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Les Aventures d’Anselme Lanturlu

The Adventures of Archibald Higgins

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Image d’une galaxie barrée “ de synthèse”, obtenue par simulation numérique par Jean-Pierre Petit et Frédéric Landsheat, en 1995. Voir site http://www.jp-petit.com et animation “naissance spirale barrée”.

Image of a "synthetic" barred galaxy obtained by Jean-Pierre Petit and Frédéric Landsheat in 1995 using digital simulation. See the site http://www.jp-petit.org and the animation "birth of a barred galaxy"

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mille Milliards de Soleils

A Thousand Billion Suns

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Jean-Pierre Petit

Jean-Pierre Petit

__________________________________________________________________________

La science n’est peut-être que la forme la plus élaborée de la Littérature Fantastique.

Perhaps science is just the most elaborate form of Sci-Fi Literature

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

2 

AVERTISSEMENT

WARNING

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’ASTROPHYSIQUE est une science RÉCENTE. Jusqu’à ces dernières années l’homme recevait encore ses informations à travers LA VITRE SALE DE L’ATMOSPHÈRE.

ASTROPHYSICS is a RECENT science. Until a few years ago man received his information through THE DIRTY WINDOW OF THE ATMOSPHERE..

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La DYNAMIQUE GALACTIQUE attend toujours son KEPLER ou son LAPLACE. On ne sait toujours pas construire de solution mathématiquement satisfaisante du système d’équation décrivant l’objet appelé GALAXIE.

The GALACTIC DYNAMIC is still waiting for its KEPLER or its LAPLACE. We still do not know how to construct a satisfactory mathematical solution to the equation system describing the object we call a GALAXY.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans ce domaine, les théoriciens pédalent dans le yaourt depuis plus d’un siècle !

In this area, theoreticians have been treading water for over a century!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Paradoxalement, l’enfance de l’Univers (BIG BANG) est mieux comprise que son adolescence, qui reste … nébuleuse.

Paradoxically, the childhood of the Universe (BIG BANG) is better understood than its early youth, which is still...nebulous.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

On est loin d’un consensus, et des théories parfaitement contradictoires existent, concernant la naissance et l’évolution des galaxies. 

We're a long way from a consensus and perfectly contradictory theories exist concerning the birth and evolution of galaxies.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les informations recueillies grâce au télescope spatial, traitées par les plus puissants ordinateurs, permettront peut-être d’aboutir à un tout cohérent dans un avenir … plus ou moins proche.

Information collected thanks to the space telescope, and treated by the most powerful computers, might allow us to arrive at something coherent in the future...more or less distant.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’auteur  a donc fait des choix personnels. Un jour, l’histoire qui va suivre apparaîtra soit comme une synthèse clairvoyante …

So the author has made personal choices. One day the following story will appear as a perspicacious synthesis.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Soit comme un tissu de sottise

Or as a load of nonsense

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Noël 1995

Christmas 1995

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

3.

La comédie que nous vous présentons ce soir est la suite de BIG BANG. L’histoire débute quand l’Univers est âgé de 100 000 ans. Pour des raisons techniques, le décor a été modifié.

The comedy we're presenting this evening is the sequel to BIG BANG. The story begins when the Universe was 100,000 years old. For technical reasons the scenery has been modified.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

4.

LA PLANÈTE UNIVERS

THE PLANET UNIVERSE

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Anselme, Sophie où êtes-vous ?

Archibald, Sophie, where are you?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ici, nous sommes ici …

Here, we're here...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Berk …

Eurgh...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

On n’a pas pied …

We don't have a foothold...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tirésias, où est Tirésias ?

Tiresias, where's Tiresias?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ici !…

Here!..

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah …

Ah...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Anselme… je ne sais pas nager !

Archibald...I can't swim!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Qu’est-ce que ça peut faire, idiot, puisque tu flottes !

What does it matter idiot, you're floating!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Où sommes-nous ?

