Temp. 35°C , Temp. 23°C
VO1.;l measure Vfil. ,1 measure
h.e.0

.)

35 .11-;.e.u-7.--

Number of'h.e.u. Ibst 12

.

They should respond that, the
transfer was from the sample,
at the highertempe tune to,
the ne-at the lows --exactly
as before. HOweve in this's'

situation, bath sam es con-
tained about thetsamsin,umber
of h.e.u, to.begin with.

r



MINISEQUENCE IV /Activity

TEACHING SEQUENCE
.

Colder Sampfe: Hott& Sample:
4s,

BEFORE , A TER BEFORE AFTER
Temp. 19°C Temp. 23°C Temp. 36°0 . Temp. 25°C')

COMMENTARY

V01.3 measure Vol.3 measures Vol, 1 measure Vol. 1 measure
h.e.u. 517 h.e.u. 36 h.e.u. 25 1

-;,,

Number of h.e.u. gained 12 Number og h.e.u. lost 11
t

., )

i

A P

Which sample lost heat en--
ergy? .Which one gained heat
energy?

In which direction, was the
heat energy trans rked?-

How did you know?

.

Help the children dome to the
conclusion, that heae'energy
,is transferred when there are
differences in tempetatur,e--

-even if the colder ample Oas
more heat energy initia4y.,

Was heat en*gy conserved ?'

When 1dild the transfer stop?
,

.0,
7

' 4 Draw simplified graph
like the following one,on the

4,

Notice ,that in 'this case the
number of .e.u. Vst by the
hotter sample.is1 lessth/t
the,number gained by the Colder
sample. ' Sometimes these two
number.s may differ by even moze

interac on between this "open;'' .

system -mod the air.sUrrounding
it over the 5-misnute interval.

In thiglapituation, tlie colder
,

sample ?lined heat entrgy
oiesi4te the fact thatjt'had.t.
Axe than the hotter sample '

to begin with.

f

e

* ' 6 4
... . .Again

l

the,heat energy was' trans- :

"ferr.e& f'r'om Wle high ,
ei toms . e

15:draure sample to tille4kowe,
. -

. i% . .

The temperature ofthehotter ....

01 4

sample'.went dowm while ,that of ,j
the c,eldercie. indresed: , :

0 4

o`

0'

t

t4h.

'Yes--what.was giver; up, by the
hOttergamkle was gain4d by
.the colder orre.

---,
,

t
.

.When the temperatIVres became
equal.' , ,

.2.3
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.TEACHING SEQUENCE

chalkboard or.overheadpro-
jebtor:

Cao .
.=

1

I

10

Sample A

L2 measures of water )

Sample B

1 measure 1 of water )

0 . 1' 2 .3 4 5

'Time (min)

Point out that the graph
represents two samples put
in cups just as in the ex-
periments they have observed.

Ask if the graph seems a.r.
right.

Direct their attention to the
initial and final temperatures
and to the sizes of the two

'
samples and ask 'if, the amounts
of heat energy gaindd and lost
agree.

When the children do the com-
putations`, they will find that
Sample A had 40 x '2 = 80
h.e.u. at 0 minutes and 30 x
2 = 60 h.e-u. at 5 minutes.
Therefore it lost 20 h.e.u.
-Sample B went from 10 x 1 =

10 h .e.u. to 30 x,1.= 30 h.e.u.

280. ,2Szi
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MINISEQUENCE IV/Activity 3

'COMMENTARY

, N i

/

I

i

.

.

,

/
The children may. say that the
liries come together too, quickly
or two slowly,'or they may
make other comments about t*e
shape of the lines.

By this time many children
should be able to calculate
h..e.u.guickly.
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TEACHING SEQUENCE

It gained 20 11e.u. In other
words, the amount gained by
one sample agrees with the
amount lost by the other.
Thus th6-2graph might repre-
sent the results of an actual
experiment.

Now dT11:7 another simplified.
graph-:\L

Sample A

( 2 wieasures of water )

With tt children, calculate
s"A,that Sample A goes from 20 x,

2'\-= 40 h.e.u.' to 10 x 2 =

20\'4.e.u. Therefore, Sample A
loses 20 h.e.u:' Sample B goes
from 36,e,X 1 = 30 h.e.u. to
59 x 1 = 50 h.e.u., gainirig
20 h.e.u.

Ask the graph represents
a possible experiment like the
one they observed in the early
part of this'Actiliity. If the
children disagree about the
graph, let' them explain, and
discuss their ideas.

MINISEQUEPCE IV /Activity 3

COMMENTARY

Here' the children will see a
gl-aph for which calculations
of h.e:u. give the usual re- '
sults: the amount-gained by
onesample is equal to the
*amount lost, by the other.
Nevertheless,'the graph .does
not represent a reasonable
set of results because the
heat energy fs shown being
transfecred from the colder,
sampld tothe hotter sample.

a

ft

Some Of the children will pro'bi-.
ably say that the graph is rea-.
sonable 'since the heat energy
gained equals the heat energy
lose. But 'other's should see
that the graph does Rot make
sense since the heat goes from
the colde'r ,sample'to the
warmer.

u0.

.
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TEACHING s4quENch,/,

If they do notpome to the
con/Clas'ion that something is
wrong/with the graph, have
them tell you what it shows.
Which sample is hotter at
the start? Which sample
gains heat;.energy? Is the
heat energy transferred in
the way you would expect?

If some children are still not
go.rfinced that the graph is
wrong, let them set up an

. experimeiV to test it
a plastic'" cup and" a polyfoa
cu putting a 1-measure sam-
ple of 30°C'water in one and

i a 27kileasure sample of 20 °C f .

1water\An the other and con-1
tiuing as .in the early part
of/t4s Activity. : The re-
sOting coordinate graph will
,not ldo)evlike the one in the
illusti.ai''ion.

- a

74.
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MINISEQUENCE IV/Activity 3

COMMENTARY

Sample' B is hotter. But C'i.t

gains heat 'energy:, In the
grapik, the heat eal...ergy is not
transferred from hot to cold
as one would 'expect.

The point of this section is
that a heat energy transfer
graph''of this sort can be
wrong even if the number of
h.e.u. is right,. That is,
conservation oe energy is not
the whole story. The direc-
tion of the spreading out of
energy is also involved. Heat
energy flows from,regions of
high temperature to regions
of low temperature--an example
of the "degradation of energy."

4 .
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Activity 4 From Higher Concentrations to Lower Concentrations

MINISEQUENCE IV/Activity 4

When a high concentettion of 'molecules is placed within a sys- -

tem in which the molecules can move, the natural tendeocy is for
them to spread-out through the available spAce. In the previous
Activity; attention was focussed on:the evening Out' of temper-
atures. The children observed that heat energy was tranYferred
from one part'of a system to another in the'direction of the
lower temperature. In this Activity, similar observations and
conclusion's can be made about the two parts of a system--but in
this case the evening out'will be of"the.numbers of.molecules of
a substance in water. This property, the concentration, can be
readily follpwed,i'n this instance because the molecules are col-
ored.

The children will be.working With solutions of yellow and blue
food coloring. They will follow -the transfer of the dissolved
molecules by the change in colorgin'different parts of the sys-
tem. The systems will consist.of the colored solutions sepa-
rated from clear water by the walls bf a cellophane bag through
which the molecules can move. The concept and the technique of
working with these "molecular sieves" were introduced into the
COPES curriculum in Grade 4. 'Heire the children will obeerve
that molecuqes.spread out from regions df higher concentration
to those of lower concentrationnever the reverse. Once_the
concentration'On either side of the cellophane walls is the
same, no further change is noted.. Hypotheses are develOped
to explain this condition o "equilibrium." Are the walls
clogged? C.Ilan the molecules move only in one direction? When
answers to these questions,--are pursued-139 the chilalyen,-they
find that even more dilute'solutions will spread inlo.the avail-
able water--the walls are not clogged. They also find that the
molestles can move in either direCtion, but always towa,rd's'the
part of the 'system at, the lower concentr4'tion. In the'next Ac-
tivity, they will simulate this behavior with a game of chance- -
"blind" selections of colored beans as they are exchanged be-1'i"
tween two cups. /

MATERIALS AND. EqUIPMENT:

1 bottle (1 oz) of blue food colrinlr,

1 bottle (1/8 oz) of yellow food coloring,
.

2 transparent containers of at least 1-liter (1-qt)
voluMe

292
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I funnel, any size:

MINrSEQUENCE,IV/Activity 4

/

-'4 Containers, with pouring spouts, such as teapots or
pitchers

1 sheet .2.f filter paper or 2 paper towels to fit the
funnel

1 pair of scissors
,

1 roll of dellOphane /ubing (about 3 cm (1-1/8 in. wide)
/ (at least 600 cm (20 ft long)*

430 'or more transparent plastic. cups, or baby food jars

30 'or more clothes pins
4

L, 3-6' cups, 1-oz (approximately 30-m1),.waxed paper or
" plastic (optio1nal)

2-4 plastic sandwich -size. bags with seals (optAaal)-

calcium chloride, about"1/4 lb (optional)

*The cellpphane tubing'used this AVivity is similar tb that
sometimes used as sausge casings and the same as that ca filed
for in Minisequence IV of Grade 4. It can be ordered from some
butchers or from a scientific supply. house where it will be
listed as "Dialysis Membranes, Regenerative Cellulose Seamless
Tubing." A 100-ft roll will be", more than adequate for this
-1Tinisequence. Since about'20 feet are used, the 100 -foot roll
can besharid with other clapses., Ordinary commercial cello-
phane will not work because it has a water-proof coating on it.
Plastic wrap is a different material entirely and cannot be
substituted for cellophane.

1

PREPARATION FOR T CHING:, -, -'
i

' .

Make up -a ]niter o blue solution byaddifig 1/4 teaspoon of blue
food coloring to a liter of wate -Place the, dilute blue solu-
tion 2ctmtainers with pouring

\
pouts. You will also be mak-

ing up h liter of yellow solution in front of the class by add-
ing 1/4 teaspoon of yellow food coloting to a liter o4f water.

. , . . .

Cut 30 pieces of cellophane tubing, each about 20 cm -(,8 in.
long. Allow the pieces to soak in water fok at least 15 m n-.,
utes prior be -'use.

1
1 If you will be doing ge-the Extended Experience with he children; -
follow the directions for making the calcium chlorde solution
given there. That experiment, which muSc be observed foy a
long period of time, should be up at\the beginning of t h i s

.-- -.
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Activity.

MINISEQUENCE I Activity 4

. IL.

ALLOCATION OF TIMES
_

1

-

..0

The children will need about 1 to 1-1/2 hours of .class time 64
complete this'Activity. However, observations mutt Joe*made over
a period of several days even if the Extended Experierice is,.

'

not undertaken.

TEACHING SEQUENCE

1. Prbpare the lit r f yel-
low solutiop in fro the
children. As you add the food
color to the water, ask the
children what they observe.

.
Focus their attention, on the
'transparency of thesolutimip,
Can they:see the molecules.

(
hat if you filtered this

'solution? Would the liquid'
,'coming through contain the
dissolved yellow molecules?

Set up the funnel and filter
a small portion.pf tle solu-
tion. Be sure all the chil-
dr'en scan observe ,the liquid
coming through, which will be
just as yellow as the orig-
inal'solution.

Passargdnd pieces of filter
Eiaper) 'or the paper toweling,
.and -have the 'phildeen hold
this,g_to the light'.

Canicou observe any holes'
% in it?

What can you say about the
s1ze of the Yellow molecdles
compaed with holes in
the paper?

COMMENTARY'

They should notice the spread
of the yellow dolor throughout
the water.

Not 'the7inaiyIaual ones. Only
the.calor that a great many
molecules impart to the solu-
jion.

You might want to tell the
children that food color is
itspAf a very concentrated'
solution of colored, molecules
in some water and alcohol.

1.

Place the 'remaining yellow
soltAion in two ,containers
with .pouring spouts.

k'he.yellow molecules must be
smaller since they were able'
to pass through. If the chil-
dren leae had experience

23i 285

O



TEACHING SEQUENCE

Show the children the'cello-
phane tubing, tell them that
it acts like an even finer
."sieve," and, suggest that
they see qthe yellow and
blue s8lut2ons iriNgo through
it.

Give each team of children a
piece of moistened cellophane
tubing. After the'bottom knot
'istied and the tubing blown
up, otie member a ,.f the team
can p'urkin some (30 ml or
1 oz), of the dilute yellow
soluti
tainer
The of

n-frowonq.of the con-
with a'pouring spout.
er team member can fill

his or er cellophane bag with
some of\the dilute blue zolur
tion. After filling, have
them Carefully. rinse of the
outside with water (to ensure

that ho colored_solution acci-
dently spilled on the outer
part of the bag). They cah
then place:the bag in a'cup
o.f clear.water with the open.
end clipped t9 the rim-61-the

(or'glass) with a clothes-
pin.

4

Encourage the children to "keep
a -record of the observations
they make. Such arecord
might include:

NUNTEQU4NCE.IV/Activity 4

COMMENTARY

1separating sized
particles with sieves, they
can see that the filter paper
is functioning as a very fine
sieve alsp.

The children can continue ho
work in pairs in this Activity.
If you want them to work indi-
vidually, alter the Materials
requirement accordingly.

This tubing was used in Grade 4
'Activities to help establish
the existence of the tiny par-
ticres called molecules. If
the children are not familiar
with the techniques of tying °
off, opening, afd filling the .

"bags," take so tfm to show
. them how: remOye a oaked
strip 'of cellophane tubing
from the water. 'Tie'oft one
'end of the tubing adout 1 in.
(2.5 cm) from-the &ma. Do this
by making a knot in the tubing
itself. Rub it betweeriy'our.'
fingers untikthe sides become
separated from each other.. You
can then brow'irito the tubing
tbopen it.

114

Liquid inside
,

the bag
Liqu.i..d

-, the
outside'
bag r
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.
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MINISEQUE*E IV/Actiyity 4

TEACHING SEQUENCFQ COMMENTARY

Have them observe their solu- This part of the Activity will
tionS from time to time over require only a short time to
a period of a f,ew hours to
see what happens.

set up,,but observi.tions
be made over a'iperiod of
al hours or the next day:

sever-
-

s.

to

fe,

,"

2. AsK the children first to
descri4e and then to explain
what they saw.

What do you think happened?

A

The children will have obse ved
that both the. blue and the el-,
low colors have appeared i the
water outside their respec,ive
bags. .The yellow, however,
should have appeaied outside
befonke the blue.

Based;on, their rDbservations,
some of the colored mole.ules
appear tohave moved fro in-
side the' bag to the outsid4.

287

ti



I

'1

TEACHING 'SEQUENCE:

S.

a

After he children lift the,
bags-out of the cups, ask:

DoyOu observe any'differ-
ence in color compared t'o
the solution you started

,ewith?
. .

Where di&)the colored mole-
cules go?

MINISEQUENC IV/Actiyity 4

COMMENTARY

If some think that there'ls
leakage of the solution through
the knot, have' them fill an
'other bagand insert it in a
cup so that both ends arelstick-
ing up. (No -knot will be in
contact with the surrounding
water.) They, will °bap-rye the
color outside the bag'everi with
this setup.

Do molecules always move
from inside to outside the
bag? How could you find
out?

To find out, they should sug-
gest reversing the procedure:
place clear water in the bags
and colored solutions in the .

cups.

288
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'A this point it would be
dvisable to have 'one tube
with theOtiginal yellow solu-
tion and one with theoiiginal
blue solution for -comparison:
Depending upon. how long the
experiment, was running, they
may observe that the-color
inside the bag has.become
lighter than the control.

Th4ough the-walla of the bag
and'into the water surrounding
it.

The cellophane bags, may be
rinsed And reused. Ifo'allowed
to, dPy., care must .be taken not
to- bend the cellophane ecause
it will be b0.ttle and maylb
cras,k, But" once rinsed, the
ba6 c,an be' kept for a period
of time moistened. (Thy can,
not be kept indefj:nitely.in
water since mold may \gr.ow.)

Tbe team members may, alternate.
the colored solution each works!
with.' Again, these molecular
sieving experiments take 4ide.
The children will have to ob-
-serve their setup' over a period
of hours, or the next day.



TEACHING SEQUENCE

31 Again ask the childten'too
describe-what they saw and
then try to explain it.

What changesoccued over
time?

, What can you infer might be
happening?

When might this process
stop? Since the colored
molecules are movi'ri4into
the bag, do .you thOtk they
will all land inside the

4 bag?

4

rt

4: After several days, the
children should find that with
either system (the blue or the
yellOw), no further change is
evident.

/
MINISEQUENCE IV /Activity 4

COMMENTARY

this experiment, they will
h ve to lift out the bag to
o Serve changes since the
s rqunaing liquid is colored,
and, thus itois n t possible to
vi w any changes n the bag.

Thecolor lightened in the clip;
the
cam

clear waterin the bag be:7'
colored.

.Appa ently the colored dis-
sonr d molecules are again
movi g throngh the walls'and
into the olear'water.

Enou age, them to allow this
exper ment to continue for
sever 1 days to seewhat fur-
ther hinges might take .plaee.
Actually, once the concentra-t.
tion ( gmber of colored ole-
cules n 'a unit volume of
,soluti n). becomes equal in, both
parts f the system; no further
change' will beN;2viden. Move-
ment m y occur back and forth'
across the walls, but vhateve'r
goes in will be countered by
what go s out.' The.net.effe.ct
will be no observed change.
The Sys em'is in equilibrium:
The mol cules have spread them-
selves but evenly over-the
available space.

t

Since they mightobe observing
thrdugh different amounts of
colored solution, the only way ,

they could be-sure that the
two parts'of the 'system even-
tually end yprim equal concen-
trations is to remove the same
amounts orliquid fromthe cup
and from the bag and compare '

their' color. This can be
convenientlX done by pouring

289



TEACHING SEQUENCE .

Does this abservaionmean
. that\the coloredimolecules

can't move through the walls
anymore? Why do they think' '

.no more color change is ob -,
served?

Now give the children access
to more cellophane tubing
(rinsed will be fine), blue
and yellow solutions, and-
transparent cups. Encourag
them to use the materials to
help answer any qu'estions or
hypotheses they might have
about the conditions under
which molecules move through
the cellophane walls.. The

4 following are some questions
you might raise if 4hey are

A not generateid by the children:

What will happen if the
lighter solution in the bag
(after it has comeeo equi-
liprium with the,surround-
ing solution) i placed in
clear water? Will the `col-
ored molecules

14.,

move'across
the walls or will they
spread themsel-ves out even
thinner over the bag and
the surrounding water?

t.

'MINISEQUENdE IV /Activity 4

COMMENTARY

4

a small amount of each into a
1-oz cup. If the cups are
white, all they ne9d do is
observe each side/ by side from
above. .If the cups are trans-
parent, place them on white

-'paper,

Responses might include, quite
correctly, that only when con-
centrations are different will
there be movement across the-
membrane,(jus as only',when
temperatures Are different will -

there be.a flow of heat energy"?'
but don't press for this .an-
swer. Some may respond that
the walls are clogged!

IND

. 0
. e...---

t
t

r The wa....in which you conduct
this past of the Activity will
depend, somewhat on your own
style as well as on the chil-
dren's inclinations. .Hope-
fully, they will have at least
one or two ideas of their own
which th.eS, wish to investigate.
They may discover each o'f the-

(

ipossbilities. which'are.sug-
gested on the left, as well- as
others. 1 ,

,

;-

They Will find that there is
a transfer of more colored,
molecules into the clear
water.,.

29
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'TEACHING SEQUENCE

now long(will this continue?
If they keep placing ligtiter
bags in Clear water, will
the color inside the bag
ever get darker?

If a, lighter colored sol,u-
tkon is placed in a bag
which,is then immersed in
a darker solution rather'
than in clear water, will
the,molecules continue to'
move out of the bag?
1

Do the molecules in both-thg
yellow and the blue splu-
tions behave in a similar
manner?

What happens ifthe blue
solUtion is placed in the
bag-Ad the yellow solution'
in the surrounding cup, or
vice versa?

What happens if the blue
and yellow solution -r' area
mixed together, placed in

. the bag and,the-bag i,s then
pieced in 'clear water?,

5. Di scuss the results ob-
tained in any of the above
experiments' which were per-
fOurted by the childten. If,
new questions are raised( you
may wish toEirovide more- time

' for experimentation.

MINISEQUENCE',IV/Activity 4

COMMENTARY

They will find that movement
is.always from the higher
Poncemtration.of color to
the lower.

4
I

No -the colored molecules Will
move in, until equilibrium is
reachwi.

Yes.

.

The blue and the yellow will
both cross the membrane, orm-
i'ng a green colored'solution

,

in the bag and in the cup.

Both the blue and the yellow
particles will go out of the
bag into the .water, the yellow
before the }1ue, just as if
they were in the separate

,-
Mdst of the discussion can and
should follow the children's

.

interests. The conceptual pur7
pq.se:of thd ActiVity will.have '
been served -if thechildken

;-,

learn that-the (net) mow of
colored molecules is -from the.
regiomwhef_e.they are more con=
centrated to'the region where
they are less conbentrated.
]f two kinds of colored mole-
cues are Concentrated in two
'different places (e.g.; yellow'
in the,bag and ,b cue outside)., .

they wil1observe that th-e yel-0
low molecules 'aill move away

.from_ the space( where'they are
concentrated; Similarly, the
blue will move into the gpftpe

'-'"
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-TEACHING SEQUENCE

Finally, fil[ two cellophane

,J

bags with b,,lue solution.
Place one in a cup of the
same blue solution and another
in a cup ofyellow solution%
how hese to the class and

a 'he children-to.predict
what will happen in each
case.

Ask how it can be that blue
comes out of,the first bag ark
not out of the second..' Dos
this,make sense? ,Do the blue
molecl..4es "know" tlir'ffiffer-
ence between the'yellow-moIe-
cuj_es and'the blue ones that
ae outsj.de?

You 14'11 consider asking &he
childr n why they think the

,+\tolore" molecules move Ifrom
regions of higher'concentra-

' -tion to regions of'lower con-
centration. You might also -

want to consider asking them
,i4 they see any similariti
between the transfer Of the
colored particles and the
transfer of heat eneilgy in
the preceding Activity. Do
not look'for answers, nor
give them answers: Encourage
them to express'their ideas.

292
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COMMENTARY,

where the blue is dilute.

4

They will probably predict
that nOthiltg will happen in
the first ,case and that blue
color will come out, and yellow
colon go in ta_Make green .in
the second case.

Do not answer, these questions,
nor indicate that later activ-
iti.es will provide a model to
.help answer them. Some child
may suggest that perhaps blue
does come out inboth cases,
but that it it not seen in
th9 first case because just
as much blue goes in. If. &to,

have the class consider the
suggestiOn. They should tee
that itis at least a reason-
able possibility, and would
eliminate the need for the
molecules to "see" each Other.

r

'.The children may not yet sense
the similarities in the `obser-
.

vatgion that when concentrations
were different, there was
ment across the cellophane,
membrane; when temperatures
were different, there was a
movement of heat ewergy across
the plattic cup. Also, both
transfers,stopped when the
temperatures or concentrations

30.1.



TEACILING SEQUENCE

EXTENDED EXPERIENCE:
%

MINISEQUENCE IV /Activity 4

'COMMENTARY

became equal. Could higher -

temperature substances some-
how be considered to be at a.
Ihigher."concentration?" If so,
.'a.higherconcentratio*4pi what?
The children will ,cons3:0er,
these timilarities again in
the next Activity.

An interesting experiment can be set up that willreinfo'rce the
idea that within a system, a solution will tend to become more
dilute if water is available, just as the colored solution did.
A 1-oz (30-m1) cup of water and a 1-oz cup of saturated calciuM
chloride solution can be .made into one system by placing the
cups in a-plastic bd'g which is thenitealed to isolate it from
the 'surrounding air. Over the period 4f observation, which
must beat least two w s, the children will observe the grad-

' 'ual transfer of water nt the salt solution, resulting in its
dilution. Eventually all th w'ater.will become part of. the
salt solution! This henoMenon adds to the increasing evidence/
that concentrations of molecules ilatliirally .tend to spreakout
to become evenly dittributed. The difference here is that3osonly
the' water molecules can transfer--in 'thefcrm of water vapor
within the, sealed bag.

As indicated in the Preparation for Teaching, it is suggested
that the experiment be run concurrently the others in this
Activity. Periodic O1/4Joservation of the cups, which should be set
aside in the classroom whereJthey will not be disturbed, can be
made on into thq foll9wing Activity and beyoncl,if necessary.

Start 'to prePate a saturated solution of calcium chlitide at
least, the day before-the' children will need'to use it. .1teep
on adding solid, while stirring, until some appears not to dis-
solve. The next day, or after several hours, try to.digsAZ.ye
more. Once you are sure no more will dissolve, let it cool to
room temperature. (1'f it is &e.hydrated, the salt will -initially
use some water to re-form the hydrate salt, with, of course,
the liberation of heats if it is hydrated to start with, you
may want to'use warm water to make the solution, in order to
ens4re saturation.) The solution may form a scum on top, which
will not interfere. Two oz of water, more. than enough foe two
'setups, will absorb about 1/4 lb 'of calcium chloride, which is
extremely

. .

The children can set up their bag systems as ,follows: In one--
the control-,-have them place 1-oz cup of water alone. The cup
sho.kld be filled so that the level is,about 1/2 cm from the top.,
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MINIEQUENCE IV/Acivity 4

gave them mark the water level 'on the outside with a crayon.
ThiS will,serve as a measure of the amount of water at the
start of the,experiment.* She cup of water should. then be
placed in a sealed plastic bag. In the second plastic bag,
they should place 'a 1-oz cup of water, filled to the 'same
(marked) level and a cup of the saturated calcium chloride
solution. This cup also should be filled to about 1cm
frOm the top and its initial level marked on tp.,e outside of
the cup. This bag, too, should be sealed.

After at le.ast 2 weeks,.th'e-children can-report their observa-
tions. There should' be no observable change in the water level
in the control cup. In the other system,"the,,w..ater level will
be 1oWer and the solution level higher. After several more

.

,weeks, almost all the water from the cup of plain water- w.1.-1-\
have transferred to the cup with the solution -it may even \--*
overflow!

-

-How does this situation compare With the transfer of the food
coloring? In both, instances there appeared tcobea movement
from a high concentration to a lower one. ..But 'the' case of
the food colors, btSth.the water and the food color molecules
could move. Here only the water molecul4s Mtved. Help the
children see that in both4caseS', the ehd kesult-ime%that a
more dilute mixture resulted. .'The, calcium chlokide molecules,
or the food color, were distributed among-more water molecules.
This situation- is anadditional'example of the natural tendency
of concentrations of Substances or .of energy -t.o;d.i.ssillate.
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Activity 5 A Model of the Transfer

In this, Activity a model of the transfer of the colored mole-
oules from regions of high concentration to regions of lower
concentration is presented in the forM'of charice. In
the, game "blind" 'exchanges are made betWeen of, beans:
Initially one-Cup contains blue and'white beans, simulating the
bluesculAion:the9thercontainsonlywhitebeariS,-sirnulating
water -tone. Eventually after a few exchanges, the(children
observe that the numbers of blue and white beans tend to even
out between the twd..cups. Furthermore a graph of 4the numbers
of blue beans in each cup as the exchanges take place results
in a representation very much like the.one made in Activity 3--
the one showing the change in temperature with time when hot and
cold water samples are placed in thermal contact. By means of ,

this bean - exchange model, the children-are helped to come to
the idea that the transfers ofheat ,energy and of the dissolved
coloied molecules might both result from chance'exchanges.
,What is observed--the leSs concentrated region gaining from
the more highly concentrated regionWItos the net result. The
children also use the model to 4helfAiplain the unidirectional
character of these transfers, another major concept in the
Degradation of Energy.,

o

MATE4IALS. ND EQUIPMENT:

1 lb of Navy (pea) beans'

1 aerosol can of blue paint

32 cups or glasses, transparent, (The "old-fashioned"
'glasses suggested for use in Minisequence II would be
a gpod choice.)

1 glass - marring pencil

30 copies of WorksheetIV-2

.

60 pieces of graph paper, 4 sq/in.- (or 2/cm)

30 copie$ of Worksheet IV-3

PIZEPARATION FOP. TEACHING: '
Start the preparation a few days kilafore you
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Activity:* iplace about one quartqr of the bdans, (1/4 lb), in a
large, shallow box a ventilated area. Spray them with blue
paint. After the paint haS dried thoroughly, stir the beansk
to expose their unpainted sides and respray them. By repeating
this a*few times ydu can 4,et a group of blue beans which are
clearly distinguishable from 'ordinary white beans. Each team
will need 60 ,white (unpainted) beans and 20 blue ones. You may
consider,substituting white (or colorless) Marbles,and blue-
marbles for the beans if you'have a sufficient supply. It is
important that the "feel" of the white and blue objects be the
same s as not to influence the "blind" selection. If any of
the bl e on white beans are,much smaller or larger than average,
they, hould be discarded. You might ask a few children to help
you ickly sort out such beans. They can so help by number-
g half. the cups with a "1" and, the other ha with a "2".

ALLOCATION OF TIME:

The children will need 1-1/2 to 2.hours to complete this Activ-
ity.

NG SEQUENCE

'1. Suggest to the children
that in-attempting to explain
the.Oserwations'they made in
the preceding Activity it
might be helpful to, develop
a model of how the colored
molecules might have moved*
from one part of the system
to another.

When you began the experi-
ment with blue food color
.in the cellophane-bag, what
did the system.look like?

Show the children the supplies,
of white beans and blue beans.

How might the ipeans be set
up to represent."this,system?

Eventually the children should'
'arrive at, the suggestion that
the water could be represdnted.

.296

1

COMMENTARY

The intent of this ActiNfity
to provide a' plausible, large-
scale model -Co help explain the
observations made in Activitie
1-4 of this sequence: However,
the children begin by attempt-
ing to account only for the
transfer of food color from
regions of higher concetra-
tion to regions of lower con-
centration.

The cellophane bag contained
blue solution; the outer liq-
uid was clear water

Some may suggest ,thA the blue
beans be 'put in .one place and ,

the white in, another. If so,
ask if one part of the experi:
ment.41 sysem contained tonly
blue molecules.

30u
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TEACHINGbSEQUENCE

by the white beans and the
blUe solution by a mixture of,
blue an-d, white beans. Th -en

'ask two children to help set
up such a representation so
thi't everyone can see it:
Have oneNchild count twenty"
blue beans and twentywhite-
b,eanssnd put them in a cup
npmbeell<1. Ask another child
to count out forty white beans
and put them in a cup numbered
2.

Whenithe two children have
finished counting out the
beans,,have one ofsthem close
his or her eyes.While the
other gives both cups a stir
to mix the beans. Then have .

the fir&t'child- reach-one hand
into each clip,qtake out .two
beans _from each and place them
in the opposite cups.

4

A

After the cups are again
stirred, an,911again without

MINISEQUENC /Activity 5

p

COMME

After this first exchange, 4
beans will have -changed places.

30 (.3
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TEACHING SEQUENCE'

looking, the first child
should switch two more beans
frore.each cup to the>other%
At this point have the second
child count the number of blue
beans in each cup and report
the result to Jhe class. Then
repeat the al:oche procedure,'
with a third and fourth ex-
change of two beans eachoway.
Again hav,e the number of blue
beans in each cup-counted and
reported to the'caass.

Ask thechildren what they ex-
pect to happen to the "blue
bean odUnt" in each cup as
more and more exchanges are
made. Ask them how certain,
they are of theiK.predictions
and whether they think every-
one would get the same results
if they tried the same experi-
ment.

2. ' pn.c.o. the children are sure
-of the procedure for setting
up the cups and for the ex-
change of the beans between
the cups, they can perform the
experiment, in teams of two.
Each team will need. 60 white
beans., 20 blue beans-"'and two '

cups, (numbered 1 and 2).
They'will also need two copies
of Worksheet IV -2. They
should. count and record the
number of blue beans remain-
'ing in cup 1 and those appear-
ing in cup 2 only after every
two
Be

xchangesof E,our beans.
re they reali/ze they mutt

. share the task of making blind
selections from the cups and
that the_ beans should be i

mixed in each cup before a
selection is made.

s'

Let the chi dren discuss the
results thell observed as they
performed th repeated

298
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COMMENTARY

As the children are "blind se-
leCting" the blue or white
beans and shifting them, refer
to the shift of blue food color
molecules or the shift of.water
molecules.

After the fourth exchange,, a
total of 16 beans will have
changed places.

They will probably - expect the
beans to hecom0 mixed in both
cups. But some-may'expect
something else, such as all
the blue beans moving to cup 2,

If the exchanges are done
properly, there will always be
40 beans. in each cup. .If they
.1-1d that there are more or

less than that' number either
of.the cups at any point, they L

can take out the extra beans
from the cup havirfg more by
holind.sel.ection. They will
thqz1 have,an equal number of
botany in each cup again.

No doubt the chiO,ren will
have noticed that the colors
berme "mixed up" as the

ti
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TEACHING SEQUENCE
.

exchanges of beans be.Eween'the
;two cups.9Below'i a set oS

,

actualsample data fro n actual. V

experiment:

<
NUMBER OF
EgCHAN6A,OF
FOUR BEANS

NUMBER' OF CLUE
BEANS IN:
CUP 1 MD 2

- .
0

. .

20 0

2
.

. 18

.

2
.

4 15

.
.

_5'

.6

.

. 14 - . 6-

& 12 '. 8

10 .

\
12 ' 8

12 -', 8

..14 , .." 11. 9.

16k - J. ,

-

'-8

, ,

18
.

ll
.

9

_20 12 8

,If nozone mentions the
larity between this and ;the
experiment' with 'the h'lue food

.color! you can ask tow the
results compare with that
experiment. This should lead
tor the realization that just
'as in the preceding Activity,
.the net teansf-r of blue co4r;
is away from the region of
hi,gher cpncentratioh and to-
,watd thekiregion'of.lower con-
centration. Thies it seems to
be,a good model. In the'pre--
vious case, it'was the trans-
fer of invisible blue unit
particles orvmolecules; here
it is blue ,colOred beanA

300
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0 '

COMMEINTARY

exchanging went on.` Perhaps
they will also. have noticted./4

a
that the final distri,but,ion
of blue beans stayed close to I.,.

being, equally dividabetweenl
the two cups.

4
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MINISEQUENCE I 1-
11.9

TEACHING SEQUENCE

3. Next, distribute graph
paper and a.o,k the children to
graph their data. They should
use difexent colored pencils
or crayons for, the two sets
of points.

20

Y

COMMENTARY 2

Uj

c

-
3.

i

6 lo . 1.4 16 .16 -

.Number of exchanges of two beans

After they have graphed the
points, the children should
try to draw the best smooth'

310
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TEACHING SEQUENCE .

Wkt.1
curves passing .ehrougp or'near
most of the psirits, as shown
in the illustration: When
they ad, most of them will
realize that they drew similar
"trend lines" in Activity 3
when graphing the data on
temperature, changes a,9'heat
energy was transfe<Fed between
two clips of water. However,
-the children may point out
that-in some cases--as in the
illustrated data--the trend
lines don't "come together"
completely as they did pre-
viously. They also may be
puzzled by the way in which)
the' data "jump, back and forihw
towards the end of the ex-
changes. If not, you might
ask:

What do the individual
counts show at the. 16th,
18th or 20th exchanges? Do
the counts remain steady or
do they appear to fluctuate?

Why do, you think this is so?

a

Some of the children ray think
that they totped too-s6on"--
if they carried out moreciex-
changes,-the 'same numberf
bluexbeans would eventually
end up in each cup. Such
children mM, be interested in
'continuing thle- mixing beyond
twenty to thirty or even more
exchanges. Encourage them
to do so.

302

MINIQUENGE IV/Activity 5

COMMENTARY

k

The chil;dren may point out that
four beans are movipg back and
forth at each exchange. Since
the individual c:Ups contain
only 40 beans, this is a large
proportion.of a small sample.
Also', by ,chance, the number of
blut beans taken out of one
cup may be counterbalanced
exactly by the number put in
from .the othercup..

a

This kind of experiment will
show that once the colors be
comemik0, little More change

,p11
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, TEACHING SEQUENCE

What if thd sample and. the
number of exchanges were
larger? Wodld the final
fluctuations be as 'large?

a

Howecpuld.ycu achieVe the
effect of a larger sample
with the data you have
already taken?

010

MINISgQUENCE IV/Activity 5.
, 1

.COMMENTARY

is,observed. That is,'even
though exchanges are still tak-
ing place between the cups, thd
,ratio of'81ues to whites,ini-
each cup remains about the same.
If you did not know that beans,.
were being transferred, but
only lOoked At the two cups
over-,periods of time, you might
infer that "nothing was-lhappen-
ing." Th'4, this would provide
a nice. opportunity for a dis-
cussion of the idea of dquilib-'
rium or'a "steady state."

There would alyays be fluctua-
tion but this is one way it ,

could be minimized. If you
wish, andif some children are
interested, they might increase
1I the numbers of beans by a
factor of five and then try
repeating the experiment. In
other words, thdy-would put
100 blue and 100 white beans
in one cup and 200 white beans
in the other; and they would
transfer 20 beans instead of
four beans in each exchange.
Then they can grag.kthe resultd,
They will find that this gives
reasonably smooth lines of
points similar to the 'results
of averaging in the next Sec-
tion. The fluctuation will be
a much sma4ler fraction of the
total number of blue beans in
the larger sample.

The children could combine and
average the data for several
teams. As the ,children have
learned in earlier grades off.
COPES, the averages of.several
measurements provide more
reliable. results than any one
indiyidual measurement. (See,

Activity 5 of Minise-
quence V in Grade 5 and the
sequence on "Averaging amid
Sampling" in Grade 3.)
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TEACHING SEQUBINCE

4. Divide the, class,into
groups of five. 'Pairs'of
children who worked. together
in the previous Sections
should,be separated so that
each group will have five
'different sets of data. Gixe
the children copies of Work-
sheet IV-3. On 'it' they can
fill in the five,sets of data
that 'members of their group
took in Sectio.n 2, ahove. .The
results can thgnbe averaggd
in whatever.way they wish.

After the grodpk of.children
have Calculated the averages
for each of the points, they
can graph their average re-.
sults in the same way that
they previously graphed the
original results.

oillHow does this graph cotpae
with the one whiCh showed
temperature changes. as
heat energi, was transferred
etween two',cups of water?

Ask they children whether there;
Mightsbe some reason for the
graphs to be similar in the
two activities.

