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Laws, of Natural Philofoply, 19
Axioms or Laws of
Motion,

S
Law L

Eery body perfeveres in its Jateof reft, or
of wniform mation in & right line, unlefs it
is compelled to change that flate by firces
impre(s'd thereon.

Rojedtiles perfevere in their motions, fo far s they

A are not reuarded by the refiftance of the air, or
impell'd downwards by the force of gravity. A top,
nie

whofe parts by their cohefion are tuall
fide from recilinear motions, does ﬁ?‘m[“}' tion,
otherwife than as it is retarded by the air.  The
er bodies of the Planets and Comets, meeting with
s refiftance in more free fpaces, preferve their motiops
both progreffive and circular for amuch longer time,

Law IL

Tbe alseration of motion is ever proportional.
10 the motive force imprefsd; andis made
in the direction of the right line in which
that force is imprefsd.

motion, adouble force will

force triple the

d altogether and

st

If any force generates 3 .
gun::‘ydoubk the motion, 3 triple
motion, whether that ror«cbe imprels

= 3

(KGW ([1618-1621]1937i
2009) Epitome Astronomiae
Copernicanae, VII, Book V, p.

Newton ([1687]1803)
369)

Principia, I, p. 19

ATTENTION

Imagessourcesslides Google public domain books,weblink et al. quoted.

This lecture/manuscript is for internal and free pedagogicaluseby studentsONLY and quotation is
mandatory. It is forbidden to spreadit and/or part of it. Theseslidesand any attachmentsis intended
solely for the addresseeand is confidential. It may be privileged and confidential. If you receivethese
slidesin error, it and immediately notify the sender,and pleasedeleteit, without savinga copy. Your

receiptof this slidesis not intended to waive any applicable privilege. Pleasedo not disseminatethese
slideswithout the permissionof the author. Any usenot in accordwith its purpose,totally or partially,

any dissemination or disclosure, either whole or partial, is prohibited exceptformal approval The
internet cannot guaranteethe integrity of this messagel shall (will) not therefore be liable for the
messagdéf modified.
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da Vinci L (ca 15043odex Atlanticds33r.
(see also: Gille B964)Les ingénieurs de la
Renaissanétermann, Paris, p 219)

Examples

2\

A Narrative

A Inquiring  History of Physics
(ResearchProgram)
To

Advanced Knowledge on the
Relationships between Physics and
Mathematics within History and
Philosophy of Science
Historical Hypotheses
Epistemologicallnterpretations

&

Clapeyron (1834):
gl M émoire sur la
puissance motrice de
chaleud our nal
Ecole royale

| polytechnique

Vol. XIV: 153190

(and 191)

A Inquiring history by specificsneeds
d movingto ametahistoricaltheorye ?

ie 0, FOr example diagramsas a platform for
narrative understanding of the scientific
data?

0 see also Historical Epistemology of
Screncgnot Frenchschool)

a

Pisano R (2016) Details on the mathematical interplay between Leonardo da Vinci and Luca Pacioli.

Journal of the British Society for the History of Mathematics 31/2:1041 111



Properties 10 0 0 Resesa eeds and Accomp s

Mathematican the History and Philosophy o
Science

History and Philosophy (Epistemology) of Science,
(Topics: Physics, Mathematics, Astronomy)

The Relationship between Physi {

The Relationship between Physics and Mathematics in the }

| 1
[ ARCHIMEDES J [TARTAGLIA, GALILEI, DESCARTES}
T n

he Scientific Roots in the Birth of Moder Science of Weights/Mechanics
Science (Antiquity; 16th—17th) (16th—17th)

Antiquity: 15t 7th I5tLINES OF RESEARCH
Understanding Archimedean Roots n [ KEPLER J

' . . h 1 d 4
Tartaglia, Galilei e Ay e

I
[ A first Expected Conceptualization of the Relationships Physico—Mathematics: }

Re-Thinking the Concept of force and as physical cause of the planetary motion

16t 18th 20 LINE OF RESEARCH
Analyses of the AstronomicalMechanical
Ke p | Gomiss [ NEWTON }
Mechanics and Astronomy
(17th)
WG [ ket coni o e s s il sl oot o }
Analyses of the whole MechanicallAstronod the earthly and celestial motions

N ¢ W[ Mmlﬁand NeWtoman Jesun edmo / Expected Final Hypotheses and Perspectives within Historical and Philosophical \

Discourse upon Conceptualization of the Relationships Physico—Mathematics:
I The Physics and Mathematics works in an unique discipline physics mathematics.
( th LINE OF RESEARCH and PERSPECTIVES \ A new metl_lodological approgch to solve physi'cal problems in which the quantities
. , , , can be physical and mathematical at the same time (first novelty) and measurements
1811 20
Ana|y393 of phySICal and mathematical frameworks: Mathematic are not a priority/prerogative (second novelty) to make, however,
Ana|y1| cal theories. Carnotso a coherent and valid physical science.
padEins el 05 Bl ack b - (120 J
dnCAEl NSTEINOS dl ‘

)




1962
"History of Sciencewithout philosophyof Scienceis blind, |
must now undertake to show that philosophy of science
without Historyof Sciencas empty".
HansonNR (1962 Thelrrelevanceof Historyof Science
to Philosophyof Science The Journal of Philosophy
59:[p. 580 574¢586

Paraphrasingf a Kant'spassagen Critigueof PureReason
"Thoughts without content are void; intuitions without
concepts[ionsare] blind" .
[1859 Transcendental.ogic On Logicin general[A51-
B75], p. 46 (Kanttried to bring together the - at that
time - apparently opposed ideas of empiricism and
rationalism)

1971 (+debate LakatosKuhn(Noteson Lakatos.) X etc.).
at KA Dastidatfewithout history of scienceis empty;

history of sciencewithout philosophyof scienceso f A Y R §

Lakatos!| (1971) History of Scienceand Its Rational
Reconstructionsin: Buck RC, Cohen RS (eds) PSA
ProceedingsThe Boston Studiesin the Philosophyof
ScienceVIll,SpringerReidel,pp. [91] 91¢136.