Where are we?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

De nouveau, nous sommes dans l’UNIVERS…

We're in the UNIVERSE again...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

et cette soupe, c’est QUOI ?

And this soup, WHAT IS IT?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est sacrément chaud !

It's extremely hot!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

5.

Cette soupe, jeune homme, c’est la MATIÈRE

This soup, young fellow, is MATTER
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah, vous revoilà, vous !

Ah, you're back again then!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

au début l’esprit de Dieu planait au-dessus des eaux …

in the beginnning the spirit of God floated above the waters...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

vite …

quick...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Arrête iconoclaste !

Stop, iconoclast!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Oh, regardez, c’est un miracle !

Oh look, it's a miracle.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais non, il a pied, c’est tout…

not at all, he's just got a foothold...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tiens c’est vrai !

Ah yes, right enough!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tiens, qu’est-ce que c’est que cela ?

Hey, what's that?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tu sais bien, c’est le CHRONOTRON (*)

You know perfectly well, it's the CHRONOTRON (*)

_____________________________________________________________________

Quel TEMPS fait il aujourd'hui?

What's the WEATHER like today?

_____________________________________________________________________

_____________________________________________________________________

100 000 ans se sont écoulé depuis le BIG BANG

100,000 years have passed since the BIG BANG
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

oui, et la température de l’Univers est de 8000°

Yes, and the temperature of the Universe is 8000°

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le FLUIDE-MATIÈRE est bizarre. On dirait qu’il adhère au FOND

The FLUID-MATTER is strange. It seems like it sticks to the BOTTOM

____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

le monde stagne.

the world stagnates.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

et ce FOND c’est quoi au juste ?

and what is this BOTTOM exactly?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce sont les PHOTONS, le FOND de RAYONNEMENT PRIMITIF, COSMOLOGIQUE

It's PHOTONS, the REMAINS of the PRIMITIVE, COSMOLOGICAL  RADIATION. 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

comprends pas…

I don't get it...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) voir BIG BANG, Éditions Belin 

(*) See BIG BANG
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

7.

à première vue, le monde est rond ?

At first glance the world seems round.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Oui, c’est une sorte de soufflé sphérique qui gonfle, gonfle…

Yes, a sort of spherical soufflé that is gettting bigger and bigger...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

quelle cuisine !…

Great cooking!...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

A la surface, la MATIÈRE se comporte comme un FLUIDE

On the surface, MATTER acts like a FLUID

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais, en dessous c’est QUOI?

But underneath, WHAT IS IT?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

En dessous, c’est l’ESPACE. Il y a beaucoup plus d’espace que de matière.

Underneath, it's SPACE. There is a lot more space than matter.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Vous voulez dire que cette PLANÈTE-UNIVERS est creuse ?

You mean that this PLANET-UNIVERSE is hollow?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Chère petite mademoiselle, vous savez bien que le VIDE, ça n’existe pas. Le « vide cosmique », c’est en fait un  ensemble, un grouillement de PHOTONS serrés les uns contre les autres. Ce sont les PHOTONS ORIGINELS créés lors du BIG BANG. Depuis, il y a un milliard de ces photons pour chaque particule de matière.

Young lady, you know quite well that the VOID doesn't exist. The "cosmic void" is, in fact, an ensemble, a swarm of photons pressing up against each other. These are the ORIGINAL PHOTONS created at the moment of the BIG BANG. Now there are a thousand million photons for each particle of matter.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

autrement dit, ce soufflé sphérique est fait d’une sorte de mousse ÉLASTIQUE, sont chacune des alvéoles représente un photon (*)

In other words, the spherical soufflé is made of a sort of ELASTIC foam where each hole represents a photon (*).

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

MATIÈRE

MATTER

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ESPACE=RAYONNEMENT=PHOTONS

SPACE=RADIATION=PHOTONS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ÉLASTIQUE? Vous trouvez cela élastique ? C’est un vrai béton, cette mousse !

ELASTIC? You call that elastic? Your foam seems more like concrete to me!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La compacité de cette mousse c’est la PRESSION DE RADIATION.

