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ABSTRACT

: '.Theoretrcal aspects and a,pphcatrons of a research: program in physrcs-z;'._ _ '

: -tea.chmg wﬂl be praented An eplstemologlcal framework has been_ :

'developed i~ para.lle[ with historical - case studies -on fundameut.al-
: concepl;s and: theories. of physics. Energy and: entropy and: the first two-
o Iaws of l;hermodynamrcs-make-up- one toprc- the ongma['c'ontexts were--

- a.na.lysed with: twofold emphasis, the-understanding. of physical meamngs.

s and thelr historical : construction.. Students ideas-on the subject were

surveyed and used to set -up: synoptrcal networks- wh:ch are used: to
‘establish dralogrcal mtera,ctrons in the classroom. The: studles: were: also:

: .-'_applied: t(rt the planning of a'science exhibition for '-the.;genera.l'i,publi(_:','-



where the relationship of the evolution of scientific thought with the

transformation of man's activities in society is illustrated.

Introduetion: ..
The work - presented: here:js. one of several lines- of research heing

developed. in: the-Graduate: Course: on: Physics Science Teaching. This

cauisewa.é @tablished:.joinhly by the Inst.itute—of Physics and the School
of Education.of the University: of Sao:Paulo-in-1973. . ‘

.. The work pmceeds along three: lines:: epxstemologlcal as anlyms of

- the: prms of the constmctmn of ac:ennﬁc knowledge, hzstoncal as case

studles of th& ongm: and evo!ut.lon of scxentnt’ ¢ concepts’ and-theories;

educa.cmnal a8 apphca.tlon ta: classmm teacher—student interaction and

tu planning of. scxentxﬁc exhibitiong.

" The. DTOZIANL profits. from:. & multidisciplinary collaboraiion among..

1)

-geveral a.réas«a.nd universities <.

Ep:stemologlcal E‘ramework

: Studymg- the' ongms of the concepts and theories of Physics and
conmdermg the deep infiuence of the mechanical philosophy in science
a.nd ingeneral. thought we wereled-to examine Newton's conceptions and
hig: powerﬂll epxstemology of "Reason and: Experiment”, of passive and
active:Principles, showing the path -of analysis and synthesis to the
general. Laws of: Nature: The Laws "by which the Things themselves are

form'd": do not- consist: in cecult qualities, "their Truth appearing to us

by Ph&enomgna,.though; ﬁheir Causes- be not: yet discover'd...For these

are manifest. -Qualities, and their Causes only are occult..."

(I. Newton, 1704).: .-

The contact with-_-Newtoﬂ's thought and with- recent historia.ns'--.
interpreta.tiogs, {Dobbs;. 75, Westfall, 71) gave directions to our an-:;lysis‘:
of the meaning_ of physical concepts and . the understaﬁding_ of theif.'
histor.ica.l'evolutidn_. E‘urphermoré, the‘or.igi.nalit.y and completeness. of
his: conceptualization, the: complexity--_of_ elements: in the creation of tﬁé

concept of Force, - gave: -support. for- a clea,rer understanding of the

dlstmctlon between the. historical construcmon of ‘scientific. knowledge

and: every day rea.somng about science. It‘. enha.nced the new- ratlonahty
. that: was: lmplanted'lu sthe: XVIIth"Cemury MNewton.. modifying- '
orthodox mechanism a[!owed it toe nse ahove: 1t.setf to the more:
: sophisticated:-fevel.of. modern science'" (Dobbs, 1975). -
The: ep1stemoiog:cal analy31s of “this’ ratlonaht;y hag an- underiymg-
prmc:ple - knowledge- — expressed. by- language,. symbo]s, gestures,, |
rela,tlons-m & logical-and dyng_mica.l- structure. of meanings — does-not’.‘ 7-
reside inside: our minds: only, t_mt',. inra dialecti'cal-{vay, it consists of tt.le-‘ |

C } = - .
apture: of an exterior reality; an- appropriation performed inside: the

social context (Bakiitin, 1929/1981, Vygoisky, 1934/1962). '

