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Part 1

GOALS OF THIS WORKSHOP

It seems that the Experimenters of the Accademia del Cimento
are using a basic human conceptualization of processes to
explain thermal phenomena. We may learn important things from
listening to them.

In particular, we might finally understand Sadi Carnot’s title of his
famous book La puissance motrice au feu...
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EVIDENCE FOR THE GESTALT OF PHYSICAL PROCESSES

The concept of heat in the Accademia de/ Cimento

The concept of heat of the members of
the Accademia del Cimento: Saggi di DI NATVRALI
naturali esperienze... (1667) | «

l-'A'I"l'F. NELL ACCADEMIA
M. Wiser and S. Carey (1983): When Heat
and Temperature were one.

SOTTO LAPROTEZIONE

DEL SERENISSIMO PRINCIPE

“The Experimenters’ concept of heat had
three aspects: substance (particles),
quality (hotness), and force.”

A weakly differentiated gestalt

It seems that the Experimenters did not e e T S Sl MDCLXV
really distinguish between these aspects
of the gestalt of heat.
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The concept of heat in the Accademia de/ Cimento

The concept of heat of the members of
the Accademia del Cimento: Saggi di
naturali esperienze... (1667)

The description of thermal phenomena by
the Experimenters demonstrates clearly
the image corresponding to direct causa-
tion: Hot or cold bodies are the sources of
heat or cold. Heat or cold are emitted by
the sources, and they influence other bod-
ies. The Experimenters were interested in
the “force” or “power” of heat (or of cold).

See M. Wiser and S. Carey (1983)

Hans U. Fuchs, ZHW 2006




GOALS

In this short period, we cannot expect to read much of the Saggi di Naturali... Still, we may
get a first good feeling for the importance of language and concepts that today seem so
strange to us...

* Try to answer the question of why the experimenters used a clock and reported changes
of “degrees” of their thermometer and intervals of time in their tables.

* Try to answer the question of why they placed their “thermometer” outside of the bulb
containing the water whose cooling and freezing they were interested in.

* Try to see—as much as possible—if the thermal concept of the experimenters included
the three aspects of quantity, intensity, and foce (power).

* What might the experimenters have meant by their concept of “force of heat”?

* Did the experimenters have a concept of thermal equilibrium?
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SOME POSSIBLE ANSWERS...

Here are diagrams showing the readings of the “thermometer” as a function of time during
the freezing experiments, and the “speed of the process” a measure of the “force of heat,”
again as a function of time (only the “First Freezings...” were taken; Saggi di Naturali, pp.

156-165).
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Part 4

FROM THE SAGGI DI NATURALI TO SADI CARNOT

For the Experimenters of the Accademia del Cimento, the force of
heat was most important. Sadi Carnot continued this tradition, but
he could base his work on a well structured—and consciously
structured—gestalt of thermal processes.

It seems he was the last one who really did this...
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SADI CARNOT’S IMAGE OF THE POWER OF HEAT

Sadi Carnot (1796-1832)

Réflexions sur la puissance
motrice du feu

D'aprés les notions établies jusqu'a présent, on
peut comparer avec assez de justesse la
puissance motrice ae /la chaleura celle d'une chute
d'eau [...]. La puissance motrice d'une chute d'eau
dépend de sa hauteur et de la quantité du liquide;
la puissance motrice de la chaleur dépend aussi
de la quantité de calorique employé, et de ce qu'on
pourrait nommer, de ce que nous appellerons en
effet /a hauteur de sa churte, c'est-a-dire de /a : T

f s e e A (N
aifference ade tempeérature des corps entre lesquels Fae

DIAGRAMMATIC VIEW OF NEWCOMER'S ATMOSPHERIC ON

se fait I'échange du calorique. FIRE BNGOM (171%)
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ENTAILMENTS OF THE METAPHORIC STRUCTURE OF PHYSICAL CONCEPTS

An example of entallments that can be brought info quantitative form

Power =

Double the
water current

Level difference - Current of substance

I, 1
Energy is
released
@,

Double the
output

1.4 times
the height

Output

1.4 times p—
the output
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ENERGY IN THERMAL PROCESSES

SYSTEM

Thermal power= Temperature

difference- Entropy current

Temperature Temperature

of oven of cooler
1, w—p [ SYSTEM Energy current in heating and cooling=
I T Temperature - Entropy current

Dissipation rate= Temperature -
Entropy production rate

Hans U. Fuchs, ZHW 2006

11




LITERATURE

Accademia del Cimento (Magalotti, Lorenzo, 1667): Sagg/ ai naturali esperienze fatte
nellAccademia del Cimento sotto la protezione del serenissimo princjpe Leopoldo ar
Joscana e descritte aal segretario di essa Accademia. Electronic Edition: Instituto e Museo
di Storia della Scienza, Firenze, http://www.imss.firenze.it/biblio/esaggi.html

Borer, Frommenwiler, Fuchs, Knoll, Kopacsy, Maurer, Schuetz, Studer (2005): Physik — ein
systemaynamischer Zugang, 2. Auflage, h.e.p. verlag, Bern. Chapter 5.

Carnot S. (1824): Réflexions sur la puissance motrice du feu. Edition critique avec Introduction et
Commentaire, augmentée de documents d’archives et de divers manuscrits de Carnot,
Paris : Librairie philosophique J. Vrin (1978). English: Reflections on the Motive Power of
Fire. E. Mendoza (ed.), Peter Smith Publ., Gloucester, MA (1977). Deutsch: Betrachiungen
Uber die bewegende Krart des Feuers, in Ostwald, Willhelm, Ostwalds Klassiker der
exakten Wissenschaften, Frankfurt am Main: Verlag Harri Deutsch (2003).

Fuchs H. U. (1996): 7he Dynamics of Heat. Sprinnger-Verlag, New York.

Wiser M. and S. Carey (1983): When Heat and Temperature were one, in D. Gentner and A. L.

Stevens eds.: Mental Mode/s, Lawrence Earlbaum Associates, Hillsdale, new Jersey, 1983
(pp. 267-297)

Hans U. Fuchs, ZHW 2006

12





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