304
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COMMENTARY

A

r

"e ti

To'insure accuracy they will
probably want at least two
people to make each calculation
of an average. An example of
'a filled-in Worksheet is shown
on page 306.

Tele averages will show a
smoother---trend of change in
blue bean concentration and
acloser appfoxpflation to an
even distribution ,of blue beans
in both cups. In other-words,
this graph will look even more
like the one constructed in
Activity 3. 7'

It is very timilar.

kt.

As they compare the two ac-
tivities, the children shoUld
realize that both involved mix-

.1!
ing--one, mixing of heat
energy and die' other, the mix-
ing of blue beans. In both
the (net) flow was from a highex
temperature or concentration to
a lower temperature or concen-
tration. Finally, in both ..-

cases, the transfer slowed as .....\./

the concentrations became
nearly they same' (approached
equilibrium):

313 4.(
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WORKSHEET 1V-3 Warne:

NUMBER OF BLUE BEANS
IN CUP 1

'NUMBER '
OF EX-
CHANGES
OF FOUR
BEANS

DATA TAKENBY:

AVERAGE

r
ea

NUMBER
aF EX-
CHANGES
OF FOUR
BEANS

4

NUMBER OF.BLUE BEANS ,

IN CUP 2

ATA TAKEN BY:

AVERAGE

to

J

1
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WORKSHEET IV-3 Name:

NUMBER OF BLUE BEANS
IN CUP 1

NUMBER OF BLUE BEANS
. IN CUP 2

NUMBERDATA
OF EX-
CHANGES
OF FOUR
BEANS

TAKEN BY:

AVERAGE

.

NUMBER
OF EX-
CHANGES
Ok_FOUR
BEA NS

\

,

DATA TAKEN BY:

AVERAGE
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TEACHING SEQUENCE

Do you think this bean -ex-
change model could be used
to explain the transfer of
heat energy from one part
of a system to another? In
what sense could a higher
temperature be considered
a higher concentration?

Based on this 'model, do you
.think it would be possible
to get all the blue beans
back into one cup?

T.

How does this model help to
explain the fact that when
a cellophane bag of colored
solution is placed in water,
the color not only becomes,
the same inside and outsidel

jerge bag., but the, colored
molecules do not return to
the bag i.n their original
concentration nogmatter how
long the bag is left in the
water?

Can heat energy be "unmixed"
--that i's, once the tempera-
ture of the hot and cold
samples have reached
s).

MINISEpUENCE IV /Activity 5

COMMENTARY

Apparently this model can be
used to explain those phenome,A.
In Minisequende III of Grade 5
the children le#rned that the
molecules of a substance at a
higher temperature are more
energetic then those of tire
substance at a Lower tempera-
ture. Thus it is reasonable
to think of t higher tempera-*
ture wate the earlier ex-
periment,as containing a higher
concentration of more energetic
molecules han did the lower
temperature water.

The children have found that
after a point, continued ex-
changes of beans leap to no
appreciable change it the
distribution of the blue beans.
They.stay mixed in the same
proportions. Waking chance or
random selections, the trend
is. irreversible. Of course,
if they opened their eyes they
could pick out the'blue beans
and 'put them back= in the cup
they" Were originally, but
this procedure is not'analogoue
to what happens in the physical
world where the natural tendency,
is to spread out:

Apparently events a.t the molec-
ular level are governed by the
same, rules Of'dhance as in the
model. These exchanges are '
not reversible. Thd former
idea, which is introduced here
for the first time," will be
developed further in Minise-
gdence V.

No--this is contrary to the
children's observatidn. Ili

order to return the system to
its original'oonditions, one

:V 6
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TEACHING SEQUENCE

equilibrium, is the heat".
energy ever transferred
back into the hotter's&m-.
.ple by itsel,f?

MINISEQUENCE IV/Activity 5

COMMENTARY

would have tF separate the 'cupe,%
ad'd heat energy to one, and re-
move it prom the other. In
other words, the intervention
of an outside agent is required
togethe)r with an external ener-
gy souse. By itself, the
naturalltendenCy is for. heat
energy,,also, toospread out in

'one direction. In the next two.
.Activities the children will
observe .how these unidirectional/7'
transfers of matter and energy
take place:

EXTENDED EXP NCE:
o

. ,

Some of the children may wish to try different numbers of beans
in the tw9 -Clips., For eample, they might put twenty white and
twenty blue beans in cup 1 as before,,but eighty white beans in
thefrother cup. 'Try' to have more th.an one trial made so that the
Tesults canbe compared and averaged.

,

This experiment shows that the final, . "equilibrium" distribut4on
-

approaches equal. condentrations in the two cups, i.e., about
blue out of 4a in cup 1 and-13 blue out of 80 in cup 2. Note

that the number of blue beans does not, become the same in both
ps, but the concentration or percentage of blue beans does

bec nearlythe same. This is analogous to the way in which
heat tr nsfer stOppe'd when temperatures became, equal in the two
samples n Activity 3, whether or n he actual numbers of
h.e.u.lwere the same.

308
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sr . .

Activity 6 Transfer Along a Line of Cups

The children begin this Activity by observing an experimental
situation analogous tp that of the model in the previous Activ-
ity: two cups, one which contains blue food color and the other
which contains clear water. Asked to predict, on the basis of
the model, what will happen when spoonfuls of liquid are ex-
changed.)?etween the two cups, the chili1ren suggest that the
color will eventually even out between: them. A more compli-
cated situation is then introduced:. what will happen if, in-
stead of two cups, there are five clips, one. containing tolbr
and the others, only clear water? the 'children find that here
also the color eventually becomes equal throughout. In the
process, however, the children observe an intermediate stage
in which a gradatio'n of color develops-from the most intense
'color in the first.ciip to the least intense in theIast cup:
This color gradient is seen to be the result of the gradual
spread of thecblored material down the line from regions of
higher concentration to those of lesser concentration'. Ih the
next Activity the children will observe a temperature gradient,
which develops as heat energy is transferred along a nail.

MATERIALS AND EQUIPMENT:

1 container of at least 4 litV°(1 gallon) capacity., or
4 quart (1,-liter) containers

additional containers for clear water,.if necessary
(Sed\preparation for Teaching).

1 bottle of blue food coloring (1 tsp required)

15 cups or'glasses, trariphrent, same as those used in
Activity 5

1 large spbon, about one tablespooh size

For' each team of two:

---,I/

cups or glasses, transparent

1 large-spoon, about one tablespoon-size
4 .-?

2 blue pencils

2 Worksheets IV-4

318
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MINISEQUENCE IV/Activity 6

. PREPARATION FOR TEACHING:

Make up three liters'(three quarts) ofblue colored water using
1/4 teaspoon of coloring per liter. Put this in a large son-
tainer or e.veral smaller containers. If there is no source
of water in the classroom, you will,need to set up agditional
containers of clear water--four times as much clear water as
colored water will be needed.

Set up a row of five cups ahpad of time and fill them as the
children will be doing in Section 2. Maks 'a series of exchanges
described there using theesame size spo-on they will be using,
until there ia.a pronounced gradation in color from the first
to the fifth cup. Take note of the number' -of aeries of ex-,
changes-necessary to arrive at this optimum color "gradient"
'it 'will probably be about 20 series of exchangesf Place this
set of cups aside where the children will'not see them until it
is time for a discuspion of their results.

ALLOCATION OF TIME:

No more than 1 to 1-1/2 hours will be needed to complete this
Activity.

1

TEACHING SEQUENCE

1. Put about 1/2 cup of blue
colored watelOinto one brans-
parent cup and the same amount
of plain water into another.

Without actually transferring
any liquid, show how you could
take a spoonful of colored
water from the`firgt cup, add
it to the second and,stira
TAen,show how you could take
a spoonful of liquid from the
second cup, add it to the
first and stir. Again, doi
not transfer any liquid, mere-
ly show how it is to be done.

What do you think you will
observe when the liquids
are actually mixed
way?

310

COMMENTARY

The actual amount Of.colored
water will depend on the size
of the plasticicuPs. They',
should be about three quarters
'full.

Be sure that all the children
can see what you are doing.

31
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TEACHINGTSEOJENCE

.
....0- .. ,

Ask the children to pPedict in
as much'detail as they can
-what will happen to the color-
ing' of, the two cups of water,
is the spooning process is
continued: For example, dó .

they prdic't that the coloring
of the.second cup'will eveneu-

.

tally equal hat of the first?
Do they think all of the,col=.

ft oring will eventually end .up
in the second cup?

Next,'-proceed to carry out the
series of:exchanges, using the
spoon and stirring after 'each
transfer. After you' have
PeifoFmed the experiment, ask
how the results compare with
their pred4tions.

A

Was the blue coloring going
only-from the darker to the
lighter solution?

rr

Finally ask what the ,children
think would happen to_the col-
ors of the two cups if the
spooning process were con-
tinued "for a very long time..

Now-ask what they expect to
en if instead of two cups,

the systemCC5nsists of five

MINISEQUENCE Activity 6

COMMEN_TA

Based on the model they devel-
oped in the preceding Activity,

-

the children should predict
that the color would eventual
y out. See if they do.

This procedure is exactly
analogous to the bean exchange.

For these questions band for any
,other& that may come up, have'
the Childrenitake note of their
predictions for later cheCking

--with the results of the actual
experiment.

The water in the clear cup be-
come's blue, quickly at first
and then more slowly as the
exchange pg spoonfuls of water .

goes on'; Eventually, ,the two
cups'reach nearly the same
,shade of blue and no morq cange
is seen, In other words, ex- "

actly the same thing happens
as with the chant& exchanges
of beans in the model.

The c ildren should realize
,that ome blue Coloring was
also carried back in each
spoonful that was transferred
from he lighter colored water
to th darker. At first this
was v ry little. As the two
cups pproached the same colOr,
the a ount of blue transferred
was ab ut the same in both
direct ons.

the children should be able to
predict that both'cups would
remain about equally blue.
Neither cup would become clear
again* IiN.a few of them wish
to try this out and'report4-to
the class /later, they. should
be encouraged..,tc do so.

At this pOint, .discard the
contents of/the:two cups,
rinse theft, and setup a line

320 . 311
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TEACHING SEQUENCE

cups. Demonstrate one ex-
change down the five-cup sys-,
tem: Take a seoonful-gf col-
ored water from the first cup,
stir it into'the.second and

,t-hen take a spoonful from the
§econd cup and stir it back
into the first. Now go on to
,the,second cup. Take a spoon-
ful and place it in c 3.
'Stir. Then- take a s' nful
from cup.3 and plac t in
cup 2 and stir. Rep t this

twe the third and fourth
,cup nd between the fourth
and ifth cups:

Ask what the childxen expect\
to observe as the intetchange
process is repeated many; many
tipes: ,Let them sugge t an
questions they may hav that
they will be able. to a swer
when 'they ,try it themseltes.
Also, let them make any appro-
priate predictions in response
to questions which are sug-
gested.

2. Working in teams of two,
as before, the children should
obtain 1 spoon and five cups.
Show them the 'supplies of blue
and clear wat,er and let them
proceed to setup the experi-
ment.

Before they start td make the
exchanges, distribute Ark-,
sheet IV-4 and the blue col-

-,

0/-0 pcQcils. Ask the chil-
dren to color 40...-the,toprow
of cups to reptfesent wha4. they,/
obserIe initially.

Tell them that you would like
themo color in second
row of4Outlined cups after

312
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COMMEUTARY

of five cups: Onee,d cup
should contain colored water
while the other,four contain
clear water'.

A faint blue color will already
be appareht.in the second cup.

With this.procedure, no cup
will.end up "minus" a spoonful
because aftet'each transfer
to ,the next cup, ,a spoonful

retutned. Be osure.the chil-
dren see just what you do so
that they'can repeat -this pro-
cess themselves.

TheNhildren will probably pre-
dict that the color will spread

'.....dowa the row of cups.. They may
phrase it this way: "the color
will ge$ all 'mixed up."

For example, a child may ask
how many.ofthe interchanges,
Such as you demonstrated,, will
be needed before blue coloring
begins to appear in the fifth
cup: Another child might ask
whether the fifth cup will
ever be bluer than the first.

The 5 transparent cups should .

be identical, of course, and
the'y should' all be about three-
quarters full.

321
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4PErnING SEQUENCE.

. .

ti ley have made 2'0 series of-
exchanges (gone 2t0 times down
the row of r5 asps spooning
back and fortlY. They. arp to
use ,the bottom row of outlined
ups' to record the color of

the cups at the, end of the
experiment.

4

While therol-eldren are work-
ing, set up a row of five cups-
with colored water in the
'first and clear water in the

. rest. Set up another row of
five cups, showing the restlt
of many series of exchanges,
in which'the color is evenly
igistributed throughout all'
five cups.

Ask Whether everyone ob5erved
a progression as shown by the
sets of cups you have pre7
pared. Which set it like the
set they,beian with? Which
Beta did theirs resemble after
many, md'ny exchanges?

What did you obsege.in the
.) cups after 20 ser' s of
exchangps?

)3ring out the row of cups
showing the color gradient.

a

314
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'COMMENTARY '.?"

If you find, as a result ,of ,'

trying this out ahead of time t
with the equipment the children
will be using,,that 20 series
of exchanges is not sufficient
to reach the point at whith the
gradation in color will be most
prondunced, tell the children
to color in the second row,af-
ter the number of series of
exchanges that you have foind

1 yield the desired grada.:-
t o . The 'size of the cups or

z glas es, the volume of con-
tain d liquid and the size of
the poon used can all affect
the point at which the gradient
i mst bvious. After that,

f

h
/

e clor 1.- even out more
nd more unti there is no
rceptible di ference between

the color of he liquid in the
cupt.

You may have few w childrep help
you to prepare these sets of
cups. The purpose is to give
the .children a visual record
of color changes tirlt ocdufed,
for use in discussion.

The children should all have
observed a regular progression
from the initial situation with
all the color in.one cup towardi'
the equilibrium situation with
the color evenly divided among
the_Live cupt. .

There should be, general agree-
ment that between the initials
situation and the equilibrium
situation there was'a grada-
tion in dolor from most intense,
in cup 1 to 44st intense in
Gaup 5.

e3 2*3
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TEACHING SEQUENCE

MINISEQUENCE IV /Ac vity 6

How would you explain this
color gradient? How blid
it develop?

Do you think such a TrAdient
of color existed during the
time when the blue food Col-
or was moving out of the
cellophane bag into the

ftclear water outside?

'I

COMMENTARY

In the previous Activity the
childreA observed the transfer
of blue beans into a plp of
white beans just by,:chance
picking., Here, they could
actually observe that a spoon=
fulpf 'liquid transferred down
the gradient contained more of
the.polot .phandid ad spoonful
transfe ..red the opposite way.
(If the children did not ob-
serve this you may wish to have
a few' new setups 'prepAred so
that elle ,qhildren can pay close
attention to the transfer of
color,) -Again, the net flow ig
from the region of higher clan-
centratiop to that Wlower c.-- ,

concentration.- -

Yes--but it would have been
difficult to see,' Ubwever,
some children may have noticed,o 0
that the color'appeared-6utside
the bag first nearest the bag
wal &then gradually moved
fa they out into the clear wa-
ter. The beauty sof this setup

. ,.is that the conteVs of the
four cups which contained clear
waster originally remain sepa-
rated anal therefore easily ob-
servable. Theschildren can t

observe the spreading out pror
cess in a kind of'undisturbed'
slow motion. Furthermore, they
can "stop the action" at a point
in time during the'tiansfer of

-colored particles--say,-after

if
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TEACHING SEQUENCE.

Do you think the same thing
happens in the case of the
transfer of heat enbrgy?

316°,

MINISEQUENCE IV / Activity 6

COMMENTARY

the first 20 Series of ex-.
,changes--and observe the stages
in the evolution of the system
as it approaches equilibrium.

Invite speculation about this
question as a transition to
the next Activity. Because
of other y.milarities betwee
the two .typesof transfer, ome,
children may predict' the exis-
tence of a temperature gradient
in a comparable situation.

eed

e
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MINISEQUENCE IV/Activity 7

JP

Activity 7 Transfer Along a Nail

Earlier in this sequence the children studied the transfer of
heat energy, from a hot sample of water to a cooler one with
which it was physical and thermal cnntact--but not mixed.
They found that heat energy spread from the hotter to'the cooler
sample no patter what the initial heat energy of the two sam-
ples. This transfer continued until all parts of the system
were at the same \temperature. .In the present Activity they,will
observe the transfer of heat energy through a continuous medium- -

a long iron nail.' In this setup there is no physical separation
of different partsof the system. Also, it is "open" with re-
spect to its surroundngss, as compared with the insulated double-

_cup system investigated previously.

The children construct an apparatus which allows them to mea-
sure the temperature along the nail in four places. Observation
of thufbur thermometers will .show a temperature gradient: If
a flame is adding heat energy to one end, children will observe
a, gradation in temper'atures down to the unheated end. They will
observe an opposite temperature gradient if a piece of melting
ice removes heat energy from one end: In other words, as before,
they can infer that heat energy is being transferred only from ,

higher temperature to lower temperature regions. The tempera-
tures will even out if a heat source is applied to both ends or

-if all sources of heat, are removed; This is. analogous to what
happenId in the previous Activity where eventually the color
evened out in the five cups.

4

The tereperature'gradient is very pimilar to the concentration .

gradient of colored molecules in the five cups. In both cases,
the tendency is for material or heat energy to,spread out in
one direction: down the gradient, from higher concentrations
to lower. The randoM process by which this takes place will be
explored more fully in Minisequence V.

MATERIALS AND EQUIPMENT:

supply of cellophane tape

supply of aluminum foil

t
1 latge iron nail, at least 10 cm (4rin.) long

1 piAce of corrugated cardboard as described below

A thermometerp as described below

317

c:Th iiimmmitipose



No

MIN1SEQUENCE .IV/Activ,ity. 7 .

clock or timer with sweep second hand

supply of paper towels

For each group of 4 children:

4 thermometers, -20°C.to.+50°C\

1 piece of corrugated cerdboar413 in..by 7 in. (8 cm by
18 cm)

1 la'rge iron nail, at least 4 in. (10 cm) long
iY

scissors

1 small rubber band

2 candles, preferably the short, fat type used in Mini-
sequence II

1 3 in. by 5 in. (8 cm by .2.5 cm) card

2 ice, cubes

1 large aluminum, nail, at least 4 in. (10 cm) long
(optional)

1 piece of glass rod, at least 4 in. (10 cm) long,
e.g., glass swizzle, stick (optional

Worksheet IV-5.(The.number needed will,depelod on the
number of experiments the children do.) 1:5

L4 pieces of gf.aph paper, 4 sq/in: (2/cm)

4 red pencils or crayons

. /
PREPARATION FOR TEACHING:

0

Before teaching this Activity, prepare one heat transfer device
in frontsof the children as described below and on page 319.
This can be used 'as :an example for the children when they con-
struct ,their. own.

Cut a 2-cm square of aluminum foil for each of the four ther-
mometers. Wrap and crumble these around the bUlbs. of the ther-
mometers. (If the bottom part of the plastic backing has been
cue'away from the thermometers as a result of their work in
Activity 4 o Minisequence II, the thermometer can still be,
used, of course.) Cut a larger piece of aluminum foil about
20 cm by 30 cm and use it to cover completely the piece of
corrugated cardboard. A little cellophane tape on the back
will keep it in place.

318 327
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ALLOCATION OF TIME:

....

The children, will need 1- 2 to 2 hours to complete this Ac-
--...!--t-

.4,

'MINISEQUENCE IV/Activity 7 .

Next, place the four therMom-
eters side by tide lengthwise
on the foil-covered cardboard.
Use a ruler or other straight
edge to get, the thermometer

',.bulbs'into a straight line.
. Them tape the ends of ,the
thermometer backings to the

'covered 'cardboard.

Finally, pla'be a nail under
the thermometer bulbs. It
should extend out one or two
centimeterson'each side of
the array of thermometers:
Loop a rubber band over one
end, around the back, and over
the other end to hold the nail
in place. If necessary, move
the wail slightly so that it
passes directly under the bulbs
of all the thermometers, as
shown 4/n ere sketch.

It would save time if.the pieces
of aorrugated cardboard were.:
pre-cut to the necessary size.
You will also need to prepare
ice cubes ahead of time.

.41

tivity.

TEACHING SEWENCE
ro

1. As you begin this Activ-,
ity you might review with the
children wht changes in temp
perature they observed when
they placed a cup of hot wa-
ter rn an insulated cup of
cold water.

fi

.

COMMENTARY

They should re that the
temp'eraturet egual.iz*d. The
water at the highet temperature
gave up heat energy; to that at
the lower temper4ture. he end ,

*stilt was that then heat energy
redistrpouted itself over the
total amount of water avail-
ablejust as the blue mole-,
cules did, and the temperature

313
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TEACHING,SEQUENCE

at do you predict would
ppen to the temperature
of a system consisting of
a nest of four cups contain-
ing cold water and one
innermost cup containing
hot wa4ter.?

.'`

Would the transfer of heat
energy stop? If so, when ?"

4 4

If you put a thermometer in
each of-,the cups during the

:heat transfer, what do you
think you would observe?

SuppO'se the outermost cup
were not insulated and you
had.a way of keeping' the
water in the innermost cup
at a high temperature.
WouLd.the temperature even-
tually become the same
throughout?

Suggegt that the children find
out experimentally what would '
happen, when heat energy is
applied to 'one end of such
a system. 'A system consist-
ing of several nested cups
containing water and thermom-
eters is difficult to work
with, however. A less 4,1,4k-
ward setup to test their ideas
can be made using thermomete'rs
and a large nail. Bring out
the heat transfer device that
you made ahead Of time and
show it, to the children.

As you show them the four
thermometers, indicate that
they can use them to measui-el'

-
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COMMENTARY

in both parts of the system
became the same.

The- children lhould expect that
the hot. sample would transfeic
heat eriergy.tothe riekt sem:7
ple,'which would get hOtter
and then transfer heat energy
to the next, and so on down
the lihe--as With the transfer
of colored particles.

It could be predicted that the
transfeE. would stop when the
temperature throughout the sys-
tem was .the same..

Some children may sense that
there would probably be a"
gradation in temperature from
the innermost to the outermost
cupF others may not.

Invite the children's-specula-
tion about what would happen in
such a system, which is unlike
any they have worked with be-
fore.

Some Children may enjoy the
challen'e of trying out the
above "thought-experiment"
with the cups. They-should
be encouraged to do so, using
'an'insulated outermost con-
tainer and a sample of hot
water in the innermost con=
tainer. (They need not be
restricted to the use of small
cups.) Setting up an uninsu-
lated s.stem in which the
innermost' water is kept con-

,tinuously hot even more of
a challenge. Encourage inter-
ested 'children to work out a
way of doing So. (One solution
would be to use a series of
graduated Pyrex measuring3 -

4'
on.
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TEACHING SEQUENCE

temperatures along the iron
nail with which they are in
conta*t. Instead of having
a series of cups with water,
the nail is .the substance to
which heat energy dill be
added i' Tell them that they

( will be subjecting one end
to the flame of a candle.

The-children should notice
that this device is completely
open to'its surroundings.
There.is no insulation at

-%4-ither end of the nail.

a

'If no end has its tempera-
ture raised, what do you
predict will happen to the
temperature /long the rest
of the nail?

2. The children can conven-
iently work in groups of tour
for this.activity. Have each
group obtain 4 thermometers,
a piece of corrugated card-
board, some aluminum foil,
a nail, and a rubber band.

, .

Assist them in constructing
similar devices to the sample
setup in the manner described
in the Preparation for reach-
ing. Have each group first
cut out the pieces of alu-
minum foil required: four
2-cm square pieces' to cover
each bulb and one piece 20 x
30 cm to cover the cardboard.

-11

a
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COMMENTARY

containers with the smallest
one holding water kept hOt 1With
an electric immersion coin.
ordinarily used to heat soup
or other liquids.)

Intuitively they may expect the
end where heat is applied to
get hot, but many may expect
the entire nail to get just as
hot iAheat energy is ccinstant-
y,supplied to it.

The thermometers may vary some-
what from lot to. lot. Those
used by each team should have
their bulbs .in the same posi-
tion with respect to the tem-
perature markings so that they
may be placed with their cor-
responding markings in a hori7
zontal line when the bulbs are
lined up. The thermometers
should also be checked to see
that their stems are not 'loose
and that their calibrations,
agree. Loose ,stems can be
secured to the backing with
tape at the upper part of the
stem;' the Calibration, or simi-
larity in response between the,
four thermometers, can be
checked,by placing the thermom-
eters in a. foam cup of water
at room temperature, stirring,
and reading to see if all four
register nearly the same tem-
peratures.

321
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TEACHING S QUENCE

When the groups of children
,have completed construction of
their heal-Nansfer devices,
distribute a candle to each
group. Also distribute
copies of Worksheet IV-5.

Discuss the Worksheets and
procedures. Suggese,.that
they'first record the tem-
perature of the thermometers
in the time 0 line of spaces,

For their first experiment
. with this setup, they can heat
the .nail by placing one god
neals./Ibut not in the side of
theilcandle flame. Working4
teams they should be ablie Vot
aeVise a method of reading
and recording all four tem-
peratures every half minute.
Caution the children not to
let the temperature of any
thermometer go above 45°C.
(The temperature will con-
tinue to rise even after the
end4-f the nail is removed,

-from the flame and If it gees
above 50°C, the thermometer

/ can break.) When any thermpm-
/ /eter reaches 45°C, they should

remove the device from the
flame and continue making
observations for several more
mi/Zutes.

322
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COMMENTARY

To make the candles stand up
properly, you may suggest spill-
ing. a few d2ops of wax onto a
3 by 5 card on the table and
then placing the base of the
candle in the wax before it ,

hardens. Caution the chiadren
to rerdoVe all papers fiom. the
area* around the.c.andles. Also
see that an' long hair or loose
clothing is tied back, Remind
them again, ._as in previous Ac-
tittties., onthe,precautions
they must take in working with
any open flame.

a

If the end of the hail is
placed directly in the flame,
the temperature of the closest
thermometer will rise to
rapidly.

Since they, will bg olding the
end 0,f/the nail near part of

candleandle flame while they
read the temperature of all
four thermometers, the chil-
dren must be very careful not
to get their faces so close
to the system as to be too
near the flame.

One member of the team might
be selected tocount time--that,
is every half minute for the''
readings. rf there is no sweep
second clock in the room, you
may have, to be the time keeper
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WORKSHEET IV-5 Name:

TIME. (min.)

.

.

.

TEMPERTITUR,E (°C) ,

Ni

.---
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TEACHING SEQUENCE

As the teams are ready to pro-
ceed with their experiments,
you or an assistant can go
around with a lighted candle
from which the groups can
light their own candles.

'3. After the children com-
.

cr

plete this first' experiment,
where heat energy was added,
to one end of the nail using
a ca dle f-lame, have them
'writ a brief description of
what they did in' the space
provi ed on the Worksheet.

Discuss the results of t
experiment:

In which thermometer%di'd the
temperature go up the most?

Where was the heat
for the more slowly rising
thermometers coming from?

Whathappenedto the tem-_
perature of the four ther-
mometers after the heat
source ,bas removed?

What temperature did-the
thermometers show after,
say, two minutes?

Give each child a piece of
graph paper and,a red crayon
or pencil and ask them to

, -make a graph representing the
temperatures of the four ther-
mometers after two minutes.
They should draw in the best
trend line they Can and
identify the curve as being

0000thae of experiment 1.

324

'MINISEQUENOE IV/Activity 7

sot.

COI ENTARY

or have a child call out for
all thd groups doihq the exper-
iment.

The children-will have ob-'
served that the temperatere
shoWn by the theftometers went
up as heat energy/was added to
the nail.

The one closest to the, flame.

If it should happen that some. .

children do not think the heat
energy goes through the nail,
do a control experiment with-
out a nail.

The temperatures evened out
'again. If left long enough,
they returned to the equilib-
rium condition with which they
started;

By then, a prbnouncedtempera-
ture gradation should have
been obvious.

Mepending''on which end of .the .

nail they p1acaA in the andle
flame, the children wi 1 have
a set of four dots s ping
downward to the right or to
the left. This is fine.

e--1
t.) t.)
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TEACHING` SEQUENCE

Exhibit a graph that has been
made by'One of., the children.
Ask the class to 'IntA3ret
the marked points for you.

.6

4,
Which thermometer was,
nearest theendlbing
heated?

Which way.do you think heat
energy was being transferred
along the nail?

.Select a set of data for dis-
cussion which show a tempera-
ture above 43°C at' the hot

g
end. Referring to their ex-
perience with salol ine Activ-
ity 2ask what they might../c
expeft to happen to a piece
of salol if it were placed
at that end' of the nail.

.Then ask if ehpy would expect
it to melt if ,placed at the
other end of the nail.

How could the mat energy do
the job o£ melting at'bee
end but riot at the other?'

4. -What would happen if one.
end of the nail had ,its tem-
perature lowere i The second
experiment 'the children might
tr is to place-a piece of ice
at one end of the nail. Dis-
tribute a fresh copy of Work. -`
sheet IV-5, an ice cube, and
paper towels' to each group.

3.,

fr

MINISEQUENCE IV/Activity 7'

The highest point on the graph
will show the temperature of
the thermometer nearest the
end being hated.

Help the children to realize
that the heat energy was being
transferred along the nail from
the hotter end to the cooler
end and ultimately out into the
still cooler air of the room.

f'N

It should melt--its bonds would .

be broken b'y the heat energy
transferred to, it.

No, the temperature is too loW.

goBy this time some children.may
recognizes that the heat energy

. was spreading through the nail
,(just as it spread out in they
combine water sample when a
rtlxwas made). However, here
it not only spread out, but
'went off continuously into the
air.

Encourage,
pattern

children to pre-
dict the attern of tempe''ra-
tures that would develop if
an ice cube were placed at one
end of the nail ?)or a few min-

\ utes ,and then removed, as was
done tlith the heat source.

334 325
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TEACHING SEQUENCE

When the children
I

have com-
pleted this second experiment
and graphed their results',
questions such as the-follow-
ing can be usedto direct and
focus the s,ubsequent discus-
sion.

What happened to the ice
when the end of the nail
wa's placedyon it?

Where did the heat energy
needed for melting come
from?

Was heat energy transferred
toward or away from the ice?

4

Did a temperature gradient
fo,rm in this case? Hc5w wdos
it different "froethe one
that was formed during
experiment 1?

Did the temperature readings
on the 'thermometers ever
even out--?..

If the children have not al-
ready -drawn attention tothe
similarity between the color
concentration gradient ob-
served in the ptevious Activ-
ity and the temperature gra.-
dients observed here, draw
their attention_td it with a
leading question. Then 'ask:

to.

MINISEQUENCE IV/Activity 7

AP

COMMENTARY

The graph for experiment 2 can
be placed on the same 'or
feren,L,..set of axes. Sample
results for experiments 1 and
2, in which the.heat source
and theiCe respectively were
placedinearest,thermometer D,
are shown'on page 326.

The ice melted where the nail
touched it.

Itcame from the nail, which,
was at a higher temperaturel
(room temperature) than the
ice.

Heat energy' was transferred
toward the ice. Ag.,ain,,,,heat

energy went from htIgher tem-
perature to lower temperature
regions.

Yes--but it slope's in the
opposite direction. In both
experiments, however, heat
energy went "down the gradi-
ent."

The temperature readings Would
have equalized only after the
.ice cube.was melted,entirely
or after it was removed froiri
the nail. Gradually the gra-
dient would reduce and the
n&il would return to room
temperature--just as when the
,source of heat energy was re-
moved:
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TEACHING SEQ /ENCE

At what point did the colors
in the set of 5 cups appear
similar to the temperature
readings of the heated or
cooled nail?

in (that way did their five
Cup system differ from the
nail?

4

5. Besides the experiments
described above, the children
may. wish to try various other
combinations of heating and/or
cooling one or both ends of
the nail. Supply the children.
with. additional candles or ice
cubes as needed.4You should
also supply additional copies
of the Worksheet for each ex-
=periment they try.

Again, choose sample graphs
- and,ask the class` to interpret

them.

Such experiments should re-
.inforce.their understanding
that as long as one end of the
medium the nail)'is at a dif-
ferent temperatnee than the
other, and is maintained at
that tempetatur'e, there will
be a temperature gradient
aipng the-nail: All parts of
the nail will come to the same
temperature when heat energy
is not being added, when there
is no cooler region to which

328
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MINISEQUENCE IV/Activity 7

tOMMENT4RY

t

After about 20 series of ex-
changes, the children observed
a gradation in color similar eo
the one 'th'at deve oped as heat
energy was transf red along
the nail.

0

The nail was a con.inuolas open JI
system. Heat energy was given
off to the room or absorbed
from one end.

if two candleflames are ap-
plied to the:pall-lone on each
end--the temperatures will
evenjtually equalize through-
out-r the same thin will hap-
pen if two. ice cub4e alp,e ap-
plied to either end f the
nail. In the latt case,
however, the temeerat rbs
would equalize at a 1 wer
level. Putting a Randle flame
at one end and an ice cube at
the other will result in a
very steep temperature gradi-
enC'that will be maint4ined as
long` as the flame and 4..c'e are
present.

With 6ny.particular set of.
points, they sbould be able to
-read the temperatures and tell
which way th-heat was flowing
(always from high temperature
to.loweretemperature). Per-
haps they will. also he able.to
make a reasonable guess for a
procedure that could have been
used to produce, §uch,a set of
points. For example, suppose
the four temperatures were
45°C, 34°C, 30°C and 42°C
.rtspectively for the four
thermometers. Then the heat'
transfer would have been'from
both ends to the middle. (It
could- be predicted that a

1
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TEACHING SEQUENCE

,heat .energy is being given up',
or when both ends are being
maintained at the same tem-
perature.

Conclude the Activity ask-
ing the children to des ibe
the similarity Vetween t e
behavior of the blue coloring
and the behaviorof heat
energy.

tr

EXTENDED EXPERIENCE:

MINISEQUENCE IV/Activity 7

COMMENTARY

reading made a short, time latet*
would, show higher temperatures
on thermometers B and C.> One .

wayytilA might have 'been used
to achieve Such a distribution
of temperatures would be to add
heat energy (41.g., a flame) to ,

both ends of the nail
taneouely.

There, the concentration of
coloring was relatedXo the
directionof the transfer of
material; here, the concentra-
tion of he,at energy (the tem-,
perature),, was related to the
direction'of""heat energy trans-
fer. In both cases,changes -
in tht system depend upon
temperature or concentration
,differeno0s, and the direction
'f'flow is from-higher to lower
temperat res or concentrations.
This-natural tendency to spread'
out,ie apparently g'ove'rned by. '

a 2andogipgocesA.Of exchanges,
the natiAe ofmwhich will be
mbre,Jully vOlolored in the
next Iginisequence.:

.401'

*

Let the children use glass rods or large aluminum nails, (at

?

least 4 in. long) in place of the iron nails 1. their Setups.
They can investigate whether or not th se m
differently than the iron in experiMent

t
ar to thbse in

a ial ,beK4ve any

the, preceding Sections.- A .. ,

...

, , .

With the glass 'rod, the children wi:111 observe
...,

that the transfer
. of heat energy occurs much more' slowly. Afso, they4should_.

notice that-the temperature differenqes remaj.n'largeeven after'
the and of 'the rod has been heated for a long tile. The slow
transfer Of heat energy is not able to keep th6. far end of the
rod very much above the temperatur,of the surroundings.

With the aluminum na.l, the children will ob ve that the htat
,energy is transferred more.gdickly than it with iron,

aq.
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MINISEQUENCE ,Iy/Activity'7

Equilibrium w,i11 also be ,achieved more guic4ly and-fewer, dif-
ferences in temperature will be registered by the thermometers
because the heat energy can be transferred so much more easly.:

330
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Minisequence V
Random Events: Order Out of Disorder

StartinginGrade 1 of COPES the children were introduced to
the concept that As one makes measurements on a population of
related objects or events, differences are observed., Such'dif-
ferences are to be expected of any population, particularly one
found. in nature. This concept was further pursued in Grade 3,
Minisequence III, wherd concepts of a range in values and aver-:
aging were.introduced, and again in Grade 4, Minisequence VI,
wheie the histogram dorm of frequency distribution was intro-
duced as a way of describing variability. Finally, in Grade 5,-

Minisequence V, the children were introduced to same elethentary
statistical methods for inferring, results by sampling popula-

,tions.

Ali of these Activities had.as their primary objective conviA4-
ing the childrenthat variability is to be expected in rreture,
leading to the overall conceptual scheme,, The Statistical View
of Nature. While it is easy to observe variability in,nature,
it is not so -easy o demonstratg that it is th$tresultcif rah-

. domneles. That is, given two leaves from the same 4ree, or two
offs rin from the same are t 1!_t_winc), it is,
easy to find differences between them. How can,..ene account for
these differences? The modern View is that'all of nature is
basically random,,, in the same sense as a game of chance, and

' that the overall orderly appearance of natural phenomena is
the statistical result of numerous random, events. What this
means it that while sub- microscopic phenomena are ran om (e.g.,
the behavior of individual atom's or molecules, the be Avior of

- large numbers of such random gvents,.is predictable an derly,
on the average.

tet

A qeod example is thebehavior of a gas in a'container. ,While
it is impossible to say anything &about the behay.i.or of an
individual structural unit ,(molecule) since the molecules Move
about in nandam fashion, one can, by applying statistical meth-
ods to this randdm motion, account for the overall properties
of the gas, suchas-its pressUre as related to its temperature
and volume. For example, one,' can account for the fact that the
,volume of a gas will decrease proportionally as its pressu
ancreAses. We know.that tae same applies in games ol chanTe.
Whill we cannot predict wit11 certainty the outcome of a single
toss .of a coin, or of aI Idle, We can predict theI. average outcome
of a number of tosses. Moreover, the greater thenumber"of

. eveRts (tosses), the more accuiat9 is our prediction:
- .

we must look upon the natural phenomena that one'normally comes
into contact with (large scale phenomena) as really exhibiting
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the average behavior of large numbers 4(:11f.individual events--so
large, in fact, that predictability becomes routine and nature
.appear§ orderly. Because most things we observe in. nature fit
this category, one rarely observes the randomness associated
with individual events. There'aresome ph*nomena that can be
observed, however, that involve so few individual events as,to
exhibit this, random behavior.