Th . : .
e ¢lements chosen to 1mpl¢ment a consistent. framework to think-

.the construction - of scientific: knowledge are: the . process. of

discovery—creation of concepts and theories; the object of a-theory, its
.cogstance and transformation throught the perception of new phenomena, |

and. the rea]iz.a.tion.‘qf ‘new synthéses; the- truth “and- the -limits of a

scientific theory; the understanding in science in relation -to. reality.
i b ¥

natural “and - social; the - fragmented- quotidian. knowledge . and t.:he'




conmstent a.momat.lc theorm built. thmugh historical. process’ (Bohm

19645 -'Henw- 19705 La.ngevm, 1938; Schenberg 1984; Paty, 1988}

Severa..l.h.xst.oncal studles have been: developed ag: dlsseﬁ:atiom for..

i concepts takmg .advantage: of - the-.fact: that: focussing: the: historical -
L T

| moments of cha.nge allows:new links with reality---to beformed: - They will
be dleerent. links: for each: participant: in- the, work,. following: his: own

. persana}-hlstory of interactions, inside and outside of school (Hamburger,
1989}

' Educe.eional Applications:

For application: in' .the: classroom,. a. dialogical student—teacher

mteractlon is proposed through the development of synopt.zcal networks'

mterpteta.tlons are: 0ot - meant. to : be- original- or: definitive:

are exerc1ses of. re—creatmn or-ways-to: understand" the-_

A\

containing the knowledge expressed by the class (Fleshner, 1970;

Hamburger, 1988; Kubli, 1979):

In a scien{ific Exhibition panels and experimenfs were designed and
built in the case of thermodynamicss).
EXAMPLE: STUDIES AND APPLICATIONS ON THE ORIGINS OF
THE CONCEPTS OF ENERGY AND ENTROPY AND THE
CONSTITUTION = OF ° "THE.  FIRST TWO LAWS OF

THERMODYNAMICS. -

Historical Synthesis:

The main ideas - developed are briefly presented, following the-
synthesis made for the Exhibition. ' '

The - first Panel, called The Path of Fire, summarises the basic
epistemological idea. The contents of the panels are the following.

— Thinking about Fire. The question is to understand the difference
that exists between the fire that burns spontaneously in the forest, and
the fire that exists between two stones and is produced with a purpose.'
We look for the moments where action is simultaheous with thought in
comprehension of a new possibility of interaction‘with the wofld, natural
and social. When Man grasped, captured, the fire that existed between
two stones, he transformed himse]f and generated new ways of living |
(Wallon, 1942). The new act of making fire, from that moment oo,
would be shown, beyond the action itsel, an intention: to heat, to roa.st,
to boil water. We think that, not only the ways of making fire but a.Iso

the intentions that lead to these actions, change throughout hle.Ory




. -—.’I‘ﬁe_ theel_'y. of exchange of phlogisticon in. the X.VHIth- century, led
aed. gave Supbort' ﬁ)- the great development of chemical reactions. - The
comp:eﬁension of cqmbus_f.iqn a3 a chemical reaction with.the gas oxygen
.1&&- tothe ese- of a simpler- principle for the:path-of fire. - A subtle fluid,
not; necmsaﬁly massive;. beth'..with definite interactions with the material
constltuents of matter;.the: ‘caloric, is now: the cause-of: heat:.
Camot sa.w the flow: of ca.lanc Jrome-a: hot to & .cold body as- the
motl-ve pOWeE, ef.rﬁre and discovered—ereated. the efficient. ideal "machines

. ﬁt.t.ed to. develop thatpower”. .."The production of motive power is then

due;. in: steam machmes, not to: an actual consumption of caloric, but.to- .
. 5

. 1ts t.ra,ns_ rhatlon ﬁ'om 3 warnx body to & cold body" (Camot 1824 in |

: K.estm, 976}'

apparatus f a.ny constructmn wha.tever, capabie of crea.tmg motive

powez-:m tmhnnted quant.lty Such a creation is. entirely contrary to
1deas now _accepted;. i the Jaws. of mechanics and sound physics!
(Camot 1824 in Kestin,. 1976). .

