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A PRELIMINARY
SUMMARY IN THE
ForM OF SOME
CLAIMS

Macroscopic physical science exhibits imaginative
structures known from conceptual metaphor theory.
They are created by metaphorically projecting
small-scale image schemas (polarity, scale,
substance, container, path...) upon the medium-
scale perceptual gestalt of forces of nature (water,
wind, fire, ice, food, light, motion...).

The perception and conception of forces of nature
is an age old affair—we find these structures in
language all the way back to mythic culture. In
other words, much of the conceptualization found
in modern continuum pyhsics is of mythic origin.

Since different forces (fluids, electricity, heat,
substances, motion, gravity) are conceptualized in
terms of the same basic metaphoric projections,
they are rendered similar to the human mind—we
see them as having analogous structure.
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Metaphors and Myth in Physical Science

1. LiNnguisTic PHENOMENA IN MAcRoscoPIiC PHYSICAL SclIENCE — HEAT

Examples of expressions involving heat. There are

no examples of literal use of language:

» All bodies contain heat....

e How do you collect heat in a passive solar house?
» This means heat flows “downhill” from hot to cold.

e ... heat is an agent of vast importance in chemical
reactions and engineering processes

e Law of the dependence of the active force of heat
upon the tempera... (Clausius)

 This exterior heat lets the crust become crispy
* Heat makes me dizzy...

* Clouds and storms follow the warm water, pumping
heat and moisture high into the atmosphere...

o Heat must balance cold...

Expressions for heat use the following
schematic constructs:

-1 Container, store, hold, accumulate; lack
of, abundance of; collect

1 Flow, transport, extract emit/absorb,
exchange; heat moves

Balance (law of balance of...)

-

Use, produce, generate heat

-

-1 Heat as location, landscape; level,
intensity, degree, scale of heat

-1 Balance of heat and cold, hot and cold;
thermal tension

-1 | Power, force of heat

-1 | Heat is an agent: Heat causes, drives,
makes, counteracts, lets, balances

-1 | Heat is a patient: Pump, force, make,
counteract, block, hold (back), enable,
prevent, oppose, let/allow heat

T— Heat is a powerful agent...
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Metaphors and Myth in Physical Science

1. LiNnguisTic PHENOMENA IN MAcRoscoPIC PHYsICAL SciENCE — A NARRATIVE...

Sadi Carnot (1824): Réflexions sur la puissance motrice du feu

Every one knows that heat can produce motion. That it possesses vast mo-
tive-power no one can doubt, in these days when the steam-engine is every-
where so well known. To heat also are due the vast movements which take
place on the earth. It causes the agitations of the atmosphere, the ascension
of clouds, the fall of rain and of meteors, the currents of water which chan-
nel the surface of the globe, .... Even earthquakes and volcanic eruptions
are the result of heat.

According to established principles at the present time, we can compare

with sufficient accuracy the motive power of heat to that of a fall of water

[...] . The motive power of a fall of water depends on its height and on the

quantity of the liquid; the motive power of heat depends also on the quanti-

ty of caloric used, and on what may be termed, on what in fact we will call,
the height of its fall, that is to say, the difference of temperature of the bod-
ies between which the exchange of caloric is made.
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Metaphors and Myth in Physical Science

2. ForcEes oF NATURE AND MYTH — ORIGIN AND EXAMPLES

In the previous examples, we recognize a recurring medium scale
cognitive structure — Force of Nature.

This structure has perceptual origin — the Gestalt of Force.

EXAMPLES...

Heat as a force of nature

Very basically, we perceive HEAT as a unit/gestalt. We know when we
have a thermal experience...

Examples of forces of nature

Water, wind, light, fire, cold, food, motion, substances...

Psychological and social forces

Justice, knowledge, anger, love, music (Johnson, 2007)...
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Metaphors and Myth in Physical Science

When Heaven and Earth Were Created

Creating and maintaining TENSIONS so that MAAT
can FLOW and life go on...