The present Minisequence extends the child4n's earlier experi-
ences in this area to several neW Activities designed to show
`how one derives "order out ,of disorder." The first Activity
deals with a well-known phenomenon that is a classic example
of the order derived from large numbers- -the diffusion of mole-
cules fn liquids. Only the net result of the motion of large
numbers of molecules is observed by the children they watch
food color spread through water and gelatin, but they are led
to conclude that a reasonable way to account for the observed
diffusion phenomena is to assume completely random motion of the
'Individual molecules. The next Activity strengthens this hy-
pothesis by having the children themselves simulate this hry
Roving about the room (likel'erlecules), their motion being
governed by the outcome of a'game of chance. Thus-tke children
take a "random walk" and find that the net effect of their
overall motion resembles that of a drop of food coloring dif-
fusing through gelatin.

Further reinforcement of this concept is provided in_ the third
Activity, where the _children take a "trip_bi_chance." Here
again, they find that the outcome of a large number of random
events is orderly andepredictabre, whereas the result of indi-
vidual event-s, or of email numbers of events, is u edictable.
They find that by combining their individual dat th et the
equivalent of large numbers of events, namely, g ater predict-
ability:

The last two Activities deal directly with random phenomena
nature. Activity 4 offers perhaps the best example of the ran-

, rdomness of individual events in,nature. The decay of weakly
radioactive substances occurs so infrequently ag to make it
possible to observe the individual events. Using.a Geiger
counter apparatus that produces audible "c11ks" (or a tape
recording from such an apparatus),.the children actually count
the number of decays that occur in a given time interval. They
find that the clicks occur at random, and that the nly way

''they can predict the average rate"of occurrence is t count
over a long period of time--that is; obtain a larder sample

. . ,

The last Activity does not demonstrate randomness in) the Same
basic sense as the previoqs one, but rather the result 'of-ran-
domnest in a-biological situation. Here; tte children are in-
troduced to

.

the idea oforandomsselection as applied to the in:-
'heritance'of eye Color. Working with dat4 on the eye color of IL

332
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house fIieS over several 'generations, the children discover that
in addition to a random process, a factor known as dominance
.also must be considered in order to predict the outcome o.f a
large number of such events--i.e., predict the eye color 6f
second and thitd generation offspring.

The 'concepts developed in this sequence are as follows:

1. The outcome of a random event cannot be predicted with
certainty. Examples of random events include .movements
of individual molecules, radioactive-disintegrations,
camphor "walk" on water,' tosses of--a Coin; etc.'

2. The outcome of a random event is completely independent
of any prior History.

3. The outcome of a series of random events'may exhibit a
sense of order and predictability. The larger the num-
ber f random events in the collection, the higher the
degree of order and predictability.

4. Games of chance which are based on random events can be
used to simulate the orderliness of collections of random
events. .441200sie4.

'5. A small sample of random events yill exhibit great vari-
ability as compared with a largei sized sample';' order will
emerge as the sample size j.ncreases.

6. The movement' of individual_ molecules within a liq (or
gas) is viewed as sxandom. The orderliness of a iffusing
column can be thought of as the net result of he random
motion of an extremely large number pf individual mole-
cules. -ro

7. The transmission of genetic characteristics can also be
viewed as a result of random or chance events.

8. As in all.series of'random events, the inherited charac-
teristics.of one individual Cannot,.be predicted with any
certainty; howetrer, the'distribution of such cliaracteristici
in a large collection can be predicted,

,
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MINISEQUENCE V"dtivity

..

Activity 1 Diffusion Along a Tube

Molecules tend to diffuse into regions available to them, depend-
ing. upon their ability to move. They mix-with molecules in the
air, with'molecules of water, etc. When drops of a colored

ssolution are added to water, there is a fairly rapid gpread
of color, aided by convection cu.rentsin the liquid. When the
colored molecules are impeded by 'the walls of a cellOphane bag,,
as in the previous Minisequence, the mixing is much slower.
This movement of molecules, which is called diffusion, can be
better observed by eliminating convection currents and slowing
the process down still further; for instance, by allowing the
molecules to move thr6ugh a highly iscous medium such aslela-
tine. The gelatine is made with a water base--thus, water-
soluble molecules can move through it.

A drop of a concentrated solution of food color, initially
sitting on, top of a clear gel in a test tube, will be observed
after several hours to penetrate it. After a day or two, a
band of color is observed. FurtherMore, within the band a
gradation of color can be observed, ,Thus, a,gradient in color
forms in the gel similar to the gradient in,temperature along .

a nail. Over time this-gradient extends down the tube. Ques-
tions are raised about this movement of molecules: Do they
alway'sgo downward? If food color were placecron the bottab
of tlie,tube, would it stay there? The children find that
molecules move from areas of higher concentratijn to lower,
as expets.4ed, and that this movemeA is not affected- 4°y gravi-
tational attraction--if they are placed on the bottom of a
tube, they,will eventually diffuse ,up to the top; if. placed"
on the top they will diffuse down. T)ie same is true if food
color is plaCed in water. These molecular movements can be
followed becaUse of the distinct color of the molecules--but
the conclusions can be related to the movement of any mole-
cules:

MATERIALS AND EQUIPMENT:

1 bottle of blue. food, colo4.ng, 1-oz

2-3 packets (7 g each) of un'flavore0' gelatine

1 measuring cup, 8-oz

11

4 4-5 cups, 1-oz, (approximately 307m1), waxed paper or
plastic

334,
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MINISEQUENCE V/Activity 1

4 test tubes, about 18 mm by 150 mm, plus corks to fit..2,

1 tall glass or plastic tumbler, tb serve as-,..a rack for
v, the above test tubes

green food coloring (optional)

yellow food coloring (optional)

For each team of two children:

4 test tubes, 13 mm by 100 Him%

4 corks for the test tubes
. .

1-2 jars to serve as test tube racks

1 medicine dropper

PREPARATI F(513.-TEACHING::

/1
At i.east a few hours before you will be Conductin'g this lesson,
dissblve one envelope of anflavored.gelatine in abAtt 100 ml
(3 oz+) of hot-water. Haut tap water (about 50 °C) is satis-
factory. Stir untilae gelatine,is completely dissolved.
Pour this liquid into t ?o large test tubes, each
about 2/3 full. Allow the gelatine to solidify for a few
hours before beginning this,Activity. Also, fill-two similar
test tubes to the same 1eVel with plain water. They should
be corked to prevent 'drying until just before they are used.
Place all the tubes in t 11 drinking glass or plastic
tumIRler.

.Just"before4you begin, set out the supplies the teams will
need: the small test tubes, corks, medicine dreppers,.and

rs-to serve as test tube racks. If the children are 'to-
make theif own gelatine, they will need a source of hot
water. You may wish to make the gelatine anti all the
-tubes which the class will need ahead of time, so that the
gelatine will be set by the time the children are ready to
work with it (see the directions .on page 337). When .the
teams are ready to take their food color, put out a small
supply in the 1-oz cups at convenient stations throughout
the ,room. 4

ALLOCATION OF TIME:

The children will need only about 1-1/2 hours to complete
this Activity:. However, the observations are spread over
severe], days.

344 I
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TEACHING SEQUENCE

1. Put out the four large'
test tubes (2 with water, 2

with gelatine) for th'e chil-
dren to see. Show them the
bottle or container of blue
food coloring and ask:

r4.

What do you predict will
happen if I add a drop or
two oy the blue food color

' to the liquid in the test
tubes?

Without lgtting on that some
of the test tubes contain
gelatine, take some blue food
coloring in an eye dropper,
pick up one of the test tubes
of water and, while the .chil-
'dren watch,' add one dropof
lblue food coloring to it. Let
them observe and describe what
happens. Repeat with the
other tube of water and let
the children pass the tubes
around, examine any discuss
them.

Ask the children to watch as
you try it, one more time,.
his timechoose'one pf the
tubes ,of gelatiRe.

When the children ask, you
should adpu,kt that the tube
does nothold plain water.
Rather, it, contains gelatine
and water. Pass they two gela-
tine, tubes' around for the
children to examine more
closely. ,

3.3g,
0

a

MINISE'QUENCE V/Activity 1

COMMENTARY

After their experiences in
Minisequence IV, they should
readily predict that the blue",
color will spread out in the
liquid.

*CO

Note'that in this Activity the
food color is used in its con-
centrated form as it comeg
rom the bottle. It is not

uted with additional water.

.Try not to jiggle the test ,
tubes. If you do, the chil-
dren' might notice the'differ-
ence between the ones with
water and the ones with gela-
tine. You may want to hold
tie tubes so that the surface
of the water or gelatine is
hidden with your fingers.

When yotl put the drop of food
coloring-in--this tube, it will
remain. on the surface of the
gelatine. This shouldelidit
exclamations of surprise.

I

4,
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TEACHING SEQUENCE

What do you think might
happen to this drop of
blue focld color over time?

Working in teams Of two, the
children can now set 4 their
own ,food color and gelatine
systems so t ey can observe
the properti over a period
,of time.

With the help of a few of the
children, makeup the -gelatine
solution (if you have'not al-
ready done so) .

L

Each team should obtain four
test tubes,'four corks, a
medicine dropper and a jar
or two, to serve as-2'.Eest
tube
fill two of the test tribes
about 2/3 full with the warm
,gelatine solution and p14,
them aside to set after they
have identified the two tubes
as belonging to them.

rack. They should then

2. Once the gelatine'is set,
they can prepare the system
for observations:

Each team should place 'one"

MINISEQUENCE V/Activity 1

COMMENTARY

They have not investigated this
system before but their previous
experience with food coloring
might lead some to expect it .

to permeate the gelatine.

a

Each team will need'about,J.d ml
of gelatine, 5 ml for eadtest
.tube. The gelatine domes in
7-g packages, each of which is
to be dissolved in 100 ml
(slightly more than 3 oz) of
hot (50°C) water, as described
in the Preparation for Teach-
ing. Thus, 10 teams can be
accommodated by one package.
It would be best' tol make up
the solution in a measuring
cup with a pouring spout so
that the children can
,their test tbbes easily. After
all the test':tubes are filled ,

with gelatine, put the remainder
in some extra tubes which can
be used later for any Extended
Experences.

?,

If the tubes have been pre-4
pared with gelatine ahead of
'time, the children will not
have to wait the few hours
(or until, the next day) for

346 3.37
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TEACHING SEQUENCE

drop of the blue-,food color on
top of the gelatine in each of
the two tubes.

The third. and fourth tubes
should first be filled to
,about the same depth- with
water. They can use one of
them to reconfirm how the
Co],orbehaves in water. Have
them add one drop to one of
the tubes and describe what.
happens.

I

Will the color always go to
the bottom? What would hap-
pen if it were put a.t the
bottom to begin with?

MINISEQUENCE V/Activity 1

COMME-NTARY

the gelatintto set before
proceeding.

Again, the drOp will remain on
the surface.

In most instances the color
will tend-to swirl down towards
the bottom of the'tube. They
should try not to agitate the
cbntents.

1.4

Have' them tilt the second
tube of water a bite, then-
without squeezing the bulb--
iYiselt the dropper which

338 347
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TEACHING SEQUENCE

'contains spine of the concen-
trated blue coloring into the

.water as fax as it can go.
Then release one drop of the
color so it'Xuns down to the
bottom of the tube.

Set the tube upright an'd ob-
serve the drop.:

.The children should now have
two tubes with gelatine, both

.with a drOp of blue fo6d col-
oring on top, ,plus.two tubes .

of water, one withrmost-of
the blue coloring at the:top
(test tube 3) and th other
with most at the bot.t4.m (test
tube 4).

What do you predict-will
happen to the four system

.A)

ofover a period o a few days?f

They sho'uld cork the tubes and
set them aside where they will
not be disturdbed but where
they can observe them occa-
sionally to check their pre-
dictions'.

+ ,

3. Over:a period of days the ,

teams should make (and r.egocord)
their obiervations of the test
itubes. /7"

4

0MINISEQUENCE V/Activity

COMMEKTARY

You might wish to demonstrate
the technique to them..

There will be some residual
bku4 colo?ration in the upper
part of the test tube but most
will be settled on the bottom.
Again, they.should-try not to
agitate the contents.

Vir

Some children, seeing, the blue,
color settling' to the bottom,
may predict that all the, color
will eyentuall.y_ge to the bot-
tom, Others may, predict that
the blue colored molecules
will .become evenly mixed with
-the-water.

348

If mold growth should appear
in a gelatine tube at any'
time, remove it and wash the
tube with hot water.

It will.be apparent Within a
few days' that the blue color iss
not going to settle to the bot-
tom of test tube 3. By the
next ttay, the blue will appear,
to be completely mixed with the
water. By then, the children
should als'o notice an. interest--
ing phenomenon in the gefatine
tubes: The blue coloring will
be seen to be gradually moving

7h i
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TEACHING SEQUENCE

Ask the, children to describe
the phenomena in the gelaine
tubes.

In which direction'are the
7 blue molecules moving? Why?

t

When the suggestion is ade
that weight, or the att action
of,gravity, accounts fo the
movement of the blue mile-
oule, some children (or you,
if necessary) May.ciliesion
it. Then have each team take
one of the tubes containing
gelatine and the drop of blue
food color, be sure the cork

. is tight, and turn it upside
dow0. Set the tube alongside
the uprights one and continue
obsd,rvationv.

T.:.

Will the blue molecules move
up in the tube and continue
to spread into the gelatine
or will they sink back down
towards the cork?

4. After another five days,
have, the, teams observe and
.report.their findings. Refer.
to the phenomena they observe
as the diffusion of the blue
molecules info the gelatine
and water.

Does the diffusion of .color
seem to be affected by
gravity?

Evedtually'some children
should suggest that this
cess is similar to that

340

pro-

MINISEQUENCE V/Activity 1

COMMENTARY

i'nto the gelatine. There will
appear to be a gradient of col-
or concentration from dark blue
to light blue in a section at
the toj of the tube.

Down the tube. Some children
4may suggest that gravitational
attraction is pulling the blue
molecules downward.

C

S.

Some team's might try laying
the test tube, on its side.

41,

ki

ObserVation of the two taties
with the gelatine will shOw a'
steady spreading of the blue
molecules into the gelatine
whether from above or from
below. They will also have--
observed that in the tubes
with water, all the blue colo'x
appears entirely distributed
even from the pool lb:low. In-

other words, grayitational
attraction does not seem to
affect movement.

With time.; there 'will be an

.4>
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TEACHING SEQUENCE

observed in' activities in the
previous sequence. As before,
the movement is from regions
of higher concentration to
regions of lower concentra-
tion. The color tends to
spread out.

How does this dompare with
the temperatures you mea-
sured along the nail while

350
4I

MINISEQUENCE V/Activay 1

COMMENTARY

even broader color gradient as
the blue molecules continue to
diffuse into the gelatine. The
illustration below shows the
gradient after a fAw weeZs.

0

Some children may suggest that
mixing of blue particles and

1
water particles i going on
within the gelati e and that,
as before, this leads to a. net
transfer of mOlecules down the -,._

concentration gradient. Even- .

tually, of course, there should
be complete, even mixing of the
color within the gelatine but
this may take many weeks.

Again there was a gradient in
temperatures. From the tem-

.

peratIres measured it could be

I1
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TEACHING SEQUENCE.

heat enrgy was beI0 added
to ,one end? . . /*

Why do you think /there was
such a differenc4 in how
fast the blue molecules
could diffuse through water
as compared with gelatine?

Do you think eh such an
orderly color gradient could
be. formed as a result of
chance movements of mole-
ctleS?

EXTENDED EXPERIENCES:
,,,

if
1. M8iecules of yellow fOod coloring cove much Aore rapidly
through gelatine than blue. Green food coloring contains!both
the blue and'the,yellow. Thus, it is interesting 'to mix one
drop of yellow coloring with ohe drop of blue,'place this Mix-
ture on some set gelatine in a tube, and then compare whathap-
peris there with what-hap-pens w-h-en----a----d-ro,p_of green food color is__.

.placed on a second tube o -f gelatine. . As th-&-m ecule-a-dif4use'
into the geYatine, the yellow will appear first -even the }fellow (

coMporient from-the-bottle of green food coloring. !

"Y

/ -
.

, 0

2:, If,the children appear'fascinated with these obSer;lations;,
they night prepare some gelatine io a t4ansparent dish to aet.
Then,t0ey can piatce small drops of diferent food colorings: on
the slk4ace. Observing it from above will show rings of lighter;

color around the'ldrops as the molecules diffuse away from the
center of the drops and into the clear gelatine. Where twd dif7
fererteLcolored molecules meet, the mixture will appear as the

biation of the two colors:. For instance, as the molecules
fro a' drop of yellow and of blue reach the same rVipn, tlie

4

MINISEQUENCE V/Activity 1
".0

'COMMENTARY

ts,

inferred that heat energy was
being gradually transferred
along the nail. M

Open this up for their dis-
cussion, Some children mpy
compare this with the differ-
ence notecrwhen a glass rod 'was
substituted for.the nail. Heat
energy"could not` e transferred
as readily. Some mayjecognize
the difference as due'to the
higher viscosity (resistance to
flow'), "thickness," or "solid-
like" nature of'the gelatine.

Encourage the children's specu-
lations. Some of them may re-
call thedfive, cups but they may
aay that what fouled there was
the result ,of exchanges w>ech
were*t "blind" as in the case
of tO; bean model. In;the next
Actity,..the children will be-
gin consider how chance, or
rand , molecular movements
coul :produce the phenoena
assoc ated with diffusibn.

colo will appear green.
342
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411.SEQUENCE V/Activity 2)

)

4". t

'Acfivity2 Random Walks'

Series of events have som characteristics which are orderly
. and predictable ana some-co iCh are not. Those charddter'istics
dealing with patterns of results are predictable; the specific
outcome of a Single event or series ofdvents is, in general,
not so. Far Instance, when tiny specks of camphor, about .the
size of the head of a pin, are placed in'a container of water,'
each speck will exhibit chaotic, disordered movement on the.
surface of the water. An Observer cannot'predict which way the
individual particlps will move. However, although the pieces
of camphor are grossly larger th,n any individual molecules--of
camphor itself, of water, of theftood color, or any.subStance--
their behavior on the surface of the liquid porrtray-s the kind
.of movements believed to take place at the molectilar level-in
the liquid.

In the previous Activity the childreri observed the slow dif-
fusion or spreading of blue col r through the,gelatin medium.
How can'this apparently orderly m9v tof colored particles,
or mblecules, result from chaotic individual movements? In the
present Activity, the .children engage 1.n a game with Spinners.
Because their movements,away.from the starting position are
determined only by the chance result of a spin, they are iden-
tified as random moves.. These individual random moves can
occur, within the constraints set up, in only two diredtions.
Even so, although the:individual moves are unpredictable, the
overall shift of the memhers of the class is away from the
starting potition; the numbers of children at each position
gradually decreasing. Thus the result appears /as a gradient
in numbers of children at each position. This gradient has been
pioduced only by the random, chaotic movement dictated by a
chande Spin for each child. The modpl created is then related
to the observed phenomena of diffusion into the gelatill. As
an outcome of this, they are led to the inference that blue
molecules4n food coloring may also fe moving in suchta random
fashion, The-overall effect of the many molecules being that
of-a,general-trend to spread 'into the'gelatin..

MATERIALS AND EQUIPMENT:

-- 1 camphor cake*

1 hammer or other heavy object

J. large open pan; for instance, a pie pan

352 343
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MINISEQUENCE V /Activity 2

1 dish of marbles, representing a liquid, like that used
in.Minisequence II, Activity 3

petri dishes. (optional).

!plastic wrap (optional).

felt marking liens (optional,)

ror each pair of children:
ND

4 pieces of .corrugated cardboard, about crin. square

nails, 1-in. (2.5 cm)

2 bobby pins

cellophane tape
I

1 small 'piece of heavy colored paper or plastic

1 pair scissors

1 box colored pencils*

2 ,Worksheets V-1

1 Worksheet V-2

2' sheets of graph paper, A sq/in. (gr 2/cm)

*Be sure this is the chemical,'camphor, and not what is commonly'
referred to as "camphor" balls used for moth protection. The
latter is naphthalene. Cakes of camphor are usually available
in drugstores.

'----Nsa,

PRVARATION FOR TEACHING:

Using a hammer'or,other heavy object, crush a small piece of
the camphor between two pieceq of paper when you are ready to
begin the Activity. Half fill the pan 1..q.th water.'

°Construct at least on .spinner to be used as a model when the
children make their.ovfn. Begin by taping two pieces of corru-
gated cardboard together to make a 0.ece'of double thickness
and abou't 6 in. (15 cm) square. Tut out one of the Worksheet
V-1 circles and mark the sectors U (for up) and D (for down)

- alternately, as shown in the illustration on page 345. Tape
the edges in seyeral places so thae.the circle lies flat on
the cardqbard. Push a 1-in. (2.5-cm) nail straight through
the middle, of the circle and the cardboard block. Then remove
the nail and push it through from the othe'side so that the

344
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ALLOCATION OF TIME:

MINISEQUENCE VActivity 2

point is oytlie same side as
the circle face. Use a piece
of tape over the head of the
nail on the back of the card-
board to hold it in place.
Put a bobby pin over the- nail
andsthe spinner is ready for
use: :B&sically,rt-is exactly
like the one usedin Minise-
quence-VI of Grade 4.

k This Activity can begempleted in 2 to 3 hours.

TEACHING SEQUENCE

with1. Begin a discussion ith
examples of "can't tell" be-
lavior with which the chil-
dren are familiar. For in-
stance, where is a fly likely
to ,move? Which way will a
pebble .bounce when you drop
it? Can you tell which way
a man walking will turn at a
corner? Then ask about a
series of-events, such as a
child .in a toy store: if the
9111,1d took 5.0 steps, in how
many different places could
he Or she end up?

Show, the children the' pie pan -

of water. Sprinkle a fer\,__,
specks, of camphor on the sur-
face (Jf the water.,

COMMENTARY

41N
These examples should be from
the children's,experiences.
There is no specific answer to --

tie last question, as it would .

epe'nd on the size of steps,
"th arrangement of display-
counters, and probably-other
variables.

The chaoti.c movement 6f the
light camphor particlesresults
from tWeir gradually dissolving
and reducing the surface tension
of the water where the solution
forms. The particles then move
in th:e direction of least

345
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MINISEQUENCE V/Activity 2

TEACHING SEQUENCE

A

e'

What do you obie-FV-e4? could
uu predict thephth of one
of the tiny bits of camphor?

out the dish of marbles
L16hd -remind the children

use as a model representing
molecules in a liquid': .Tilt
the so that the marbles ,

move a ut.freely. .

Could you predict the path
--of any one of the Marbles?

The food color clearly prog-
ressed in an trderly fashion
into the gelatine.",If, the
individual particles of-food

f color -are moving in such a
chaotic fashion in the liq-
uid, how isssuch orderly-
progress possible?

Ask how you might find out
some answers to the questions
just distussed. Help- them
come'up with the idea that
perhaps they could construct
a series of moves based on
,chance, and record what hap-r

s. For odnvenience and to'
simplify tatters, suggest that
the moves be the same size,
and in only tsal directispe as
a start.

O

Draw a vertical number Line
from -2 Ito +2 on then chalk-
board. Put-a red dot at 0
position on the number line
and tell the children that the
dot'marks the iosition of a
person about to take a.walk

Din a series of moves, or
steps.

346

COMMENTARY

.

resistancAc Thus, fresh water
should be ed each time you
wish

*
to observe thilelenomenon.

The skittering motion of camphor.
on wate\is ,oi---gtod example of
unprediable movement.

See Minisequence II, Activity 3
'and .Activity 2 of Ainisevuence
V in Grade

No:

49. .v

This is a key questio that
should be raised here even ,4,

though no definitive answers
are expected at this stage.
Itowould certainly seem that
if it is equally likely for a
p.article to move backwarras
it is for it to move forward,
little or no progress would be
made.

They should be famkliar with
th'eunumber line" concept
from arithmetic, 5o moving
away from a center pointby
increments should seem natural.
Of ;.course, the number line's
with which' they are grobably_
familiar,are horizontal. The
steps being taken here are
either up or down with'respect
to a center point, as on a
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TEACHING SEQUENCE

4..

What could be used to -

determine at random whether
the person goes up or down
at each step?

1

Give each pair of .childreri
two nails, two bobby, pins,
fou(i- pieces of corrugated
cardboardand two copies of
.the sectored circle on Wor,,k-
sheet V-1. '-Also provide them
with cellophane' tape. Help,
them to construct thei'r own
spinners in the manner des-
cribed under Preparation for
Teaching.

0
When the children have con-

/ structed their-spinners, show
them how to flick the bobby
pin.' They* should agrees.cin a
strategy to follow when it
stops betweei sections. For
instance, th,e section where
the longer enci, lands might
be the one to count.

MINISEQUENCE WActivity. 2 4
. ,

COMMENTARY

thermometer.However, the
principle is the same. 4
vertical orientation has been
chosen in order to make the
analogy later with.the move-
ment of food color particles
in the test tube of gelatine.

They.wilI need something 'to
specify atrandot objectively,obectively,
in which direction they should
move. The familiar spinner,-
with two, (or any -even number)
of segmentt would do very well. .

In this cased they could -also
toss a coin to determine the
direction of movement -- heads,
up; tails, down. However,
the spinner is used because
later they Kill want more than

.two determinants of action. ,

,
Each child shourd-- construct a .

spinner.

Ask a child to spin his or:her
spinner and tell you how to
move (not where Co go!) on
_She chalkboard diagram. Mark
X on the +1 or -1, as di-
rected. Then ask another
child to spin and tell, and

7

Whence used; the spinner should °

placed on arhoripontal sur-
face. If it is. placed at an
angle, the weight of the in
will favorthe lower sectors.
Many children may be familiar
with spinner beckuse of their
uses in childrO's games 2tnd ,in
Minisequence VI of Grade 4.

If the first move is U (11.$11j7

to 41, the second may beta/
.(down) to 0 or U to Itf

356 347
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''TEACHING SEQUENLE.

move accordingly again.

',b.How could we keep track of
the person's progress, if
any, away from the starting
.position?

2. Distribute Worksheet V-2
Point out that on the Work-
sheet there are two rows of
boxes corresponding to the
number line. The children can
use heavy colored paper..(or
plastic) and.scissors to mak'e
the markers. They should
have one inarker to ,represent
the moving individutl, one
to showAupward progress and
bne to show downward progress.
The X, or other indicator
letter for the individual,
moves each step as directed
by the'spinner along one row
of boxes. The U and D move
out only, never in, and show

N in the second row of boxes how
far, away from home base (0)
-the walk went.

Help the children get started
on their walks, and tell them
to stop after.tkey have taken
ten steps. They should tally
each step, as they take it.

After the first ten steps, be
-sure that the children have
maintained the, right records.
Then have them continue.to
record for 2b more steps,
stopping after 30 steps.

Discu'ss the follo- wing

315 8'

.

MINISEQUENCt V/Actiliity 2

COMMENTARY.

it is. D to 0, move and raise
the question.of how you can
remember how far,up you have
gone. The children should see
that a U marker is needed to
show total upward progress.
If the second move is U to :1-2, *,

you can also raise' the, questioz
because the third move max'be
down. If the-first move.'is,
D to -I, develop a similar
reason for a D marker to
indicate the maximum downward

movement-.

Small squares that will fit on ,

the boxes can simply be cut
out. Actually any small mark -
able object can be used. ,

With two rows of boxes, the U
and D markers will not inter-
fere with the movement of X.

t

The children may work in_
pAis, one spinning and the
other "walking" and record=

; they can switch after.
each set of ten steps.. ;

If you, wish, they can go -on to
50 steps. %

You might collect data on the

349
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350

Names:
r

RECORD AIM
'''

TALLY:
. Space

.
Occupied

Ut-
by

D;.,

Spread
' Between
UandDM

After 10 Steps ,

1.
20 .

30

. 40 k

. ,
50

CONCLUSIONS:

I I

CY"j A
'. \



-e

TEACHING SEQUENCE

questions:

What seems to be happening
to the X marker?

What 'is happening to the
spread between U 4ndD?
Why should this b-e1(.?

The children should reach'
these conclusibns b"efore
proceeding.10 the next -Sec-
tion'of the Activity:

a) The posttion of any per-
son's X at a given moment
is unpredictable.

b) The average position of
'all the X's is predict-
able.

c) The spread between U and
D increases as the number
of steps increases' - -in
short, there is "progress"
as a result of random
motion.

They an record these con-
clusions on their Worksheets.

-3. At this point return to a
consideration of the movement
of food color into the .gela-
tine. Initiate a discussion
of what washappening as the
blue molecules diffused into
the gelatine.

Do you think that the, blue
molecules moved in only one
direction?

Ask the children what they
think about'the possibility
of molecules moving 'in,the
opposite way.

I

'f-

MINISEQ(019'4 ,V/Activi4S, 2

;

COMMENTARY

10th and 30th steps and, On the,
.chalkboard, show thi average
position of-X (average for the
class), and the uOrage posi-
tions for U'and 77

I

If children respond in the
affirmative, agree with that
part of the response that the
QV rall effect was to see blue

,

co or move from higher to lower
negions of concentration.

360
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\- TEACHING SEQUENCE

Cou'l1 the blue molecules
move, in either direction
through the cellophane walls
earlier?

Howtlid the ),:slue color move
in the test tu4e of gela-'
tine?

Suggest that they try to see
if a model can 'be devised,
based Yon the random motion of
many indivadAels, which will
look like the diffusion sys-
tem they have observed in the
gelatine.. Draw six horizontal
lines on the chalkboar4 about
15 cm (6 in.) .apart, as shown
in the sketch. Letter the
spaces between the lines from
1 to 5.

1

2

3

4

Suppose we use an X to rep-
resent a molecule of food
color placed on the gela-

.

tinp. In what space could
the X be placed to repre-
sent its position at the .

beginning of the exqeri-
ment?

352
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MLNISEQUENCE V/Activity 2

COMMENTARY

Yes. The blue molecules seemed
to movepinto the clear water
whether from inside the bag or
from outside the bag.

Their observationsled them to
infer that the blue color spread
into the gel either down or up
the test dube.

If you wish, you can draw the
outline of a test tube around
the spaces.10

Of course, any letter'can be
used to_represent the food
color molecules.

The,X could be placed in the
uppermost space,' 1, bec4bse
the food dolor was placed on
top of the gela'tine to begin,
with. It spread out ftom
there.

3 61
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TEACHING SEQUENCE
(

Put an X in spate/l'on
4,

the
chtalkboard. Again the spinner
can be used to determine, by
chance; which direction the
X will move in.

Did the food color move
rapidly or slowly''through
the gelatine?

To make their model conform to
'their observation that the
food color moved very slowly
through the gelatine, the
Children could change their
spinners: they .could color
in four of the six sectors on"
the spinners, leaving, only one
U sector and one D sector. If

4 the,spinner lands in a dark-
ened sector, the' molecu'e will
stay where it is. This way
there will be no movement at
all over half the time, slow-

_ ing the process doWncon-
siderably.

Call on one child to flick
the bobby pin on his or her
-spinner and tell the sectol
on-which it lands. If it
points to D, erase the X
and put an X in the next
%pace, 2. If it points to a
U, ask the children what
should be done with the X.
If any, other sector comes up,
eave the X where it is and
ask another child-to spin
another number. 'once the Xis in spacet 2, 3,'4, or 5,

4 it is also, possible for, it
to move up one space., bo
this'whenever U copes up on
the spinner.

Continue having the children
spin and call out landings
while you move the X until
they understand the rules for
moving: 'it stays where it is

fi

MIN EQUENCE V/Activity 2

COMMENTARY

There should be general agree-
ment that the color moved very
slowly the gelatine.

y to elicit the idea that in
t is particular case, ,where up-
ward oovement is indicated
when the X is in space 1, the
X must be left where it, is
because the portiere of food
color could not move up off
the gelatine into the air.

You tray ,heed to move the X ta
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TEACHING SEQUENCE

when the spinner lands on the
four darkened sectors. For a
70, it moves ;own one space
unless it is in space 5, in
which case it also stays where
it it because there is no
place to move.. For a U, it
moves up one space, unless it
happens to be in space 1, (as
at the beginning), in which
case it stays where it is.

Before the children begin this
activity,vone more key ques-
tion must be raised, if the

. children have not already
done so: Is a single X a good
representation of the situa-
tion where food color was
placed ongelatine?

If you had 30 X's, say,
would they all land on the
5 after many moves? Would
they all come badk? What
do you think will happen
to many "molecules" when
a series of spins .directs
each one?

Invite .them tottry'this out
with each child'e spinner
directing the moves. This
time, the children themselves ,

will do the moving, or "walk-
ing," instead of a marker.

Use chalk to mark off a large
area of the classroom floor
into five spaces. Label these
1,*2, 3, 4, and 5, as the
chalkboard sketch was laSOled.
Each area should be large'
enough4lhat the entire group
can stand An one of the /n;t2.17&-
bered spaces.

Have the children begin all

354 41'
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COMMENTARY

space 5 and ask about the rule's.
at that pvint. It probably
will not get to space 5,unlets
the sequence is continued well:
beyond twenty spins. .Y,ou may
also need to do similar things'
to explain the rule that it
stays if a U comes up when.tt
is inspace 1. A limited se4-
quence of spins may not take
the X against eithef edge.

The children should realize,
that representing the movement.
of only one molecule is un-
realistic. Presumably there
are many, many molecules in
a drop of food color.

Encourage their ideas,

I

fr

It would be best if the area
'could'be between two actual
walls which would form the
outside edge,s of spaces 1 and

Otherwise make artificial
walls with tows of tables or
desks. Alternatively, you may
find :it Easier to.take the ,
group outside onto dtmarkable
play.surface for this activity.

363
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standi4 in space 1, as i
they we %e several food co ar
moleculs an the surfaces of
the gelatine. Tell them that
they are each to move accord-
ing tQ 7-the,rules developedffor
the X an the chalkboard. Each
child should spin his or her
spinner just five times ana
move ac- cording to the sec-'

'tors that come up.

After the five spins, have the
children help you count the
number of people in each 4

space. Record the results.
Continue with4sets of five'
spins until a total of
twenty spins have been made.

4. Let the children 'discuss
what they observed during,
the above .experience. Could
-each of them tell where they

- were going to move before they
spun the spinner?

vvv.

Was there any pattern in the
way the clAss ,d a whole
moved?

MINISEQUEKE'V/Activity 2

COMMENTARY(

You may need to remind the
children to hold the spinners
level to insure at all six
sectors are equally likely.

Below is a chart of typical
results fkom this part cif the
activity. Your actual results
will no doubt differ someitat.

Number
of

Chil-
dren
in

Space

Number of Spins

0 5 10 20

1 30 24 3 q 10

.2 5 11

.

11

.

8

3 1 5 5 5

4 1 4 3

5 1 4 .

No, it was,unpred.q,table.

You can point out here the
data recorded on the chalk-
board. If the children wish,
you may repeat the experiment
to produce more data and to
let the children observe the
movement'of the group while
they know what to watch for:
The children should see that
'they were initially cc:green- 4
trated in one place;but that
the different'chance movements
produced a net transfer of
children into the empty spaces.

355-
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What would you expect the
distribution of children to
be if a similar experiment

- were continued fqr many
more than twenty spins?

356 ,

INISEQUENCE V /Actjivity 2

COMMENTARY

F

They.should realize eh t even-
tually all ty space wYoUld
have about the same number of
children. This numb _might
vary, a little by chiwc6fe, but
th'4,re would eveytua34y be no
more net'flow. It is higl-rly

. A

unlikely that the' wffole class

365
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TEACHING SEQUENCE

Or

By this time some discUssion,
may have occured regarding the
similarlities between this and
previous Activities: If not,
give'out sheets of graph paper
azid4;have the children mark in
the points for the numbers of
children in each space afte-4
10, 15 or 2 spins. A sample
graph is sh wn belpw. 0

MINISEQUENCE V /Activity!

COMMENTARY

would ever agairrocOme together
in one space. (On;average, it
might happen once in every
1,000;000,000,0,00,000,000,000
spins!)

If children are interested, the
experiment could be extended
bejond twenty spin0. In addi-
tion,'several repeats of the
same experimdnt could bd,done
and the results averaged for
each point. Thi's could give a
spmewh'at clearer graih.

2 o

to

O

)...*...

.1,0 15 , 20

Number of children in a space after 10 spins

3- 6

a
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TEACHING SEQUENCE.

Looking at the graphs you
have drawn, what, can ypu
say about the distribution
of children in the room
after 5.spins? after 10
spins? etc.

The children should recognize
by now that this game of
Chance has resulted.in a

situation producing a "gtadf-
ent" of concenttations'of
chi'ldren. Very likely some
will see the similarity to
previous Activities--the
temperature gradients down
the nail as well.as the dif-
fusion of the blue food color
molecules down the gelatine.

4

Dos this game
provide a-reas
of the diffusio
served?

h spinners
e model

ou ob-

358.

MINISEQUENCE V/Activity 2

COMMENTARY

The children spread out grad-
ually from the starting spaces.

The graph they have. just made
should remind at least some
children of the graph theyh
made in Activity'? of Mini-
sequence IV. There, the heat
energy was at first concen-
trated near one end of the
iron nail. Gradually; the
heat energy spread down the
nail and ',the thermometers
registered progressively lower
temperaturek the farther. they
were from the heat source.
Here, the childrens' (net)
movement away from space 1
"models" the peevious behavior
of the heat energy.

Be sure they realize that.what,
'thNiy observed in the tube was
the overall. effect.of themove-
ment of millions of individual
blue molecules.

it appe.ars to duplicate_th'e
overall effect. Help the
children realize that this
-spinner game provides merely
one model for the gradient ob-
served during diffusion. 'A.

model is useful if it can ex-
plain observed phenomena but, -
it need not be the only one
possible.

I .0
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MINISEQUENCE V/ACtivitY 2

I

TEACHING SEQUENCE
0 COMMENTARY

Help them consider that since
the model resulted in such a
gradient of children, and
since their*movements in
creating the gradient were'
,all chance or random ones,
perhaps molecules also behave
in this Manner. The idea that
such an oraerly pattern can
result from a collection of
chance movements will be ex- .

plored further in ActiVity 3.

EXTENDED EXPERIENCE:

By "random" be sure they under--
stand moves which could not be
predicted ahead for each mole-
cul-e--although. the overall
shift was towards the empty
Tor clear gelatine) region.