The compactness of the foam is the RADIATION PRESSURE.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Le diamètre de l’alvéole correspond à la LONGUEUR D’ONDE du photon.

(*) The diameter of the holes corresponds to the photon's WAVELENGTH.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

8.

La PRESSION, c’est quelques chose qui est lié aux FLUIDES, non ?

PRESSSURE is something linked to FLUIDS isn't it?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Oui, mais un ensemble de photons, c’est aussi un gaz, qui a sa pression…

Yes, but a group of photons is also a gas, which has pressure.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mais le VIDE, c’est un ensemble de photons. Alors, le VIDE  est un GAZ ! Ça alors ? …

But the VOID is an ensemble of photons so the VOID is a gas! There's a thing!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans la réalité, la MATIÈRE et le « VIDE » , c’est-à-dire ce gaz de photons originels, forment un MÉLANGE HOMOGÈNE. Mais, dans ce modèle, si je comprends bien, vous avez séparé ces deux milieux. L’EXPANSION de cette PLANÈTE-UNIVERS, qui fonctionne comme un soufflé, fait décroître la PRESSION DE RADIATION. Par ailleurs l’épaisseur du « fluide-matière » simule la MASSE VOLUMIQUE,  qui diminue, elle aussi.

In reality, MATTER and the "VOID", that is to say the original photon gas, form a HOMOGENOUS MIXTURE. But in this model, if I understand it correctly, you separated the two environments. The EXPANSION of this PLANET-UNIVERSE, which functions like a soufflé, makes the RADIATION PRESSURE decrease. As well as that, the thickness of the "fluid-matter" simulates the VOLUMINAL-MASS, which also decreases.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comment ces deux milieux interagissent-ils ?

So how do these two environments interact?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

INTERACTION

MATIÈRE

RAYONNEMENT

INTERACTION

MATTER

RADIATION

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Quand l’univers a une température supérieure à 3 000°, la matière est étroitement COUPLÉE au fond de rayonnement, aux photons originels.

When the Universe had a temperature above 3000°, matter was tightly COUPLED to the background radiation, the original photons.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

MATIÈRE

MATTER

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

au fond, c’est comme si la matière était « collée » sur le vide…

In the end it's as if matter was "stuck" onto the void.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

QUOI ?

WHAT?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

9.

Au dessous de 3 000°, la MATIÈRE glisse librement sur le fonde RAYONNEMENT  COSMOLOGIQUE.

Above 3000°, MATTER moves freely on the BACKGROUND COSMIC RADIATION.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

MATIÈRE

MATTER
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mais sapristi, POURQUOI ?

But heavens, WHY?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les atomes, Léon, sont faits de noyaux, chargés positivement, et d’électrons, chargés négativement.

Leon, atoms are made of nucleii, positively charged, and electrons, negatively charged.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Hydrogène 

Hélium

Hydrogen

Helium

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Au-dessus de 3 000°, l’AGITATION THERMIQUE devient intense, et les COLLISIONS entre atomes empêchent les électrons d’orbiter tranquillement autour des noyaux.

Above 3000°, THERMAL AGITATION becomes intense and COLLISIONS between atoms stop electrons from quietly orbiting around the nucleii.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les électrons sont alors LIBRES et on dit que la MATIÈRE est IONISÉE.

The electrons thus become FREE and we say that MATTER is IONISED.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, et alors ?

OK, and so what?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La LUMIÈRE correspond à un mouvement de PHOTONS mais c’est AUSSI une ONDE ÉLECTROMAGNÉTIQUE, une oscillation de l’espace.

LIGHT corresponds to a movement of PHOTONS but it is ALSO an ELECTROMAGNETIC WAVE, an oscillation in space

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et cette oscillation est plus fortement ressentie par les légers électrons que par les lourds noyaux.

And this oscillation is felt more strongly by light electrons than by heavy nucleii.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

10.