2. ForcEes oF NATURE AND MYTH — ORIGINS IN MyYTHIC CULTURE

In Egyptian mythology, Shu (wind) separates
Nut (sky) from Geb (Eath). The sky needs to
be supported let it falls down upon Earth.

With the separation of sky and Earth,

an ur-tension is created that maintains
processes. There is a flow from higher to
lower level that drives other processes...

This mythic conceptualizaiton of an
image of nature and natural processes
sounds very modern—or maybe concep-
tualizations in physics are mythic.

http://www.civilization.ca/civil/egypt/images/reli28b.jpg
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Metaphors and Myth in Physical Science

2. ForcEs oF NATURE AND MYTH — IMAGINATIVE STRUCTURE

THE PERCEPTUAL GESTALT OF
FORCES OF NATURE

FIGURATIVE STRUCTURE OF FORCES
(basic aspects) GESTALT OF

FORCES

1 Intensity (quality, derived from

polarities; tension as differences Intensity

Of intenSity) ADDITIONAL SCHEMAS fension
- Substance (quantity) Balance, Resistance Fluid
) Letting, Enabling Substance
-1 Power (as a measure of causation) Container

Path, Process

Figure-Ground Reversal
MACROSCOPIC PHYSICS IS A COLLECTION

OF THEORIES OF FORCES oF NATURE
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Metaphors and Myth in Physical Science

IMAGES OF
QUANTITIES

EquaTtioN oF CONDUCTIVE
TRANSPORT OF A
Fruip Like QuANTITY

IMAGE oF CONDUCTIVE
TRANSPORT OF A
Fruip Like QuANTITY

3. IMAGINATIVE STRUCTURES IN MACRsocoPic PHYSICAL SCIENCE

GRADIENTS, SLOPES
LEVEL DIFFERENCES

LETTING X IMAGE
ENABLEMENT * SCHEMAS

—kn i SUBSTANCES
0x
= —k. iT CALORIC

DIFFERENCES OF POTENTIALS
ARE DIFFERENCES OF LEVELS:

THEY ARE COCEPTUALIZED AS
DRIVING FORCES FOR FLOWS
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4. ANALOGY IN MAcRsocoric PHYSICAL SCIENCE

Laws of balance in continuum physics

Amountof 9P, | 9

of Ox
RJo) N d
of Ox

Jap J
Momentum (in a P . . —
single dimension...) al' + ax (]p,cond + -]p,conv) — Gp + O

(jn,cond + jn,conv) =0+,

Entropy

(jS,cond + jS,conv) = GS + n-S

Hans U. Fuchs, Center for Narrative in Science 10 Department of Education and Humanities Y
8400 Winterthur, Switzerland University of Modena and Reggio Emilia, Italy ="
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4. ANALOGY IN MAcRsocoric PHYSICAL SCIENCE

Constitutive relations in continuum physics

Chemical Processes Thermal Processes Translational motion

G Paye O s Ye-p

o "ot x* o ot
Conductive —k a_ BT aV

transport jn,cond — n ax jS,cond - S a_x jp,cond = _kp a_x
5“?121;;?;56 jn,conv - an jS,conv = pSv jp,conv = ppv
Source rates o, =0 GS:aSiS_gS Gp =pPg
s " T =—ke,cp 75 20 T, =
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Heat behaves
like water ...

Vertical level
Fluid substance
Agentive power

Schema of conceptual integration (blending)

SumMMARY: RooTs oF ANALOGICAL STRUCTURES AND REASONING IN MAcRoscoPic PHysICcs

-1 Physical processes are percieived (and
classified) as Forces of Nature

-1 Force is a perceptual unit (gestalt) that, when
analyzed, shows three main aspects: those of
intensity (tension), quantity or size (extension),
and power. All three are imaginative
structures. Relations between these aspects
are understood metaphorically through the
projection of additional image schemas.