RecentlyHistoricalepistemologyof science2012
Mauskopf S, Schmaltz T (eds) (2012 Integrating
History and Philosophy of Science Problems and
ProspectsBostonStudiesin the Philosophyand History
of ScienceSpringerDordrecht

Ante litteam: HPS versus (?) Narrative/Describing/Explanation/Interpreting

Resultant

The mechanismfor the
transformation and
rotation movemenfrack)
by Leonardo da Vinci.
(CodiceéAtlanticonon-aut,
998).

Geometricrepresentationof the
inclined planeasabstractobject,
and the geometric model
explanation by the Galileo
screws

(Lemecanich@perelll, p. 189.

s i | SR | ||
ety ||} ey ——

Mills D (1851) The Doubling R
London Newg, Halliwell, Lancashire, Issue: 25
octobre, p. 524
[Over doubled fine thread for lace-making].




Ernst Mach (18381916)

Between 1@and 2¢' century, Ernst Mach (183B916) generated a radically new vision of
foundations of physics:

«[€é] The fertile methods of thought of Galileo, Huygens,S. Carnot, Mayer, and their peers,are
all reducible to the simple but significant perception, that purely periodical alterations of one
set of circumstancescan only constitute the source of similarly periodical alterations of a

secondset of circumstancesnot of continuous and permanentalterations».
(MachE.[1883 1974.TheScienc@fMechanie# CriticalAndHistoricahccour®flts Developmedit Edition, Merchant
Booked,1, 503line 27).

Alexandre Koyré (18921962)

a) the destruction of the cosmosand therefore the disappearancefrom science- at leastin
principle, if not alwaysin fact d of all considerationsbasedon this concept

b) the geometrization of space that is, the substitution of the homogeneousand abstract -

however now consideredasreal d dimension spaceof the Euclideangeometryfor the concrete

and differentiated place-continuum of pre-GalileanPhysicsand Astronomy.

(1965NewtoniastudiesiarvardUniversity PressCambr. Mass 53 6, line 17.

Thomas Khun (19221996)
Kuhnbasedhis researcton theideaof scanningscientific structuresin the history of sciencewvhich
can establishthemselvessparadigmor produceareplacemaiianold framework

Incommensurabdityongcientifiheories
1962 StructurefScientifievolutions
1978BlackBody heorgndheQuanturiscontinuity




11.13  Scholars, Formulas, Experiments and Sources cited by Sadi Carnot in his Works

Table 11.9 (umtmucd)

ssance motrice du
rnot 1978)"

Iémentaire dc‘

chimie 1818, t7 p 122 (Ivi,
pSLft1)

Annales de chimie et de
ique 1813] t 85, p 72,

de| Mécanique
céleste(Ivi, p 59, ft 1)

e et de

chimie 1822, p 267 (Ivi, p 59,

ft 1)

Annales de chimie et
te 1818 (Ivi, p 65,

e 1818, p 294 (Ivi, p
86, ft 1)

| m—

s
& lazare
! and Sadi Carnot

Attt bt

rche d'une

_fmmulc propre d

ter la
issance motrice de

t
atigue] , p [530-]531

i 017)
Dalton’s table ({vi, folio 20)

Notes sur les mathématigues,

physigue 1821, p 357 (Ivi,
folio 6r)

Meécanique céleste, t 12, p 97
(Ibidem)

Annales [de chimie
physiguel*

(Ibidem)

Annales [de chimie et de
physique] 1823, p 192
(Ihidem)

ufacture of ice,
Aichel-le Comte, 27
L7 (i, folio 15v)
Journal du commerce, 16
and 17 March” (fbidem)

American colonization'
(Ihidem)

On Scheele and Kirwan’s
notes [Supplemen
Lhumqu( de

continued)

Table 1: Some examples
Theory

cited by Kuhn

The Structure of Scientific
Revolutions

1700a developmenbf infinitesimal analysesaasan
important  interpretative  and  theoretical
component for inquiring/describing natural
phenomena

Paradigmost ?70Only Newtonian?

A

Mechanic& Celeste mechanics, structural
mechanics, analytical theories, kinetic gas
modelling,etc. andthermodynamic®

« |Gillispie CC, Pisano R (2014)Lazareand Sadi Carnot. A Scientific and Filial Relationship. Dordrecht, Springer, p. 397



Author

Mach
(18381916)

Duhem
(18611916)

Koyré
(18921964)

Crombie
(19161996)

Khun
(19221996)

Thackray

Schuster

Key-word Categories Main Subject

Foundations Economyofthought. Mechanics
Continuity  Geometry, infinite, cosmos, Statics
active.

Discontinuity The destruction of the cosmos Mechanics
and geometrizatiorof space.