The above quota.tmn mntams a.lrea,dy the. mea.mngs of the first and

the 3econd Laws af Thennadymmlcs

= Cla,usms determmed the mathematlcal value. of this Hmif angd. .

a.mot a.lso 52w the ex.lstence of % limit. for the pmductwn of work

clarified its physical meaning discovering—creating the concept of
entropy, i-e., the fransformability of a sysiem that goes from one

temperature to another.

... the quantity of heat Q. -padses from a body whose temperature is-

t, into .another whose. l:empera.ture -t,, -the eqmvaleut value- of this

tra.nsformatlon is-

Q [%‘“—H .

'where T ]S a. functlon of the temperature (t) (Cla,usxus, 1862 in Kestm '
1976) '

For the a.nalysxs of the orxgm of the concept of energy and its.

. oonserva,tnon law, we used T. S Kuhn's article "Fnergy Conservatlon as-

a,n; example of Simultaneous Dlsoovery!‘ (Kuhn, 59} and articles by,
Mayer  and Joule.. We came; to- an. understanding. of how a.n& "Why, in
tile-years 1.830 to 185&, did so many of the experiments and concepts
required for a full statement of energy conservation lie so close to the
surface of scientific consciousness?" 7

— We also show that, during the short period, when the concept of

energy was emerging in the formulation of scientists, at the same time,

the physical meaning was being constructed in the frensformations that .

were happening at the beginning of the XIXth century—technical, social,
political, conceptual, mathematical and many others. The "availability

of conversion processes' one of the three factors selected as determinants




by Kuhtt, can.be undetstood in. the words: of Faraday, in: 1834, on the
- -"Relatlons of Chemical:. Affinity; EIectnmty, Magnetnsm, and . other

powers of Ma.tl;er“ g “We cannot say that any one (of these. powers) is the:

of any one: '(power) from another, or conversion: of .one:into:

Fmally other meamnga for entropy are. mdlcated 23 gwmg the

- ,'di‘teotlonaof_et_:olutwn-_of & system.:

_ Quot.ld.la.n Knowledge P

The social dJssemma.tlon of the theory $ potentla.htles — it's use in

the- development of technology, 1t's connectlon with new ways of

thinking; it's tea.chmg m schools - ma.ke it reach us as an inner part of

_ our quotldla.n llfe i1 tha.t mt.ua.txon, the students, even in lower grades

Several of these: conversaon processes are shown; .

of school, have some acquaini;a.nce'wit.h the concepts (Hamburger &

. Sousa Lima, 1989).

The network shown below was built from the surveys in classes of

10th grade of public high schools in S50 Paulo (Bliss, 1983; Aurani, 86;

Higa, 88). The words were extracted from written answers to.the
questmn MPlease tell me m what situations you use the-concept of

energy and what are the meaumgs of that word": It can bé seen that

' practlca]ly a.ll the- elements of the. scientific theory are presented, as a

. _synthesxs of ‘the knowledge of. the class as a whole. At the individual

| owledge is dlsorgamzed and fragmented
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The teacher can use this network in several ways:

1. to establish a link with the student's thought, through the work -
involved in m_aking the questions and in analysing the answers; 2. o
show-to the class, who originated it, so thag the students recognize their
expressions; 3. to present to the students the scientific knowledge as
built historically by the scientists in the context of the past, and
reaching today's applications; 4..to reorganize the meanings appeariug
in the network as-a coherent whole, as shown, for. instance, in textbooks.

The scientific exhibition aims to-show. the ﬁhole meaning comprised

by the. scientific theories. At the same time, specially trained students

explain the exhibit to the visitors, in order to disclose the meaning of the

applications, which are closer to their own knowledge: It also illustrates
a coherent concomitance between the evolution of scientific thought and

the transformation of mankind's pratical activities.