-1 Forces are rendered imaginatively through
the use of (conceptual) metaphors —there is
a metaphoric network that structures our
understanding of a force

- All forces are structured in basically the same
manner; this makes them similar to our mind
which allows us to use analogical reasoning
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Metaphors and Myth in Physical Science

SummARY: WEB oF IMAGINATIVE STRUCTURES FOR CONCEPTS (TEMPERATURE)

ConcerTUAL MAP FOR TEMPERATURE
Basep UPoN THE HOT <> COLD PoLaRrITY (» HOTNESS)

Continuum Thermodynamics

Hotness is a single-dimensional
manifold and temperature is a
mark (coordinate) on this manifold.

MEeDIUM-ScALE
PercepTuAL UNIT:
HEeaT As A

CALORIC ———>» DomaIN oF

POWER Hear

-<—— CAUSATION

OF HEAT As Force oF NATURE
Force oF NATURE
Lincuistic Forms Lol B L LTS TEMPERATURE DIFFERENCE TEMPERATURE CHANGE
TEMPERATURE
(Symsoric Units) D thermal thermal level TEMPERATURE RATE OF CHANGE
RELATING TO landscape difference GRADIENT OF TEMPERATURE
thermal thermal thermal .
cold enra peng speed of riseldro FORMAL
TEMPERATURE level 1o tension  driving force of thermal leve [FORMAI
‘ 1magistic
Doman or @)
MALL-SCALE VERTICALITY > ~—— TENSION FAST <> SLOW
S Sc UP — DOWN Hotness |

PercepTuAL UNIT:
PoLARITY OF
Hot < CoLbp

PROCESS
|

PATH/SCALE —| T - e

BALANCE
EQUILIBRIUM

Pouariy of (1)

Hot & CoLDp

(1) Polarity (perceptual opposition)

Linguistic forms:
symbolic units or
linguistic signs (sound-
concept pairings)

T Projection (bottom-up) ¢ Informing (top-down)

Differences are the most basic
of all types of perception.

(2) The word Hotngss lexicalizes the
entire BOT <> COLD polarity or per-
ceptual opposition (- tension).
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LARGE-ScALE

symbolic units or
linguistic signs (sound-
concept pairings)

TIME — STORY

Metaphors and Myth in Physical Science

SummARY: WEB OF IMAGINATIVE STRUCTURES FOR CoNCEPTs (HEAT)

CoNCEPTUAL M AP FOR HEAT
BAsep UPON THE HEAT AS FORCE OF NATURE SCHEMA

Continuum Thermodynamics

Caloric is the thermal fluid
quantity that is stored in bodies,
can be transported and can be
produced (- entropy).
Power of Heat is equivalent to

There is no direct perception of
quantity of heat responsible for
the formation of this image.

Indirect perception: Heat causes
other things to happen or is made
to happen by other things.

—_—> tress power.
. SCHEMA HEeaT As AN AGENT Stress p
PercepPTUAL UNIT: AMONG OTHER AGENTS
HEAT AS AGENT IN / \ ACTING AND SUFFERING
STORY-WORLD PROCESS AGENCY IN A STORY-WORLD
L F THERMAL POWER CALORIC TEMPERATURE
INGUISTIC E'ORMS . CURRENT
making energy OF CALORIC  TRODUCTION RATE thermal level
(SymsoLic Unirs) power  available OF CALORIC thermal
RELATING TO HEAT of heat ysing  (3) thermal fluid | landscape - thermal ¢ i
energy thermal charge tension . OO
| <T T imagistic
MEebpIuM-ScALE CAUSATION: Hear
PerceptuaL UNIT: FORCE DYNAMIC —> -<—— PROCESS
As FoRrce oF NATURE
FORCE OF NATURE SCHEMAS - TIME
SMALL-ScALE POWER T 1 HOTNE
OF HeaT @ cacoric " OTNESS
PercepTuAL UNiTs
Linguistic forms: (1) Caloric (thermal charge) (2) Power of Heat (3) Energy related concepts apply

equally to all other forces of
nature: fluids, electricity, chemical
processes, motion, gravity.
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