Regularity  Individual regularity and Mechanics
regularity of population.
Paradigm  Normal, anomaly. Classical physic:

Foundations Inertial homogeneity of matter  Classical
and shortrange forces. chemistry/physic

Models in Play Grand method, Classical physics
Physicemathematics;
Natural philosophy;



Properties for Inquiring Scientific Discourse of Exact Science into HPS

Six major categoriesheadings

Style among conception of nature, premises upon the
scientific validity of a theory, scientific experienceand
interactions betweenan ideaand its realization arious
kind of investigations and scientific demonstrations,
general

A study upon /ndividual regularity.

1. Arguing by means of analyses and synthesis
(postulation).

2. Exploration by means of controlled experiments,
observatiorand measure

3. Theconstructionof hypotheticalmodeling

A study upon regularity of populations:
4. Thetaxonomy

5. The method of historical derivation (genetic method)
was appliedfirst to languagesnd humancultures,then
to geologicahistory (evolution).

6. Probabilisticandstatistical analysis

Imre Lakatos (19221974), L.S.E., UK

0 lwmitinga historicatasestudypneshould, think,adopt thefollowing
procedur@) onegivearationalreconstructigf) ondriesto compairthis
rational reconstructiofre-description, interpretation] with actual
histonandocriticizebotio n etsateconstructiforlackofhistoricity,
andheactuahistoryorlackofrationalityT husnyhistoricadtudynusbe
precedégaheurististudyhistoryfscienagithouphilosoplofscienas
blindd

Lakatosl 1978TheMethodologyScientifiResearélrogrammes
Worrall J, Currie G (eds). Philosophical Papers |. The
CambridgeUniversity PressCambridgepp. 52-53

Seealsa

Lakatos | (1970 Falsification and the Methodology of
Scientific ResearchiProgrammesln: Lakatos|, MusgraveA
(edg. CriticismandheGrowtlofKnowledgl/. The Cambridge
University PressCambridgep.138 ( Au t Htadig. 6 s

-

A Ontologyand epistemologghange along with these
theories i.e.,, howmuclchanginsgcientifitheorieseflecour
livingreality? Modellirg)

A And, inwhatmeasut@eory and fealityre-adapthemselves
withinagiveepistemiontexa



How ReadExact Sciences of the Past & Which and
how Write its History ?

History by facts

A

o Do Do o

Historical objective facts,
experiments, dates of discoveries

Primary sources and the early
theories

Birth of new experimental
apparatus

Academic context, societies,
academies

Etc.

History built by events

To o To Do I

(Foundations of scientific theories
Biography and correspondence

Concepts (e.g.: intuitive and
surrogate concepts)

Mathematical content of a theory
Etc.

o ——g

A Is History and Philosophyof Science®nesubject,
or two subjects?
A And, History of Ideasand PhysicsMathematics?
d If two, what hassplit them apart, giventhat
oncetheywerethought of astwo aspectfa
commonenterprise?

A Mutual needsamongHPSsof ExactSciences
How?

Only becausateachingdiscipline (recruitment,etc)?
Only becaus@reviousthinkers-influencers?

Only becauseacountry of reference?

Only becausdt is really eresearcidiscipline?
Forex,see HSS,HOPOSAHES,ect

Ox Ox Ox Ox Qx Ox



A choice: Inquiring History of Physics (PhysicsMathematics)
by (its?) Needs

For example
Needs

Historical and epistemologicalstructures of a
scientifictheory

Inquiring

A ByLogic(classicalnon-classical),

A ByAnalogies

A By Mathematic (relationship physics
mathematicstheoremsandresults,etc.)

A By geometrical figures of speech/styles

(figures and describingphenomenathetoric,
etc.),

Byexperimental/theoreticadlata,
Byimpact(paradigmsetc.)

ByContext

ByFoundations (
Bydiagrams

To o To T I

A

A

A case hat kind of historiographical choices for
inquiring history of physics?

Can a particular fundamental choice generate a
variationsof meaningor historical understanding?

And what aboutmotivation& production?

-

A Carry out Resultsand
Benefits( Research
accomplishmenty
within an
Interdisciplinary Culture
of HPSwithout
Frontiers.




[1] Archimedean ScienceOn the Equilibrium of Planes.

3 _ 15t Suppositionand T Proposition

¢ If magivedes st sectein distemces be o squllibeinm, Alst Sup. Equal weights [suspended] at equal
the e ditm o e i it b i oquibeium ot distances [from fulcrum] are in equilibrium; equal
"%, In nay figure whose perimeter is cancave in (one and) weights suspended at unequal distances [from
Ehe #me direction (ha sentze of grusily meust be withia He fulcrum] are not in equilibrium [state] but [they]
incline towards the weight is [suspended] at the

greaterdistance [from fulcrum].

Propositen 1.
Welghis whizh bolance of equal distonoss ere equel,

For, if thoy sre unegoal, teke sway from the greater the
differenoe between the two The remminders will then not

bl.]ﬁ.r:.-:r.- [Pewt. H]; u'!'ni-:h. is obsurd i A ]St Prop. [If] Welghts [Suspended] at equal
Pherefore the welghts sanget be wequs distance [from fulcrum are] in equilibrium, [then they
Propostticn 2. are] are equal [between them]. [proved by red. ad ab.