Some chlldren may be interested; in attempting to develop an
analog model of the random path of a camphor particle. First
they can make a record of the random behavior: Fill a shallow
dish--a petri dish is i'de'al- -with cool water and sprinkle a few
tiny pieces of camphor on the surface as was done earlier. Then
cover the petri dish with'a piece of transparent plastic wrap.
Have the children carefully focus on a bit of camphor, place a
felt-tipped pen on the plastic wrap, and trace the chaotic path
of the particle... The'wrap will then show a tracing of the pa

TE-i-Faonstruct(the path 9.4.f tie particle, the children coul use
a spinner divided into eight equal sectors. The sectors ould
be lettered N, NE,.E,.SE, S, SW( W, and NW to i dfcate the
directions in wh'i,,ch the particle can move,: ctu.. /y, a
device.which will provide eight different equally p able
outcomes may be used. For example,. eac child could use an
opaque container into which eight, one -inch squares of card- .

bodrd, lettei.ed as above, have been placed. Before selecting.9

one of the squares, the container should be shaken rigorously.
The squares should not be visible when one is drawn.).

An initial game, or trace of the random walk,' might be done as
'demonstration, on the .chalkboard or overhead' -projector. Then

each child could play their own g'ame.
-

2, v

The childlen should select the center of the graph paper As,a
startingposition for this "camphor particle." Let theoSject
move only to on'e of eight intersections on the graph, asindi-,

.

-'cated by the arrow heads im the iltustration on page 3,60..0 Using
graph paper with 4 squares to the inch, the particle can mpve .'''
North, East, South or West four squares °a.r. diagonally_North

9 Eatt, South East, South We.st, and North.West to the other cor-
ners of the larger squares f6rme4 by sixteen of the smaller
squares. Each possible dit'ectiosn -for a m corresponds wiiih .

a sectLop on the spinner. A replica of t*illustratioh 'Should
4 '

.

368 ,
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1 MINISEQUENCE V/Activity 2

9main.on the chalkboard while this game, is being playedso
-that the children may use it to determine thA directions of
moves. .

0

A

NW N , NE

.

et-
,

% e ,

W1( >E
e

e/

eeee

SW S SE

Consecutive positions of the "particle" should be indicated
by numbers on the graph. After four! moves have been madb,
connect the starting position to the fourth pasition/as
shown on page 361. Repeat for the'next four moves. Con-
tinue until about 88 moves have been made on th, graph.
(One reason connecting every four moves is that it would be
very difficult to see all the tiny moves be ng made. Another
reason is that, when tiny'paticItsare actu lly being buf- 4

feted about, wq probably do not see every pos tiori of the
particle but do-'see an overall effect.

4
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When they are finished, thq.traces made by all the,,,xhildren
should be,examined.and compared. Xithougb al& relAesent
-movement on the graph, each move as.wellas the total trace
was quite unpredictable. It is most'unlikely;that they'will
discover any two traciAs that ax.e'alike. Then have the
children compare the traces with 'hose madeon plastic° film
of the movement of camphor,particles. She similarity will
be obviOus. In this comparison, 4ht it not be'reasonable
to associate the 6nPredictabie 4 r.eptionein,which the cat'phOr
particle moved with the concept df -pure.ahamce? qouldnot
the camphor,-particle movement be thoug4 of a a random ,

walk? ,e . ,?:<t. 4..
...,

VS,
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MINISEQUENCE ILLActivity3
O

I

A Trip by Chance

The object of this Activity is to continue the development of
the idea that the pattern of a large number bf chance events is
orderly and, predictable while the result of any one of them is
highly unpredictable. The Activity involves a series of moves
on a diagram. Each move is dictated by the result of a spin,
and making the "trip" can be approached as a gaffe. By combining
the results of trips taken by ma different travelers in a,
rhistogram, the children observe., ,a symmetrical distribution in
their destinations.

.

This Activity, after it has been performed and the results dis-
cussed, should help children further to unde stand, the results
of tkle precedilig Activity, Random Walks, and hould provide a
basis for them to understand that the results produced,with the
so=called Hexstat, available for optional use later, are also
due entirely t/o chance.

MATERIALS AND EQUIPMENT:

,

Fore each Child:.

Hexstats (optional),' available from Harcourt,- Brace,
Jovanovich, Inc. (see page 459 for ordering address)°
at least ror 3

I

.

4' different colored pencils

.1'.spinner from Activity 2

k, copy of Worksheet V-1 (plus scissors and -tape)

'1 copy of Workshee, V-1

PREPARATION FOIR. TEACHING: _

4 tr

No specil preparation is necessary, other than running off'
Copiea of Worksheets V-f° and V-3.

A

A4LOCATION
,

This Activity Can be completed in about ,en hour, exclusive of
the Extended Experience.
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TEACHING SEQUENCE

1., Begin this Activity by
distributing fresh copies of
Worksheet V-1 and asking the
children to cut out 'the cir-
cle and tape it down ontheir
spinners-. This time the sec-
tored circle should alter-
nately be marked R (for right)
and L (for left). Then giv
each child a copy of Worksheet
V-3 and a colored pencil.
Tell them to imagine that they
are travelers starting on a
trip from the'bottom-most
circle labeled "start." At
the starting circle, two paths
go in two di ctions, a'nd the

.one to. be tan will 1A,de-
cided by spinnin'g the spinner.
They will choose',the one .on
their righ..t..-if it lands on R
and the one on their left if
it, lands, on L. They will theh
advance to dne of the two pos-
sible outcomes of the first
spin, marked 1. From there,
the path they choose is de-
teYMined'by the result of a
second spin. On the basis .of;
-this result, they move to one.
of the. circles 'marked 2: By
thus going to their right ''or
left each time they come to a'
fork in the path, they Con-
tinue bn their journey Until ,

theyreach'one of the nine
destinatio'ne marked A through
I.

What are the chanced that
yOu,will go to your left or
to your right at each fork
.in the path?

MINISEOUENCE V /Activity

'0-

COMMENTARY

Again they will need 'scissor's'
.and tape:

0

Whey are there 3-and not 4 out-
comes of the stcond Be-
cause going left and then right,

gets to °the sa,Ine position
4.goifig right.kand theh left,
R -L. i,f-rthe-oh'ildret,haye
.studied. the commutative axiom;,
in mathematics, they may see
that the position reached on
the entire tiipAdepends upoh
the nudbers of'L's and R's,
not the'ir,sequetce:

(L,R] =

(L,R,L3 = (R,L,L] .=
(R,R,L,L] = (RiL,L,R] = (L,L4R,R]
etc.

Since the choice is based on
the 1 to 1 chance'of.this,
particular spinner, the. child
is just a.s likely to 4o Im one

372
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TEACHING SEQUENCE

What can, you predict about
which of the destinations
you will come to? '4

How do your chances of
arriviitv at D.compare with
your chances, of arriving

,at'C? at A? at E? at G?

Before the children begin to
travel to.their.destinations
in the manner described above,
ask each child to predict
Which of the nine destinations
he or she will come to and
then to record the prediction
by drawing a box 0 around_
the letter and circle pre-
dicted. On arrival at one.of
the nine destinations, the
.chi 'd can make an.X. over the
circle on which he or she
landed--or simply color it
in with th'e pencil. Remind
them to play fair-and not to
"!fudge" tcodera their predic-
tion!

I

AqINISEQUENCE V./.tiity 3

(/
A

c'
direction as the other.

COMMENTARY/

Questions such as these, once
raised, can be held for dis-
cussion intfl after the chil-
dren have traveled several
times-to their destinations,
by playing 'the game.

;

When'all the childen have
made one trip, ask hoW many of
them were correct in their
predictions.

In a similar Manner, each
child should follow the paths

.

taken by 3 mere travelers.
0

..
f . 2. Lead the children to sug-

,

_
gest'a of all their
data, us'ng the rest of. the

.Worksheet. . Tell ,each ehiia'
to call out in turns the des-
tinations of his or het four
trvelers. 'The Children 'I

can kee tallies, twQ to

)

Probably no more than a very.)
few 94 the predictions
havecbeen correct. Emphasize.
.that the Probability of being
correct is very'small and that
one cannot predict with cer-
Aaintif the ex'act 4estination

an l, one traveler.

Different colored pencils can.
be used fot the path.of each
traveler.

374 Ji
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TEACHING .SEQUENCE

a box, in the, columns above
the letters. Wheri'all have
ki50.shed.telling and tillying.,

,each child should havea_his-
tbgram of the 'pooled data. An
example of one such fristogram
is shown ,on page 3W

r

What do you observe about
this histogram?

-
f t t

How do you accountfor the,
orderly distributiip
the results?

During the' discussion of.:"the,.
questions raised at begin-
ning of thf,'Activity,.it
should_belorought oit that :.
(1) ,Any destination for
given traveler is possible,
The destination cannot be
predicted with certainty.-
',(2) The results ejrla

numb0; of'.chance events:pro-
duee'a pattern that. is fairly ',
symmetrical, with the" greatest'
number 9f travelers arri.ving:
at the 'center pf the pattern
and,with a decreasing number
arriving at 'the succeSsive*
destinations.to the right and
the left' of center. (3) For
a large number of travelers,
the4attern.of their

366

MINISEQUENCE V/ActiVity'31
.

.

,COMMENTARY

'")

It can be expeCted to be faily
symmetrical, and the chalices.
th,e, traveler will. reach any
of the destinations' can,be- es
'timatediwitk reasonable' aconra.-,'
oy., Foy a glass..of-30,.the
th eeoretkical xpextationS.that
the tra4eler§',4ill'iend u! 't
the-vWrious desti.:111 s are
'shown' below.

Destination Number of 'Traveler's.

A'

G-

I

-.Eventhough war-possible
..for any 9ive,n/ti-evel
-up 1k.t.aAy ogre- of the'deOlnaiL-,
tiobs jalthoru0.not-equal_ly,.1
-14kelyhd e'v-pn

"detehnined solely by sbccesiive:
-chplce,events,,,,collectivaly
the reOltTs wee-re paterted'aS:;-'
they cF:ere:partill'a
the rule0..and restraiof
the Tama #ncc.partly becaUge a ! 4-,

lariO ntimber:f:travalekak
involVed.. .

.

t!

. . 315'

""*"-e-te \

For ,exathpl, rerdl'e";ss ,of how
many .ttavelers therd'mar'be.,
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MINISEQUENCE V /Activity 3 .

TEACHING SEQUENCE

'deVstinations is predictable,
pecause of the "overlaps"
built into the diagram:

'EXTENDED EXPERIE,NCA

COMMENTARY,

there are only ni "rooms at
the inn." Since ryone has
to be someplace, some
mates" are necessary. Further.-
more, there are. some rooms more
accessible than otherS--that
.is, there are more ways to .get
to them. Thus the accessible
"rooms".--euch as D, E, and F--
have more occupants, while the
less accessible "rooms"--such.
as +A, B, H, and I--have fewer
oCcupants.

A Hexstat is a device for demonstrating probabilities. 1 It % ,

'`'closely resembles the game the children have been playing and
receives its name from the hexag/nal%hape of the pathway seg-
ments. ('Comparable pathway segments in the AEkceding game were
.rhombohetiral.) 2At the top of the Hexstat are many,tiny balls
which can fall together through a funnel into'the various path-,-
was.' There'is one ball of a different color sp it is possible
to:consider the eStinationiof a single ball apart from the
otters. When, y fall, Ole balls form a symmetrical disttibu-,
tion at the bottom of the device, like the one the children

.

observed on their his'iogramsZ _ .

Is .4

Children aregenerallery enthusiastic about this activity- 1..

and it is!well worth the small expense invblvedin obta4ing
'atileast -a-few. oaf them. He is. the report of one teacher, who
used the Hexstat: 1

1 .

4 The -children had. no difficultyt understanding that .at'
each fork any ball could move either ep.the:right or
left and that there was an equal chance that.it would
move in on4-of thbse two directions. Wvcompaned this
with the toss of a,Penny, where the possibilities are
Ole same. , T '1

A

-I asked .them what would have to occur in order for a
ball to land eventlially in'either.the far left'or.far
right vertical column at the bottom of th'e Hexstat.
Most childrell were able. to see that it would have to'
move in the same direction at each cif,theeight forks
in its path. When asked how this NO114,compare with

t a coin toss., all could 'see that it would be' comparable
to tossing 8 consecutive heads or tails, ,which would
be highly improbably.'

368' 377
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MINISEQUENCE V /Activity

1.
The children we'r'e quite,intekested in the fact that
although the balls seemed to be going every which
way, the overall result was always an orderly dis-
tribution at tine bottom of the board.

Their attention w.isldrawn to the bass colored ball
in the collection. They were asked tovikstip the board
so that all,the beads went into thereservoii. and
'to locate the bras's ball. I then asked them if
they would like to predict the,path it would take.
There was an almo-st'pnanimous "dh, no" response.
They observed'several falls of the balls and noted-
the channel in which the brass ball landed. All
the-children seemed to understand that the greatest
probability of'its lnding would be toward the center
and .the least toward the ends'.

s'

0
'

i
.

I

..

ff_

t

(6

.<

4g t \
. - V

....-
*4,

* i
N.

. 11:
ii%,11-7:-- /. ''' .le:"' ':''

v

01\

.

.

.."...:

e

.

kv
. .

....''
0

.

..;:.:

,,...t.e

s

-,:...-.:..

-

. q:: t .
.

Be alert to the possibility that somelphi.ldren may
sided rskewed) patterns when th.5mexstAt card is tilted. You
may wish to run a quick travel.ero.ame with 4 R'soand only
2 L's on the .spinners, to7stiow a similar "tdlt" effect.

o ?78
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1) 1 .

Activity 4 The Recordig a Geiger.Counter
I .\

. ,
1

The ,purpose of-the concluding Actilitie n his sequence iS
to help the children realize that circler can bt brought out of
random events not onlyln "games" it 'also-iin nature itself.

. One exam; le' of randomness in nature are the events recorded by
a Geiger counter. he ch)ildren count the click

1thecoun er at 5- 10-,, 20- , 604 ; and 120- eco
When cou ted in very short ntervais,.the.data see
otic and unpredictable; pr Lctable behavior is ob
the siz of thessample7-that is, the time interval--is in-
creased: When they make histograms 'of their data, they find
that the data grodually converge on an average number of counts

. per1minute whicE cannot be predicted for the.smaider time inter-
yals but can ,for tWe'larger ones.

I .

MATERIALS AND EQUIPMENT:
1

/ y
. 1

1 Geiger counter or a preparditape recording ofd Geiger

produced by
)

a intervals.
to bd*cha-'b

ained when

1 counter and recorder (see pxeparition 'for Teachin

1 clock with sweet second haOd, o, r a stop watch
1 'O.

FoneachIchild: .
i \

, .)

1

.

Worksheet V-.4
.

J

ib 1 piece lbf graph paper, 4 Vin.'i.
PREPARATION FOR TEACHING:

1

For thissactiVity, you call], either need to borrow a ,Gei er
cinter or'make a tape recording'pf If you can arrange

.1'
to boriow a counter, ask the lender how to adjus thevOltage'.

\ of the
/

so that between 1. and 20 cl gs pert minutr
are hd'

0f

ard. If the .clicks 'occur more rapidly an 20/mEn.,- the
children igilf.not be able o countsgme of them that come rather

.

close ogethere Irthe .ra e, of clicks is sldWer,:th ch'ldr.en
will 1 e interest-vluring some 4f the longer pekibt of fthe '

when, clicksi'are ii oduc . It i'ls not possillot2 o bo row...7X-
a Gei er counter, arr ng ,it.o ha e a tape reCording a the

,

1
1.4

f click made'. (Some .ac ers pre:fex to use a tape re ording of.
the--countnpven .ijf they Could'bri g it into 'the, cl4ssroorti be-

I

.cals,,the child are sbj,curious about thieikriobs, meters and' 4

.

ligh(s do the pfunter't 4t it become distracted the

/
.

,;,

"

AI

I
.,i

#

. '7 . ---
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MINISEQUENCE V/Activit 4

_. .
central purpose of the Activity). A simple cassette recorder
can be used to record the clicks for 15 minutes and then play
them back.

.

.

.

,

If 4 is not possible even to obtain .a-Geiger counter to make a
tagg'recording, you can make a tape recording without one using
the char on pages 489 and 491 at the back of this Guide. Sijm-Iply to out the pages, as with the Worksheets, and tape or
paste the/together to form a single sheet. The chart is A
visual r resentation of data obtanea from an actual'Geiger
counter--the dots represent the random clicks. With the chart,
use th folslowing. procedure:

1. Choose a location near a large clock with a sweep second
hand, or use a stop watch.

/ N
2. Set uptthe recorder so itr is ready to record. The micro-

phone should be placed several inFhea from where the noise
or click will be made.

3. Hold a noise maker in Aone hand. (A sharp, clear, distinct
.

click is desired. T1.4s is obtained by- hitting together
.two objects. Examples: a spoon strUpPagainst the desk

\,, .,. .--

top, one large -metal washer struck against a second washer
., 0

. on the lesk, etd. . The striking motion must be, easy and .

done withqult looking with only one hand.) The index..

ginger of the other hand should serva'as arplace indi- ,.

cator on the time line of the chart.
..

4. It is necessary to watch the on-6k and follow the
line on the .chart at 'the saim time'. Practice running
your finger, across the time line whilewatching the ''

clock. Ydur finger should cover a secorRl on the time
line while-the clock moves a second. Wh you come to a
apmark on 'the-time'line, produce a click with the noise
maker. For example, a click ourd be m de at.1 sec,
5 sec, 7 sec, 10 sec, 12 ec, 15.sec,..etc.

_54, You are noy ready to make a prac t:,ice tape. Turn on the
, . .

recorder and actually record for a minute or SQ aCCA4,--
. inl".to the above ins rUctions:*

.. t 1

: .

corded to.ma.Zcertain every-
. ..,

. .
.

'7. If you a satisfied ith whatbu hatie recorded, you
are r dy to procee with the actual recording,. Start ..,--,'

-

'6. Play hack what you have
thing is O.K.'

-e.
.11

_et the ery beginning of the, time line. When you ---
reach the end of a minute, go right ahead with the
seeond.minute0, etc. ( - .

.

...A. -

8.' Continue the process for 15 minutes. If you wish, you
,,

can haiie rest periOds-diuxing the 15-minute interval by

8 0
'4, 371'1



MINISEQUENCE V/Activity 4

turning off the recorder at,the end of any given minute.

ALLOCATION OF TIME:

.The chilA-en' will ned 1-1j2 to 2 hours -to complete this
Activity.

t

TEACH G SEQUENCE

1. Eithe'r bring out the
Geigermcounter and adjust the
voltage,,, so that,there are be-
tween 10 and"20 clicks-per
minute ,or turn on the tape
-t-O-th-at thp children can hear
%he clicks.' Tney should
fen to them fOr a minute or
so.

4

"

372

:r

11;

S

. COMMENWY

If you are using an adtual
counter, let the children ob7
serve and get used to the in-,
strument before you start using'
it in-the Activity. Iflyou %-

are, using a tape, expla4n crow,
it was made. Note; howapver,:
that the pittritoe of the ACtiv-
ity 4 not to get Tnto a t4is-
cuss3,on of radioactivity ox
Gei''ei counters.

A' Geiger counter--which is
named aft? Hans Geiger, a
German physicist--consists of,

gas filled tube and associ-
ted electronic equipment used

to detect and record nuclear.
radiations such 'as Cosmic rays
or other subratomic;particles.
It is a perfectly armless
instrument .which records the"

:
so-called .'9Daditilround"
t,ion even. when there is no

- radioactive source near the
.counter. The sounds produced
are caused be radi4tion that
'Comes down :thiough the atmo-.
'sphere, called cosmicudia-
tion, as well as ,the radiation
from ',!small amounts of naturally

.otou4sig,radioactive \--Waterials
in tfte grlund,' In building
material's, etc. Whenever one

.

of these particles with Suf-
ficient energy passes through/
the counter, a noise. pr Flick/
is produced in' the loudspeakelr.
Since their time of arrival itis

tcompleelp unprediAtWe, the

O

I



TEACHING SEQUENCE

Do you observe any pattexn
44 to when the clicks occur?
How many clicks.dolyou think

, there are per minute?

Prev.iously tlie children have'
found that ,a pattern does'
exist if one considers a

- large number of.'iandpm eventk.
Suggest that they4countthe
clicks'oyer longer- intervals,,.
of time' -to -see if they can-:
makea prediction on.Ahat
baSis.

They Could start by counting\
' the clicks over several 5-
second intervals. t'Distribue'

, .
'Workshee V-4 and show the

P"
childre hod far the second -
hand ory*the clock has to move
for 5 seconds. Tell them they

. ,
must decide where the clock

' they are goihg to tart count-
.ing. Wheri-the second hand
gets to this place,Nsay the ,

12 or the 6, they should start
to count. The%nuhbex of
clickg they hear in th@ 5
seconds will be recorded in
the third column bn the Wore:
sheet. They hay hear no
clicks or perhaps as many'
as 3' or 4 in this- time inter-

J.'val.

f

MINISE4ANCE V/Activity 4

COMMENTARY

©
clicks on the tape are random.
Two click.scould come very
close together,° or there might
be,a time interval of 10 or .1

15 qconds between clicks,. 2

There'is'no obs'e'rvable patteAn.

ti

The childrenare now ready to
take their data. They will

4C.

J f

It will help the children if
you turn on the. tape recorder,
and 'go over these _steps Witt
them. When everyone. seems-to

'have bhe islea, you might help
`them get started by doing the .

first 5-second interval with
them.-

. - A

It*Neght.heip,;measuring the'
,..

various, time" ir you
or a child-erve as a time-
keeper. The timekeeper would
watch the clock and give a .'

i
signal hen the time. interval
begins hd ends. For instance,
he or she gould say "seart;"
watch for 1 seconds, say "stop
and record," then'gick up on
the next multiple oft 5.

\\.: 382 373
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WORKSHEET V-4

TRIAL

0,----

TIME -INTERVAL .

(sec)
NUMBER OFt
COUNTS

MULTIPLY
BY

CALCULATED
COUNTS/MIN.

1

3

4

5

6 '',/

8

10
11

11,2

. ,

5
.

, 5

t

5

'5
5

5".. *
.

5

.. 5

-
.

S

4iit

4

,

..

.

-

.

.12

.

.

v

..

.

lir

.

,...

.`,..

os

.

,

60 sec=1 min.

1 ..

2

3

4

,5

6

.

.

10
10
10'

10
- 10

fo

...

,

7

..

--

.

.

,

,

.,

.

o

/

,

.

..

- .

6..-

' -

V

t 3

0

-.

-

4

4

.

.

.

,
,

s

60 sec=1 min.

'20
. 20

20 ,

1 20
20
20

I

° 1 -

. 4

3

4

5

6

120 sec=2 p in.

41

2_

3'

4

5
6 '"1/4'

, .

, -

-..44,,60
, 6060'

' 60
'60'.

60' , -,

. -

1

:

,

., .

.

,

-

.

30 sec=5 min.

1

2,

3

...

120
120
120

....

.

-

r

1 2

.

i

o
-

. .

;_.

360 sec=6 min..

AVERApE COUNTS/MINUTA

.
.

,

°

TOTAL COUNTS'FORALL TRIALSLS

--;

A

°,

.s-

,

.

TIME IN MIN. FOR -ALL
,

TRIALS

374
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TEACHING SEQUENCE

need to make counts of clicks
during 14 different 5-second
interv41s. There should-be
a break between intervals to
record the resules.

6

a

4°
Repeat the same procedure etfek
10- ssecond '-second,
ute, 'and '4-minute intervals,
as indicated on the iorksheet.

On the hfa,sis of the.coents,
heard'for a particul,r
interval, how many would
be heard in a minute? For
instan6e, if 3 clicks were,
heard in 5 seconds, how
many do ydu calculate would
be-herd in a minute?

Sample data and calcur ions'
are shown on the fille in
Worksheet on page 376.

1-

The next job is tol'graph,
the data., Pass out a sheet
of graph'paper to eacl-Kchial4
4nd ask them to take five
histograms, one for each :of:

: the differene.time intervals. ,

The Woriz vital axis can be
labeled C ulated counts/mih.
and the ve acal axis(
5-sec inte

MINISEQUENCE V /ACtivity 4

,

.COMMErnNARY

Some children require time to '

stifift their attention from
counting -,to recording. The
elapsed rest interval wilt' not
matter so far as the data are
concerned.

If the tape runs Out, rewind it,
and start it over r-atite The begin-

,
begin-

ning. If you are using a Geiger
,counter itself, the'adjustmehts
'must 'not A changed duringsthe-
activity.,,If they are, the
data cannot meaningfully be .'

. compared bedause the average
counts./min.. will have changed.

311).

Theie-wOuld be 3 x,12 = 36'
counts per minute. The t'Welve °

is used as a multiplier because
'there aF.twel;ie 57second
intervals Yip ,60 seconds a
minute).'

.

The, numberb to be used- as.
mpltip1ie.rs for the other .
time intervals are:indicated.

. -

'in the' 4th 'col 014 on' the Wokk-
sheet. .Using theSeecthd chiy1J-
dreh ihOuld.complet*. the.lasp
corumn,. Calculated coon
minute.

t

.60

Using a grid on the chalkboard,
or overhead projector, help the
children to setup, number and ^,

--).label their apes.1- , he 'number - k

... .ing of the axes wil ;depend on
the data obtaine.d. B, sure,

,,

va1s4 No. of 10 -secs they include 0 (Calculated
.

0
..

intervals,-etc. IThe Calc-u- counts/min.) on the hdr.izonta1,
.,. lated data for each interval axis. . ,,

.

\ e 384 4'375
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WORKSHEET V-4
Name:

TRIAL
TIME INTERVAL

(sec)
NUMBER OF
COUNTS

,

,'MULTIPLY ,

BY

.
,

CALCULATED
COUNTS/MIN.

.1

2
3

4

5
6

7

8
9.

10
11

'12

,

' 5

5
5
5

s
.

5

5

C 5
5

5

5
5

'

,

3
I

I

3
I

0
O
i

I

2
2
I

,.

12

.

.

,

.

36
12
12

.k.
12
o -
0

12
12

.2,4

2W
12

.

.

60 sc=1 min. 16

1

2

.3
4

's
6

10
10
10
10
10

10

2
3

2
4
1

1

6
-.

12
18
12
2#
6

6
60 sec =1 min.

13

1

2

3

4

5
6.

. 20

2..P

20
20
20
20

b

.
. 6

3
4
6
6

5
.

,

3
t

.

18
q12
18

18

/5120 sec=2 miry.. 30

1

2

504

6

.

60
60
60
60
60
60

.

.0.

20
17
19

, l

1

.

'1

.

.

. .

0 10,

17
1c1

..

414

.

12

.

300 sec=5 mina /81

1

2

3

120
..

120
.120

-

°

33
32
30

. .

1-/2.

.

.

'iG.5
16.

15

.

.

360 s'ec=6 mmn. q5
.

AVERAGE COUNTS/MINUTE = TOTAL COUNTS FOR ALL TRYXLS 236,
r5

.:._ 15.9
TIME IN MIN. FOR ALL TRIALS

376
38j



TEACHING SEQUENCE

can then be filled in. The
lq,stograms on page 378 were
made using the,data on page
376.

If they have not already.done
so, ask 'the children to deter-
mine the average number of
courvErminute for the entire
activity at this point. This
is by adding all the
clicks recorded irOthe data
table and dividing it, by the
total time that the clicks,,
were counted, 15 minutes:

MIN ;SEQUENCE V/Activity'q

. COMMENTARY

This total time is the total
`number of seconds during which
clicks were'counted, not the
elapsed time f.or the,activity.

AVERAGE COUNTS/MIN. = TOTAL COUNTS ,FOR ALL TRIALS
FOR ALL TRIALS

Have the c dren draw a
vertica ine the ra h
for t e value of the average;
cbunt /minute they .calcu-
lated. This line mould be
drawn at 15.9 on the histo-
grams on page 378.

Where does the average line

This line could bp drawn in
blOr.
/

)

fall With respect to the
data on each of the histo-,
grams?

14,

For which time interval was
the variabil'ity in the data
the greatpst? The least?

Su pds e a series of trials
was.made Where you counted'
clicks for 5-minute or even
10-minute intervals and

The average line falls in the
midst of all the data. How- 4-
ever, it is. very noticeable
that the data seem to converge
on the average as the length
of ,the, time'interval increases..

The grPatest variation in the
data was for the 5-sec time
intervals. In the data on
page 376, the range in the
calculated counts/min. for hat
interval was 0 to 36. The
least variation was in the
data for the longest time
interval', 120 seconds. there
the range was very, narrow.

It could be predicted wi,th,
confidence that data for 5(7
einute and 10-minute inter-
vals would pile -up tightly

: 386
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TEACHING SEQUENCE

then calculated the counts/
minute from these. What
would you predict about
the locatiOn o.f the columns
if you made a histogram
of'the data?

In what sense is there a
pattern as to when the
clicks of the Ge,i.ger
counter otcur?

This Activity provides a vety
good example of how natural
events can bepredicted only
on a statisti.cal basis. Con-
versely, only When one studies
.individual or small numbers
of events, does the random
character of natural phenomena.
become evident. In the next
Activity the children will
investigate another type of
natural phenomenon:. eye
Dolor in house flies.

i/

MINISEQUENCE V/AcLvity 4

COMMENTARY

around the average line since
the variability is all but
gone even for 2-minute inter-
vals,

Although it it impossible to
'predict accurately hop many
clicks will occur over a '

short time interval, it is
possible to make an accurate
prediction over longer time
intervals.'In other words,
the random unpredictable
occurence of individual clicks .

becomes predictable when large
numbers of them *are taken into
account. In effect, the longer
time periods represent prog-
ressively larger samples, and
the children ,have learned in
earlier grades of COPES that
.a larger sample provides a
better balsis'for.prediction
than a smaller samplp.

'

31.
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MINISEQUENCE V /Activity 5

Activity 5 Eye Color in House Flies

Jr) this Activitj, the idea of randomness is carried forward into
an application. of a biological...nature, the inheritance of eye

property called dbminnce is also apparent.in the data presented,/

color in house :flies. In addition to the random

and the children are lea to discover and label it. In the house,
fly, the inheritance of .eye color di6plays a simple pattern of
dominance in which the cross breeding of purebred red -eye' and
purebred white-eyed flies yields all zed -eyed flies'in the
first.geeration. By analyzing data on4.such a second gener --
tion population, the children observe'that the ratio of red-
eyed to white-eye flies is about 3 to 1. (In an Extended
Experience, information is provided on how the children can \\

crossbreed house flies and produce such data themselvet.) Using
red and white discs, they develop a genetic model to explain '"'\
why there are no white-eyed.flies in the offspring of the first/
cross breeding and how a process of simple random selection
could yield such an arderlypattern\of 3 to 1 in the second
generatfon.

N

MATERIALS AND EQUIPMENT:

For each pair of children:
f'
8 transparent red discs or squares, e.g., cut out Of red

acetate*
A

6 transparent (clear) discs orsguaAs, e.g., cut out of
clear acetate*

ti _
2 oi.aqUe cups, or small paper bags

l' Worksheet V-5

1 Worksheet V-6

1 Worksheet V-7 (optional) 4

Housefly pugad and associated apparatus for cultu ing
and crossbreeding houseflies (Optional)

.
,

*Some possiblessubstitutes ,f'or the red rand clear discs or' squares--
are poker chips,. tiddly winks, buttons, etc. It 's prefe'rable' ..'

that they be transparent, but not absolutely nec1sary. 'The
-discs br squares for any'given pair of children should 'have., ..
the same size and "feel," however, so that no difference !between

*

380
389



.1

MINISEQUENCE V/Activity 5

them can be discerned during 'the random selection. Sheets of
acetate are generally obtainable, at hardware or "Five and Dime"
stores.

'k.
- -

1111

) .

0?
fp

s rs. (Squares are easier to cut out than ciroulaf4,discs.)

U less small red and clear discs or 4quares are available; you
w 11 need to prepare them ahead of time. A few,of,the children
c n dos'this job. Acetate is flexible and can be cut with scis-

REPARATION FOR TEACHING:

airs of J? aque cups orbags should then be prepaed. Six red
n six clea dik_cs or squares will'be distributed with each
air of cups.

Ail CATION OF TIME:

The chi ren will need 2 to 3 *lours ,to.complete this Activity.

TEACHING SEQUENCE
04

, e.

1. Un]ess you have oNered
house flie from a laboratory . e

.

ahead of ti e, ask the'chil-,/
dren to cal) ure some flies Of course,' it may not be the
before beginning this Act(iv- 'season" for houte flies:
ity--perhaps the day before.
,Th'ey should observe the flies
carefully, preferably'in
natural light. ' Wild,type rouse flie.s have

- ° s large red eyes which, may ap-
What'color are the flies'. pear'br.ownish in artificial

...eyes? light::: White-eyed flies are
very rare in wild populations.

s2
.

However,, they have been found
., and bred in laboratories. If,

the c8-ildrencan observe .flies
ordered *Brom a buprily house,
they will see both eye tolor.s.

COMMENTARY

P

r

4

45u.tl'Img their initial observa-'
tions', some children,may be

'

.interested in distinguishing
flies, from females. The

most rel,i,able single way .of ti

telling thm apart issby.ex-
athining the tpacing,between
the 'eyes.. The eyes 'of the
f&Male fly are spaced widely
apart while the eyes of the '

male almbst touch one-anothere

.390 381
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* TEACHING SEQUENCE

What would you expect would
be the eye' color of the 'off-
spring of a xeld-eyed female
and a red -eyed male? Of a
white:-eyedfemale and a,
white-eyed male?

- Nell children tha.t in the
laboratory it is possible.to
breed red7eliedsflies whith.
produce only red-eyed off-

. kpriag.over sever-a-1 genera -
tjons and white -eyed flies
which produce only: *White-eyed
offspring,over several genera-
tiohs.

IS,

Suppose one of theses,red-
, eyed flies) were to mate

with one of these'white-
. eyed flies. Whail..do yciu

:predict would be' the eye-
- color of the ofNpring?'

Di.stidbute Worksheet V-5. Apk

382

MINISEQUENCE V/Activity' 5

COMMENTARY

forming a "V", at the, top of
the head. In addition, the tip
of the male's abdomen has a
black patch on it; the female's
abdom.pm is more pointed with a
single pore at the tip.

Most children' will probably
expect that red will beget
-red.and white will beget white...
Discuss*i,n general terns that
children also have character-
istics that they inherit from
both their parentS: That is,
they.tend to be like their
parents with respect to eye
color, hair color, height, and
other features. Some may sug-
gest -the gene as a transmitter.
However this terminology is nct,t.
essential t9 the discuss"ion.
The emphasi shou d be that
something carr the message.

You might want to explain that
the Children of.a given set of
parents are refetred to as
their offspring or as'the
'"first generation.," They
should also qnderstand that
the "second generation", wot2141
be the grandchildren.

Here you may receive all kinds
of predictionsincluding pink"
eyes and one red eye and clue
white eye! Accept allsugges-

''tions.

391
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WORKSHEET -V -5 1' Name:

Table 1: A*FIRST GENERATION POPULATION OF HOUSE FLIES

Male

Red Eyes White Eyes
1

Tothl '

50 4

Female
A

Total 100
4

1,90
0

Table 2: A-SECOND-GENERATION

,

POPULATION

Red Eyes

OF HOUSE

White Eyes

:

FLIE'

Total _,

. Male. 3,7507 5,000

Fepale

Total 7,500 ,2,500

Table 2a: A RANDOM SAMPLE OF 100 FLIES FROM THE SECOND GENERATION

Red Eyes White Eyes Total

Male 34 14 48

Female 36 -16 52

Total 70 30 100

Table 2b: A SECOND RANDOM SAMPLE OT 100 FLIES

Re dt "Fkye s White Eyes Total

Male 13 51

Female

Total 74 100

Fable 2c: A RANDOM SAMPLE OF 20 FLIES FROM THE SECOND GENERATION

Red' Eyes White Eyes Total.

Male 7 10

Female

Total 13 20

'Table 2d: A SECOND RANDOM SAMPLE OF 20 FLIES
-/`

Red Eyes White Eyes Total

Mal& 12''
b

Female

%ota 18 , 20 1.)

392 .
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TEACHING SEQUENCE

them to look at Table 1 which
shOws the eye color of a
first generation of house-
flies who had such parents.

\

How many,femal flies in th
first generati4 had red
eyes?

, .

Ask the children to \ill in
the space on the Wprk\sheet.

,accordingly.

Telhat was the total number
of white -eyed flie in the
first generation? \

2. Now ask the children to
look *at Table 2 bn the Wbrk-

. .

-gheet. This table shows' the
eye colbr characteristics of
the'-second generation of house
.flies.

Help the children' complete the
bot ks in Table 2.

f-lbw many flies had red eyes
in the second generation?

384

MINISEQUENCE V/Activity 5

COMMENTARY

Note that the Table shows what
is not obtained in such a cross,
aswell as what is obtained. I
Such offspring never have one
red and_one white eye or pink
eyes. These are not unreason-
able expectatiohs, however.
FOr instance, wherl'a purebred
whitey shoXt-hoin bull-is
orosfed with .a purebred reddish'
bros0 cow, the calves can either
be an intermediate roan colOr
all over dr a spotted combina-
ton of the two parental colors.

Since there was' a total of 100
-flieslleving:red eyes, and so
of these were males, there
must also have een°,50 red -
eyed female.s.

Allow time for the children to
fill in the remaining spaces
on Table 1, The data show
that there were no white-eyed

e'ther male or female, . ma

in the f rst generation.

(
These flies are the'result of
random matiags4mong the male
and female red-eyed,flies of
the fixst geneXation. 'They

are the "grendchidren" of
the two original purebred
fed-eyed and white-eyed flies.

4

According. to' the table, there
were 7,500 red-eyed flies ajid
2,500 white-eyed f],ies inv the

393,



TEACHING'SEQUENCE

'Bow many flies, 1.1c1 whiten
eyes in the second genera-
tion?

',What is the ratio of red-
eyed flies t9 white-eyed
flies?

0

V

MINISEQUENCE V/istivity 5

COMMENTARY

second generation..

Be sure that'the children see
$14-that this is a ratio of 3 to a.

If necessary, set up the num-
bers as a fraction and simplify
it:

7500 3

2500 1

No attempt Should bemade to
convey the idea that the data
on the Worksheets in this Ac-
tivity are "real" in the sense
that they resulted from a
specific. experirvnt. They are
not. But the data are ",real"
in the sense that they reflect .