NOTES _
1Collabc;ra,ticm between the Physics Institute - and other

Departments: Linguistics (DeLemos, C., Univ. Campinas), Psychology
{Almeida, A., Sousa I:ima, E., Univ. S5.Paulo), History of Science
{Dantes, M.A., Univ. S.Paulo), Phylosophy of Science (Da Costa, N.,
Univ. $.Paulo, Paty, M., Univ. 5.Paulo and Paris VII, CNRS).
2Dissertations by Rodrigues, 1.G. (1988), Abramof, P.G. (1989),
Higa, T.T. (1988), Aurani, K.M. (1986), Albuquerque, LF.M. {1988).
3The Scientific Exhibition,. called "Waves, Fields - and Particles”,




also shows demonstrations experiments with  Eletromagnetic

Phenomenae, Superconductivity at; high. temperature, and. Panels on
Evolution of the Universe, of Earth and of Life in Earth. It is part of the -

Program "Science and Education" of the University. of Sio Paulo.

13

REFERENCES-.
Aurani, K.M.*(1986). - Ensino de Conceitos: Estudo das Origens da 2a
Lei da '_’I‘e:rmodinamica. e do Conceito de Entropia a partir do

Século VT M. Dissertation. Publicacoes [FUSP/P — 713 (1988). -

 Bakhtin, M. (Volochinov):(1929) Marxism and Philosophy of Languag -

: Ma.rksisni.i -ﬁlosdﬁa...iasika. Leningr__ad' (Portuguese tra.nslatioflg. 1981,

- 530 Pa.uln, Hicitec):.

_ Bliss, J., Monk, M. and-Ogborn, J (1983) Qua,ht;atw Data. nalysis for__

Educa,’qgn_al_- Research London and Canberra:. Crown He_}m.Bohm
D: {1964) On the Problemn of Truth-and Understanding in- Science.

In M. Bunge (Ed.) The Critical Approach to. Science’ and
- Philosophy: Chicago: . Univ. Chicago: Press. pgs 212 —223.
Dobbs, B.J.T. (1975) The Foundations of Newton's Alchemy, Cambridge

Univ. Press.

Fleshner, E.A. (1970} The.mastery in- children of some concepts- in.
Physics. In E. Stones {(Ed) Reading in Education. Phychology..

London: Muthuen & Co. Ltd. pgs. 248 — 262.-

Hamburger, A. Tmpério (1988) Epistemologia-da Fisica para Formagio-
de Professores, Publicacoes IFUSP[P—’MQ, Novembro 1988 — 33 pgs..

Hamburger, A. Império (1989) A evelugio dos conceitos da Fisica como
~ ensino de Histéria da Ciéncia, Rev. Bras. Hist. Cienc. 3, ne especial,

- 32 -38.

. Hamburger; A. Tmpério and Sousa Lima (1989) E.C. Pensamento e Acao.

16 Ensino de Ciéncias Publicacoes IFUSP /P—79] — 18 ps.

Heller, A. (1970) Alitaz und Geschichie, Budapest- {Portuguese

. translation Paz e Terra, 1985),




14

nga, T.T. (1988) Conservagio de Energia:  Estudo “Histérico - e

Levanta.mento Conoeltual dos Alnnus = M 5. stsertatmn IFUSP —

&ress, DES:. 321;33. 356

N La.ngevm, Pri(1938) ‘Ees- courants posmmste et reahste dans Ia

231- - 254

ased Fam:tlr Edition, London:, 1 Ed; 1704,

[ .Phquue Con&empora.me} Paris:. Archives. Contempora.mes

o Schenberg, M 1984} Pensando & Fisica — Sﬁo Paulo.—Ed. Brasiliense.

-Vygostsky, LS (1962} hought _51 guag Cambrldge‘ The’ MIT'-

Press (1 edmon_m Russna.u 1934)

-Westfall RS 1971 Force in: Newton' Physies Loudon Ma.cDonald g
_ ___..._..i_'i__

New York Amenca.n Elsemer

D13mvery e Clagett‘-« (ed} 1969' ’I‘he Umverslty' of WlSCQIlSm..

h,llOSDphIe der: la. Physlquefr -Nouv:' . Theor:. Phys. ‘= Varsovie
730) ptlck New York’ Daver Pubhcatlons Inc 1952:

7 {'1988) La Matiére. Derobée: (L'Appropmatmn critique de l'objet.