Umegrunl weights ot agual distonces sl nof balosss bod sl

the grecter weight. by Supp. 3].
I:;.Ju-..-:_- bat inchine towards ihe _!.,'-';ll.l.'r | Fost, Ej. A Hlstorlcal 'L0g|Ca| |an|r|ng .
Archimedestries to show that, under given experimental
conditions (which hedoesnot explain), 0 T hweights are
equal [between them] and not that 0 T hweights are in

Fropotion 3.
-_r.rrh-'1:|u|'|..! rn_h'._r.'l.'.l wal! bnlarced i AETm §
wegit Delmg of fhe deaser
let A, B ba two un

|:iF:".'| ' _||' which A i 1
distanesn A0, BT Faspastively
| |
— A
|
|

equilibrium state[betweenthem] ;0

Situation (probably) that he already supposes(Supp. 1)
for geometric construction or (maybe) becausehe just
wrote in the lost manuscript.

|_ S

Then shsll AC be leas then B0 For if uik, t&ke ARy
from A the weght (4 —H) The remuinders will then inelins

ArchimedesOnthe Equilibriumof Planesedited by T. L Heath book |, pp. 189-190.



THOoMmI® !

The Frontispieces from Geo

Theatrum Machinarum Novum

PisanoR, Bussotti P (2014 Historical and PhilosophicalReflectionson the Culture of
Machines around the RenaissanceHow Scienceand Technique Work? Acta Baltica
HistoriaetPhilosophi&eientiarui2 [seealso20153/]]

[2] Mechanics & Mechanical Machines: No theory, No Machines?

N

Science
(Mechanics)

rﬂ%heA higtory .of sgiencg(sgientific theories) is a science
measurement®& calculus),included epistemologicalquestions
aboutit.

AHistoricalfacts) and contingerfpossibilities, sciencein context)
haveascientificand philosophicalvalue,aswell.




The Core of the Research Programme

KEPLER.

Analyses of Mysterium Cosmographicum (1596), Astronomia Nova
(1609), Epitome Astronomiae Copernicanae (1618-1621).
CORRELATION with NEWTON.

Analyses of the Philosophiae naturalis mathematica principia
(1687) & succeeding Jesuit Editions (1739-1742).

PHYSICS MATHEMATICS. The roots of mathematical physics within
new discipline physics mathematics during 18th-20th. Anlyses of
Maxwell ‘s electromagnetism, Mathematics m 19th,

Birth of Quantum mechanics (Planck, Emstein).

[3] Kepler Force Conceptualization: an Interplay between Physics, Mathematics and

Metaphysics

A Ke p | eelafihships between kinematics (motion) and
dynamics(force): the forcesact asthe inverseof the two bodiesd
distance (KGW I, XXXIl, 233236) and not asinverse-square
of the two bodies-distance. Problem ellipticite of the
orbits. —

A The main geometricatmathematical problem to solve and move
versusa (sort of) physical astronomy was: What kind of force
makethe pathselliptical geometrically?

lamque in eo eram, ut eidem etiam Telluri motum Solarem, ut
Copernicus mathematicis, sic ego physicis, seu mavis Metaphysicis
rationibus ascriberem. (Mysterium , 1596 KGW,, I, p. 9, lines 17-19).

| had then reached the point of ascribing to the same Earth the motion of

the Sun, but where Copernicus did so through mathematical arguments,
mine were physical, or rather Metaphysical .

A ResearchProgram A How a correct kinematics can develop a wrong dynamics?
A A conceptualization of force before Newton:Physical? Mathematical?
Metaphysical-cosmological modelling for forces and effects?

1 fer
HARMONICES
M DI

A 19":  physical astronomy versus become celestial rational
mechanicsstudies.

Newton (1729) lll, No formulas, arguments & theorems gnif the System of the, Wpri@0e245
[vair Pr. VIII, Th. VIII, p. 226]

1596; 1621 1609 1618; 1621 1619

PisanoR, BussottiP (2015. On the Conceptualizationof Forcein JohanneK e p | Gonpus an Interplay betweenPhysics Mathematicsand Metaphysics
In Pisano R, Agassi J, Drozdova D (eti864014. Homage to AlexandreSKogiger.




N ——o——
DE SPqH ARA
EtSolidis Sphaeralibys
LIBR] pro

In quibus Archimedis Do&rina de
phaera & cylindrodenyo com-
ponitur, latitis promouetur,

Et in omms ) ] ;
por /Fmrﬁ)[domm >quevel circa,velintrs
poaram,ex conuerfione poligonorum regularium
: b 4
gigm }xﬁm » Vmikerfalius Propagatur.,

AD SERENISSIMVM

FERDINANDVM IIL

Magnum Duacem Ectruriz,

AVCTORE -
EVANGELISTA TORRICELLIO
eiufdem Serenifsimi Magni Ducis

Matbematsco.

77+ )\ Florentiz Typis Amatoris Mafl & Lurent’j de Landis 1644
SVPERIORV M PERMISSY.

Heath T.L. 2002 6 O thne Spiral - Proposition1@® ,
162.

Galileo G. 1954 DialoguesConcerningwo New
Sciencdk 1401461V 286-294, op. cit.;

Id., 18901909 o0 Di s c e r diniostrazioni
matematichesopradue nuove scienzj Vol. VIII,
I, 1761831V, 306et sgg

CavalieriB. 1635Geometriadivisibiliusontinuaum
nuova quadam ratione promota Theorema I-
Proposiziond, Libro IV, Ferrone Bologna285
Valerio L. 1606 Quadraturgarabolag@er simplex
falsunetalteraguansecunderchimediaxpeditur

[4] Ar chil medean

. AQuadrature of the

. »

parabola
Proposition 17 and 24*.