.what actually happens when
house.. flies with these charac-
teristics are cross bred--but
with certain tuilt'-in numerical
simplificationS, such as the
asSumptionAhe* any given pair
of flies produces exactly 100
offspring. / In.the COPES labo-
ratory, red-eyed flies in the
first generation prOduced 766
offspring, 195 of which were
white-eyed and 572 of which'
were red-eyed. Thus, the ratio
of. red -eyed flies to white-eyed

.results ate typical, While i
flies was 2.95 to'l. Such

is quite, possible' for the chil-
dfen to develop the necessary
animal husbandry techniques -

required to culture flies
through theii° life dycle and
also to develop the techniques,
,necessary to cross breed them
and produce iesults these
themselves 1 ee the Extended,
Experiences at_the end of the
Activity), the main purpose
,herd to consider how such
orderly population patterns --'
can result fSont a process of

3of 94 4 385



TEACHING SEQUENCE

What would you expect would
:be the number of red-eyed
flies in a sainpl.e.of 100
flies from th'e second gen-

aeration? '
-

Would this number of .red-
eyed flies be found in any
100 flies ftom the second

,generation?

If you took many random,
samples of 100 flies,
would each one of them

,

have 75% red-eyed.flies?

Ask the childten to look at
Table 2a, complete Table 2b
and then compare the data with
their prediction,

If you'took many random sam-
ples of only 20 flies, how
would they compare to the
larger samples? -

-

Ask them- to complete Tables
2c and 2d'and compare with

, the expected:"

a 6'

386
395
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COMMENTARY

random selection.

Work a, bit on'tlie.numerfcal
equivalence by / saying that'the
*ratio of Fed to white is 3 to
1, or 3 red-eyed flies for
every 1 that Ls white-eyed:
hence, the precent of red is
75%. Therefore,, dne would
expect 7S redreyed,flies in
such a sample.

No,Only in-)a randomly drawn
sample. Review the idea-that
random sampling means that
each fly in the initial popu-
lation would have, an equal
chance of, being selected for'
the sample.

I

No, there would be some varia-
tion from one.saMple to the
next.. Howeye, the average
of many samples should be close
to 75% red.

et.

The percentage of red-eyed flies
would be even more variable;
i.e., some samples would. have
much smaller, and some much
larger percentags.': The aver-
age, of several sample's, how-
ever, ,should again be.close
to 75%. '%r

/Seeifithe children realize
the aiMilarity between these
data and their fi.ndiNgs in,
tbe previous Activity, where
the egieaest variation was
for the shortest, 5- second
time, interval. 'The leaAt
variation wasp fn the data for
the longest time interval,
120 seconds.

a

a
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TEACHING SEQUENCE

3. After the children have
completed their4entriee in

-Tables'2 through 2d and com-
pared the results from the
point of vi-ew of sampling,
raise the following question

.if the children have not alz
ready done so:

. Why should red-eyed flies
have white-eyed offspring?

;

Elicit the idea that somehoW
the white-eyed characteristic
must be present in the red-
eyel0, flies, even though it
doesn't show up--otherwise
it could not be . transmitted to..
their off-spring% Then suggest
that-the'children try to set
bp a model which 1,7puld,show
how these eye:color charac-
teristics could be transmitted- .

from one. generation to the
.

next. Such a .model should
account for the "disappear-
ance" of the white -eyed char-
acteristic in the first gen-
erationand for the specific
ratio of.red- to white-eyed
flies which is obs,ervedin
the second gemergtion.

Show the children red
discs (or squares), sixclear
discs (or squares) , and a pair
of opaque cups. Suggest"tliat
one of, the cups represent the
male parent and-the othellthe,
female patent. /

jf the.red discs represent
,red-eyed fact':grs which Can

be passed. on to offSpring
and the Clear discs

.MINISEQUENCE V/Activity 5

COMMENTARY

4' 1

Some children May suggest that
the white eyes a're "accidents."
You should d.iscuss this pos7
sibility:. If these white -eyed
flies are "acciddnts," why
shouldn't some og,thQ first
generation flies shave had'.
White ey's by accident?

O

.a

Since the original parents were
purebred eye,(whether male
or female) And purebred white
eye (whether male 6r fqmale),

.

:o 396,
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TEACHING- SEQUENCE

represent white4eyed fac-
tors, how'could the discs
be put in the 'cup's to repre-
sent the originalwhite- and
1red -eyed parents?

------N-jut,the six red.discs i,n one
.

. cup and the six clear discs
in

1

the. other.

Assuming that each parent
coptribUted characteristics
to the offspring At random,-.
what combinations of char-

f acteristics are possibre
in the firs -t gleration?

Ask a child to come up and
withojut looking into the cuP,
make a blind selection of a
disc from the cup represent-. '

ing the purebred red-eyed
parent. Ask artother child to
come up and do the same for
the cup representing the/
white-eyed parent. The re-
sults of 'their selection-,-6ne
red and one clear, disc, repre-
sentij4g' the characteristics
inherited from theseparents
by'one offspring--should be
recorded on the chalkboard.
The discs s'houl'd 'then be
returned.to their respective
cups and the contents of, the
.cups shaken.

Next, ask another pair -of
chndren to come up ands do
likewise"blind select e disc
from each cup, rvcord the
nesults, and ret-kirn the discs
to their respectiVe cups.

388
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MINISEQUENCE V/Activity 5

COMMENTARY

thdy must, have 'possessed only
red-eye factors and only white-

. eye. factors respectively. This
&situation could be' represented
by putting all the rgd discs
in one cup.and all the clear
discs in tht otter.

It is' also assumed that each
parent makes an .equal oontribu-
tion. This is indeed the case.

The selected pair of discs
should be put one on 'top 'of
thd.other and held up for the
Other children to see.

Eventually the children,will
realize that they are not go-
ing to come up with any other
combination of discs.than a
Ad and a white: .(RW or WR).
See Activity le "Selecting.
Marbles," of,Minisequence. V in

some
'

Grade 5 for ome earlier ex-
perience with making infe-rence'S
ab t a population'on the.basas
,of ind selections.

I
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TEACHING SEQUENCE

'4fthe first generation of
house flies all inherit a

aftd a White factor f'tom
theI parents, why are they
all red eyed?

AR Some of the children may al-
ready have noticed that pair-
ing a red and a clear disc..re-
sults in a red color. 'That
is, if the pair is held up to
the light,, it looks red, il-
lustrating. the ide'a of dom-
inance. If they have not
noticed this feature of the
model, po t it 'out to them
during 'this iscussion.

4. It is clear from Table 1
that equal numbers the
first generation flies'are'

-males.and females. Using
. the discs and the cups., how
could we represent what fac-
tors these flies could p4ss
on to their offspring?

If we continue tohave)six
discs in each cup, how many
would be red and how maky
white?

; How cou -ld we determine What
combination (s) of Oharac.7
teristics are possible in
the second geneiation?

Ask the'children to work in
'Distribbte 'two opaque

cups, 6 red and 6 white discs,
and a copy of Worksheet V-6
to each pair.

They should put 3 red and 5
. white discS to each cup:-

Vhen, with one child in each

MIN[SEQUENCE V/Activity.$

S

CQMMENTARY

The red-eyed cha aceristic is
"dominant" in house flies while
the white-eyed, characteristic
isdescribed as."recessive."
The childzen may suggest that
red is "stronger" than white
in some'way.

Since each of the offspring
'in the.first generation in-,
,Merited one red and one white
factor, this time each cup
would.contair( an equal number
of red and white discs.

EaCh cup would contain 3 white
aDd 3 xed discs.

he childrenwall upbably
suggest draw'ng.a disc from
each cup to m ke pairs and
recording th results just
as they di. before.

398 .
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WORKSHEET V-6 Name:

v.

SELECTION
FACTOR INHERITE6 FROM
Female
Parent

Male
Parent

1 X

2

3

4

...

5

6
. ..

7

?

9 - . .

10

SELECTION
FACTOR INHERITED FROM
Female
Parent .

Male.

Paren.t

11 -.

.

12
1

13
. .

14. . re

,

, 15
. I

16
.

17

18
.

19

20

.

KINDS OF COMBINATIONS
OF FACTORS _

/NUMBER -Ot EACH KIND
OF CO BINATION

EYE qoL
COMB

OF THE
NATION

,

.

.
",,

.

,
.

. (

.

.

.
.

2
.t

1

.

c

.

.

t

.

.ed
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TEACHING SEQUENCE

pair being the selector for
the male parent and the other
child for the female parent,
they should proceed to blind
draw 20 times and record the
results on the Worksheet,
They can use a capital R for
the red disq and a capital'W
for the white Cclear) one.

:

I

MI&InQUENCE V/Activity 5

COMMENTARY

After each draw, the discs
should be returned to their
'respective 'cups so that each

red sand 3 white
discs thro hout. After each
return, the cup should be
shaken to ensure mixing of the
'discs.

A set of typidal data are
given below:,

1. RR' 11.
2. RW 12.
3. WR 13.
4. RR 4 14.
5. WR lie
6. RW 16.
7. WW 17.
8. RW 18.
9. WW 19.

10. RR 20.

RW
WW
WR
WR
RW
.RW

WW
WW
RR
RW

Ath

If
. there are fewer than 15-

pairs of children gathering
&ate, you may want to have
each pair dra0 more than 20
times so that when the data
for the

at
group are com-

bined, t least 300 selectioris
will be represented.' A total
o.f 400 selectioris is even
be-tter. .Then there" will be
close to 100 WW (white - eyed)
combinations and close to 300
RR; RW, and WR (red-eyed)
combinations.

40O 391
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'TEACHING SEQUENCE

What are the possible com-
binations of factors- in'.the
second generation of house
flies, according to this
model? *

How many of each kind of
=combination did you have?

1

Even now some children ma'y see
the pattern that is emerging
from this process of random
selection. In any case, pool
the,data of all the pairs of
children and then ask the fol-
lowing questions:

What would be the eye color
of the flies with the RR
combination of character-
istics?

Would any other flies be
red-eyed?

V

What would be the eye color
of the flies *with the WW
combination Of character-
istibs?

39-2

MINISEQUENCE V/Activity 5

COMMENTARY

As a result of thisactivity,
the children should see that
four different kinds of com-
binations are Possible in the
second,generation: RR, RW,
WR, and WW.- You might want
to glow them tire following
'shorthand method for finding
the possible combination:

1st generation 124-----tW

2nd gener4tion RR RW WR WW

In the sample data cited above,
there,were the following number
of each combination:

RR 4

RW 7

WR 4

WW. 5

The frequencies for each com-
bination are, theoretio411y,
equal; hbwever, in samples
this small, there may be at
few extreme values. The pooled
data should show each frequency
close to 1/4 the tota.

These flies-Would,obviously_
be red-eyed since no other
kinds of factors than red-eye
deterMj.ners are present. These
flies a.Ke purebred reds--just
like one of their "grand-

f
pa'ke-nts."

Here the children should see
that, just as inthe,first
generation, a.combination of
,R and W will yield a red-eyed
fly because ,red is-dominant
over white.

These flies would have to be
whitd-eyed for, the same reason '

that those bearing RR would be
.Pp.red -eyed. °#'

k*71/4.$
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/ TEACHING SEQUENCE

Now return again to consider
Table 2. Are the frequencies'
similar to those obtained
from the model?

4'4 Apparently random processes
can account for certain'or-
derly patterns -observed in
nature.

;

EXTENDED EXPERI,tNCES:

VC

60

MINISEQUENCE V/ACtivity 5

COMMENTARY

Help the dlildren to see that
one-fourth RR, plus one-half
mixed R and W', could lead 'to
three-fourths., leaving the one"-
fourth-WW which fits the fre-:
quency of whi e eyes in TabLe
2.. The prop° tions are about
the same.

2 1, It can be a very enriching experience for c ildren to cul-
ture and cross-breed red- and white-eyed housef ies themselve.
Eggs, larvae, pupae, and adults are relatively asy to manipd=
late' and titywili.fe 'cycle requires only sixteen or seventeen days
under classroom conditions. (Children who made'a fruit-fly%
"farm" in Activity 5 of kiniseguence I will already be 'familiar
with the life cycle of flies.) Of course! the Activity would
have to be extended over' a longer ppri6d of time but it. is well
worth it to see the excitement of children when they obtain all
red-eyed flies in' the first generation ans the specific ratio
of white-eyed flies reappearing in, the second generation. In
this way of ,handling tie Activity, the'children could obtain the
data, themselves and therefore not usse.the Worksheet description
of results.

4
If y4444 want to do thiS, it would be helpful to send for the fol-
lowing booklet, obtainable from Educational Science Consultants/
in San Leandro, California: "The Housefly'as a Classrooni Ani-7
mal." They can also supply a special housefly kit which in- , -

'cludes the booklet and Apparatus for setting .up two f'ly colo-'
nies. Housefly pupae must be ordered separately. These are
available from Continental Biologi6a1 Labs in Chicago. The
_full addresse%_of these suppliers are'provided in the Materials
and Equipment section at the back of this Guide.

'2. Childr4 oftigh a4ility maybe challenged by the opportunity
to considet the kye coldk characteristi-cs of the third genera-
tion of ho seflies. 'Worksheet V-7 includes information on the
offspring f a selected'sample of 160 white-,eyed flies and of a
selected sample. of 100 red-eyed flies from the second generation.
(You may need'to-discuss'selection versus random sampling. In
the former, a.characterig\tic is chosen and only members of the
pOpulation havingthat 01:ticac'terisfic.4re selected. With regard
to other (characteristics, hOwever, the tbsequent choiceiis by
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WORKSHEET V-7 Name:

Table 3: A SELOTED-SAMPLE OF 100 WHITE-EYED FLIES
FROg irHE SECOND GEN'ERATI'ON

Male

Female

Total

White Eyes

50

100

Table 4: OFFSPRING:OF SELECTED WHITE-EYED SAMPLE

Male

Red Eyes Thlite Eyes Total

5,000

Female 5,000

Total 10,000 10,000

r
Table 5: A SELECTED SAMPLE OF 100 RED-EYED FLIES

FROM THE SECOND GENERATION

Male

Red Eyes

50

Female

Total 100

Table OFFSPRING OF SELECTED RED-EYED SAMPLE

Male

Red Eyes White Eyes Total

Female

556 ' 5,000

Total 8,889

C

1

1
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MINISEQUENCE V/Activity 5

random sampling.)

gfter. distributing Worksheet V-7, the following `sequence of
questiOns might be.raised with the children:

.,
Whet would you expect would
be'the-eye color of bhe off-
spring of the flies from the
white-eyed sample?

k

's What would you expect would
be the eye color of the,off-
spl'ing of the flies froth the

. similarly selected red-eyed
sample? What would' all
these flies have in common?

. ,

What'eye color is found in
the offspring of such a saT-
ple of white-eyed, flies ?.

.4.

= What eye color his found in
the offspring ofthe red-
eyed sample?

DireCt the children's atten-
tion to Table 6 and ask them
how the data are both like.
and nlike those in 'Table 2.

t

How could We find out if
these data,can be accounted
fo'r using the model of ran-
dom selection We have de -.
veloped? What colors and .

numbers, of discs should be
put in each cup?

JD"

The children will pr6bahly be,
able to p'redict that the off-.'
spring of the white-eyed flies

, should all be white-eyed.

Here the children may be more
Uncertain. They should real-.
ize, however, that all these
flies have at least one'R fac-
tor. Otherwise theY would not%
be red-eyed. Genetically they
can be described assRR,'RW and
WR: The question is, wrld
there by any white-eyed off: '

spring of such

After filling ih Table , the
children should notice That all
the:ofspring of the white-/.:eed
flies are white-eyed, as
pected.

After filling in Table 6, the
children will observe that
while most of the-offspring
are red -eyed, as might,be
expected, one-ninth of the cWf-
spring have white eyes.

In this third generation, Art,,
even smaller 'proportion o:f*the
offspring of-red-eyed flies are
white\eyed than was tke case in
the seld'nd generation--1/9 as
compared with 1/4. In both
cases, though, °a specific ',ratio

,exists.

,Since the RR, RW, and WR fac-
tors are the only .ones present
in both males and females,
representing such a situation
in the cups' would require twice
as many.red discs as 'white .

discs in each one. Maintaining
a. total of six, there would be
4 R and 2 W in each cup'. A

395

/ f

-P4A. % , 1
s s,

..404

t .



MINISEQUENCE V/Activity Sow

Distribute fresh copies of-Worksheet V-6 and encourage the chil-
drento see if -by again selecting discs randoMly,'1/9 of the
outcomes are WW. They "should indeed obtain such&results. One
group counted 4 WW's out of 400 selections.

4.

Some chile may be able to see why 1/9 of the flies from such
a selected sample would have to be white-eyed by worICing.outi.the

.,1.%kollOwing, table of possible combinations: )

RR

-la-

RW
. V

.

WR

RR

\.

-

h

RR

12R

RR

RR,

RR

WR

RR

WR

WR

RR

.
WR

RR\

RW.

.

RR-

1412

RR

WR

RR

WR

,

RW

WW

RW

WW

RR

WR

WR

.

:--

WR

' RR
--%

WR

RR

WR

,,t

WW

RW

* WW

e
RW
--L

WR

FR

Froja the"table it can .be seen hat. 4/36 or 1/9 of the outcomes
are WW. Here again, an orderly ttern has emerged from a pro-
cess of random matings.

P
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Minisequeliceyl
Towards an Ideal Mechanical Slistem

In this final Minisequence of the COPES pqragrem we ret1.14r to
the idea of conservation of'energy and focus,on cojseryation
in mechanical systems. From the/activities lnd discussion in
Grade 5, Minisequence II and IV,1 we fOund thp.t it l's. difficult

j

to demonstrate energy conservation in such s§stems because cp .,
. friction. The effect of friction in all cases is to convert .

somezof'the.mechanical energyA hdat energy as result of the
:...pt-b-hing of 2 strfaces,against e ch other. Thus' iY appeaa that
energy is not conserved in a bo ncing ball, Tor example, because
'the-ball eventually comes to rest. However, it is only that the

.energy is not conserved as mechanical energy; the toi.'1 energi,
(mechanical plus thertar °) is conserved. ..

/ 4It were possible to eliminate friction-de.dpletely, mec'hanical
energy co d be conserved. 'In fact, in the design of a prac-
tical mec nical system one, always seeks t;sp miD,imize friction
.so as to edrease the generation.ofheat energy and thus in
crease the overall efficiency of the system. LubricAts such

4 ' as oil are frequently used on parts rvbbing.'overcone another'
in order to decreaSe the frictio'n between thet In the case of
the _bouncing ball, the friction or' rubbing 4s internal: AS the
ball hies the floor (or any surface),-it/ compress..; after it
rebounds it,returns'to its original shape. Layers of rubliOr,.
"slide" over one-another, converting sbme energy to fleatIdurin'g
the comprepsiow 'a*nd return to shape. If the,j.nternal sliding
or frictioA could be lessened,'we would have 'a :'better" ball,
which would bounce tirgher and continue bouncing'longer.

/ .
,

,
v' 2

0

We know t at it is impossible to eliminate friction completely
in a real ystem. 'Fibw then/can we establish the:principle of
- conservation of energy? Gnry by inference from experiments in
which the fric onal effects are progressively diminished. That
is, by stddyi g systems having less and less .friction, and 'fitnal7
lyextraPOlat ng these observationsCto the ideal case of ero*
-friction. in this way one concludes that without''friction,
mechanical energyyould be conserved.

j1

Mechanical energy was introduced iii Grade 5', Mimisequench II.
-There the children saw that there are twd--forms of mechanical
..en4rgy, both measured by the amount of 'work that the system is
capable of performing. One is potentid/ energy, or energy due
to the position of an object, and t'he,other is kinetic energy,
which islenergy due to the motion of an'object. In' many,mech-
anical systems tbere is a continual interobange,betweep the
two formslof energy. For instance, in the bouncing ball, the

406,
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potential energy of. the ball at itshighest point is converted
to kinetic energy as the ball drops. When.it rebounds upward,
the kinetic energy is converted.back to,iotential energy.. The
ball fails .to return to its original heiglt, however, because
as it reboueds some of its energy is "lost" in the form of heat.
As stated before,.this is caused mainly by frictional effects
within the ball.

Another mechanical system that more nearly approaches the ideal'
is the simple pendulum. Here the frictiohal effects (occuring
at the point of suspension where the string rubs against a sup-
porting surface and as a result of resistance of the air as the
bob moves through it) can be made so small as to appear negligi-
ble. Thepoterrtiil energy of the .bob at its highest point' is
etnverted to kinetic energy it moves down and through the mid-
point. The kinetic energy i,s then converted back to potential
energy when it swings up and, over to the other side.- -The loss of
'mechanical energy in each swing cycle an be very small, ,but,we
know that even in such a system the energy is eventually degikded
to heat and the pendulu4 comes to rest. What this means, in ef-

..fect, is that perpetuWmotion cannot be achieved iff a practical
system, which should not be surp.rising. Nevertheless, such near-
ly ideal systems do help one _come to the conclusion that, in the °

absence of friction,,mechanidal energy would be completely.con-
serNied; e.g., a pendulum would continue swingj.ng forever.

VIr

In this way the Activities in this Minisequence -lead from a con-
sideratiop of inefficient mechanical systems, inoahich there are
obvious energy losses due to friction, to the culminating Ac-
tivity involving a system 'in which the losses are much
the pendulum, which may be regarded as a nearly ideal mechanical
system. Thus the primary objective of the Minisequence is to
guide children through a series of experiences from which they
'are able to make.the final leap to the. ideal case.

Oro

The following concepts are developd in Minisequence VI:

1. The total amount of energy (u4dhanical plus thermal) in
system remains constant.

2. In an ideal system, theidffferent forms of mechanical en-
ergy (potential and kin6tic) -can be convertedfrom one to
the other without any loss of mechanical energy.

r
3. On impztct, the kinetic energy of St object. can be trans-.

formed into therrwl energy.
A

4e The amount of work done to increase the gravitational poten-,
tial energy of an object (lifting .it agains't gravity) does
not depend on the path through which the 'object is raised.

5. A lOss in the Mechanidal energy of a system may be accounted
Eor by the production of thert!tal energy due to frictional

3

effects.

407



'Nu

Activity 1

MINISEQUENCE VI/Activity 1

The Bouncing Ball. r
This-first Adt ivity consists of three ,parts: All of them-tleal
with the same basic phenomenontqe conversion ofssome meqhan-
iCal energy into heat ,energy when a rubber object (or' any other
kind) is stretched or Compressed, as 4;,,a bouncing ball. Suoh"
Observations are'designed to,lead the.cltIldren to realize that
the apparent failure to -conserve mech.an'ical energy-in a given -
system may be atr.4bdted,to the conversion' of some of it -to
heat.

All children have had experience with a bouncing ball. They
know that left to itself such a ball e%;4ntlually,comes to
rest on the floor. In the first part of this Activity a bounc-
ing ball is regarded from the standpoint of its energy. It is
a mechanical,system whose energy is continually interchanged'
between potential) and kihetic:. At,the highest'point-in its
SounCe, the potential energle of the ball is at a maximum: As
it drops, thse.barl is Moving andust before it hits the ground.
it is moving most rapidly. At this point, its kinetic energy
is at a maximum. As the ball continues torbounce up and domn,
its mechanical energy is gradually dissipated (because of
internal friction). What becomes of the Tenergy i% not obViouS,
although some children may infer that it was transformed,to
heat energy., In the next part of th Activity, they obse e
the heat energy generated as another piece of rubber (a pe Gil
eraser). is repeatedly flexed by pounding it'olka table top.
The conclubion to -which the children are led at that point
is that some of the mechanical energy of the bbuncing ball was '
also_changed to heat energy. They are then prepared to study
other bouncing balls, some of which bounce "better" than others
because they lose less energy in the form of heat at each
bounce.

,

MATERIALS AND EQUIPMENT:

1 ball, hollow, rubber, approx. 2 in. (5 cm) in diameter

1 ball, "Superball,%70111pprox. 1 in. (2.5 cm) in, diamete,t,
if available

1 ball, sponge rubber, approx. 2 in. (5 cm), in diameter
4'

1 ball, ping gong

1 set of felt marking pens of different colors, including'
black
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MINISEQUENCE VI/Activity,1

6

sheet wrapping "gaper, aipprox. 2, ft by 6 ft
(60 cm by 180 cm)

1 piece of rug oP".carpeting, Approx. 2 ft by 2 ft .(60 cm .
by 60 cm?

masking tape
-A

For each child:

4 -,
2 pencils (unsharpened) with erasers

1 rubber. band, 2 fn. or 2-1/2 in long (5' cm or 6 oml

1 sheet graph paper, 4 sq/in. sq/cm)

PREPARATION FOR ,TEACHING:

Using the black felt marking pen,. draw hoiizontal lines across
the wrappingpaper (lengthwise) every six inches (15 cm) and

4 number them. Select a part,. of the.room-where the '(hard) floor
is fairly smooth near,thewalli and fasten the paper to the
wall with masking tape:so that one edge of the paper touches
thd flpor. The balls will be bounced in front of this lined
::paper, which will allow the children 'to deteSmine the height

' of each bounde. (See the illustration on page ,402..).

ALLOCATION OFTIME: 7.

.

°.7 .
The- children will need 1791/2 to,.2 hours to cpmpfete this Ac-
tivity.

TEACHING SEQUENCE

1., You might start the Ac-
tivity by having one child
lift the hollow.drubber ball
to the highest position he
or she can reaoh and.then
drop it in front of the ruled
wrapping paper. As the ball
bounces, generate discussion
along the following lines:'

4,001

COMMENTARY

If.the children have not had
the experiences in Grade 5,
MiniseciArnce II--where con-
cepts Arlated to work (iri the
mechanical sense), kinetic
energy, and potential energy
are developed--you may wan to
present a telescoped. version
of Activities 2 through 5 he--
fore beginning the work here
Even if they,have hail .these--;\./

experiences it would be wise
to review them.

4
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TEACHING SEQUENCE

What had 02 be done to lift
the ball?

. -

What kind,of energy did the
ball have just beforeit
was dropped? .

How much potential energy
did it have?

. What happens to this pOen-
.

tial energy as the ball
falls? e

HoW much potential energy
does:it have when it strikes
the floor?,

What happeng to theenergy
as the ball rebounds?

Continue the discussion til
the children show that they
understand 11.4 conversion of
potential energy to kinetic
energy and back..

A.second child shbuldnow
designated to call but the
-height to which the- ball re*
turns after each bounce.r
Zi's,tribute a sheet of graph
paper to AW6h child. Ask' the
fir8t child todrop.the ball
again and have-the children
record the.diffeht heights

. to which' the ball - bounces as
the second child calls out
the readings. Afterward;
each: child should make a graph The vertical axis can be la-,
of height plotted agaitilSt 'the' beled "'Height of-the Ball" And

4..10

MINISEQUENCEI VI/Activity l'

COMMENARY

The,child-had to exert a.force
on it, through a distance,
thereby doingigmbrk..

1?-otent g
(.energy of

An-.amount just equal to the
work that was,dqne on -it to
raise it to that height.

.

Part.is converted to kinetic',
l'hergy (energy of motion) .

None. (with respect to- the
floor); all the pdtential en-
ergy '(PE).thas been converted
to kinetic energy OiE). The

ig at a maximum
just,-before it strikes the
floor.

It' is converted back to poten-
tiaa-energyas it moves pp and
,Alay froth thl floor.

Have the child practice observ-
ing the ban. against'the_rUled-
-paper and detide upon some sys-
tem of interpolating between
lines, say to the nearest half
division.

J
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TEACHING SEQUENCE

number of bounces.

Have the children compare the
,.potential energy at the top
of each successive bounce.

The cycle of energy changes
should be emphasized in dis-
cussion--from PE at the tap
of each bounce to KE at the
floor, as shown in-the dia-
gram. -7

MINISEQUENCE VIVArtivity

COMMENTARY

the horizontal axis can be la-
beled with the number of the
ounce: first bounce (1),

se and bounce (2), etc. The
gra h will be use.fu1 hen com-
paring the bouncing hit
ball with others in S on 3.

It should be apparent to them
that the height, and therefore
the potential energy becomes
progressively less.

°PEI

PE

Q PE 3

Why does the ball nIA return
to the same height after
each bounce?.

What happensto the energy?

102 41

r

D

Some children may recognize
that this is becanSe of fric-
tion during collisions with
the floor, and that some of the
energy is.converted to heat.
However', do not press for
definitive conclusions at this
time, but go on to the next,
Section, where a clue to the
losses is provided.
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TEACHING SEQUENCE

.14

2. See that each child has a
pair of-pencils and a rubber
band. Have. them begin by
hdlding one end of the.rub-
ber band in each hand and
touching the center of the

.band to the face just above
the upper lip. Then have
.them suddenly stretch the
-hand and again touch it to
the face above the lip.

What do you observe?

Why dpes the rubber band
get warmer?'

While holding the stretched
rubber band in contact with
the face, have the children
suddenly relax the band.

What'' do you observethis
time?

M

Why should it get cooler?

slf

Now show the children how to
compare the temperatures of
the two pencil erasers by
touching them briefly to the
same sensitive area on their
faces..

'The children, can keep one pen-
cil for comparison while they

MINISEQUENCE VI/Activity 1

A

COMMENTAR/

Leave the ruled. wrapping paptr
on the wall for use in Section
3.

Thepart of the face between
the nose and upper lip iS7very
sensitive to slight temperature
differences. However, some
practive may be needed to sense
the change in temperature.

They should find that bile rub-
ber band feels warmer after
stretching it.

Workimust be 'done on the band
in order to stretch
of this woxk is apparently
changed to'heat energy.

They should finA_Lhat the rub.-
ber band feels cooler.

Some'children will probably
point' out that the energy that
was put into, the-band when it
as stretched must be removed
as thermal energygHtn it
relaxes, resulting in a cool-,
ing of the band. This is an
acceptable explanation.,

To avoid warming the eraser
with their hands, the children
should hold the pencils near
the opposite, unsharpened end.

-4412

They should avoid pounding the
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TEACHING 'SEQUENCE

pound the eraser end of the
other pencil on their desks as,
hard and as rapidly.es they
.can. After a,few minutes
they can again 1ompare tem-
peratures of the erasers by
touching them both briefly
above their upper lip.

The remainder of the Activity
should be devoted to a dis-
cussion of the temperature
rise within the system:

What' caused the temperature
rise?

3. Remind the children that
when (they were observing the
bouncing. ball, it bounced back
with less energy each time.
Whit kind of energy &id it
have just before hittiAg the
floor? Wasn't this tag same'
kind of energy the moving pen -
c it In this way 'try to
associate the production of
heat energy with the loss of
kinetic, energy after each

404
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COMMENTARY,

eraser on a metal desk top or
other.thermally conductive sur-
face. If necessary, place a
Piece of cardboard on the sur-
face so that'any heat energy
produced by the'pounding will
not be conducted away.

The childien, should notice a
small increase i.0 temperature
in the pounded' eraser. Some
childre'n who cannot pound very
vigorously may not be able to
detect much difference. They
could work with othdrs, who are
stronger.

The children should recognize
that the pounding produced heat
energy, because of the rise in
temperature., (See Activity 4
oftMini/spguence IV in Grade 5
for an introduction to the idea
of the transformation of'kinetic
energy to heat. energy.)

Note: Before the pencil hit
.the _table, it was' 11 -motion;
hence.it possessed kinetic
energy. Whgri it corliddd with
the table it "lost" this kinetic
energy. On each collision its
kinetic energy is converted to
heat energy, which can easily
be detected.

In the case of thp bouncing',
ball; too little heat energy is
produced throughout too large '

413
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TEACHING SEQ ENCE

Agatn bounce the hollow rubber
ball in front of the wrapping
paper. Ask the children what
they now ,think happens to the"
energy "lost' during the first
bounce, the second bounce,
etc.

0

) -

% -MINISEQUENCE VI/Activity 1

CO,NIMENTA,RY

a ball for the rise in tempera-
ture to 13e detected. Neverthe-
less, thisActivEty'should pro-,
vide a basis for children to
infer that what happens during
collisions of the eraser also.
occurs during other collisions,
such as with the bouncing ball,'
in which a temperature rise
Cannot be detected. Note that
both the'erser and the ball,
are made of similar material.
However,,this is true of any
,mateeial in which-internal
Lriction can take place.

They have had experiences which
should now make it possibly for-

.

them to understand that
energy was produced when the
ball hit the floor. The sche-
matic drawing might,be used
again with heat ,energy -(HE)
included in the sketch.

E.

0 PE3

PE4

KE.2 K E3

Next, substitutea sponge rub-
ber ball, and repeat the pro-
cedure, noting the heights tip

+; +
HE HE

This activity may be done as in
-Section 1, or small groups of
children may be designated

1405
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-which it returns after'suc-
cessilo bounces. Referto the
graph drawn previously showing
the heights to which the hol-
low rubber ball bounced.
Place the new data on 't
same set of axes, using a
different color.

Does this ball lose-more
or less energy at each
bounce than the first
one?

4

Repea t the entire procedure
'-with a ping pong ball, and
then with a "Superball," ask-
ing the same questions each
time.

Now change the surfac'e on
which the ball bounces. Drop'.
the "Superball" on the siece
of carpeting and ,have the
Class observe. its behavior,
as before. *-*

' Could a "Superball," or any
ball'on its"owp, ever bounce
back to a gre,i'ter,height

. than that f1=Om which it
was dropped?

How could it be made to
-bownte Wisher?

406
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COMMENTARY

each group beirig given one of
the balls and Instrutted t'o
gather its data separately.

'

The chil'dren should be able
to answer .this question by
comparing the heights Which
the two ballp attain after.the
same number of bounces. The...,

,one that rebound's higher has
lost less energy, of courpe.

A "Super21.11"'will exhibit the
least loss of energy, i.e.,
will rebound higher than the.
other balls. In technical
terms, the collisionbetween
this ball and the floor is
more "elastic" than the,others.
Because of its construction,
it deform5--tbe least' when

.bouncing and loses the least
energy.

The.ball will not reboundas
high, but now it is because
the carpet "absortts" some of
the energy as it deforms,
changing it to heat.

The children should be able to
.conclude that this would.vio-
late the principle of conserva-
tion of energy.

If they respond by suggesting
.,that the ball be thrown, at the
,floor, develop with them the
understanding that this means
giving the, ball more energy
to begin with.

,
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TEACHING SEQUENCE

'What would happen if the
ball were dropped and

- trapped in a containeer
without being allowed to
bounce?

MINISEQUErCE VI/Activity 1

'COMMENTARY

The children should conclude
that the temperature of the
container must increase,
the mechanical, energy of the
ball would have disappeared.

S

`qt
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MINISEQUEN4 VI/Activity 2

Activity 2 The Inefficient Pulley

The purpose of this Activity is, to demonstrate'filoses" of eneZ-,
gy in another kind of mechanical systemthe simple pulley--and
show that these losses are also due to friction in the system:
A pulley can be simply a device to change the direction of an
applied force con iently. One example is raising an object
upward by pullin ownward on-a line which is looped over a
rocl, as is, the c here. However, the pulley ,that will be
used is inefficient. There is considerable friction in the
y tem, which causes substantip mechanical ehergy losses

form of_heat energy. Thus a greater amount of work must
be done to set an object up, to a specific height--that is, to
increase its potential energy by a Aiven ampunt:as compared
with the work done in simply lifting the object to that same
height. e'

cs

MATERIALS AND EQUIPMENT:

plasticene modeling clay (optional')

For each*pa,ir of children:

1 -spring scale,
-(Cenco) model 5 5, or 1-lb (50O-gm) dapacity,model'
5505

2-lb (250 -gm) capacity, such-as Ohaus

r . .
1 ball, lead, 4-oz A120-gm) or 2-bz (60-gm), with eye

for attaching fishing line

1 section of'nyfon fishing line,,3 feet 111,ng

1 ruler, 30-cm '

1 nail, about 4 in-. (10 cm) long

the unsharpened pencils frol Aetfivity 1 s

PREPARATION FOR TEACHING:

#Other than gathering the'necessary materials, no special
preparation is necessary.

-408 417



LLOCATION OF TIME:

MINISEQUgNCE VI/Activity 2

T e children will need onLy about hour-to complete tca,
Ac ivityi excluding the'time necessary to reliiewlconcept intro-
duced in Minisequence II of,Grade 5: a

CHING SEQUENCE

Start ebActivitys by hay-//^
ch pair of children at-

ti h one end of a nylon line
to a lead ball and the other )-
end to a spripg*scale.

Lower the spring scale until
the ball rests on the table
top (or floor). Ask the chil-
dren how .they could increase
the ball's potential energy.

0.

What is the force needed to
lift the ball called?

T42'

Suggest that they *aldialate
the.work° done w

I
the ball

is lifted throug , say, 10 cm.

MMENTARY'

A triple knot is probably a
good idea - because nylon line
can beL slippery..

At this point in the sequence,
they will probably suggest
lifting it.;

Its weight.-

I .4
For erfa;mple, .if 'the. ball is
lifted ,a distance of 10 centi-,
meters with 60 gram-force units,
the work' done on it can be ex-
pressed -as,10 x 60 or 600 gram-
force centimeters, or simply
600 work units. This number
represents the added potential
energy of the ball with respec4
to the table top. In Activity
3 of Minisequence II'in Grade
5, the children were introduced
to the concept of worklas a
product of force times distance
(F X D).' Again, you ,may need
to review this concept with the
children at this time..

Note': If the,spring scales-"are'
calibrated in 'grams, the exist-
ing unit scale can be used or
it, can be covered with masking
tape, and any arbitrary unit
scale can be marked on the
tape. Strictly speaking, a

3
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TEACHING SEQUENCE

'Put the following .heaings
'on the chalkb&ard'and ask
each team to write them on
a sheet of paper..

NISEQUENCE VI/Activity 2

COMMENTARY

gram is a unit of mass Tather
than force, although it is
often used as a force unit, ase
with spring scales. This dif-
ficulty cancbe avoided simply
by referring to the divisions
on the scale as gram-nrce'
units. The distance the ball
Is lifted can be measured in
centimeters with .11e1.1. rulers.

Trial Distance Lifted..kn cm 'Gram-Force Applied Units of Work

1 '\ .

.

2

1

Each team should then record
. 4 .

the data for thiS first trial
under the appropriate head-
ings. .

2. Next, ask one member of
each team to hold the nail
by'both ends. The other
member should loop the nylon
line. over the nail_ so that
'pulling downward on the spring
scale 'raises the ball. Start-

a ingmith the ball on the floor
ortable top, they should pull
'smoothly down on the scale ayrd-
me'asure the force now'requi ed
to lift the ball.

Ask them to lift the ball
this way a distance of 10 cm
again and record their data
under the headings for Trial
2.

Can the difference found
betreen the two trial§ be
'due to pulling upward in
the first'tril and down-

,

ward in the second?