Dans un gaz, une oscillation qui se propage, c’est une onde de pression, (*) une onde sonore. La lumière serait alors une onde de …pression de radiation, se propageant à 300 000 km/s.

An oscillation that propagates in a gas is a pressure wave (*), a sonic wave. So light would be a...radiation wave, propagating at 300,000 km/s.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans un gaz, la vitesse d’agitation des éléments est sensiblement égale à la vitesse du son. Dans le « gaz de photons », c’est la même chose. 

In a gas the agitation speed of its elements is more or less equal to the speed of sound. In the "photon gas", it's the same thing.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

J’avoue que ce gaz de photons est une de mes meilleures inventions. Dans ce cas, les ondes et les particules NE FONT QU’UN.

I must admit that this photon gas is one of my best inventions. In this case waves and particles ARE ONE AND THE SAME.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, admettons :

1) un GAZ IONISÉ interagit pat frottement avec un « gaz de photons ».

2) le « VIDE » est en fait un « gaz de photons »

3) Donc la matière ionisée « colle » au vide.

So, let's say:

1) An IONISED GAS interacts by rubbing against a "photon gas".

2) The "VOID" is, in fact, a "photon gas".

3) So ionised matter "sticks" to the void.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Quand la température de la matière, dans l’Univers, descend au-dessous de 3 000°, les électrons se lient aux atomes et deviennent alors beaucoup moins sensibles aux oscillations électromagnétiques.

When the temperarature of matter in the Universe drops below 3000°, electrons link with atoms and thus become a lot less sensitive to electromagnetic oscillations

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le lien entre la MATIÈRE et le FOND DE RAYONNEMENT se relâche et les atomes peuvent glisser librement dans le VIDE.

The bond between MATTER and BACKGROUND RADIATION lessens and atoms can slide freely in the VOID.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ils sont « tenus » par les noyaux. 

They are "held" by nucleii.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Voir SI ON VOLAIT ? Edition BELIN

(*) See AND IF WE FLEW?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

11.

Mouais. Mais sous nos pattes on me dit qu’il  a de la mousse, avec des alvéoles. Je ne comprends pas… Les PHOTONS ne sont pas … fixes!?

Hmmm. You tell me that under our feet there is foam with holes. I don't get it ... PHOTONS aren't ... fixed!?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Léon, le coup de la mousse, ça n’est qu’un moyen commode pour représenter l’espace et le RAYONNEMENT PRIMITIF qu’il contient.

Leon, the story about the foam was just a way of representing space and the PRIMITIVE  RADIATION it contains.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, on me dit que le VIDE n’existe pas. Mais si j’enlève les photons, que reste-t-il ?

OK, you say the VOID doesn't exist but what if I remove the photons, what's left?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

RIEN…

NOTHING ...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

DÉCOUPLAGE

DECOUPLING

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Eh, tu as remis le CHRONOTRON en marche !!

Eh, you've started the CHRONOTRON again!!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mouais, le niveau a baissé. La température de la MATIÈRE est tombée au-dessous de 3 000°.

Yes, the level has dropped. The temperature of MATTER has dropped below 3000°

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bravo !

Bravo!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

et on a dépassé des 700 000 ans !

And we've gone past 700,000 years!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La MATIÈRE glisse maintenant librement sur le FOND. On dirait qu’elle s’est décollée…

MATTER can now slide freely on the BACKGROUND. It's as if it has come unstuck...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

12.

Et ça n’est pas tout. Voilà la matière qui se rassemble en flaques. 

And that's not all, now matter is starting to collect in puddles

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le fond devient plus souple. Il a l’air de se creuser par endroits et la matière s’y loge.

The background becomes more flexible. It seems to be pitting in various places and matter is settling in the dips.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le fluide-matière est lourd. Il pèse sur le support, qui s’enfonce

Fluid-matter is heavy. It weighs on its support, which begins to sink.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’INSTABILITÉ GRAVITATIONNELLE

GRAVITATIONAL INSTABILITY

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est normal. Quand une concentration de matière apparaît, elle COURBE L’ESPACE. Et la matière avoisinante est attirée (*)

It's normal. When a concentration of matter appears, it CURVES SPACE and the neighbouring matter is drawn in (*).