AThe works of
Archimedes, 246; 251;

[ I Wethod i
Propositions 1-2, 15-18]

(Early)
Torricelli Principle of Virtual Work

Praemittimus. Duo gravia simul coniuncta
ex se moveri non posse, nisi centrum
commune gravitatis ipsorum discenda.

Premise. Two heavy bodies linked together
cannot move by themselves unless their

common centre of

descend.

(Torricelli 1644, Liber primus De motu gravium naturaliter

descendentium, p. 99, line 4) {

ey

gravity does not

Approach 1 n

AQuadratura parabolae
pluris modis per duplicem
positionem more
antiquorum absoluta

Apropositio 111, 33 et sgg.

To0

Quadratunaarabolgadurignodis

Trying a solution for non

solved problems

l.e., ThéArchimedeartheorem*

(pr. 24) was proved by

Torricelli in

21unlike procedures
11 bynethod of exhaustion.
10 byC a v a | metnadfi 0
indivisibles
Ad absurdyroof and
method of exhaustion.

(Modern)
Principle of Virtual Work

The necessaryand sufficient condition for
equilibrium of a mechanicakystemwithout
friction is that the virtual work doneby the
externallyappliedforcesfis zera

q f.@r=0

C

~


Archimdean proofs by Torricelli.pdf

[5] Newtonian Geneva edition (1822) & Physics Mathematics Relationship

Corollary Ill, Axioms or laws of the
motion. The principle of conservations of
the quantity of motion

PHILOSOPHI/E NATURALIS  [Mor. Conr

After the initial six
propositions in which

Newton supplied the
foundati ons of
theory, the commentators
add aScholium which they
refer the results bifeill,
Hermann,Varignon Johann
Bernoulli, obtained between
1700 and 1714

Many are the cases in which rethinking (Scientific & HPS) by new notes is
necessary to explain and clarify

0 theconceptandthe mathematical proceduresusedby Newton;

0 to providephysicalandastronomical explanations of the phenomenalealt
with by Newton

0 understanding of Ne wt omethagsand its transcription into more
analyticalterms

BussottiP,PisanoR (2014 N e wt &mldssphiaeNaturalis PrincipiaMathematicad J e s u |
Edition: The Tenor of a Huge Work . History of Mathematicssection Accademidazionale
LinceRendicorntinceMatematic@Applicazio@b413444

PisanoR, Bussotti P (2016) A Newtonian Tale Details on Notes and Proofsin Geneva
Editionof N e wt &nmnéipsa. Journalof the British Societyfor the History of Mathematics

313:160178



Lazare Carnot

[7] Lazareand SadiCarnot. A Filial and Scientific Relationship

(a7 )

Mémoire sur

la théorie des
machines

(780) )

Mémoire sur

la théorie des
machines

(" (1786) )
Essai sur les
machines
en général

- J

—

(" (1803a) )
Principes
fondamentaux
de ['équilibre
et du

Coasiz) )
Réflexions
sur la
métaphysique
du calcul

\mouvement/

\inﬁni{ésimal/

Wes (ouston oo
ek Praee.

Lazare and Sadi
Carnot

Aot ane i ety
Moidom

Sadi Carnot

4 )

/ (Posthumes notes) \
Notes sur les
mathématiques,
la physique
el autres sujets

/ (ca 1819—ca 1827) )
Recherche d’une
formule propre a
représenter la
puissance motrice de
\ la vapeur d’eau

(1824)
Réflexions sur la
puissance motrice du_feu

sur les machinés propre
a developper cette
puissance

AN L /

Lazare and Sadi Carnot’s scientific filial




[8] A Science Book without Mathematics?

/Z/-un\ \..«4\4 /
A'../;,z___,,;,, ).

. V4
P

REFLEXIONS

SUR Ly

PUISSANCE MOTH
DU FEU E

- 1

SUR LES MACHINI%
PROPRES A DEVELOPPER CETTE Wi
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Recherche d'une formule
propre & représenter la puissance motrice
de la Vapeur d’Eau

On peut remarquer dans le jeu d’'une Machine & feu, & piston,
a détente et & condenseur, trois périodes principales (4)

Jre période — introduction de la vapeur arrivant librement
de la chaudiere sous le piston,

2me pér, — exten|s)ion [1] de volume ou détente de la vapeur
apres la fermeture de la communication entre la chaudiere et
le cylindre.

3me période — retour du piston & son point de départ apres
(que la capacité du cylindre a été mise en communication avec
le condenseur.

Dans la premiere période la pression est constante et égale
a celle qui existe dans la chaudiére.

Recherctied tommalproprareprésentapuissanosotricele
la Vapeud 6 BraGarnot,S 1978op cit, pp. 223225 op.
cit.

GabbeyA. W ., Herivel J W. 1966 « Un manuscritinédit
de SadiCarnot » In: Revuel'histoirelesscience=t deleurs
applicationiBpme19n/2. pp. 151166

@ lazare
f and Sadi Carnot

S a dInedismanuscript: November1819 & March 1827



9] S.C ar n doheatem(1824) and theCycle (1834)

d’oil I'on tire enfin, par une seconde intégration,
Ft= At+4B.
Comme Ft=—o, lorsque =0, B est nul : ainsi
Ft —A:,

c'est-a-dire que la puissance molrice produite se trouve-
Tait 8tre exactement proportionnelle a la chute du calori-
que. Ceci est la traduction analytique de ce que nous
avoans dit page 7o.