410 ")

r,

I

The force required should be
considerably greater than be-
fore.

o

This may p;pvoke some discus-
sion. Th'ey will 'find, later
that it is not-the direction
but the ru4ping between the
string and'the nail that causes

419

.7



4

TEACHING SEQUENCE
1

/, MINISEQUENCE VI/ActE4.,ty 2

a

,COMMENTARY

the difference.

How does the potential
energy of the ball coppare
after it was lifted 41 each
trial? 1

How could you prove that
the potential energy' w% ft.

the same in both cases

Since the ball was at the same
height .each time (10 cm) , thast

potential energy was the same.

ti

Try to focus the discussion
' on the, pearling of potential

the amount of
m 'Ohanical work the ball can
do: for instance, suppose the
ball were dropped from the 10-
cm height onto a frat,piece of 1

soft_clay, forming a depressipn
in'the clay. Would this de-
pression be the same each time? e

The chiidfen should conclude
that since the ban would be
dropped from the same height
each title, it, should do the
same amount of work on the
clay. .Hence 'it had the. same

42u- 411
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Now ask the children to refer
to their' recorded data and
compare the amount of work
needed in each of the two
t-Vials to increase the poten-
tial eryergy,of the ball by
the'same amount.

Have the children wrap the
nylon line. another full turn
around the nail and repeat,
the experiment, recording
their data under Trial 3.

How much work is requireq.-
to raise the ball 10.cm
this time?

* Why do you think more wor
.was necessary each time?

-Isk Ole children if they can
identify what kind of energy
this .work of rubbing pro-.
dused:

- Frorp your recorded data', how
many extra work unit's were
needed to lift the ball
each time the nail was in
the system? What form of'
energy do you think the
extra work prodUced?

412 '

(
MINISEQUENCE VI/Ativityp

COMMENTARY

potential energy each time.
You may wish to have some of
the children actually try this
experiment.

It should be obvious that more
work was required in the second
trial. By now, the children
probably will be able to attri-
bute this to/friction. Never-
theless, theY.shoUld go on to
the next trial before reaching
any final conclusions.

N.

Since more line is'ruing on
.?.the nail, the friction has
been increased, and they should
find that still more work is
required to raise the ball
10 cm.

A greater force has to be
exerted to raise.the ball the
same 10 cm. At this point it
should be evident that (a) it
was not the change in direction
of the force that' caused the
difference between Trials 1
and 2, and 2 and 3, and (b)'
the extra work was required
because of. the rubbing action
of the line against the nail:

By now, it may bp suggested
that the extra work produced
heat energy. More heat energy

421,Th
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Ask them what happens when
they rub their hands Or two
pieces of wood together. They
will know that the surfaces
get warmer. Thus, they 'should
understand that friction pro:
duces heat. energy.

.If heat energy is produoed
as e result of the line rub-
bing on the nail, how could
you test for it?

Suggest that they try the fol-
lowing: One child can make

-rWo or more turns around the
nail with the nylon line.
Then, holding one endof the
line' in each hand he or she
can pull it back and forth;
keeping it fairly taut.

At "this point, you might want.
to remind them of their study
ofthe bouncing ball in Ac7
tiy.ity 1. They observed en-
elqy losses in that instance
also and associated them with
the production of heat energy
when the ball.colfided with
the floor. Were the energy
losses in the bounbing ball
also the result of friction?

ON

422
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JP

COMMENTARY

would then have b'en produced
in Trial 2 than in Trial 1 and
more in Trial '3 than in Trial
2.

Frictional force was introduced
in Grade 5, Minisequence II. 7

Some children may wonder
'whether the heat energy pro-
duced by friction could be
'felt as a rise in tempera-
ture of the nail.

4

Very quikly the nail will
begin to feel warm. With a
vigorous "puller," it will be-
come so hot that the child
holding it wilt*soon drop it! ,

There may be some. disagreement
about thisbecause the.children
may not associate 'bounoing with
friction in the same way that
theyiassocLate rubbing with
friction. If so, ask them what
they observed when they bounced
the erasers against the table
top. Then ask what they thidk
they,woUld observe if thee
rubbed the erasers on the
table. (Rubbing erasers on
the table top will also pro-
dUce a noticeable increase in
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Finally, summarize the Activ-
ity by considering the work
that must be put into a sys-
tem in order to- overcome fric-
tion And increase the poten-
tial energy of an object such,
as the lead 'ban.:

WORK ADDED

INPUT POTENTIAL 7+
ENERGY

HEAT
ENERGX

The larger the amount of fric-
tion in a system, the greater
the loss of energy in the form
of heat energy and consequent-
ly the greater the amount of.
vork that must be put into the
system in to increase
the potential energyof the
Object by a set amount. ,t

414
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MINISEQUENCE..WI /Activity 2

COMMENTARY'

temperature.

Both rubbing and'bouncing (or
pounding) involve fridtion.

the case of the bouncing
ball, it is largely internal
friction caused by deformation
of the rubber. The same j.d
true of the stretched 4pbber
band.

As indicated in Activity 1, its
s always assumed that an ob-

ject has-some'potential enerty.
For instance, the ball when it
is still on the table has po-
tential energy with respect to
the floor. Its potential en-
ergy increased if it is
raised to a higher,position.

In the next Actiltty the chil-
dren will Slucly the frictional
effect further and investigate
the influence of.lubrication
on the work required to in-
crease the potential energy of
an,object by a given amount.
The lead balls and attachqd

stishing.line should be set
aside for this purpose.

row
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MINISEQUENCE VI/Activity3
.

Activity 3 .The Inclined Plane

O

In the previous Activity itwas found that different amounts'of
work had to be expended in order to raise a ball, to the same
height, depending upon how much friction was encountered (the
line rubbing against, the nail). An inference was drawn that
the bald had the same potential energy each time, regardiegs
of the .amount of work put into the system to achiev.e it be-
cause, if drocpAd from that height, the ball could be expected
to do only a fixed amount of work independent of its past his-
tory.' But if different amounts of work were done to raise it
to the same 'height, what became of the extra work? Actually,
the same amount of work was done each time on the ball--the
rest was dome on the line and nail, reappearing as thermal
e-ergy.

0

The present Activity makes uses ofoa simple mechanic'al system,
the inclined plane (ramp),:to*provide ftrther 'evidence that
when fristionaI effects are reduced, thew"ork done to raise an '

object to a given height--and the potential 'energy it acquires
as a result--does not de 'pend upon the path taken, but only upon
the final height. The Activity is divided into two parts, the
first dealing*with objects exh,ibitirig apprec'Iable frictional
affects and the second with the same bald used in the preced-

e Activity.

MATERIALS AND*EQUIPM4

masking tape

1 -t-lialYe of powdered graphite*

1 box facial tisSueskoipaper towels

1 roll of aluminum fo,i.1.

For each 'pair of children:

1 flat ramp 60 cm (2 ft) long; e.g., a 101,98e, oT stiff
corrugated cardboard

1 small book tout 4 ilk by 7 in. by 1%in/(10,cm by 18-.cm,
by 2%5 :cm) or other t- sided object ()

light,,string, about 1 ft

1 ruler, 30-cm

424 415
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MINISEQUENCE VI/Activity 3

1 spring scale, 'from Activity 2

1 lead ball and attached fishing line, from Activity 2
4

.2 copies of Worksheet VI-'1

2 copies of Worksheet VI-2 t-

*Graphite can be messy, so you may wish to substitute another
dry lubricant, such as silicone spray lubricant.

PREPARATION FbR TEACHING:

Set up a sample ramp as shown in the sketch on page 419. Books'
or -any other convenient objects may bg used tolsupport one end
of' the ramp-about 25 cm above the other end. This w411 show
children 11'..bw the equipment is to be arranged and willlenable
them to observe special techniques to be used when working
with it.

WYap the books to be slid up the ramps with paper and tape '

in place. This will keep them from being soiled by graphite
later in the Activity. Also, run off sufficient 'copies of
Worksheet VI-1 and VI-2.

ALLOCATION OF TIME:

The children will need about 1-1/2 hours to complete this
Activity.

TEAcHING SEQUENCE-

1. As a brief review of pre-
vious Activities, first pull
the book on a horizontal sur-`-'
face .with a spring scale.
Cal6ulate the work' done with
the children. Againthis
would be the product of the
force, as represerited on the
scale, and the distance
through which the book was
pulled.

Then ask the children t

416

COMMENTARY

4

Show the children how to tape a
short loop of string to the end
of,the book to provide a means
of attaching the spring scale.;
The !string should not be wrapped
around the book (like a press
ent) , because, the, string will
interfere with contact between
the surfaces of tI'e book and
the ramp.

Their experience in the previous

425
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TEACHING SEQUENCE

suggest some ways of increas-
iog the potential energy of
the book.

ti

.At this point, all equipment
for this Section of the Activ-
ity, except the graphite,
should be distributed. earns
of two children can b as-
signed to assemble the ramps.
First they should cover the
surface of the cardboard with
a fresh, -smooth piece of alu-
minum foil and tape it down/on
the back of the cardboard.
One end of*the cardboard can

6
then be propped upon a pile
of books or other suitable
-objects top, make a ramp. In
.each case the elevated end of
the ramp should be'approxi-
mately 25 cm above the floorY-t-

%

61HoW'much work is done on
'the book when it ,is lifted
vertically to the top of
the ramp?

First the children can measure
the vertical distance'bet4een
the floor or table top,and the
tip of the 'ramp and enter this
value in the appropriate space
.on WOrksheet VI-l. Esti-
mationsto the nearest centi-
meter are desirable. Then
they should measure the force
needed to lift the book and
record this value. Because
they will later compare the.
work needed-to lift the bobk
with that required to slide
it up the radp'to the same
height, 'the children should
measure it as carefully as. _--
they can. When the force and

MINISERENCE VI/ActivIty.3

COMMENTARY

Activities should le.ad them to
suggest lifting it. Some may
also suggest pushing the book
up the ramp. While both methods
are satisfactory, concentrate
initially on the suggestion
of lifting the book straight
o4 from the floor.

tz.

6

The surface of the aluminum
foil should be as\wrinkle-free
as possible.

By,now the children should have
no difficulty measuring the
lifting force with the spring
scale and the distance with a
ruler.
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WORKSHEET VI-1 Name:

c

. .

STRAIGHT UP

.

mem.'
°

ALONG THE RAMP
(1) .

ALONG
,

w

THE
(2)

.

RAMP

FORCE NEEDED TO
MOVE BOOK

,
,.

.

4

1

DISTANCE MOVED FROM
FLOOR TO TOP OF RAMP

..

\%."1

.

.
s

..

WORK DONE (F X D)

a 0

,

.

.
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'responsibility for coordinating the use of local arts resources in arts education
be assumed by the state arts council in cooperation with local arts councils."
We want to see "regional clearinghouses created to provide information about
resource personnel and' materials, model programs, cdoperative ventures, and

_financing alternatives." Wherever possible, we want to promote assistance to
"those community arts organizations 'which reflect excellence in the art forma
of minority people, and which Serve the ill, the isolated, and the haudicapped."

The critical issue here is the waste of opportunities and human resources that
is nbw taking place. The challenge commands us to broaden our base, to btIrst
out of our narrow specialities. We are talking about a `skew interactionwith
the other arts, with artists, between different ethnic groups, .other teachers and
administiators, and with the entire community. To the degree we succeed, we
will add, an important huinanizing dimension to American education. Wouldn't
it be great, if you could remember your own, education that way?

Mr. ROCII:EFELLER. One of the finest'points of working with this panel
I s the sense of dedication of the individual panel members. ,Perhaps
some of that has come across to you thismorning.

Our next and final speaker is Edward K. Hamilton, who took the
"red eye" special from Los Angeles overnight, to be with us. Mr.
Hamilton is former deputy mayor of New York City, and is currently

. a management consultant on the west coast.

STATEMENT OF EDWARD K. HAMILTON, PRESIDENT, GRIFFEN-
4 gA- GEN-BROEGER, INC. ; AND gamut. DEPUTY° MAYOR, NEW

*OR CITY

Mr. Haim Tox. Thank you, Mr. Chairman. -

In this discussion, the issue arises, of course, how much and under
what circumstances are arts likely to be able to compete for resources
in order to get the kinds of things to happen, in larger numbers and
greater richness, that we have tried to describe this morning.

I suppose that -to a budgretee or somebody who allocates money, the
interesting thing about the discussion this morning is that it would
be very difficult to produce a panelrthat would counter these argumeiAs.
It is very hard to find anyone against arts in education; or against arts
in 'general.

The difficulty is not that there is lack of public commitment. A;
Mr, Bingham said, polls seem to intricate that there is a considerable
innate public commitment to the arts the difficulty is in translating,

'that into something which express this commitment on an ongoing
'basis, year after year, througnhe allocation mechanism, by which we
try figure out what our national priorities are, and what we are
going to put behind them. The issue is whether arts in echicationi in
fact, can hold their own, and perhaps progress.

I think that if we were to take a realistic outlook at the moment, we
would have to say that unless there is some conscious effort to keep
arts\ and education in a reasonably, high priority mode, or..for that
matter to increase it substantially, it very likely will lose ground, It
will lose ground, essentially, for two reasons.

One, because education finance in the United States is under severe
pressiire,ratar; Brademas knows probably better than any of us. We
are in a thing mode. We have a great many facilities as com-
pared with the number of children. The demographic trends are not
such that one would expect to see a stable picturein education financ-
ing as one looks across the board. ti
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TEACHING SEQUENCE

distance data have been col-
lected by eachteaT, the team

'members should caltulate the
work done on the book and

,- enter the value on the Wqrk-
sheet .

Now have the children praCtice
pulling the book up the ramp
with the scale so that it

'moves up slowly at fairly con-,
.stant speed. When they have
learned the technique of pull-
ing the book upthe incline,
.the force should be measured
and recorded on the Worksheet.
The length of the ramp should
also be measured and recorded.
With the forceand distance
known, h.4re them calculate and
record the work done in pull-
ing the book to the.top of the
incline in the second column
(2) on the Worksheet.

Through the discussion the
children should realize that
although the paths. taken by
the book were different, it
was raised.to the same height
in both cases.

How does the amount of work
done in the two cases com-
pare?

While some may assume that the
differente in amounts of work
is perfectly acceptable,
others may point out that in
both cases the book was raised
to the, same height, and there-
fore the work done on the book
should be the same. Ask if
they can account for the dif-
ference.

MINISEQUENCE VI/Activity 3

COMMENTARY.

The pdll should be.steady, with'
as little jerkiness as possible,
to get the best reading.

416

Their. Worksheets should shOw
that more work was done in pull-
ingthe book up"the ramp than
Ln lifting it vertically to the
same height, despite theyfect
that the lifting force was less.
A sample filled-in Worksheet.
is shown on gage 421.

Remembering the.previous Activ-
ity, where part of the work put

429 4102



TEACHING SEQUENCE

4

How could y,ou slide the book
'up the ramp so that less
work is con'Vered to heat
energy?

Show the children how to
lubricate the ramps and
(wraPped), books using the
powdered graphite. This
should be done by sq,d.e.eii,ng
a small amount ofkthe powder
on a piece of facial tissue
or paper towel and lightly
rubbing it over the alumInum
foil. WhO the surface's are
well lubricated, have the
children, repeat the part of
the activity in which the book

ulled up the ramp, They
need only make a new measure-
ment of the force required, '

since the distance will be
the same. HaVe them record
their data arid calculate the
work done ip the third column
(3) on the Worksheet.

/ How does the amount of work
done on the system compare
this timem? .

3,
_420

MINISEQUENCE VI/Activity 3

QMMENTARY

into the system was converted
to heat energy through fric-
tion, ,they are likely to say
that the'book "rubbed" against
the incline: hence more work
had to be done because of,fric-
tion here also. Be sure the
children understand the diStic-
tion between they amount of work
put into a system and the amount,'
of work done on the object it-
self:

Probably someone will suggest
using a lubricant of some kind. 0

, . . .

The surfaces can also be lu-
bri-cated simply by wetting them.
with water, but this is not as
'good a lubricant as graphite.

To distribute the graphite,
spray or squeeze a small amount
on a tissue for each pair of
children. They can then wipe
it lightly over the foil thtm-
selves. The graphite could
alsObe put directly on, the
foil and then wiped around.
In- either case, care should be
taken in ,spreading the powder..
because it tends to soil the
hands and clothing:

No

When they compare the work
done ,in pulling the book up
the lubricated ramp with that
required when the ramp was not
lubricated, Nthey should con-
clude that there was less work
done amd thus less friction in
the case of the lubricated . '
ramp. Copsequentlyless work
was converted to heat energy.
In other,w6r4s, not as much

430 r
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WORKSHEET VI-1
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. I am open minded myself to these several ideas, but I confess that
I hive a, reservation with respect to putting cultural affairs within a
cabinet level position so far as the Federal Government is concerned.
The reason I say that is at least twofold. We, on this committee, who
are reapPnsible for the Arts Endowment and the Humanities Endow-
ment, have really bent over backward to avoid trying to dictate the
specific implementation of the law because we are very sensitive to

= 'ty political control of the arts. "
There is always a danger, and don't make this point to be critical

of-the Arts Endowment of which,las you know, I am an enthusiastic
supporter, but there is always a danger in having appointed persons

s, -....- and those who may be making decisions being without the same kind
of accountability and perhaps the same degree of accountability as
people who have to get elected. - -

Again I look at Eastern Dirope, and I look at arts' policy in int
Communist worldI am not usually considered as a Neanderthal
conservativeI really have certain apprehensions about locating deci-
sionmaking responsibility for till arts policy, dt least so far as the
Federal Government is concerned, in one department.

Maybe there is something to be said for being somewhat messy about
it, and haying responsibility spread all over the lot, which in fact is
the present pattern. The Smithsonian makei art 'policy. Th Arts
Endowment makes art policy. Various museums make art policy.

Mr. Hamiltim was right on target, if I understood him right, when
he said that we should hay* a concerted debate on this whole question.

Would you like to allay my fears?
Mr. ROCKEFELLER. Maybe I.could respond initially, and then.if Mr.

Hamilton would like to respond further.
The question of a separate Department of Education went through

a number of changes during the' coursepf the panel'sstudy: Although
. originally we did recommend that the department contain culturdi

affairs, thatportion was aback in the final di-aft.
It,was our feeling thatwe should not take the position as to whether

a separate department of education should contain cultural policy.
It was, by the way, the only issue, the only-recommendation in 'which
there was.serions dissent from a number of the individual panelists.
T think that it is in this spirit that 'Mr; Hamilton spoke.

The attitude about the Depirtpient of Education., is both the
..arts and echication. and education penerally, need a higher priority in

Federal funding. It was the majority feeling, but not the IDO percent
feeling. of the that a separate department would be a way of
getting that higher Priority. -

We recommend. in addition, that a special advisor f6r the arts in
education be appointed to Serve the Secretary of HEW. now the
Secretary of Education if a separate Department of Education should
be established.

Mr. Hamilon. would you cafe to respond ?
Mr. HAMILTON. I was one of those who felt that the case was not

Proven to break out the Office of Ethication and make it a separate .
departm,ent. I want to make it clear, though, that a strong Imajority on'
tir 'Panel did not feel that Wav,

'MY' own view. for whatever it is worth. is that the issue is not so
much whether a department level or cabinet trappings are given to

it 4'8



TEACHING 4EQUENCE

How could the frictio
reduced still Purthe ?

p.

What shape object would pro-
.

vide a smaller amount of
.surface in contact with the
ramp?

2. 10,th the amps still set
1.216:, the children should now
retrieve the 11%d balls and
attached fi hing line which.
they used in the previous Ac-
tivity. In ach case the long
fishing line should be untied
from the ball and the ball
retied to a short kength of
.string, as with the bbak. 'The
All should, then be reattached
tb-the spring scale and Work-
sheetNVI-2 distributed,

The procedure is identic'al
that used in Section 1 of the
Activity. The,children,should
Zompare the work.needed to
pull thebal4 up the ramp sys-:
tem to a given height with
that done on the same. ball in,
lifting it vertically to the
same-height.

A

422

L
fi

(433

MINISEQUENCE VI/Activity 3'

COMMENTARY

mechanical energy is "lost"
when friction is'reduced.'

Help the child en to see that
' if the amount o surface areas,
-in contact with ach other was
reduced, there ould be. less
rubbing of one a aintt the
other, and consequently less
energy lost as heat.

Xc

A sphere, -such as .a ,lead ball,
,would provide a much smaller
surface area in contact with
the ramp than a flat object
like a book.

The wrapped books can be set
aside.

vt,

The fishing line opld be-
saved for use in A tivity-4,
where-it will, be u ed to make
a pendulum. 1 ,

Instead of the book, the chil-
dr4n will pull the ball up the
ramp;.therepy minimizing the
effect of friction (the ball
is' smooth and contacts only
_a small'ar0a on the ramp). In
,this system only a very small
amount" of york is"conver4ed
to heat.),energy.

Comp ring the.work done should
reve4 that .there is a minimal
conversion or "loss" of mechan-
ical energy to heat energy
when the ball is pulled up the
ramp. Once again, help the
class to understand that when
ano8ject raised, its gai
in pOtential energy issrelate
only to the vertical distance

o



WORKSHEET VI-2 Name :
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TEACHING SEQUENCE

Some children may want.to try
lubricating the surface of the

0

ramp in order to decrease the
friction even further. TheY
should beencouraged to try
it. However, pulling the ball
tip the, lubricated ramp will
.prbbably not ,result in any
measurable difference,in the
work done as compared with the
unlubricated surface.

Finally,esk the children to
imagine'that all the friction-
al losses were removed.

How much work would then be
required to slide the ball
up the ramp compared with
the amount needed to lift
it vertically?

'424 43,5

MINISEQUENCE,yI/Activity 3
'

COMMENTARY

through which, it is moved, and
not to the pith taken:

wo,

The truly relevant factor is
the work done on the ball rather
then on the system with which it
it may be associated.

0

PO

The object touches the ramp
in too small an area anyhow-,-
th?oreticallY in oneToint
only in the cage of a 9ffi
But ;ey will have: reduced
the OSiction still further and
can again conclude that in the
absence'of friction there would
be no difference in the'work
requi ed to lift the object
vertica ly and :to. slide it up
the.ramp to the same height.

V

Help them to'underspnd that
the work should then be the
same in b ,pth cases. That is,
no work would be converted to

I

heat.

44K-4



MINISEQUENCE VI /Activity 3

dcELADED EXPERIENCE:
A

Some children may be interested in investigating the effect of
using sandpaper to increase the friction. They could tape
piece of sandpaper to the bottom surface of the wrapped book
and determine the amount of work necessary to pull it up the
ramp.

se

a

436
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,MINISEQUENCE VI/Activity 4

Activity 4 The Ballistic Pendulum

1
In Activity 3 the.children found that by4hoing work on an object,
they could increase its potential endrgy--that is, raise'it above
the table top: By applying a force vertically (upward?, all the
work done went into increasing the potential energy because there
was no friction; when the force was applied so as to slide the-
object up a ramp to the same height (hence the same potential
energy), they found that. more work was required because of fric-
tion between the object and the ramp. They also found that this
frictional "loss" couldrbe decreased by lubricating the surfaces,
and by inferepce concluded that in the absence of friction/there
would be no differen'ce in,the work.requireff.to lift the object
vertically or slide it up,the ramp to the same height.

The present Activity dearCwith the inverse probldin, that is,
Tiyen an object (a pendulum bob),with potential energy, how can
it be used o do mechanical work? At One point the children
considered w at a falling bail could do to a piece of clay.
Here, they wi find that by allolging the pendulum ball (bob)
to swing downwa s, the'potential energy of the bob is converted
to kinetic energy as it swings down. At 'the,,bottom, it will be
moving most,ra is y, ence It as greatest RifialEenergy which

. canthen"db wo k: if allowed to strike an object'at the bottom
of its swing, he b'ob will cause the object to move through _some
distance. ,They that the greater,the Potential energy
of the bob (i.e ,;the greater the height from which it is re-
leased), the m.re work it can do when itS energy is converted
to kinetic eredrgy.

. This Activity, dealing as it does with the conversion of poten-
tial to kinetic energy, prepares the class for the next and
final Activity, which involves the repeated interconversionfof
potential and kinetic energy in a freely swinging pendulum.

MATERIALS, AND EQUIPMENT:

Fdr each pair of children:

426

1 4-oz or 2-oz lead ball attached to.a 32
nylon fishing line (as inActivity.2).

length of.

1 wooden block about 2 by 2 by 4 in. (5 CM by 5 cm by
10 cm) , or other 'similar flat - .sided object

3' 30-cm rule rs

437



MINISEQUENCE VI/Activity 4

1 paperbound hook or magazine' without protruding covers

2 ,Worksheets VI-3

PREPARATION FOR TEACHING:

A demonstration setup of the apparatus ,shown on page 428 will
help the childreno assembia theiroWn. The pendulum is-sus-
pended byputting -its line through a paperbound book or heavy
magazine which does not,have a protrilding,cover. The line
should be laid along the spine so 'that, whenthe bobk is
Closed; the line is held firmly but is easily adjusted. The
dine should knot rub agains,it the pages of the book- any mere th
necessary.' For this reason the line should be inserted towaxds
the bottom of the book. The children may find that'the line
is displaced as part of the reaction when the pendulum hits
the ]'lock. A piece of tape on the pages next towhere the
string emerges from the book will prevent this displacement.

Two rulers serve as guides for the block as well as a means,for
measuring the distance that it moves. When the pendulum is
lined Up with the block, the-two hould be barely touching as
the penduluM hangs vertically.

Prepare a sufficient number 'of c)opies of Worksheet VI-3 (one
for each.child).

ALLOGA -TION OF TIME:
it

. 0

The children will need about an hour'to comp -te this Activity.

TEACHING SEQUENCE

1. Have 'the teams assemble
theirapparatus. Then begin
the discussion by askinghow
th-e block can be made ,to move.

What must be done to the
pendulum -bob in order for
it to acquire enough kinetic
energy to move the block? '

COMMENTARY

The children probably discovered
awhile setting up their apparatus
that he block can be moved if '

the p$hdulum bob is allowed to
,'swing and-collide with it.

!rhey,should realize ;hat work
must be done tiro increase its
potential energy - -arid that.i.ts
potential energy will then
change to kinetic Olergy.a4

sthe bob is'released and tarts
its swing.

-438 427

7.



TEACHING SEQUENCE

4qINISEQUENCE VI/Activity 4

COMMENTARY

Th<lchildren should practice -'
lift/ng the ball, keeping theme
line taut,! and then releasing
the bafl, until they are able

' to hit the end of the block
squarely.

At this point, ,distribute a
Worksheet to each child. ,The
ball should first 'be .pulled
back from the block until it
is 5,cmhigher (d = 5.cm) than
its position at rest nd. then

wreleased to collide with the
block. the distance the block
moves should then be measured.

428
439

The ball shoul(2 be pulled
straight back witnut twisting
the string'.

Note that the distance, d, is
measured vertically as shown
in the illu-stration on page 430.
The third rVercan be used to
make thee mearSuredent: ,They
might find it even easier to
make a free standing chart with -
5, 10,- 15, 20 and '25 cmmark-' .
ings Oxvit;And.,mply p:011 the
pendulum bob to 'the appropriate
height each time:

<
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WORKSHEET VI-3 Name:
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ts,

We believe that arts educajore throughout the nation recognize and f I
appreciate the great resources and contributions of professional artists
and arts patrons, not only in the cultural forum but also in the govern-

ment forum provided them during the last decade. However, it is unfortunate

that during the past decade, individuals representative of general and
professionalveducation in the arts and the national organizations of
these individuals have been afforded only minimal participation in
shaping Federal arts policies, even those which deal substantially with

education.

In the policy planning of the National Council on the Arts, the arts
education organizations have been virtually bypassed. In the past two

years none of the organizations for which I am speaking have ever been
asked to participate in any policy discussion, nor have their views been
solicited in any form as contributions to an on-going discussion. These
organizations represent the accrediting agencies for art and music
recbonized byte U.S, Office of Education and the Council on Postsecondary
Accreditation, and the associations representing studio music teachers
and college and university music faculties. These individuals and

institutions train both profesiional artists and educators in the arts. .01
4

-Although the development of the Report and-Recommendations of the Panel
on Arts, Education, and Americans included conversations with a broad
range of aits educators, the Panel also bypassed these national organizations
in the crucial process of developing the language of policy recommenda-
tions which could affect the livelihood of thousands of educators in the
arts and perhaps do profound damage to positive programs which have been
built after many years of work.

If t)e go011 of developing greater emphasis on the arts'in education '
is, a be accomplished and a rational policy is to be developed to achieve
this goal, it is crucial that these attitudes be reversed and that the
resources available in the, community of arts educators be joined with

those of the other two major constituencies on an equal.basis and inta
structure which induces cooperation rather than polarization.

.

We estidate thai the arts educatibn constituency represents approximately
150,000 professionally-trained and engaged arts educators. Using a median

salary of $is-obo per year this repesents a $2.45 billion investmentie
the future oftlimerican art with almost none of the total being funded

by the Federaitoyernment. In addition, the institutions and facilities
in which thesOndividuals work represent additional financial'contributions
in buildings equipment, stage presentations, concerts, exhibit space,

etc. that wo *add considerably to the previois figure. In financial o,

terms alone igwould seem that the total annual contribution made by the
community f ueraI and professional educators in the arts would speak

for itselft rning its importance, especially when compared to the

total Federa ual authorization 'for the arts, some $90 millibn for

1977.

57-
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TEACHING SEQUENCE

O

the children to realize
work is done on the block
the bob strikes it and
it 'sliding across the

floor.,

*Why/is work required to
move the block 'along the
floor?

Suggest that tie chi14011k
repeat the experiment eral
times so that the average
distance the block moves can
be determinedo,and recorded on
the Worksheet.

43.0

44

MTNISEQUENCE VI/Activity 4

a

COMMENTARY

t
d

They may be reminded of their
work with the marble and cup-
sled in MinisequenCe II of
Grade 5, if they had those
experiences'.

Because'of friction between
the bottom of the block and.
the floor. Note that the po-
tential energy of the block
remains unchanged. Hence all'
tie work is expended in over-
coming friction, i.e., is con-
veYted to heat energy.

It is suggested that at least
three measurements be.maderfor
each he.ight of the pendulum
andtHen averaged. Any measure-
ments where the block moved,
sideways ana bumped the rulers
because it was not hit squarely
should.be.di'scarded. Also, ere
childi.en should be sure the
starting poSition of the block
with respect, to the rulers is
the same for all trials: Since
some rulers do not start at 0,
you might consider placing the
block at 1 and reading the

,



TEACHING SEQUENCE

How fast was the bob moving
just before collision?

This qualitative assessment. of
its speed should be entered
on the Worksheet either now
ox after comparison with the
speed in Trial 2.

Ask the children to consider
the potential energyof the
bob at the time it vas re-
leased. They should recall,
from the preceding,Activity,
that the added potential en-
ergy is directly related to
tHb vertical height through
which it was raised and not'
c the path taken b'y it. A
qualitative description of
the potential energy of the
bob before. release should
also be entered on the_Work-
sheet either now or later.

. What is the potenti.al energy'
of the bob at Abe bottom of
its swing?

The children should now re-
lease the:bob from a height
10 cm above its rest position.
Have them enter on their Work-
sheet thenew average distance

4 4 the block moves. If neces-
sary, discuss again the

MINISEQUENGE VI/Activity 4

COMMENTARY

distance it moves from there.
As in Grade 5, it would be
helpful to -check the readip, gs
by placing a card against the
face of the blocks and across
one of the rulers. Read to
the nearest 0.1 cm.

The children should eventually
realize that the speed of the
bob, and hence its kinetic
energy, was relatively email!
You may want to'withkold
discussion of the relative'
,kinetic and potential energy
of the bob for each trial until
the experiment is completed.
They should then be able to
make the comparisons necessary
to see that the greaten the
height of the bob before it was
released; the greater its po-
tential and kinetic energy.

443

Qualitatively, when-the bob
is raised only 5 cm, its lob-
tiontial energy is small, like
its kinetic ehergy at the bot-
tom of its swing.

The children should realize
that while the bob still- has
potential energy with respect
to a surface below It (if the
fishing line were cut, the ball
would fall, and could do work),
the system has reached its
lowest possible potential
energy.

431
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°

sector and the private sector in a cooperative effort to develop,such a

plan. However, if the oupertunity to do so is not forthcoming we are
prepared to develop and promulgate a ten-year plan of our own within the

immediate future. '

Again, Mr. Chairman, may I express appreciation to you and your Committee'

for your kindness in considering gur presentation. We urge you and your

colleagues to join us in seeking to achieve., more democratic representation
of views in.the development of Federal arts policy:

6.1

v



TEACHING SEQUENCE

potential and kinetic energy
of the system before the chil-
dren enter their qualitative
assessments of these quan:
tities on the Worksheet.

Have the children continue the
procedure,' releasing the ball
from 15 cm,( then 20 .cm, and
finally from 25 cm above the
rest position, recording all
data on their Worksheets.

2. Now use the demonstration
apparatus to introduce the
following line of discussion:.
Remind the children that they
have information about the
energy of the bob at the tdp
and bottom of its swing; sug-
gest that they now consider
the energy of the bob as it
moves t-Kraugh its curved path.°

Move the bob through its arc
so at It is some distance
above its rest (lowest) posi-
tion, as before. Ask the
children to describe the po-
tential and kinetic energies/

7

of the bob while'it is held
in this position.

Now move the bob through its
arc to a lower position and
hold it 'there.

..,How does its potential ener-
gy now compare with what it
had in the higher position?

What is its kinetic energy?

4
Finally, let the bob hang_
vertically, supported only by
the'string.

MINISEQUENCE VI /Activity 4

COMMENTARY

It

They should now easily see
that as the potential energy
of the bob is increased, its
kinetic energy when it reaches
the bottom also 'increases and
it moves the block farther. A
sample filled-in Worksheet is
shown on

y
page 432.

All that will be needed for
this purpose is the pendulum
and its support. She block
and guide rulers can be set
aside.

ti

They should realize that the.
bob has gained potential energy
but.,that since it is not mov-
ing, it has no kinetic,energy.

It must be less. It is impor -'
tant that they recognize that
the bob loses potential energy
as ;;it moves to slower posi-
tion.

Zero, since it is again motion-
less.

44+3
ti
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TEACHING SEQUENCE

A-
Howe much potential
does it now have?

nerg&7

AAin, move the bob to the
first height used in the dem-
onstration and ask the'chil-
siren to predictwhat will
happen to the bob when it
is released.

Where is the P.E.,a maximum?

Where is it least?

Where is the K.E. a. ntax -imum?

Where is it zero?

Help the children to undtr-
stand the energy changes that
occur during the sw4g--that
as the bob moves thrOugh Site
arc, it loses P,E, b4t gains

. an equivalent amount'_ -of K.E.
(if there are no losSes ue to.
friction). At any point in
its swing, assuming that ener-
gy is conserved,the sum of
the potential energy' and ki-
netic energy should equal the
original potential energy of,
the bob.

MINISEQUENCE VI/Activity 4

COMMENTARY

Zero, since this it the lowest
level the bob can attain. It
has no P.E. with respect to
this level.

Some may sugg,est thtit will
gain speed and start to swing;
others may. ay that it will
gain K.E.' Both,answers are
correct, but if the latter is
not put forward, ask them to
describe the K.E. of the bob
as it.starts to move thxugh
its arc.

At the tdp of its path.

At the bottom.-

kt: the bottom of the swing
z

w-ll'ere it is moving most

rs,

At the top, prior to release,
where it is not moving at all.

Their past experiences with
conservation of heat energy
should help them to grasp
this fairly' readily.

If they are able to reach this
conclusion, they clearly under-
sand how energy conservation
may be applied to an ideal
mechanical system. The next
Activity wil.1 give them some
practical experience wish this,
coicept.

.40
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VI/Activit/,
)

The Swinging Pendulum

In the previobs Ac iviti .the children' studied the mechanical
energy conversion that occurred as the pendulum swings throUgh
part of an arc (actually half its total swing). It was inter= r,

rupted by colliding with a block at a point when its kinetic
energy was at a maximum. In the present Activity the'y will
study the pendUluMras it makes complete swings in each direc-
tion, observing the energy changes that'occur throughout its
motion, and seeking to account for any energy losses. At the
end of the Activity they will perform a simple experiment, first
described by Galileo, which should helpto reinforce'their ac-
ceptance of the principle of conservation .of energy. This ex-
Aerimet, known as the Galilean Pendulum, is embodied in the
COPES logo on the cover of the Teacher's Guide.

This is the last Activity in the COPESprogram., It seeks to
,bring together all the experiences the childrep have had on thd
concepts of energy and energy conservatien,and to apply these
to a mechanical system that is as nearly ideal as possible - -the
simple pendulum. The children will find in this Activity that
their earlier inference regarding the effect of reducing fficl-
tion in a system ie borne out; mechanical energy appears 'tobe
more nearly conserved. Extrapolating mentally from a nearly
ideal system,, such as thependulum, to a perfectly ideal system
then becomes easer,for them. If mechanical energy is nearly
conserved in a swinging pendulum, it fpllos thAt if frictional
effects are sufficiently reducein any mechaniCal systtM, that
system should exhibit nearly perfect energrconservation. Such
extrapolations from experience, as is painted out in the intro-
duction to the COPES,program, are characteristic of science,
'and particularly of the great ideas of science--the conceptual
schemes that form its cornerstone.

MATERIALS.AND EQUIPMENT:

For each pair of children:

1 4 -o or 2-oz lead ball with a 2-ft length of fishing
line attached

1 paperbound book or heavy magazine without protruding
cover f.

1 meter stick, or yard stick

448 435
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4 MINIgEQUENCE VI /Activity 5

.4

rE

2 rulers, 30-cm

masking tape

PREPARATION FOR TEACHING:

A demonAration apparatus set up almost the same as in Activity
4 (and shown in the illustration) will be helpful to the chil-.

,%dren in assembling their own apparatus. -

.000"....

.-\

The penduluA pivot at the book
4

.shoUld extend about 8 cm out
-from the desk or table. The
nylon line should be approxi-
mately 60 cm long. Usd tape
to mount the meter stick on
legs of the desk or table, in

,a horizontal p6sition about
25 cm above the pendulum bob.'
Use a ruler to measure ti'e
heightoof both ends of the
meter stick above the floor
to make sure they are the ,.

same, i.e., tlye meter stick
is exacEly,horizontal. 0

Ir
000

ALLOCATION OF TIME:

Allow about 1-1/2 hours to complete this Activi....)

..

