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Le principe n° 0
de la physique théorique :

Ne jamais faire de calcul
avant d’en connaitre le résultat

Autrement dit :
Avant de se lancer dans des calculs
théoriques compliqués, se convaincre que
le choix des arguments théoriques et des
valeurs numeériques utilisés est raisonnable
et conduira a des résultats plausibles

John A. Wheeler
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Le principe n° 0
de la physique théorique :

« Never make a calculation until you know the
answer. Make an estimate before every
calculation, try a simple physical argument
(symmetry! invariance! conservation!) before
every derivation, guess the answer to every
paradox and puzzle. (..) A right guess
reinforces your intuition. A wrong guess brings
the refreshment of surprise. »

John A. Wheeler
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John Archibald Wheeler
(1911-2008)

— physique nucléaire
(+ projet Manhattan)
— gravitation et relativité générale

— fondations de la théorie quantique
o e e LR
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Une breve histoire
de I'art de la physique qualitative

— XVlle siecle : préliminaires
(Galilée)
— XVllle siecle : latence
(??7?)
— XIXe siecle : développement
(Maxwell, Rayleigh, Kelvin,...)
— XXe siecle : déploiement
(Fermi, Weisskopf, Wheeler, Feynman...)
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Une breve histoire
de I'art de la physique qualitative
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Une breve histoire
de I'art de la physique qualitative
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Histoire de I'art de la physique qualitative
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Effet photoélectrique

Millikan, 1906
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Enrico Fermi
1901-1954
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Une breve histoire
de I'art de la physique qualitative

Plus la physique théorique est devenue
quantitativement preécise,
plus il lui a fallu devenir
qualitativement compréhensible.
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Méthodes qualitatives,
(heuristiques, approximatives, ...)

— Ordres de grandeur

— Symeétries

— Echelles et analyse dimensionnelle
— Etude des cas limites

— Approximations brutales



Méthodes qualitatives,
(heuristiques, approximatives, ...)

— Ordres de grandeur



L’expérience de Franklin (1763)
et |a taille des atomes

“At length at Clapham where there is, on the common, a large pond, which | observed to be one
day very rough with the wind, | fetched out a cruet of oil, and dropped a little of it on the water.
| saw it spread itself with surprising swiftness upon the surface. The oil, though not more than a
teaspoonful, produced an instant calm over a space several yards square, which spread
amazingly and extended itself gradually until it reached the leeside, making all that quarter of
the pond, perhaps half an acre, as smooth as a looking glass.”, Franklin, 1773

Expérience refaite par C. H. Giles, Chem. Ind., 1969, 1616
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My Observations During the Explosion at Trinity on July 16, 1945 — E, Fermdi

On the morning of the 1l6th of July, I was stationed at the Base
Camp at Trinity in a position about ten miles from the site of the explosion.

The explosion took place at about 5:30 A.M, I had my face protected
by a large board in which a pilece of dark welding glass had been inserted,
My first impression of ths exploa:lo;i was the very intense flash of light, and
a sensation of heat on the parts of my body that were exposed. Although I did
not look directly tovsx;da the object, I had the impression that suddenly the
countryside became brighter than in full daylight. I subseguently looked in
the direction of the explosion through the dark glass and could see something
that looked like a conglomeration of flames that promptly started rising.
After a few seconds the rising flames lost their brightness and appeared as
a huge pillar of smoke with an expanded head like a gigantic mushroom that
rose rapidly beyond the clouds probably to a height of the order of 30,000
feet. After reaching its full height, the smoke stayed stationary for a

while before the wind started dispersing it.

About 40 seconds after the explosion the air blast reached me,
I tried to estimate its strength by dropping from about six feet small
pieces of paper before, during and after the passage of the blast wave,
Since at the time, there was no wind I could observe very distinctly and
actually measure the displacement of the pieces of paper that were in the
process of falling while the blast was passing. The shift was about 2% meters,
which, at the time, I estimated to correspond to the blast that would be pro-

duced by ten thousand tons of T.N.T.
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Méthodes qualitatives,
(heuristiques, approximatives, ...)

— Symétries



Méthodes qualitatives,
(heuristiques, approximatives, ...)

— Echelles et analyse dimensionnelle
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Giovanni Alfondo Borelli (1608-1679)
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“Dimension” des grandeurs physiques

En géomeétrie physique :
longueurs
surfaces = (longueurs)?
volumes = (longueurs)?
En cinématique :
vitesse = longueur/temps
accélération = vitesse/temps = longueur/(temps)?

Plus généralement, la nature d’une grandeur physique s’exprime en
termes d’'un nombre restreint de grandeurs choisies
(conventionnellement) comme fondamentales

Dans le systeme S|, grandeurs fondamentales :
longueurs L
temps T
masses ‘M
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“Dimension”
des grandeurs physiques

longueur] =L
temps] =T
‘'masse] =M
'surface] = [
'volume] S
vitesse] = [T
accélération]= L£T2
force] = MLT
pression] = MLLT
énergie] = ML2T2
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Dogme fondamental
de I’'analyse dimensionnelle

En analyse dimensionnelle, toute constante

sans dimension est de |'ordre de ['unité
...si les grandeurs caractérisent bien le phénomene
...sauf exceptions
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Encore la bombe A...

Trinity test
15 juillet 1945
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de la physique qui se dit
a la physique qui se fait...