The tentative calculus
for ap in a footnote (/v/, pp. 7379)

AThe cycleis composedy two isotherm (as
in all of his cycles)andtwo isochorsby W=0.
(Carnot S 1978 Réflexionsur la puissance
motricelufeypp.39-40)

AThecycleis composedy two isothermand
two adiabaticsby Q. (lvi, pp. 29-38

[Carnot S., 1824, folio 118Juméro de BL : LIV
1006006278

Clapeyron: Mémoiresur la puissancemotrice
Date : 23/06/2010- Devis nc: DEV-100500835

T AR de la chaleur, «Journal de [I'Ecole royale
Client :R. PisanoCLI-048007, polytechnigaéol X1V, 1834 pp. 15819G-19).
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Table 7.2 List of possible roles played by a DNS within a scientific PO-theory

Role Meaning of the role Abbreviation
Problem Fundamental problem of the theory to [PR]
be solved
General principles General principles of theoretical [GF]
Physics or mathematics
Theoretical premise Author’s introduction on the [TP]

1.e. principles upon the relationship
with reality

theoretical or experimental arguments

Methodological principle of the theory  Reasoning and proposition which [MP]
indicate a direction Lo the solution

Ad absurdum proof Technique of argumentation 1*]

Operative principle Reasoning or proposition on actions [PO]

1.c. principle of resolution of a
problem to which theory applics

and techniques to be performed

In fact these six roles might cover the possible roles played by DNSs in Sadi
Carnot’s theory, However it appears dubious as to which category to attribute to
some DNS’s (Appendix); for instance, DNSs 50 and 51 (Appendix) are operative
principles, although such sentences are mentioned in a reasoning concerning
Carnot’s famous theorem (ad absurdum proof) on the independence of motive
power [rom the kind ol gas; moreover, DNSs 10 and 11 are expressed by means of
ad absurdum arguments; even though they are theoretical presuppositions. However,
these ambiguities are few in number with respect to the total number of DNSs.

7.2.4 Sadi Carnot’s Arguments Through his DNSs

Now we can gather all of the DNSs according (o their theoretical roles and then
connect the resulting six groups according to the following Fig. 7.5.2" We put a
DNS whose physical meaning is similar to that of a previous DNS in parentheses.
The table offers a global vision of the development of Réflexions sur la puissance
motrice du few while providing a particular summary of the theoretical content of
the book (Fig. 7.4).

Let us remark that the set of DNSs is well distributed in all cases; the DNSs play
all the possible theoretical roles within a scientific theory. Therefore, there is no
remarkable aspect (not including the mathematical part) of Sadi Carnot’s theory that
is not represented by DNS’s. After DNS 49 (independence of W, from the kind
of gas) there are 13 DNS’s that express operative principles outlined by the entire
theory; except for DNSs 61 and 62 which constitute Sadi Carnot’s afterthought
regarding the validity of caloric theory.

2IThe DNSs serial numbers in the flow—chart cases are those listed in the Appendix.

i CrP e AR

iy
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Based on previous historical-epistemological studies on DNSs (see Chapters 6
and 7; Drago et al. 2001; Bellini et al. 2007), in order to better introduce all crucial
aspects, we provide a concise reconstruction of Lazare and Sadi Carnot’s main
reasonings (Figs. 11.3 and 11.4):

A.1 Preface. Principles of the theory
(Carnot L 1786, pp iii-ix)

[ A.2 General problems and premises
[A

(Ivi, pp 10-18)

.3 On the collision of bodies, geometric motion and the two fundamental equations}

(v, pp 20-46)

A.4 On the continuous motions and operative principles on machines
(Ivi, pp 50-199)

A.5 Final remarks on scientific theories
(Ivi, pp 105-107)

Fig. 11.3 Lazare Carnot’s main reasonings (Carnot 1786)

B.1 Problems and premises
(Carnot S 1978, pp 1-14)

f B.2 On Independence
L of W, (Ivi, pp 14-21)

nx;

B.3 On the impossibility of
perpetual motion (Ivi, pp 21-22)

B.5 On validity of theory
of caloric (Ivi, pp 36-37)

B.4 on reversibility
(Ivi, pp 23-35)

B.6 On gases theory and
caloric theory (Ivi, pp 38-112)

Fig. 11.4 Sadi Carnot s main reasonings (Carnot 1978; Pisano 2010. For the reference and
details, please see Chapters 6 and 7)

As stated in previous chapters there are several hypotheses on the relationship
between the two Carnots: e.g., such as continuity of method and arguments focusing
on mechanical machines and heat machines. Moreover, based on previous historical
and epistemological open problems (Gillispie 1976, pp 23-33 see above Chapters 7
and 9) on Table 11.1 and (Fig. 11.5) we broaden and specity the common parts of the
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PROBLEMS
3,6, 4(=3). 13,
24, 46, 61 (=62)
1 1
GENERAL PRINCIPLES TH'EO,R ET.l.cf\L
PREMISES
OF PHYSICS PN
25,26, 27 (=28) 7,14, 15, 16 (=18=20),
S 17,19,21,38
1
METHODOLOGICAL PRINCIPLES
OF THE THEORY
£.9.12,39.47
AD ABSURDUM PROOFS
10,11,22 (=23=29=30),48
OPERATIYE PRINCIPLES
31 (=33=34), 32, 35 (=36), 37
40.41,42.43 44,4549, 50.51
\ 4
Gas THEORY
52, 53, 54, 55, 56, 57 (= 58),
59, 60, 63, 64, 65
(7.8 Final Remarks 223