TEACHING SEQUENCE,

1. After the teams have
assembled their apparatus,
begin the Activity with a
brief review of the earlier
Activities in this Minise-
quence, particularly of the
concepts of work, potential
energy and kinetic energy.
The children,should recall
that 40e potential energy of
an object is a measure of
its ability ti do work be-
cause of its position, while

436

...,...°,,,1

i
COMMENTARY

i

y

,The Viildren an again work
in teams of two.

,,

/

',In the previos Activity the
children observed that work,
was done on a ball (the pendu-
lum bo'16-), to increase its P.t.
when it was, lifted through an

4 4 J 0 9

1

1
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TEACHING1SEQUENCE

the kin&tic energy of an ob-*
ject is its energy of Motion.

J

a

What changes occur in the
potential and kinetiC ener-
gy of the ball during its,
7wnward swing

To begin the actual investi-
gation, suggest that each t am
designate one member to ob-
serve the bob after the of er

' releases it from an,elevated
position. Ask the child who
will release the bob to lift
it through an arc as high as
the meter stick and hold it
there.

When the observer is ready,
the bob should be released.
Ask the observer to note the

7
height to which the bob rises
on the opposite side of the,
arc. 4..----____

MINISEQUENCE VI/Activity5

'COMMENTARY.

arc and held above its rest
(lowest) position. They should
also recall that the bob lost
P.E. and gained 4.E. when. it
:was released, At the bottom
of, the swing its P.E. was at
a rpinmum, while jts K.E. was
at a maximum. They observed,
that work was done when the
bdb collided with a block at
the bottom of its swing and
moved it against friction. In
shorthand form, this could be
expressed as follows;

Work PE. --Ar K E ---> Work

They should realize that the
ball's potential energy is
converted to kinetic energy
while the ball moves downward
tlirdugh its arc.

"4.

For the present, the children
should disregard th'e height .to
which it rises id subsequent
swings.

0

/ If the ball swinge without
interference, they should find
that it reaches,practically the
same height at the, opposite
-side of the first sting as
that from which it was re-
leased.

50 1137
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TEACHING SEQUENCE

'On the next trial, the ob-
server shodld catch the ball
when it reached iViemaximum
height at thieralpposit& end of*
the are and d' it there.
Ask the children to describe-
the energy of the ball at .

this point. -

/

See if they can describe the
energyo the ball at the bot-
tom of the arc where it Was''
Moving most rapidly.

t

Ask them if they can explain
how the ball, glow-being held
at the opposite end of itf
arc, acquired its present

. potential energy. That is,
where did the'P.E; come from?
The discussion should develop
the idea that 'its kinetic en -0

ergy at the bottom of thearc
was converted to potential
energy asit moved up to the
top of the arc on the opipsite
side. Sketch the illustration
below on the chalkboard.

MAIISEQUACE VI/Activity 5

COMMENTARY

'T,hey s2hovld realize that
n&w,has P.E. butno

They shouLd
this point it had no P,E.
(relat-i-Te to its pest pQsition)
but that It/had considerable
K.E.

-

I.

KE1

How doe's the amount of P.E.
the ball had at the begin- ",
.ning of the swing (PEI com-
pare to that at the end of
the swing, (PE2)?

If they do not conclude that

438.

in

J

Since both positions are nearly
the samefheight abotre the rest
position, they should conclude
that the P.E. is approximately .

the same at both points..

451
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PE2
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TEACHING SEQUENCE

the batl, has the same P.E. in
both positions, develop the
1-ad-e-a.:-thTat--gince the two
heights are the same the P.E.
must be the' same.

.e

Now ask,the children to re-
. lease. the ball from the oppo-,

position) and observe,the
height to which it rises on
the other side. A4ain, they
should catch and hold it when

it it reaches its maximum height.

KE2

A discussion similar to the
previous one for theflut
swingeshould focus. on the
source Of the new P.E. frE3):-.)

acquired by the ball. 341,45

ask the children to c mpare
-the amounts of,P:E. t the
beginning and end of the arc:
Continue to develop the idea
that% kinetic energy (Jai was
changd td potential energy,
(PE).

MINISEQUENCE VI/Activity 5 .4,

E3

-;.COMMENTA:RY,

4
ThaP is,, it would take the same
amount of work to raise td.
the same Iteight-even though at .

a different 'end of the arc.

4

They should find that it again
risqo to about the same height
from which it was released.

AA1

In developing their under-
stAnding of these energycon-
versions, it may be\pelpful to
assign an.,arbitrary value to
PEi.

,
,

-i?'or instance ask them
to iiitagine that the potential
energy of the ball' in its-

original, position (PEI.) is
100' units. Then askthRM to
eiMimate.its potential energy
at the other end of ,lae arc

:9(PE2). They sho,A1.4,,,Anderstand
that it will-haVit nearly the
same amount at the other end,

. 452
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TEACHING *SEQUENCE

A chalkboard illustration of
one complete swing. should help
to convey the idea of the con-
tinuous nature of the energy
conversions in a swinging
pendulum:

KE1--> PE2--->KE2 PE340

Throughout the discussion the
children should be helped to
recognize that in the'inter-
conversions between ,potential
and kinetic energy, practical-
ly no energy is "lost" as the
pendulum swings. The follow-
ing chalkboard illustKation
may be helpful.

PE1 = KE1 PE2 = KE2 = PE3 =

When it seems that the chil-
dren understand the energy,
conversions, they should lift
the ball to other heights to
see whether they get the same
results. They can change the
height of the meter stick .and
continue to,use it as a con-
venient reference line.

2. When the children have had
simple experience with energy
conversions as the penduluM
traverses a single arc, they
should release the ball from
a convenient height and allow
it to continue swinging with-
out interruption. They will
notice that the maximum. height
to which it rises during each
swing gradually becomes

440

4

MINISEQUENCE Act4Nity 5

COMMENTARY

say 98 or 99 units. They
should also understa,nd that
it can never have more--i.e.,
PE2 'can never be more.9an PEI--
unless the pendulum bob is
pushed as it is released. Con-
tinue the questioning-and cUs-
cussion to develop the idea
that the K.E' d'f'sthe lien at
the bottom of its path, where
it was. moving fastest, was
also very close tq 100 units.

Some children may ay that one
can. not have a "perfect" sys7'
tem,ci.e., some energy must be
lost. This is 'true, of course,
and makes a nice transition to
the next Section, but suggest
that `for the-time being they
assume these losses are
negligible.

Observations may be difficult
if the meter stick is mounted
too low or too high. The.
region from. about 15 cm above
the bottom of the swing tb
about 15 cm below the pendulum
support is suitable.

4o
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TEACHING SEQUENCE

)'prOgressively less.' As they
-.report their observations,

urage them to refer to
th, potential energy of the
ball rather than to its
height.

What would you infer, then
about the kinetic energy at
the bottom of the swing?

Ask. the Aildren if they can
explain why energ.y appears to
be' going out of the system.
If no one mentions friction
at the suspension point, call
their attention to what is
happening there.

"4"

Help them to understand that
some, of the energy .in the
swinging ,pendulum is beitTg
converted to heat energy on
each swing, and thus the
pendulum is, gradually losing
potential energy. The over-

,

all energy conversions can be
diagraMed in the following
way:

It

MINISEQUENCE VI /Activity 5

COMMENTARY'

The ball appears to be losing
some potential energy on each
successive swing) i.e., some
of its energy appears to be
"disappearing."

They should be able to infer .

that the kinetic epergy, too,
must be diminishing.

Most of them should quickly
realize that-the nylon, line is
rubbing and bending (therefore -

there is friction), and will
recall from their former ex-
periences that heat energy is'
produced under such conditions,
even though they may not be
'able to measure ',it.

HE
1

HE2 HE3 HE4

KE----> PE
i
--7> KE

2
---7>PE

31

t

Mechanical energy comes ou
- thestem and goes into t e

pivot and string as heat en-
. ergy with each complete swing

back and forth.

Can the heat energy be
3

0

'The symbolic statement above
actually implies that the

, total energy in a,pendulum
system is conserved.. Although

r.the mechanicalenergy decreases,
the sum of the mechanical en- .

ergy and heat energy is the
same as the original amount
of mechanical energy (P.E1).

Not with their apparatus

4
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°TEACHING .SEQUENCE

detected?

Continue the discussion by
asking them to i4agineyhat
might happen to the swing of
the pendulum if the friction

. at! the pivot were greatly
o increased, and. to explain

their pi'edicted results in
terms 'of P.E.'ana

Finally, ask the children what
would happen if it were pos-
sible to eliminate friction
entirely in this system.

3. It should be clear by now
that although the pendulum is
nearly an ideal mechanical
system, the pendulum bob does
caradtlany lose mechanical en-
ergy. However, some children
may still believe it,possible

- to get more energy out of such
a system than was originally
put into it. The following
simple.experiment can be used

. to test this hypothesis:

Have the-children hold a pen-
cil with its eraser end firm*
against the leg of the table
or other firm back support be-

.

hind where the pendulum i
hanging., so that the pendu um
line just touches it. The
pencil should be at some point
above the meter stick,as
'shown 'in 'the illustration.

.442

a

MINIS QUEt4CE VI/Activity 5

COMMENTARY
s

r

because the temperature change
i s so small,flout with a suitably
designed experiment it could be.

The pendulum should stop swing-
ing much sooner as more mechan-
'ical energy is converted to
H.E. in each swing. They may
be reminded.of the inefficient
pulley here.

The results of their investiga-
tions together with the preced-
ing discussion,ishould help to

ficonvince them that the pendulum
would continue to swing ins-.
definitely. In other words,
it would be an ideal mechanicalF.
system.'

0

,

If there is no easily available'
back support,,the pencil, or
even a finger, Can be held
stationary to interrupt the
path' of

It may be interesting -to the
children to know that this
experiment was find, t desdribed
617 Ga ileo and, is known as
the G lilean Pendulum.-

4.5 51
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TEACHING SEQUENCE.

Ask them to lift the ball .

through its arc to the height
of the meter stick, and then
to predict the maximum height
to which the ball will rise on
'the other side of its swing
when it is released, bearing
in mind that'the'string will
now strike the pencil. After
the children have mada their
predictions, they should test
them.

The results should be dis-
cussed in terms of the
initial P.E. of the ball.

dot

IAINISEQValE VI /Activity 5

COMMENTARY

Oa,

Some children will predict that
the pencil will affect the mo-
tion of the pendulum and that
it will not rise to the same
height on the other side.
Others, however, will predict
that because the arc will be
steeped the ball will rise
higher than if allowed to swing
freely. (If it did, this would
mean that the bob would have
more potential Apnergy at that
point than it had to start
with.) They will be surpris d
to find that the ball comes° -up
to approximately, the same
height from which it was re-
leased. You might direct their
attention to a'chalkboard dia-
gram like the COPES logo on the
cover of the Teacher's Guide:

The discussion should be
directed to-ward convincing the
children that conservation of
energy means'that 9e energy
remains the same- 't does not
decrease. Some of may be
converted to other fo s such
as heat, but the total remains
the same. By implica ion, it
cannot lncreaseunless,more
work is done on the system.
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Materials and Equipment

An alphabetioal, list of materials and equipment is included
for your convenience in obtaining the materials necessary for
teaching the Grade 6 sequence of COPES. The list includes the
total amount of materials for the Grade 6 sequence. The'chil-
Oren can often bring materials, such as marbles and empty'baby
food jars, froM home. Some itemssuch as paper, pencils, and
crayons- -will be available'in your school. Check als.o for
equipment that may be available=from a school Science store-
room. Most of the remaining items can be purchased locally in.
grocery, stationery, drug,°photography supply or hardware
stores. A few items such as thermometers, balances, magnify-
ing glasseS, and some chemicals (see page 459), May have sto'be
ordered from one of the scientific supply houses listed on the
last page of this section. The Magnifying glass sold by Amer-
,
ican Science and Engineering (A.S,& E.) with the triple lenses
(No. 2400) is reCommended. If you are ordeting the -20°C to
+50°C thermometers from Dapon, Macalaster, or A.S.&E., be.sure
to specify the plastic backing. Some of their thermometer-5
have metal backings which Can not be used for the Activities in
Minisequence. IV. The Macalaster thermometer (Mo. 2662) has-a
plastic backing. L.

1p
qbether you are ordering from a supply house or purchasing items
locally, keep in mind that, for convenience, the quantities are
for a class of 30 children. If your class,is larger or smaller
you may want to vary the amount accordingly'.,,

When ordering copper, sulfate for ue in Minisequences, II.and
specify ACS (American Chemical Society) or Reagent grade

of the chemical, not technical'grade. This substance must be
in the-form of ,fine crystals for these Activities, not large
clumpse The two anhydrdus salts called for can, of course,
be ordered directly*,from a chemical supply house. However,
as described in Minisequence II, Activity 3 under Preparation
for Teaching, each anhydros salt can be readily prepared from
the respective hydrated crystals by simply heating them in an
oven.

Often in.COPES particular items of equipment or material's are l'
tised in more than one Activity, or Minisequence, oraven grade ;

1pvel. Thus the 4.1onconsumableitdms,,end those consumables
Pwhich are left'over, should: be stored for -possible later use. t

To,h1li you, the list. contains a column In.ilicating the Mini-
ssequenfe(s) and Activity (br Activities) where each item is

J iused. 0.
.'

4
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ITEMS ( QUANTITY
MINISEgUENCE
AND ACTIVITY

*
Aluminum foil: ri

.heavy duty d roll

.

11-2; III-4,5
. m.....

muffin liners or pieces to 100-180 11,-1,3; IV-2
form boats, e.g., 7.5 cm by .

.

7.5 cm.(3 in-.. by 3 in.)
. .

.

'regular 2-3 rolls 11-4; IV-7; ,

VI-3
.

Bags: -...

plastic garbage size, 29 cm
by 32 cm (11-1/2 in. by 13 in.)

35 I-2,4,-5; IV-1

1 gallon (3.7 liters) capacity

plastic sandwich size 2-4 IV-4
(optional),

Balanc0: 1

spring scale, pull down,
e.g,, Ohaus, 250 g el

\ .

,

15
r

.

VI -2,3,4

No. 5465) or 500 g ( o el
No. 5505)

..
4

student platform, e.g., 1-8 t 1-1,4; 111=3
Ohaus model No. 1204 *

.
. .

Balls..

hollow rubber, about4,2 in. , 'i .\ VI-1 "

(5 cm)'in diameter

sponge rubber, about 2 in. 1 , VI-1
- (5 cm) in diameter 1

.

Superballe-about 1 in. 1 VI-1
(2.51cm) in diameter

.

. ,

Iping pong

lead, 60 g (2 oz) or 120.g 15

VI-1

VI-2,3,4,5
(4 oz) with eye to attach a
line

.

. .

Beakers, heat resistant, 30 ml 30 11-4
s.

(1 oz) capacity
,

.

Z---\-
7
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\,4 ITEMS QUANTITY
. MINISEQUENCE
AND ACTIVITY

s .

.

Bqoks:

A

small, about 10 cm by 18 cm.
by 2.5,cm (4 in. 6y 7 in. by

15 VI-3
.

1 in.)or substitute .

paperbound (or magazine) 15 VI-4,5.

Bulb$, 190 watt 11 1-5
.

,

Cardboard:

boxes,, approx. 20 .cm by 11- 1-5
20 cm by 20 cm 1.0 in. by

-----\8 in. by 8 in.)\

corrugated piece, 8 cm by 9 pieces IV-7
18 cm (3 in. by 7 in.)

_

corrugated, 6 .in. square 60 pieces V-2
(15 cm sq)

7

corrugated (for ramp) 2 .ft

long (60 cm) by about, 6 in.
15 pieces VI-3... .

(13 cm) wide (wood plank caw
substitute)

index cards, 3 in. by S in. 70 or more 1-5; IV-7
-. .

shqe box (as ringstand t

assembly)
1

I

11-5
.).

square, 6 in. on a side 1 piece II-1

Cement, two-part epoxy
40,

small tube II-1
,

Chemicals, supplies of:
4

.- .

ite .

ammonium 'chloride (sal
ammoniac)

. . .

60 g (about
2 oz)

111-4, 5-

calcium chloride 125 g (,1/4 lb) 111-4; IV-4
4-*

:cobalt(ous) chloride,
drated, crystals

125-250 g
(1/4-1/2 lb)

11-4; III.-1

..-

copper (cupric) crorid ,

hydrated, crystals (opt

.. ,

'III-4

.

copper (cupric) 'nitratrtt_
hydrated crystals (opal)

..,

,
11r-5

44.6
49

459. */

r



ITEMS . QUANTITY
MINISEQUENCE

f AND ACTIVITY

copper (upric) sul te,
Ar,

:9450-900 g
.., .

,'.. 11-1,2,3;
hydrated fine crys als (1-2 lb) 111-1,2,3,4
(blue vitriol) .

copper (cupric) sulfate, 125 g (1/4 lb)' 11-3; 111-4
anhydrous

iron (ferrous)'sulfate, 125 g (1/4 410) 111-1,3
hydrated crystals

..

lithium chloride (optional) .

111-4

magnesium sulfate, hydrated
crystals (epsom salt)

250-450 g .

(1/2-1 lb)
11-1,3;

i

111-1,4

magnesiljm sulfate (anhydrous) 125 g (1/4 lb) 11-3
. 4

nickel sulfate, hydrated 11-3
crystals (optional) . .

phenyl alicylate (salon r 70 g (approx.-

,

II-(1; 1V-2
; 2 oz) r

. .

lotassi
1..

m chloride (also
. 6b-120 g 111-4

vailable as "salt" sub- (2-4 oz)
,s itute)

. silver nitrate 10 g (1/3 oz) 111-5'-
.

sodium acetate, hydrated 125 g (1/4 lb) 11-4
crystals

r
sodium carbonate, monohydrate 1.1-3
(optional)

s

.sodium sulfate, hydrated .30-60g 0 111-4,5
crystals (Glauber's sett) (1-2.oz)

sodium thio ulfate,.hydrated 125 g (1/4 lb) 11-4; 111-4,5
crystals (h po) 4

t . . .

Chemicals, ,household: s .

alcohol, rubbing 1.5 qt J1 -3,5 .

'. (1.5 liter)

.
. . %

ammonia, household variety 30 ml (1 oz) #rI- 3

,baking soda (sodium ,. small box III-1,4........,

bicarbonate) - 'A'

447
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ITEMS QUANTITY
MINISEQUENCE
AND ACTIVITY.

camphor
. 1 cake V-2 .

. . .

cornstarch 1 box II5
.:

cream of tartar (pota'ssium
bitartrate) -,;;)

food coloring:
.

1 small box rI1-13,4

.

.

.

blue 1-2 oz IV-4,6; V-1
.

.

green' (op'tionali 1/8 oz '

..
V-1

.

yellow
,,

1/8 oz IV-4; V-1

gelatin, unflavored 2-31°Packets V-1
1

(7 g/pkg)

glycerin 1/2 .cup 11-2

iodine, 2% tinct4re ,

.

1 oz,- (30 ml) 11-5
.

mineral oil 1/2 cup 11-2

i sugar Jsucro .

,

1 lb I-20; II-1;
. ,

table salt (sodium chloride).
sel4er,01 varieties., include
f ee-flowing, Kosher style,
elite deicer, or chemically

6(450 g)

450 g (1 lb).

at moat.

III-1

II-1; III-1,
4,5

.

pure .

.

.

,

vaseline, white (petroleum 125 4 (4 oz) 1-4 .

jelly)

..7 ,,

'

.

evinegax, white (acetic acid) ,T500 ml 1-3; 111-2,5
household vsariety

t
t

(1 pint) -
a

Clay, prasticene mcIde' supply 11-3; V1-2

'Clock, or timR4, with -gweep
second hand .

1 IV-1,7CV-4

i °

Cloth: 11

- . .

.

cotton-, 2.5 cm by 5-Cm , 7 pieces 1L4?
(1 in. by 2 in.)

. ,.
. .

448
44z 46.E
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a

ITEMS QUANTITY
MINISEQUENCE
AND ACTIVITY

carpeting or rug, 60 cm by
60 cm (2 ft by 2 ft)

,Contaifers:

\
4 ' coffee cans,-.1 lb size, with

plastic lid

gallon (4 liters) or 4-1 lite1r
_(1 qt) 4

foyfoam, 3 liters (3 qt)
-with li'd'

;

transparent, 1 liter capacity,.
(1 qt)

wide, squat for chemicaZ °

dupplies, e.g., a ccIttage
,' cheese container

Copper: . .

pieces, e.g., wire, penny,
etc. ,

shiny objects, e.g., pots,'
new pennies,

.

wire, 18 gauge °

Corks:
.

.

to fit ^'33 mm by 100'mm test
tube

to fit 18 mm by 150 mm test
tube

.
..

.

Cups:

plastic or waxed paper,
about 30 ml (1 0?),

7-

°

\
.

1ipiece

16

1

6

.

2

at leas

4),.

1,/-

.

.

9

.

-.

..

.

.

VI-1

.
/

I-1

IV-6

i :

II-11,2,4;
111-1,2,3,4,5;

, IV-1,2,3,

IV-4

)

II; 1,2,3,4;
111-1,2,3,4, ;

IN4-2

11,1-4
,%. iv
e

y III -2.

,

,

...

57111-5 ,

I

.

.
.

II-2i 11172;
V-1.

V-1

6
,

I=1,2,4L 11-5;
III-1,2,3,4,5;.
IV-.) 1;2,4; V-1'

:\
. ,

,

several
---\ '..

sevexal

72 in.
(200 cm)

60 pluS

4

1501-250

462 44,9



I

ITEMS QUANTITY
MINISEQUENCE
AND ACTIVITY

--

transparent plastic, "old-
fashioned" shape, 1.2(0 to
240 ml (4 -8 oz) capacity
(glass slides' can substitute
for some) , .

. A

plastic, 150 ml (5 oz)
capacity, to fit into
polyfOam cups

- polyfoam, 180 to 240 m1.4
8(6- oz)

r.

measuring
.

'Dishes: dIkqp,

for discarded matches, glass
111,)or porcelainr/

shallow, or petri typeill,tglass
Or plastic, 10 cm (4 in.) in
diameter

t

Fan, electric

Funnel, about 15 cm (6 in.)
in diameter

Geiger counter (or prepared
tape of background count)

°

250

.

15

60-200

.

2 or more

15

1.
(4 more
optional)

...

. 1

10 i

*.

1
p'

.

.

4

.

.

11-5; III-1,
3,5; IV-4.,5,6

IV-3

1-1,3; II-1,
2,4; 111-2,3;
IV-1,2,3;
V-2,5

1-4; 'V-1

,

i I.,

.-

111-4 k

....

11-10; V-2
-

,

1-

I-5;-'II-5;.
IV-4

V-4

-----

Glass, tall, as test tube rack

Glass rod, 10 cm long/ (4 in.)
(optional)

Graphite, powd d lubricant
.

Hammer, or hea bject

Heat sources:
.

. '.:,
,..

candle,, short squat variety
..

hot plate

t. .

-...

.

1'

%
8

,

. '
\.

1 tube

41-
.

-' 30 or more

1

-

.

...

.

,

V-1 '

4 .

IV-7
.

V1=3 .

.

V -2
,,;

. .. .

.-;
..

11-1,3; IV-7.
. 6

.

I-31 IV-2
_

.

450 463



1

... ITEMS ., QUANTITY
MINISEQUENCE.
AND ACTIVITY

Sterno ,

1St

Hexstat,(optional), see page
459 for ordering

.

Ice:
.

.. .

cubes
. _.

chips .

Jars:

babyfood jars, 120-ml (4-oz),
.
or substitute

to serve as test tube rack,
e.g., babyfood jar, mug. etc.

1/2 liter (1 pt) capac).ty
.

.

tall narrow glass with lid,
e.g., olive jar

( 4

wide mouth with lid,'mouth
to be at least 3 in. (7.5 cm)
wide ' .

1-liter (1 qt) with lid ,

3 -liter (3 qt) with lid ,

Knives, paring .ti

Labels

Tramp, 'gooseneck, or equivalentent

Line, nylon fishing
,

.

1

,

Magnets n

.

Magnifying glasses, (e.g., Amer-
ican Science and EnsiiTeeing
No. 2400, 126X) ..-

..-
.

40 cans
,

2-3/Zt least

.
, '

95

'supply
.

.

68 (approx.)

.

.

35 .

2

8 .

.

30

'

.

.11-2,4,5;
111-4,5 .

,

V-3

-

....

IV-1,7

II-1

,

1-2,3,4,5

11-2,4,5;
111-2,3,4,5;
V-1

1-2; 11-5
.1

.

1-1,3

I-3; 11-5
. .

1-3
-

I-5

1:3

I-5 . ,

.

VI,72,4,5. '

.e

111-2
.---

L1-1,5; 11-1,3,
4; 111-1,2,3

1

2

,

10 .

15 ,

.10

15 meters
(about 45
feet)

.

several
..

32
,

w

,

k

b,

464 451



//
. . -

,

ITEMS QUANTITY*
MINIGEQUENCE
AND ACTIVITY

. .

Marbles: , ,

. _

. t

Same size and color,

different than those above

30

5 or more

II-1

11-3; V-2

Matches, safety 6 boxes 11-1,2,4;
(Approx.) 111-4

100 1-3Mealworms (available from pet
and aquarium supply stores) (approx.)

..

..-------

Medicine droppers 36 1-2,3; 11-2,3,
4,5; III-1;
V-1 ,

___..... _

Microscopes, compound:

40X \ . 8-10 1-5; II -3;

. III-1

100X or higher 1 or more I-2°

Microscope slides .

,

. ,.

30 or more

/

1-2,5;111-1,3

Miscrscope slide.covers 60 or more 1-2

_

Nails:

aluminum, al) cm IA in.) long 8

.

IV-7
(optional) ..,,

irnn,__bmight. common variety 150 qr_place

.

asz-2,1,4,5
5 cm (2'in.) long .

1 .

.......-iron,"/10 cm (4 in.) long 15 e IV-7; VI-2

/-2.5 cm (1 in long 30 '. V-2'

r-

Paint, blue 0 '1 aerosol
can

4 IV-5

. .N,

Pans:
V

r

aluminum, 10 cm '(4 in.) in
diameter or equkvalent

16. 1-1,4,5

-- _4.-

I-4 ,
\

alUminum, 20 cm (8 in.)- in
diameter DT equivalent

.

: .

.: 6

v.
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'ITEMS
\

.

QUANTITY
MINISEQUENCE
AND ACTIVITY

,

aluminumli, t pie size

sauce, 2 liters (2 qt)
. capacity

shallow, cookie sheet shape
or tray .

N

Paper:

construction<black, 8-1/2".in.
by 11 in. (21 cm by 27 cm)
' r
construction, colored or
plastic

filter

graph, 2,s1a/cm (4/in.)
.

newspaper, double sheets
f

towels

scrap; whit-e'

t
k. .-..d/

.

(

wrapping, 60 cm 110180 cm%
2 ft by 6 ft)'

Paper clips, No.

,

(- ,1, tinned
steel variety ..,

Pencils: e'

a

. (or felt tip pen)

. .

blue, or crayon
.

red, or crayons .

"7-!--;-%',

1
.

1

..

12

.

10 sheets
'

1 or more
sheets

2 sheets

supply (at
least 300
sheets)

.25.'

supply .

1-..._y\

supply

1 sheet

.

100 .(approx.)
or mccre

. .

3°

.

30
.

1

3' .

-. '''
0 b-f each

.

, . ,
k4.:

V-2 _
)14

.

. 1-3; 11-5;
* IV-2

u

1-4

.

.,

1-5
as

V-2

N

, .

IV-4; 11-5 ,

- IV-1,2,3,5. ,7;
V-2,4; VI-1

V

.4,1-1,5

L-1,2; 11-4,5;
111-2,5; .

IV -1,7

I- I ; I I- Z-7-3 ; \___
II, I 7 2 , 4;
IV-2,5

.

VI-1

.

111-4,5; IV-5
.

,

.0.)..-'

IV-1,2; V-2

.
-IV-3,6; V-2,3

.

IV 3,7, V '2,3

.

IV-3; V-2,3
.

II-t; ,6-f
.,. .

two 'more colors than ab

'glass marking ' -./.i:3,16-

t'



A

^P

.

. ,

.

ITEMS QUANTITY
IMINrSEQUENCE
AND ACTIVITY

unsharpened, eraser

Pens, felt marking, diffeent
colors including black

Perishables: . .

.

fresh fruiti*, e.g., tomato,
bananas, apples, grapes,'
plums, apricots '

.

fresh vegetablds (not gree
e.g., carrots, potatoes ..,_,;!

housefly pupae (optional,
see page 459)

t red cabbage
_

Pins: -

) .
.

.

bobby
N

clothes .

Pitchers, with pouririg spout
. as a teapot, about 1/2 liter

(1-pt) capacity

Plants and -seeds (other than
,perishables).

,
.

beans, navy pea (dried) :
... ..

geranium, potted, about
..

30 cm
(12 in.), tall

floWer buds ...

corn seeds . .'
,

radish seeds
.

. - .,-
..

Plastic:
..

transparent( dis'cs (dr squares1
about 3 pm in diameter, sour
'different colors

.
.

60

1 set

.

.

several

.

several

.

1 meium

.

30

30 or more.
.

4 or more

y
.

3

1 lb ----
.,

),

8

.

several
..

1 pkg (1 oz).;II-1
cp '1

1 pkg
(about 50) r

6 .

12-18 of 1

each color
t

.

VI-1,2

VI-1

T-3
s

1-3
.

. .. ....--

V-5

1-3
..

41

.

V-2

IV-4
. . .

I -2,3;0 IV -4

.

j

1

IV-5
,)

1
1-1,4 .

\

I-'3 ,

4

1-3

.1
.

III-.3

..

o'

.
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1

4

1

ITEMS: QUANTITY
MINISEQU-ENCE
AND ACTIVITY

-
transparent red discs (or

>

squares)

.transparent clear discs
(or squares)

.

.wrap
,

,

)

.

Projectors:

Micro '(optional)

overhead (optional)
/

Pump, blEycle, with hose .

Rubber bands,, small

Rulerts:

30 cm (],2 in.) with hole
near one end

1 meter- (3 ft) (1 meter or
yardstick)

Rusty objects

SciSsors t

.

Scree'ns, wire
it

'4-in. mesh, 15 cm by 15 cm
(6 in. by 6' in.)

10-in. mesh, 15 cm 1115 cm
(6 in. by 6 in.)

14-in. mesh, 12 cm by 12 cm
(5 in. by 5 in.) .

18' -in. mesh, 15 cm by 15 cm
(6 in. by 6 in:)

p

.

el,

a

.

120 \{

10

. 2-3 rolls
,

1

. .

1

0
1

40
.

45

15

.

several

1.5

..
8

8

.

10

8 -

,

't

.

0

.

.

N

.

,

t

.

_

.

.

.V-5
.

.

r-3; II-1',2,
3,4; 111-1,4;
V-2

III-1,2,5\
/

111-1,2,3,5

1-3
I

1V-7; VI-1
e

I-4,5;-VI-1,
2,3,4,5

VI-5

, .

.

111-2 ,

7

.

II-1 4 5.II a
111-2; IV-4,7;
'V-2,3

.

,,I-,1

r-1

,41011.,

.

I--
.

I-1 . :

-
.

-

4.
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'4a

ITEMS QUANTITY
MINISEQUENCE
AND ACTIVITY

Soils:
.

.

.topsoil
..,

-

subsoil'
. -

.

'Spoons:

tablespdon ,

teaspoon

P. :
1/2 teaspoon (plastic picnic

. variety)

.

Sprinkler bulb .

Steelawool.,,fine
4

u

.

t
- . .

.

Straiws, drinking,
,

String, light laundry variety

i
.-,

Tip -e,:. , ,4,

.,

plastiC or cellophane
,,

masking
.

-

.... .
,

.

masking; double -sided
. . -:. '

Test tUbes,:heat'resistant:

1. mm by 100 mm (5/8 in. by
4T in.

.
.

18 mm by'150*mm (3/4 in. by
... 6'in.) a

.
Test tube h'olders,'metal

' .

. ,

r
-8 liter
(8 qts)

8 LitersLiters
(8 qts)

. 9

.

15

16.

0 ./

several

1-8

supply
abOut 15
balls

i 0\

.,2 balls

4:

. .
.

';. 4 rolls
(approx.)
; ' '''

I roll

,.''

supply
. ,,,

1

. 1

75 or mdre

-..

'-30.

..

.-.

.

'-).

I-1 ,

a

--1I-1.
.,

'

11-5; IV-6

I-2,3;,
4-111-4,6

111-2 .

,

p
I-1

4
J

111-2,5

\...

.

1-3
.

1-4; 11-2; .

111-2; VI-3
.

/

1 -4,5; 111-4';
IV-7;. V-2,,, S.

.111-4; VI -1, ,

3i,5
ii.
,II-1

.

.

,,,

1-4; 11-2,4,5;
111-2,3,5; V-1

V-1 , ,

.

*
:11-1,2,4,53
111-4

.

v.

-
r'.

° 45'6*
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d.

P

O

a

%,

0

A

a
(

, ITEMS
i

Ti

QUANTITY -7/
MINISEQUENCE'
AND ACTIVITY

'

Thermometers:
(- 1

-20°C to +50°C,'plastic backd,
e.g., Macalaster No. 2662 i

laboratory style,
*
10°C t

+11.0°C
. .

yubing'(dialysis) cellophane .;.

3 cm wide (1-1/8 in.) e

Trowel, hand
t.

Tweezers (optional)
,

Wood:

. .

narrow strips, as dispensoers;
e.g., popsicle sticks,
flattened straws .

stirrerS',.e.g.,.popsicle
sticks, beverage ,stirrers,
etc. ,

a

. ...4

-

34 or,more
. 0

1

f

600 cm
(20,ft)

. 1

. --..,\

40

110

a

i

/

,

-

I-1,4,54 11-4,
5; IV-1,2.,3,7

It-5; IV-2
-

IV-4 .4cIll

1-5

III-1'

.

II-1
V 2,5)

III-1; IV-2

I-2,30005.1.- IV-1

.

1-5; 11-3;
)111-1,2,3

%%7174

,..J

1-5 ,.

. s

I-1
s .

1-4 .

III-4 ..

.

.
IV-3

','
IV-5

\ i
I -5

1:

.

IC./ -6

.
.

toothpicks
.

1

s
1

block, 5 cm by '5 cm' by 10 cm-
(2 in". by 2 .in. by 4 in.') or;
substitute. `.

'Woodland litter

Worksheets
.

,

Worksheet I-1
. .

I

Worksheet 1-2
.. ,

Worksheet III-1 .

I
.4

'Worksheet IV-1

eTierksheet IV -2
, . .

Worksheet IV-3
.

Worksheet IV -4
.

-

2 boxes

15

10 gals
.

8 .

30

15

15'

30

30

.

30

\ 470
45:7



--N

a.

ks

.,,
.

ITEMS' ,UANTITY
MINISEQUENCE
AND ACTIVITY.

..
Worksheet IV-5

.

Worksheet y-1 *A.. . .
f" I

Worksheet V-2 ,
isWorksheet V-3

Worksheet V-4 .

Worksheet V-5
..

_

Worksheet V-6
,....v.

Worksheet. V-7 (optional)
\

Worksheet 'VI -1
_ .

k...4".Worksheet VI-2 _r.
Worksheet VI-3

i -'''Yeast, "active dry" (.

. . It
; .

° .-
,g) ,-.. .

. .
/1/4

-
....

,`

- ---
:

. .

-
4, .

4

,

.

1

. . s
. ..

'

Of s
. .

,
,

-

,

-

...

/

'''\

",-

t

.

'

.

.

.
.

8 or more

60
.

' . .

4(15 -Iir. ...

. c's

36.
,

k ..

15
-,

.

15 .

.15

a

30
. .,

- 0 .,

. 30 .

..
' 40 p..k.,I,:s . ,

. (.7 gdkg)...

. .. -
. .--

- .
, -

. ..,-.

-.....
., . ,

. ...

...

J "4

- . ...

...
. .

.

- . , .

.. . .". .

. , r
. .

N.
: f'

.

..

.

. .,

.

rv=7

. .

(V-2,3

V-2.

\'V-1
-
.V-,4

V-5
. .

V -5

VI-3
.

.. VI4.3

.
VT.:A..'

,
..

2I-2, 3

--.-

1

1

. AT

\

.

..

. 4
.

,

-
-,.

-,

'a

'..:; i

-

.

,
..

.-

'....

'.:-.

,

.

,
_

.,

_

,... /

_

,...

ei

.
; .
- ;

.1. a.

...

.

4'58 471
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1P
SCIENTIFIC SUPPLY HOUSES

American Science and Engineer-
ing (A.S. and E,)

20 Olierland Street A

Boston,' Massachusetts 02215
(magnifying glasses and
thermometers)

Gentral Scientific Co.°(Cenco)
2600 SoUth Kostnir Avenue,
-Chicago, Illinois 60613 1
(school science supplies and
Ohaus equipment)

Continental BiolOqical Labs
448 North Halsted
'Chicago, Illinois,. 60622
(housefly pupae)'

t't

Damon Educational Division
80,Wilbon Way es.

Westwood, Massachusetts 02090
(-20°C to 450°C thermometers)

Educational 'Science Consultants
P.O. Box 1674
San Leandro, California 94577
(housefly kit and book)

Fisriay Scientific Co. ', ,..

52 Fadem Road
,

Springfield, New Jersey 07'081
(chemicals, and other --

laboratory 's.upplis) .

Greiner Scientific Corporation
22 North Moore Street
New York, New York 10004
(cellop* tubing arid
laborator1)-'supplies)

Harcourt Brace Jovanov4Ch, Inc.
737 Third Avenue
.

New York/ N.Y. 10017
(hexipts)

Learning Resource Center, Inc.
10655 S.W. creenbytg Road
Porbland, Oregon '97223
(heating stands and other
school science equipment) ,

(This compariy was formerly
known as OMSI.)

Macalaster Scientific Corp.
Division of Raytheon Educa-,

tional-Company
Route 111 & Everett Turnpike
Nashua, NeW Hampshire 03060
(-20°C to +50°C thermometers)

-

-Scientific Glass 'ApparatIis Co.
725 Broad Street
Blopmfield, New Jersey 07003
(funnels, filter.paper and
other laboratory supplies)'

Science,Kit, Inc. a
Tonawan&a,\New York 14150
(shool science s(pplies)-

Selective E4cati0nal.Eripment_,>
3 Bridge Street
Newton,'Massachdsetts 02195
(medicine droppersp and
magnifiers)

e:Sigma/Scientific,4Inc.
P.O. Box 1302
Gainesvill;e, Florida 326Q1
(school scieritesupplies

459
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WORKSHEET I-1 Name:
.