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il se forme donc un système de flaques de CONDENSATION DE MATIÈRE.

A system forms puddles of MATTER CONDENSATION therefore

____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) On dit qu’il se crée un CHAMP D’ATTRACTION GRAVITATIONNELLE

(*)  We says that a GRAVITATIONAL ATTRACTION FIELD has been created

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

13.

Les creux sont très peu accusés, en fait.

The dips aren't very deep in fact.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est très stagnant, tout cela

It's all pretty stagnant

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La mousse est encore trop COMPACTE pour que des cuvettes profondes puissent se former. Même des flaques de grandes dimensions ne créent que d’infimes courbures. Il faudra attendre que l’Univers se détende pour que le support ait une souplesse suffisante…

La PRESSION DE RADIATION est encore de trois dix millièmes d’atmosphère.

The foam is still too COMPACT for deep pits to form. Even big pools only create tiny curvatures. You have to wait for the Universe to slacken for the support to have even a small amount of the elasticity needed. RADIATION PRESSURE is still three tenths of thousandths atmospheres.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Trois dix millièmes d’atmosphère !… Vous appelez cela une pression excessive ?

Three tenths of a thousand atmospheres !... You call that excessive pressure?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La FORCE GRAVITATIONNELLE est tellement faible que cette pression suffit à contrarier ses effets

GRAVITATIONAL FORCE is so weak that this pressure is enough to counter its effects.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah, c’est vrai…cette force est la plus faible de toutes celles qui animent l’Univers

Ah yes, it's true...this force is the weakest of all those in the Universe.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La compacité de la mousse (la pression de radiation) empêche donc le support de se creuser et la matière de se condenser. La dilatation de l’Univers diminue cette compacité, cette pression. Mais combien de temps faudra-t-il attendre pour que la force de gravité l’emporte ?

So the compactness of the foam (radiation pressure) stops the support from creating dips and matter from condensing. The dilatation of the Universe lessens the compactness, this pressure. But how long do we have to wait before the force of gravity wins?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Environ 4,5 milliards d’années

About 4.5 thousand million years.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

14.

En attendant ce moment, moi j’aimerais savoir pourquoi les flaques ont, grosso modo, le même diamètre, et pourquoi celui-ci plutôt qu’un autre…

While waiting, I'd like to know why all the dips are more or less of the same diameter, and why this diameter rather than another?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ces condensations, ça représente quoi ?

What do these condensations representent?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

de dix à cent mille masses solaires

From ten to a hundred solar masses.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LA LONGUEUR DE JEANS

JEANS' LENGTH

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

D’ailleurs, pourquoi ces flaques ? Pourquoi l’Univers ne reste-t-il pas uniforme? 

J’aimerais connaître la raison suffisante de ce phénomène.

And why are there dips? Why doesn't the Universe remain uniform. I'd like to know a good reason for such a phenomenon.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Absolument. Rien ne vaut une bonne expérience

Of course. There's nothing better than a good experiment.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je vais d’abord voir comment se comporte une concentration de matière sur un support RIGIDE

First I'm going to look at the behaviour of  a concentration of matter on a RIGID surface.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Elle met un certain temps à s’étaler, à se disperser. 

It takes a little while to disperse, to spread out.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La force qui provoque l’étalement de cette matière, c’est la PRESSION, qui l’incite à occuper le plus de place possible.

The force causing the matter's spread is PRESSURE, which incites it to take up as much room as possible.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Apparemment, le temps que met la flaque à s’étaler, à doubler de dimension, est proportionnel à son rayon initial. 

Apparently the time taken for a pool to spread, to double its dimensions, is proportional to its initial radius.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

15.