THEORY

PRINCIPLES OF THE
8.9.12.3947

AD ABSURDUM PROOFS
10,11,22 (=23=29=30),48

[n heat machines when W= 0, O is
not consumed [§]

W= 0 when there exists Atz 0,
only [9]

¢ causes both motion and AV >0
[12]

Inacycle O =10 [47)];

Impossibility of perpetual motion,
i.c. an indefinite creation of mo-
tive power 22 (=23=29=30)

OPERATIVE M

PRINCIPLES

31, (=33=34), 32, 35 (=36), 37,
40,41,42,43.44,45.49,50, 51

1
To efface a Af
AV >0 is a wasle.
31 (=33=34); 32; 35 (=36); 37;
40; 41, 42,43 +45
Independence of W,,./Q from
the kind of gas (49 +51)

without

[Fig, 7.6 The relationship between mathematics and logic expressed by DNSs




Concepts |. Newton (1642-1727) L. Carnot (1753-1823) S. Carnot (1796-1832)
(mainly) Newtonian mechanics Mechanics / Machines Thermodynamics / Machines
[paradigm]

Space Infinite and absolute Limited and Relational Limited and Relational

Time Infinite and absolute

Bodies Mathematical points Global, machines Global, machines

Intertia Perpetual Impossibility of Impossibility of
perpetual motion perpetual motion

Basie Acceleration Transformations Transformations

concept

Interaction ForceCause Work; amW2
[moment-of-activity]

Setting of The law of motion in a Thelawsin Integration of dg/t
theory dynamics theoryF=ma Collisiontheory
Techniques Ct dzEA 2 Y & X A y Gdopietricgabriokion; f Cycle

vector calculus

Results al GKSY!Il 0A O f InkdBaatsizt 0 & X Maximum efficiency
Geometrical motions of heat machines
for mechanical machines




[10] 1873 A Treatise on Electricity and Magnetisn(\Vol. Il)

186 KINETICS, [556.

When the values of all the variables (g) are given, the position
of ench of the moveable picces is known, and, in virtue of the
imaginary mechanism, the configuration of the entire system is
determined.

The Velocities,

556.] During the motion of the system the configuration changes
in some definite manner, and since the configuration at ‘each instant
is fully dofined by the values of the variables (g), the velocity of
every part of the system, as well as its configuration, will be com.
Ppletely defined if we know the values of the variables (¢), together

with their velocities (‘% » o1, according to Newton’s notation, 5}).

T'he Forces.

557.] By a proper regulation of the motion of the variables, any
motion of the system, consistent with the nature of the connexions,
may be produced. In order to produce this motion by moving
the variable pieces, forces must bo applied to these pieces.

‘We shall denote the force which must be applied to any variable
7, by F,. The system of forces () is mechanically equivalent (in
virtue of the connexions of the system) to the system of forces,
whatever it may be, which really produces the motion.

The Momenta. §vhie }-'-“{\'--,\m.._.ﬂ- G

568.] When a body moves in such a way that its configuration,
with respect to the force which acts on it, remains always the same,
(as, for instance, in the case of a foree acting on o single particle in
the line of its motion,) the moving force is mensured by the rate
of increase of the momentum. If 77 is the moving force, and p the
momentum, dp

F= de’

p= f Ide.

The time-integral of a force is called the Impulse of the force;
so that we may assert that the momentum is the impulse of the
force which would bring the body from a state of rest intg the given
state of motion.

In the ease of a connceted system in motion, the configuration is
continually changing at a rale depending on the velocitics (9), so

whence

564.] LAGRANGE'S EQUATIONS. 191

- and the work spent in producing the motion is equivalent to the

kinetic energy, Hence

By =¥ (g1 + padat+&e), (13)
where 7,; denotes the kinetic energy expressed in terms of the
momenta and velocities. The variables g, ¢,, &e. do not enter into
this expression,

The kinetic energy is therefore half the sum of the products of
the momenta into their corresponding' velocities.

When the kinetic energy is expressed in this way we shall denote
it by the symbol Z,,. It is a function of the momenta and velo-
cities only, and does not involve the variables themselves.

568.] Theﬁiwo_fexpressing the kinetic energy,
which is generally, indeed, regarded as the fundamental one. By
solving the equations (3) we may express the momenta in terms
of the velocities, and then, introducing these values in (13), we shall
have an expression for 7' involving only the velocities and the
variables. When 7' is expressed in this form we shall indicate it
by the symbol 7. This is the form in which the kinetic energy is
expressed in the equations of Lagrange.

564.] It is manifest that, since 7,,, 7y, and T}, are three different
expressions for the same thing,

L+T—20, =0,
or Lo+ L=y Gi— o G~ &e. = 0. (14)
Hence, if all the quantities g, g, and g vary,

iT, . iT .
({[jj}: - 91) o+ (;5,5 - Qﬂ) b, + &e.

. 2T .
"!’1)‘3{71 + (‘{'l'g—; —]’2) 34, +&e.
@, 4% a1,

dgy " dg gy
The variations 3 are not independent of the variations 3¢ and
84, so that wo cannot ab once assert that the coefficient of ench
varistion in this equation is zero. But we know, from equations
. tv 14 .
(8), tha % =0, &, (10)
so that the terms involving the variations 8 p vanish of themselves,
The remaining variations 651 and 37 are now all independent,
so that we find, by equating to zero the coefficients of 34;, &e,,
_if o,

- T .
G =gt ke (17)

d 1!.}
G

al
Sqy+ (d—g? +

)6g2+&:c. =0, (15)

n

In the whole chapter V

(Maxwell 1873, II, Pt IV, V, 184
194)- contrary to Newtonian
mechanics Maxwell expressed
motion and energy relationships
within the system as a whole,
rather than in terms of laws of
motion governing the actions of
forces.