DAY

OBSER ATIONS OF PLANTS
l .
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.
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.
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ORKSHEET 1-2 Name:
,,,

(....1

Data on elative Humidity .,. %

c-

.TIME AND PLACE' DR BULB TEMP:

I

WET1-BULB TEMP.'
...

TEMP. D_,IFF . REL . HUM.
.

....

.0'
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WORKSHEET IV-1 Name:

Situation
. ca

TIME
(minu-tes)

.
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TEMPERATURE
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(colder sample)
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4

'14
se41.111.111

O

NUMBER OF BLUE BEANS
IN CUP 1

NUMBER
OF EX-
.CHANGSS
OF FOUR
BEANS

' DATA TAKEN 5Y:

)kVERAG&

.

<

A

Fa

NUMBER OF BLUE BEANO*
,IN CUP 2

NURIIER.

CHANGES
'OF' FOUR

BEANS

DATA' TAKEN BY:

AVERAGE

'1

a

I

t W

A

aA

0'

te,
480 -r



A

3,

e

WORKSHEET IV-4 Name

r-
Sm

481 477



WORKSHEET IV-5 -7Name: A
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WORKSHEET-N-5 Name:
1

,Table 1:, A FIRST GENERATION POPULATION OF HOUSE FLIES

Red Eyes. White Eyes Total

Male 50 50 -

Female

Total 100 100

Table 2: 'A SECOND GENERATION POPULATION OF HOUSE FLIES
!

Red Eyes ,whit,p Eyes Tdtal

1

Female

Male 3,750 5,000

Total, 7;500 2,509

Table, 2a: A RANDOM *SAMPLE OF 100 F IES FRNL_THE SECOND GENERATION

Male

Red Eyes
8

White Ey.es 'Total

t .34 14 48'

Female 36' e 52

Total JO 30

,Table 21d,:' A $ECOND RANDOM SAMPLE OF 100 FLIES

ale

4
Red\Eyes White Eyes

100

.Total

13, 51

Female

Total 74 100

r
Table 2c: A RANDOM SAMPLE OF 20 FLIES ftpri THE SECOND GENERATION

I

Male

Red Eyes White Eyes Total,

7 10

Female

Total 13

Table 2d: A SECOND RANDOM $ANPE OF 2

Red Eyes White Eyes

Male

FLIES

Total

12 ,

20

Female

Total' 18

4

489
493



WORKSHEET V -6 Name:

4
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FACTOR INHERITED F.ROM
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i i

,
...

I.._

12 .

13

_14

15
4

. 16

17 /

18 .

,
1
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.1
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:to r

KINDS OF oOttINATIONS
OF FACT RS*

NUMBER OF EACH KIND
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EYE COLOR OF
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THE.

l
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.

.

\

A!

\

\

\
,

\

,.

.

!

.

.

,

T

,, .

11,
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WORKSHEET V-7

/

Name:

.4.

..",,

Table 3:

,

A SELECTED
FROM THE SECOND

Male,

SAMPLE OF 100
GENERATION

White Eyes

WHITE-EYED FLIES

°

t.

..`

FeMale . 50

Total 100 \...

\ 1

Table 4: OFFSPRING OF SELECTED WHITE-EYED SAMPLE
-. . )

Nt

,, .Red Eyes White Eyes Total

'Male 5,000

Female 51000

. TO-tal .." 10,000 10,000
1

404.
I .

Table 5: A SELECTED SAMPLE OK 100 RED-EYED FLIES
' FROM tHE SECOND GENERATION

Red Eyes
P

Male 56
s6

)

,-. Female
.......

IMP

Total 100

.. ,
Table 6: OFFSPRING OF .SELECTED RED-EYED SAMPLE

. /

4Red Eyes
-

White Eyes Total

Male '5,56 '5,0.00

. .

Female
S

'Totali-J. 8,889 1,,111 10;000 'V .

1

.

X

4,9i 497

a
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7

.MATERIALS AND COST: Student text, hardbound (520 pp., '$8.97); teacher's

1-
' guide (319pp., $8.49); skills and evalUatIori.

package ($18.93); student text as 8 individual
units, paperboUnd ($1.50 per unit

SUBJECT AREA:.

/

This text organizes the Study ct world culttres around eight key
' ' o

concepts: huthan patterns, habitat, values, social' control, learning, 4- )
. -

technology, sta s, and outsiders.. Each concept comprises one-unit.
.,

Throughout the lightediscussed.units, 16 cultures are discussed. -They represent

Australia,Africa, Asia, As,tralia, Europe, Middle East, Oceania, and South America.
) .

-
. , %

,Western Samoa studied in each-unit, is employed asa "control culture"
. .

thropology, World Studies .
1

since it is mall, homogeneous, and offers contrasts to the United states ,

and other d velopekareas. The major learning component is,activity, not

expbsition Each unit contains Approximately 20-activitieS with specified

objective and data; these, include diary accounts, photographs, and
.

*/.

stories. Although they vary in the cognitive processes and learning modes ,

require each can be completed in one 'Class-period-, The teacher's guide

contai an overview of the content of the activities, objectives and -

relate pplementaiy materials, planning notes, and ideas for adapting

the a ities to various ability levels. The total text could serve as

the fo.a full-year Course, or individdel unitS-could be studied'as
A.

mini oi/rses. Large print, ample use.df photOgrapha, and emphasis on

act viy make the text effective for junior highlstudents or high phool

st de4ti--reading below grade level.

T TIE:

UBLISHER:

A

Inquiries Into the Liv1ngiPast

Margareta Faissler

Macmillan Publishing-Company, 'Inc.
School,Division
866 Third Avenue :

New York, New-York 10022

PUBLICATION DATE: 1975

GIZADE'LEvEL:' 9112

RY READING LEVEL: 11 ,(narrative)

8 (priMary sourcepp),_

RIALS AND COST: Fourteen student texts, paperbound (96-192
$1.77-$3.06); teacher's guide ,(150 pp., $4.14)

"vb.,

12
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WORKSHEET VI-1

' , at
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o

9 (
the text contains questions designed to ptimulate comparative-thinkiri

,

Photographs and descriptions of dozens of societies provide students itti

bases for comparing the Orferent means used by humans to achieve similar

needs.
: .

TITLE: Learning About Peoples and Cultures

',EDITOR: Seymour,Fersh

FTMMIISHER: McDougal, Littell and'Company
Box 1667

Evanston, Illinois 60204

PUBLICATION DATE: ' 1974

GRADE LEVEL: ' 9-12

FRY READING LEVEL? llq'(narrative)

-10.(primary sources)

EMATERIALS AND COST: Student text, paperbound (120 pp., $2.97); teacher's

SUBJECT AREA:

guide ($0.96)

Anthropology, Sociology, World History

*

This book for high school students helps them sense the evolution of

humankind--its rise into .civilization, its clihnging attitudes in a

changing world, and its ability to
4
learn and adapt ,to a changed environ-

ment. Siudents,should begin to.see reasons for cultural differences and'

examine their own values. The text, which can be used to supplement'

almost any social studies discipline,- contains articles and poems by such'

writers as Mark Twain, Rudyard Kipling, and John W. Gardner, -Cultural

groups representing China, India,' Europe, Afrrta,. Morocco, Peru, and

Indonesia are studied. The teacher's guide contains chapter outlines and

suggestions.foi activities and examinations:.

TITLE: Pageant -of World. History, The

°AUTHOR: Gerald Leinwand

PUBLISHER: Allyn and Bacon, Inc.
470 Atlantic Avenue
Boston, Massachusetts 02210

PUBLICATION DATE: 1977 (revised edition)

GRADE LEVEL: 912

F RY READING LEVEL: 8 (narrative)
'6 (primary sources)

14
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WORKSHEET VI -2

..)
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WORKSHEET VI-3
Name:

TRIAL

. ,

HEIGHT .OF BOB
.BEFORE RELEASEO

.

.
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TITLE:

AUTHOR:

PUBLISHER:

PUBLICATION DATEa

GRADE LEVEL':

FRY READING LEVEL:

12

Peciplesqnd Cultures Series
a

James I. Clark:.

McDOugal, Littell and, Company
P.O. Box 1667 -S

Evanston, Illinois 60204

1976

10-12
to

12 (narratiI*70
.

10 (primary sources)

MATERIALS AND COST: ,Introductory student text, Learning About PeOples
and Cultuicqs, paperbound (120 pp., $2;97); 5 area
studies stUdent terms-rIpaperbound (144 pp., $2.97
each); individual teacher' manuals ($0.96)

Ar&a Studies, Worldl'HistorSUBJECT AREA:

This series introduces students to thesis ories and contemporary

societies of Africa, China, Japani the Sovi.et on, and Latin America.

An introductory book, Learning about Peoples and e'uitures,helps students

develop understandings of-and positive attitudes toward other peOples
and cultures. The use of essays by/various authors provides a process

for approaching cultural studies. Five individual texts describe the

historical background, contemporary attitudes, values, customs, economy,

religion, ,and government of each of five countries. Student guides

included in the texts stress important people, concepts, and terms and
offer study and discussion questions. Teacher's manuals for each text

contain learning objectives, additional study questions, and activities

for individual and group work. Each text presents aculture without

comparing it to the norms of other cultures; artwork and illustrations

supplement the narrative. The materials provide the basis for a full-.

"year study or for modular units of varying lenqtht Three additional

texts--on India;'Southeast Asia, and the Mediterranean Rim--are due. for

publication in 1977.

TITLE:

DIRECTOR:

PUBLISHER:

Scholastic World HAtory Program,

J9hn Dickerson

Scholastic Book Services
904 Sylvan Avenue

Englewood Cliffs, New Jersey 07632

17



13

PUBLICATION DATE: 6 1976

GRADE LEVEL:. 7-10

FRY READING LEVEL: 7

IMATERIALS AND COST: Four student texts, paperbound (208-256 pp., $2.9
,each); 4 teacher's guide ?'(64 pp., $3.50 eaeh); 4
sets of duplicating masters. ($12.50 per set)

.SUBJECT AREA: World Hitoty

Th; Scholastic World History Program is designed for secondary
\,\"students below-average reading skills. High- interest reading

materials, full-color illustrations, and student-inVblvement activities
are,used to motivate students. There are four texts: The Rise of the
We4t surveys milestones of history from prehistoric ,Dimes to the decline
of the Roman Empire. Ancient,non -Western cultures--Asia, Africa, and
pre-Columbian America--are introduced in Empire Beyond Europe. The Age

e
of Europe reviews developments of European civilization from the Middle
'Ages to the 'early nineteenth century. The Modern World focuses on both.

Western and non-Western historical events that have significantly ..con-

tributed to shaping the world'during the past.tlEo centuries. The mate-
rials,'which include quizzes 'and exercises on duplicating masters, car,
form a year -long course with either thematic or chronological organization.

DEVELOPER:
PK .

PUBLISHER:

1

s

'Tradition and Change in Four Societies: An inquiry
Approach

Carnegie-Mellon Unii'rersity, Social Studies Currid-
ulum Project

Holt, Rinehart and Winston, Inc.
383 Madison Avenue
New York, New York 10017

PUBLICATION DATE: 1974 (revised edition)

GRADE LEV_E_L: 10-12

Fit` READING LEVEL: College (narrative)
10, (primary sOUrces)

,

MATERIALS AND COST: Stu4ent text; hardbound (393 pp., $6.90); teacher's.
guide (186 ,pp.,'$5.91),; support unit ($168.54)

4,18UFZIkAREA:. Afthropoibgy,.EconomitS,' Political SCience, World'
History

. . .

4
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Tradition and Change in Four Societies is a one-semester inquiry-

oriented course in which high school students examine change in four

areas: West Africa,'Brazil, India, and China. For each area, the text

analyzes the traditi al society, the impact of Western ideas and,insti-

tutions,'ond one major ntemporary probl8m--for example, race relations,

The'mate ials in this prog have been revised in both format and con-,

tent to re ect the latest res rch in the social studies. In this

editiOn the re -sing level has bee lowered, the textbook has been re-
*

deSigned, new tes ing program has L4en provided, and a student activity

component has been added to the support unit. The detailed teacher's

ide Contains activities andtopics foi class discussion whi h are

in ended to develop skills of inquiry through a "careful examina ion of

alte natpte solutions to a.problem."

TITLE:

AUTHOR:

.rPUBLISHER:.

1

PUBLICATION DATE:

GRADE LEVEL:

World History

Jack Abramovitz

Follett Publis.hing Compan
1010 West Washington Boul vard
Chicago, Illinois 60607

1974 (third edition)

7-12 (below-gradd-level r

j

FRY READING LEVEL: 8

MATERIALS AND COST:

aders)

Student text, hardbound (6011pp., $7.95); 4-volume
student text ($7.95); teacher's guide ($1.77)1
reinforcement activities ($10.77); teacher's guide'
for reinforcement activities ($2.75)

SUBJECT AREA:' WorldHistory

The twelve pnits in this text are divided into four content areas:

"From Stone Age to Renaissance"; "Democracr'and Change to 1815";

"Democracy; Nationalism, Imperialism to 1914"; and "Twentieth Century

Problems." The first two sections deal mainly with European history; the

final two include developments and issues in Asia, Africa, and the Middle
,

East. Student analysis of facts,ireadings,'and opinions is encouraged by

questions at the beginning and end of each chapter. It is hoped that,.at

the conclusion. of the yearlong course, students.will have developed an

understanding of the major themes in world development,. The vocabulary,

19.'
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sentence length, and

reading level, while

of higher. Thus the

readers in seconaaTy

Print Materials

TITLE:

DEVELOPER:'

PUBLISHER:

15
bk

paragraph structure are based on a sixth-grade

study skills are,developed to the eighth-grade level

text is especially well suited for below-grade-level

grades.

SUPPLEMENTARY STUDENT MATERIALS

PLAN: Individualized Social Science Courses.
World History

Westinghouse. Learning Corporation

CorporationWestinghouse Learning
o.
10Q Park Avenue
New York, New York 10017

PUBLICATION DATE: 1973175

GRADE LEVEL:

MATERIALS AND COST:
_4o.-

SUBJECT AREA:

92:12

Kit includes: teacher's
books, charts, and tests

World History

a
4

guide;'student progress
($124.50)

a

The PLAN prog am,contains courses designed to individualize instruc-

tion in language arts, math, science, and social studies disciplines.

The world history materials, which provide' the basis for a full year of

instruction', emplby a chronological approach in studying the development

of world civilizations: Students aKe glIven the opportunity t0 examine

,current world situations,and compare them with historicalevents. Teacher

tasks are explained thorbughly in the guide. These i cjAide planning in-
..

div.idual students' courses of study, 'tutoring students who are having

and facilitating large and small group disbUssions.

TITLE: World CultureS1Sourcebook

EDITOR: .Paul Thomas Welty

PUBLISHER:

PUBLICATION DATE:

GRADE LEVEL:

O

J. B. Lippincott Company
1Educational Publishing Division

East Washington Square
Philadelphia, Pennsylvania 19105

1974

11-12+

20
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FRY READING LEVEL: College (primary' sources)

MATERIALS AND COST: Eiht student text, paperbound (153 -219 pp., $2.37
ea h)

SUBJECT. AREA: thropologyr World History

.,,,-These eight gourcebooks are a collection of observations, dOZUments,

and primary sources. They are especially useful for students who want to

evaluate sources and base conclusions upon first-hand historical evidence.

The tine span. covered fanges from prehistory and the earliest known

writings to such contemporary issues as poverty, energy, and abortion.

Each book explores one of the following areas: the birth of civilization',

Africa, Asia, the Middle East, Eastern Europe, Western Europe, Latin
.

America,andlNorth America. The origins, creativity, and ideological.

evolution,bf each culture are explored.. Readings are introduced ,by bold-..

face type inquiry questions; thus students may reflect on the questiOns

as they read. Because there are no teaching 'strategiesrevkwgliestioift,

or discusgion activities, the.books seem best suited f4 advanced studORts

who can read a d Study independently. 'Teac ers may be ablif.to usg the

books selectively assupplementay,reading or world history courses,.

*Audiovisual/Media Mhterials

. ,TITLE:

EDITORS:
r

PUBLISHER:

1

,PUBLICATION DATE.

GRADE LEVEL:,

MATERIALS COST:

SUBJECT AREA:

Early Indian Culture of North'America

Daniel Birch, Roy L. Carlson, and Arlene Birch

-Fitihenry and Whiteside, Limited 0

150tesmill Road -

Don Mills, Ontario M3B2T5, Canadaanada

1974

5-9

Boxed-set of 40 cards and teacher's manual ($56:00);
additional teacher's manual (75 ppt, $4.95)

Anthropology

Forty study prints illustrate the varioug'Idian'oultures of North
_

America before. the arrival of the Europeans. The groups include cultures'

of the Southwest, 4soamerica, the Great Plains, California, the, Subarctic,

and the Artic. Each study card is a 13" x pictdre, most are in color,

21.
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backed by black-and-white supplffentary illustrations. EaCh card has a

caption, a commentary, and questions designed to stimulate_student thoughe,. 4

and research. )rhe pictures show-such activities.as-bull dances, food / 6
,

.

4 d

preparatiK, house construction, and berry gathering.' The teachers
,,manual provide factual background information for each plc ure in

; d

addition to teaching strategies, followup activities, individual study ,

projects, bibliographies for students and teachers, and aud oviS a

resources.

Games/Simulations

TITLE: Culture Contact

DEVELbPER: ABT Associates, Inc.

PUBLISHER: ABT Associates, Inc. '

55 Wheeler Street

Cambridge, Massachusetts 02138

PUBLICATION DATE: 1976 (revised edition)

GRACIE LEVEL: 6-12

MATERIALS AND COST: Materials package include 5: -Coordinator's manual,

student materials, and ad4itional materials ($35:00)

SUBJECT AREA: Anthropology,. economics, Geograpbty, History,-
Political Science, Sociology

4. .

Culture Contact simulates the potential conflicts and Misunderstand-1

ings which can ar sewhen peoele of two vastly different cultures come
.

into contact. Be t suited for groups of from 20 to 30 secondery school,

students, the gam requires about five 60-minute class periods'and

illustrates such contep s,as social structure, decision making, and

communication. Each tudedt assumes a different role within one of two

imaginary culture's. he cultural groups then interact with the.goal of -

establishing a trade relationship. Each society's purpose is,to achieve
I

its goals to the fullest while maintaining itsfdistinctive,culture. The

teacher acts.as,facilitator throughout the game and as discussion leader

aftei the game has been played.

9
L.-
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ITLE:

A THORS:-

PUBLISHER:

PUBLICATION DATE:

GRADE LEVEL:

MATERIALS AND COST:

SUBJECT AREA: ,

Designed to be

18

TEACHER RESOURCE MATERIALS

Encyclopedia of Anthropology

David E. Hunter and Phillip Whitten

Harper and Row, Publishers, Inc.'"
10 East 53rd Street
New York, New York 10022

1976

K-12

Paperbound .volume (j11 pp ; $6.95)

Anthropology

useful to teachers at all levelS and to older stUdents,

his encyclopedia fills a need for a compact and comprehensive reference

*work devoted to the field of anthropology. It deals' only with concepts

and language of anthropology but also with it ories and leading figures.

Several hundred articles cover theories, ncepts, research findings, and

personalities in such ?lated fields as li guistics,,psychologye and'

sociology. The encyclopedia is arranged alphabetically and contains

approximately 1,400 articlesganging in lengtk.from25 to 3,000 words.

`All but the shortest articles are followed by a bibliography listing

important reading on the subject.

char s, diagrams, and diawings.maps, graphs,

TITLE:

EDITORS:

PUB1fISHER:

-PUBLItATICIN- DATE:

GRADE LEVEE':

MATERIALS AND COST:

SUBJECT AREA:

Illustiations include photographs,

Teaching World History: Structured Inquiry. Through
a H istorical-Anthropological Approach

Douglas D. Alder and Glenn M, Linden-
,

Social Science EducaLqn Consortium, Inc.
855 Broadway

Boulder, Colorado 80302
Alsg alwailablp through ERIC (ED 137 147)

a 1 1
1976

7-
This paper offers tips to help teachers integrate anthropological

o

7-12

Paperbound volume (164 pp.,

,Anthropology, World Histojy

,

$6.50). Order number 195

approaches and content into world.history curriculum and.to provide

23
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examples' of structured7inquIry strategies that avoid the two extremes
4of "do your olerl thing" and rigid teachericontrol. Among the nine

chapters are: ."Teaghing World History An .Cultural Perspective," "Our
_ .

Contemporary Ancestors: Studying the Present to Understand the Past,"

"Agri Pastoral Societies: Some Bantu-Speaking Africans," "Chinese

Village Society," "The. Industrial Revolution in Japan," and- "Post-

Industrial Nazi Germany." A section on resources from.the ERIC system

presents,16-documents related to curriculum materials and guides for

world history-and anthropology instruction.'
,-

TITLE:

AUTHOR:,

PUBLISHER:

PUBLICATION DATE:

Worlii Religions for tpe Classroom
6

Dorothy A.Dixon

Twenty-Third Publications
P.O. Box 180

West*Mystic, Connecticut 06388

1975

GRADE LEVEL: 7-12 '

MATERIALS AND COST: Paperbound volume (399 pp., $19.95)

SUBJECT AREA: World Religions

This teaching and resource guide contains ideas appropriate for

teaching junior and senior high school students about the following

religions: Hinduism, Buddhism, Confucianism, Taoism, ShintoAdaism,

Christianity, and Islam. Individual sections discuss general approaches

to teaching the religions' philosophies and rituals, and exemplary

programs are cited._ Each of these.sections is supplemented by resource

pages which describe Steps in religious ceremonies, explain how to con-

struct religious objects (among them alJeclish succah and a Buddhist

prayer wheel),, give recipes for traditional holiday meals,'and translate ,

gongs and prayers. Bibliographies are provided at theend of each sec-
.

tion in addition to a general bibliography listing books .on world

.religions, religion and public education, audiovisual materials, and

curricula on world religions for public schools.

24
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ED 125 987

TITLE;

AUTHORS:

PUBLICATION DATE:

MATERIALS AND COST:

available from EDRS; orddr from: 'Chandler and Sharp
Publishers, 5609 Paradise Drive, Corte Madera,

11. 20

ERIC DOCUMENTS

II\

Why Belong ?; A- Conversation About Cultural
Anthropology? .

James Peacock, and carol Ball Ryan

1974

44 pp. EDRS pricer MF-$0.83 plus postage: HC not

A

California 94925.1$1.0?)

c,
,

,.. .

.
.

. -

Thks document consists of a'conversation about cultural anthropology

between-a college anthropology professor and an.gnglish and humanities

high school teacher. One of its major areas of concert) is the question

411, of why young people today identify so narrowly, and strongly with small

groups baSs.ed on territory, social and economic class, and ethnic or racial

origin. The participants discuss ways in which these groups can be induced

to extend their horizons of identification to the larger power systems of
. -

nation- states. Also included is a bibliographical note that Cites anthro-

poldgy resource materials ofiinterest to teachers and students.

OED 114 357

TITLE: ' .

\k...

4

Pre-Collewliate Anthropology: Trends and Materials

AUTHOR: Thomas L. Dynneson

PUBLICATION DATE: 1975
4

'MATERIALS AND COST: 103 pp. EDRS price: MF-$0.83 plus postage. Tic not

available from EDRS; order from: Anthropology'"
Curriculum Project,/107 Dudley Hall', University
Georgia, Athens, Georgia 30601 ($3.00)

o

This book is directed to educators who would like_ anthropology to
-

assume a greater role in the elementary and secondary curricula. Topics

discussed are (1) the growing importance of anthropology as a part'of the

school curriculum; (2)the reasons for inclplimg anthropology in ehecurric- -

ulum; (.3) the content and structure of the field; and (4) the nature And

direction of curreht.thinking about anthropology in the cUrricdlum. Also

included is a var ,iety of K-i2. anth'ropology curriculumiresources,ncluding

. 25.
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federally tended project material's, textbooks,

supplementary materia14. The package contains

suggestions for teachers:
, (See ED 114 356 for

ED 114'356

TITLE:

'

simulations, games, and

teaching tips and resource.

a related document.)

Dealing with a-Dilemma: Distinguishing Anthropology
Materials from Other Pre-Collegiate Socia2 Studies
Materials

AUTHOR: ThomaA L. Dynneson
-

PUBLICATION DATE: 1975

MATERIALS AND COST: 7 pp. EDRS price; MF4$6.83
plus' postage

plus-po*age; HC-$1.67,
a

:

This is an introduction to ED 114 357.- TopicS discussed in- -

elude (1) the procedures used to gather materi

(2) sources of the anthropology materials, (3)

ing materials, and (4) screening procedures.

als.for that publication,

processes 'used for screen-,

It is noted that, while

precollegiate anthropology curriculum materials are steadi,ly increasing.

in ntiamber, social studies teachers have diffi&IltS, distinguishing §ound

anthropological materials from content,that only.coincidentally deals

with anthropological' iSsues. the author contends that edu4tors and

_anthropologists must establish procedures for the evarUation, disseMlnation,

and adoption of K-12.anthropolbgy materials),this book"Is intended to

facilitate this process.

ED 113 254

TITLE: , ttiorld :Cultures: Social Studies.

DEVELOPER: Baltimore City Public Schools
1, Baltimore, Maryland

J
PUBLICATION DATE: .4975

MATERIALS AND COST:

Grade Nine

230 pp. EDRS price: MF-$01.83 Plus postage HC-
$12.71 plus postage

tz,

This teaching guide-on anthropology provides ninth graders with an

opportunity to study perception, disparate societies, and the similarities

and differenCes that exist among societies. World history content is

used to illustrate general historical problems and proceSses, approached

from the viewpoint of cultural anthropology. The guide proposes an

41.
26
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inquiry-conceptual approach and develops modes of inquiry along With

' concepts that are useful in studying issues in the closed areas of cul-

ture., Nine units comprise the instructional episodes of this guide;

each unit is from one to five weeks long.

ED 093 731

TITLE:

=7.

Introduction to Anthropolo y. Social Studies:
0425.13

AUTHOR:, Mifrgaret E. LaR0,,

PUBLICATION DATE:' 1973

MATERIALS AND COST: 47 pp. Document is available in microfiche only
bebause of marginal legibility. EDRS price: MV-
$0.83 plus postage

Outlined in this guide is a course in anthropology for grides nine

throgh twelve. StUdent outcome identified include.the ability to (1)

describe the social science of anthropology, (2) identify goals in

various fields of anthropoldW (3) trace theories concerning the origin

and development of-man, (4) explain.the concept of race, and (5) outline

steps in ethnographic research. Suggested teaching strategies include

readings, classroom presentations based on research, outside speaiers,

and field work. Learning activities are suggested for each objectiye.

ED 071 983

TITLE:

AUTHORS:

The Review of and Reaction to Selected Anthropology.
Projects by Professional Anthropologists

Thomas,L. Dynneson and Bob L. Tayllr

PUBLICATION DATE: 1972

MATERIALS AND COST: 23 pp. EDRS price: MF-$0.83 plus postage; HC-
$1.67 plus postage

The main concern of this paper is to determine the accuracy and

representativeness of anthropology material from the following projects:

Anthropology-Curriculum Project (ACP), Education DevelOpment Center's

Man: A Course of Study (MACOS),, Materials and Activities for Teachers

and Children (MATCH), the University of Minnesota's Project Social Studies',

Family of Man, Anthropology CurriCulum Study Project (ACSP), and High
k

School Geography Project (HSGP). Materials analyzed in this study were

27
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reviewed by a panel of professional anthropologists with specialties in

cultural and physical' anthropology, archaeology, and linguistics.

ED 071 939

TITLE, Introduction to Archaeology. Social Studies: 6414.07
AUTHOR: Nancy B. Cooper

PUBLICATION DATE: 1971

MATERIALS AND COST: .36P pp. EDRS.price: MF-$0.83 plus postage; HC-$2.06 ,

plus postage

In the course described this guide, tenth through twelfth graders

are led to a better understanding of archaeology by examining the means

and ends of,the discipline. The course shows how archaeology, is used to

provide a key to understanding of cultures in the past, enrich the

present, and offer a frame of reference for the future. Major archae-
g

ological 'concepts are stressed; and methods used by social, scientists are

put into practice by students.

ED 663 194

TITLE:

AUTHORS:

'Social Studies: Peace in the Twentieth Century

Grace C. Abrams and Fran Schmidt

PUBLICATION DATE: 1971"

MATERIALS AND COST: 62 pp., EDRS price: ,MF-$0.83 plus postage; HC-$3.50
plus postage.

This studylof the effort to mainta# world peace in this century.

examines the concept of nationalism and the role it plays in the

decisiohs that lead to war and discuss organizations that have tried to .

presarve or bring *about peace Student goals include assessing,personal

attitudes about peace; examining social, political, and economic reasons

for war; and suggesting alternatives to war. This junior high guide con-

tains a goals section, a content outline, objectives and'learning activi-

ties, and teacher/student materials.

28
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Dawnf The Birth of Selected
Civilizations

AUTH Ron Cold ,.

Pul5LICATION DATE: 1971 .

, .

.

MATERIALS AND COST: 2510. EDRS price: MF-$0.83 plus postage; HC-$1.67
plus postage

This interdisciplinary junior high world studies course investigates

concepts of prehistory, culture, and piviiization and-offers an in-:depth

Analysis of why and how civilizations rise and fall. The emphasis is on

comparing Past and present civilizations. 'Three units cover prehistory:

river Valley civilizations in Mesopotamia, Egypt, India, and China; New

World civilizations in Central and South America;.and an analysis of the

internal,and external pressures do civilizations which affect their growth

and decline',

ORGANIZATIONS AND ASSOCIATIONS
P

NAME: African American Institute (AAI)

ADDRESS/PHONE: Social'Services Division
833 United Nationt Plaza
New York, New Tork 10017
(212) 949-5666

SUBJECT AREA: African Studies:

GRADE LEVEL: All levels

PURPOSE: To expand the dcope and improve the quality of in-'
struction about Africa in American elementaryand
secondary schools.

SERVICES/ACTIVITIES: Consultant and tworkshop services provided at
negotiated fees; letter and phone information
requests answered at no charge; development of-
interdisciplinary materials which highlight present
curriculum interests and link them,t? Africa.

PUBLICATIONS:

' NAME:

Bibliographies on Africa are available on re4uest

American Universities Field Staff (AUFS)

ADDRESS/PHONE: 4 West WheelOck Street
.Hanover, NeW Hampshire 03755
(603) 643-2110'

p

29



SUBJECT AREA:
CID

GRADE LEVEL:

PURPOSE:'

SERVICES/ACTIVITIES:

.

PUBLICATIONS:

NAME:

ADDRESS/PHONE

SUBJECT AREA:

GRADE LEVEL:

PURPOSE:

Anthropology, Econmics, Ethniq Studies, Fu'Eurg.
Studies, Geography, Global Studies, History, Legal,
Education, Political Science, Psychology,. Religion,
Social Studies /Social Science, Sociology

Secondary. and Higher Education

To study significant areas of the world and to make
this knowledge available to eduCational institutions
with a view to providing a better understandiftg of
world conditions.

Consultant and workshop services; global studies
materials-for secondary schools; training program.e
for educators; documentary films On five cultures.

Points on Common Ground, published quarterly;
Common Ground,quaiterly; Fieldstaff Repprts
(studies of developments in foreign countries)';
publications ifst available on request.

Asia Society

112 East 64th Street
. New York, New York 10021

(212) 751-4210

SERVICES /ACTIVITIES:

PUBLICATIONS:

NAME:

ADDRESS/PHONE:

a

SUBJECT AREA:

GRADE LEVEL:,

PURPOSE:

Asian Studies

All levels

To foster better understanding between Asians and
Americans.

'
Workshop services; library; gallery education.
program; policy studies on Chink and India,

Asia Bulletin, published bimonthly (free to members);
books and policy studies; publications list available
on request.

.

Association of Teachers of-Latin
Inc. (ATLAS)

Post Office Box- 13

Lefferts Station

Brooklyn, New,York 11225 -

(212) 756-0890

Latifl America

AMerican Studies,

All levels

To promote teaching of Latin American
culture, anti languages in the schoCls
tutions of higher learning°throughout
States

30
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I

SERVICES/ACTIVITIES: Consultant and workshop services; development of
elementary and secondary curriculum materials'.
deaiing with Mexico, the MexicAn-American,'and the
PuerV Rican.

.

PUBLICATIONS: Perspective, published five times a year (free to
members). : 0

NAME:

ADDRESS/PHONE:

Center for Global PerspeCtives:

218 East Eighteenth Street
York 10003

(212) 475-0850'

SUBJECT AREA: Geography, Globd1 Studies

GRADE LEVEL: All ,levels
4

op

To introduce and improve peaceful alternatives to
violence on a globaloasis.

SERVICES/ACTIVITIES: Consultant and workshop services; library; guide;
and curriculum materials.on concepts of conflict
and interdependence.

PUBLICATIONS: Intercom, published quarterly;.descriptive brochure
available on requeSt.

.

PURPOSE:

NAME:

ADDRESS/PHONE:

SUBJECT AREA

GRADE LEVEL:

PURPOSE:

,

Center for International Programs and,Comparaiiite
Studies

New York State Education Department
99 Washington Ayenue,
Albany,*New York 12211
(518) 474-5801

Art,
4
Cultdre, Global Studies, Religion, Social

46tudies/Social Science ,

Elementary, Secondary, Higher Education

To encourage research and study of area studies,
and intercultural, international, and related
issues by students and faculty at the secondary
and college levels.

SERVICES/ACTIVITIES: .Consultant and workshop services; case studies'and
audiovisual materials on India; elementary materials
on Africa south of the Sahara."

PUBLICATIONS: Catalog available on request.

NAME: Center for TeaChing Inteinational Relations (CTIR)

ADDRESS' /PHONE: Graduate'Schoolof International Studies
University of Denver
Denver, Colorado 80210,
(303) 753-3106
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SUBJCT AREA:

GRADE LEVEL:

PURPOSE:

27 .

.
Ethnic Studies, Future Studies, Global Studies,
Political Science, Social Studies/Social Science

Early Childhood, Elementary, Wnd Secondary Education

To.improve social studies tea
collegiate level,osPecially
ment of globa peApectives.

hing at the pre=
hrough the develop-

SERVICES/ACTIVITIES: Consultant and workshop services; library;.
comparative studies mrriculdm projects.

Newsletter, CTIR Newsletter, published three times
afear (frcc); curriculum units fol.: classroom use;

. descriptive infOrmation available, on request.

PUBLICATIONS: '

NAME-

'ADDRESS/PHONE:.

SUBJECT AREA:

GRADE- LEVEL :.

InterCulture Associates, Incorporated

Box 277'

Thompson, Connecticut 06277
(203) 923-9494

Anthropology,. Economics, Ethnic Studies, future
Studies, Geography,,. Global Studies, History,
Political Science, Religion, Social Studies /Social
Science, Sociology

All, levels

PURPOSE: TO prepare and distribute learning materials of,
from., and about other cultures which create a basis
for greater understanding among cultured.

1

SERVICES/ACTIVITIES1 Consultant and workshop services; showroom and
'conference center; student -sentered'activity card4 units (Africa, Latin America, America, Yugoslavia);
African Biography Series; filmstrips and multimedia
/earning units.

PUBLICATIONS: InterCulture,News, published four to six times.a
year (free); descriptive brochure available on -

NAME:

% ADDRE$S/PHONE:

SUBJECT AREA:

GRADE LEVEL:

PURPOSE:

request.

National Humanities Faculty (NHF)

1266 Main Street

Concord, Massachusetts 01742
(617) 69-7800

. ,Anthropology, Art, Ethnic Studies, Future Studies,
Global Studie.s, History, Humanities, Political rL

Science, Religion,, Social Studies/Social'Science

EloMentary, SecondarY,'and Higher Education

. To imp the teaching and learning of the
humani iesin schools and two-year colleges through
'teacher renewal and curriculum development-and

3 ?j.



SERVICES/ACTIVITIES:

PUBLICATIONS:

t.

NAME:

ADDRESS /PHONE:

. 4

SUBJECT AREA:

GRADE LEVEL:

PURPOSE:

28

ti

0

Consulting services; libra y; individual school6
program (resident assistan by outstanding humanists):

Wave/engthf(published five times ayear, NHF schools
only); Why Series (transcribed conversations by an
authority in the humanities and a person experienced
in hard'realfties of today's schools; titles-available,
on request).

Simile II

119 T--lfth Street,
Del , California 92014
(71 53-6640

Anthropology, Economics, Ethnic Studiesitture
Studies, Global Studies, Legal Education, Political
Science, Psychology, Social Studies/Social Science,
Sociology

Elementary, Secondary, and Higher Education

To develop,,proMote, and publish educational
simulations and games in the area of socialstudies.

c14

SERVICES/ACTIVITIES: Consultant and workshop services; simulations and
games designed.on contract; Talking Rocks project

% (simulation focusing on origin of written communi-
cation and presenting a picture of tribal man as
cooperative and interdependent with his environment

r and other peoples).

PUBLICATIONS:

NAME:

ADDRESS/PHONE:

SUBJECT AREA:

GRADE LEVEL:

PURPOSE:

Publications list available on request.

SocialStudies Deyelopment Center

513 North Park

Bloomington, Indiana 47401
(812) 337 -3838

. Anthropology, Future Studies, Global
Studies, History, Political Sbience, Social Studies/-
Social Science

Elementary and Secondary Education

To contribute to the improvement of social studies
instruction in elementary and secondary schools
through sponsorship of projects in curriculum
develbpment, research, and the diffusion of,

innbvativi practices.'

SERVICES/ACTIVITIES: Consultant and workshop services; resource center;
junior high world geography courses; high school
world history course; anthropology cas. materials
project.

News and Notes on the Social,. Sciences, published
three times a year.(free).

PUBLICATIONS;

33
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NAME.

ADDRE PHONE:

SUBJECT AREA:

GRADE LEVEL:

PURPOSE:

29

World Religious-Nrricuailm Development Center'
" (aRCDC)

6425 West 33rd Street

Minneapolis, Mirinesota 55426
(612) 925-4300

Religion, Social Studi)es/Social

\Secondary Education

To develop, field test, and dissem nate a high'
.school level cour=se about major religions of the
world.

Sc ence

SERVICES/ACTIVITIES: Consultant services and workshops; World Religiorls
Cu'rriculum course.)-

PUBLICATIONS: Newsletter, WRCDC li)ds.ifetter, blished occasionally:

v.
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