Secondo, plus la matière est CHAUDE plus elle se disperse VITE

Secondly, the HOTTER the matter, the QUICKER it disperses.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est normal : Température égale pression : plus le milieu est chaud et plus les forces qui tentent à le disperser, les forces de pression, sont intenses.

That's normal. Temperature equals pressure: the hotter the milieu, the more intense the forces of dispersion, the pressure forces.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mon dieu… quel chantier !

My goodness...what a building site.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

J’en sais donc plus sur la façon dont une flaque de matière tend à se disperse. B, phase numéro deux : Je ne crée pas de SURDENSITÉ, mais j’accentue artificiellement la courbure du support élastique.

So I know more about the way a pool of matter tends to disperse. B, phase number two: I don't create SUPERDENSITY, but I do artifically accentuate the curvature of the elastic support.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette dépression, créée artificiellement se rempli en un temps qu’on appelle TEMPS D’ACCRÉTION, qui est d’autant plus bref que l’épaisseur du fluide (qui simule la masse volumique) est grande.

This artificially created depression fills in a time we call ACCRETION TIME, which is as short as the thickness of the fluid (which simulates the volumic mass) is great.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Maintenant, il reste à conjuguer les deux effets…

Now we have to conjugate the two effects...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

16.

Une perturbation de petite dimension aura un temps de dispersion bref.Elle n’aura pas le temps de s’amplifier et la cuvette se videra plus vite qu’elle ne se remplira. 

A small perturbation will have a short dispersion time. It won't have time to amplify and the dip will empty itself quicker than it fills.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Par contre une perturbation LARGE aura un temps de dispersion plus LONG.Elle se remplira plus vite qu’elle ne se videra et aura donc tendance à s’amplifier.

However, a LARGE perturbation will have a LONGER dispersion time. It will fill more quickly than it empties and will have a tendancy to amplify.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et je suppose qu’il existe un rayon critique au-delà duquel ça s’amplifie ?

And I suppose that there's a critical radius beyond which amplification takes place?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

17.

Exact, c’est le RAYON (ou la distance) de JEANS (*). Et les flaques qui se sont formées ont toutes un rayon assez voisin de ce rayon critique.

Exactly, it's the JEANS RADIUS (or distance) (*), and the pools which form all have radii very close to the critical radius.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, d’accord. Ce phénomène d’INSTABILITÉ GRAVITATIONNELLE provoque la fragmentation de la matière en ces sortes de grumeaux ayant un rayon de l’ordre de celui de Jeans. Et alors ?

OK. This GRAVITATIONAL INSTABILITY provokes the fragmentation of matter into those sort of lumps with a radius of the order of that of Jeans. And so?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans ces grumeaux, la matière est comprimée et échauffée. Sa température remonte à 3 000°. Résultat : elle s’ionise et se retrouve riche en électrons libres. Le couplage entre matière et FOND DE RAYONNEMENT réapparaît. La matière « adhère » de nouveau au « vide ».

In these lumps, matter is compressed and heated. Its temperature increases to 3000°. Result: it ionises and is enriched with free electrons. The coupling between matter and the BACKGROUND RADIATION reappears. Matter "adheres"once more to the "void".

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La matière s’efforcera d’entraîner le support, le gaz de photons, avec elle. Mais comme ce fond de rayonnement manque encore de souplesse, cela empêchera les grumeaux de poursuivre leur mouvement de condensation.

The matter will try to drag the support, the photon gas, with it. But as the background radiation is still lacking in elasticity it stops the lumps from continuing their condensation movement.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Autrement dit, l’Univers va se peupler de ces espèces de machins, dont la température avoisine les 3 000°, et la masse les dix mille ou les cent mille masses solaires.

In other words, the Universe will be filled with these sort of things, whose temperature is 3000°, and with  the mass of ten to a hundred thousand solar masses.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Sir James JEANS, astronome anglais. (1877-1946).

(*) Sir James JEANS, English astronomer (1877-1946).

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

18.