Thus, after several methods
proposed, he announced//ird
methodrelated with Lagrange.

Pisano R (2013) On Lagrangian in Maxwell's
electromagnetic theory. Scientiatum VI. The Federate
University of Rio de Janeiro Press, Rio de Janeiro, pp.
447 59

Maxwell 1873, I, Pt IV, V, pp. 8886, p. 191; see Chap. VI for describing physical system.



[11] On Quantum Mechanics & Shared
Cross- References Knowledge (?)

A development

[€]

19031901 Planck: blackbody (Einsteinadhochypothesis)
1905191 7Einstein: Relativity, etc.

1913Bohr. atomicmodel,energyetc.

19251927 Schroedringer. wave equationand wave developsthe processing
of quantummechanicselectronwave

1927 Heisenberg theuncertainty principle.
1927 Bohr: complementarity principle, Copenhageterpretation

[€]

Kuhn: relation quantitative relationship 2.The energy of (classical) harmonic
ver ne € o

among electromagnetic fields and ©°Scllatorisquantized(?)

ma t t eprojpedies (electrons and 3 Thys,if the energyof harmonicoscillatoris

atoms) WhataboutheuseoftheP | a n guanfizesi (?)éthat is out from classical

constantn classicaphysi(andin modern physicsé doesit meanthat we acceptthis
) result é. asanapplication of modernphysics
physics?

to classicalphysics?

Left to right: Max Planck Albert Einstein, Niels Bohr, Louis de Broglie Max Born, Paul Dirac, Werner Heisenberg
Wolfgang Pauli Erwin Schrddinger Richard Feynman

http://en.wikipedia.org/wiki/File:10_Quantum_Mechanics_Masters.jpg



[12-4 On Quantum Mechanics & Shared CrossReferences Knowledge (?)

1923 Louis de Broglie (1892

1987: On 10Sept (Ph.D. thesison

25 Nov.) proposed his theory 1924 Max Born (1882197Q calledthe new theory:.
concerning wave-behavior of the guantunmechanics

matter.

1925 Wolfgang Pauli (19031958: on 16 January

1924 SatyendraNath Bose(1894  formulated his principlefexclusion
1974: on 2 July proposeda new
analysestatistical procedure 1925 Werner Heisenberg(19011976: on 25 July

_ _ his first article on matrix-interpretation of the
1924 Einstein:on10Julyextended  mechanics(Quanturtheoreticaihterpretationf kinetic
B o s pra@csedureto a set of gas andnechania@lations
particles material and mono
atomics By another reasoning 1925 Born-Jordan (19021980 on 25 Sept make

associatedenergy and frequency  strongerHe i s e ntheayy g & s
making stronger de Br ogl i eus>s

equations

Pisano R (2013) On the New BoBAILUAS ExpegimgestoTie Efergedcy &f a HisdoricalDiscever¢Z EHSN/1:31 5



[12- ] On Quantum Mechanics & Shared CrossReferences Knowledge (?)

1926 Enrico Fermi (19011954: on 7 Feh published Statistidoy
FermiDirac

1925 Paul A. M. Dirac (19021984: on 7 Nov.
generalizecandanalyzedandmakestrongerthe _ _ _ .
mathematicalform of He i s e ntheery (ged s1926 Born: on 25 Junepublisheda job concerningthe statistical

introducedd ¢ o mme fptgt or 6 interpretation of wavefunction.

1925 Born, Heisenbergand Jordart on 16Nov. 1926 Dirac: on 26 Augustre-interpretedP | a ntleekrpasd still
published the first complete treatise of the obtainedby anotherroadé StatistibyFermiDirac
mechanicsisingmatrix theory.

1927 Heisenberg on 23 March presentedthe relationship of
1926 Pauli; on 17 January utilized matrix ~ ndeterminationswithin the newmechanics

mechanicdo calculatediscretespectrumof the | T ———
atomof hydrogen

1926 Erwin Schrodinger (1887196} on 27
Jan  publishedopen  Quantisierung als
Eigenwertproblgi@uantizatioras an Eigenvalue
Problein  road to wave mechanical
interpretation

19xeads 910uAaX4SIS(2T02) YIesIN 4O




A provocative incitement
Quantum Mechanics' Organization: Epistemological Reflections to be solved (?

A Nowadaysquantum mechanicsseemsto _ _ .

openthe doorto anew challenge A By acceptationof quantain physics,is it should
mean(maybe)to alsoadmit a back to foundation
of classicakcience?

A'it is necessanjto declareinquiring and
makeclearerits foundationsfor example;
- to ana|yzdhecu|tura|paradigrwithinof AThe tentative to aSSiomatica”y formalize
two centurie®f mechanisnamdteaching Relativity. (by using isotropy of spaceor low of
almostotallymechanisti?) propagation,in the end a constant is always to
determineéor aparameteto specify)

A For example QM has really proposeda

explanationof anautonomousheoryé oris A What kind of revolution (1909 had we € in
it a structured rejected of previous physics and mathematice only foundations?
foundationsintroducing anew formalism Cultural?Methodological?

adho®