Bon, il ne se passe plus grand’chose. L’expansion écarte seulement progressivement ces grumeaux les uns des autres. Avant, l’Univers était un mélange d’atomes d’hydrogène de d’hélium ; maintenant on dirait une émulsion qui s’étend à perte de vue.

Nothing much happens after that. The expansion only separates the lumps from each other progressively. Before, the Universe was a mixture of hydrogen and helium atoms; now we could say it is an emulsion that extends further than we can see.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Univers morne plaine…

Flat, boring Universe...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LE MACROCOSME

THE MACROCOSM

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et si je changeais d’échelle ?

And what if I changed the scale?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

A cette échelle, la matière est cette sorte d’émulsion de grumeaux.

At that scale, matter is this sort of lumpy emulsion.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je vais reverser celle-ci sur un support rigide, et voir quel temps elle met pour se disperser. Puis je recommencerais sur le support souple…

I'll tip it onto a rigid support and see how long it takes to disperse. Then I'll do it again on a flexible support.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Autrement dit, tu refais, à plus grande échelle, les mêmes expériences que tout à l’heure.

In other words you're doing the same experiment as earlier but on a bigger scale.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

19.

Le nouveau milieu a aussi sa température, qui se déduit, dans l’émulsion, de  la vitesse d’agitation des grumeaux (*).

The new milieu also has its temperature, which is deduced, in the emulsion, from the agitation speed of the lumps (*).

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Autrement dit, tu as une nouvelle tendance à la fragmentation, à plus grande échelle.

In other words, there is a new tendancy to fragmentation, on a bigger scale.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et voilà comment se forment les GALAXIES. Joli, non ?

And that's how GALAXIES are formed. Pretty don't you think?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Changeons d’échelle une fois de plus

Let's change the scale once more.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Simple, ce fluide, considéré comme une émulsion de galaxies, donnera lieu à un nouveau phénomène de FRAGMENTATION à un échelle encore plus grande.

Simple, this fluid, considered as an emulsion of galaxies, will give rise to a new FRAGMENTATION phenomenon on a bigger scale.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette fragmentation produira les AMAS DE GALAXIES.

The fragmentation will produce galaxy clusters.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) La TEMPÉRATURE est la mesure de l’énergie cinétique moyenne d’agitation des élèments, dans un milieu fluide. 

(*) The temperature is the measure of the average cinetic energy of the agitation of the elements, in a fluid milieu.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

20.

AMAS DE GALAXIES

Quelques centaines à quelques milliers de galaxies

GALAXY CLUSTERS

From a few hundred to several thousand galaxies.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

GALAXIE

Ensemble de proto amas stellaires

GALAXY

Group of proto stellar clusters.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

PROTO AMAS STELLAIRE.

Grumeau d’atomes ionisés à 3 000° 

10 000 à 100 000 masses solaires

PROTO STELLAR CLUSTER

Lump of ionised atoms at 3000°

10,000 to 100,000 solar masses
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

l’Univers est le siège d’un phénomène de FRAGMENTATION HIÉRARCHIQUE.

The Universe is the seat of a HIERACHICAL FRAGMENTATION phenomenon.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je suppose que ceci se poursuit indéfiniment

I suppose it continues indefinitely.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Eh bien justement NON !

Well NO, in fact!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et Pourquoi ?

Why?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si LOCALEMENT, je crée brutalement une dépression, une courbure dans le support…

If I brutally create a depression in the support LOCALLY ...

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

… cette déformation, cette COURBURE du support, va se propager tout autour à la vitesse de 300 000 km/s.

...this deformation, this surface CURVATURE, will propagate all around at a speed of 300,000 km/s
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

21.

Mais alors, ce qui se propage, c’est de la …lumière ?

So it is light that is being propagated then?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Non, c’est une onde de courbure, une onde de gravité

No, its a wave of curvature, a gravity wave

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le CHAMP DE GRAVITATION se propage à la même vitesse que la lumière

The GRAVITATION FIELD is propagated at the same speed as light

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

À travers cette propagation de la courbure, toute condensation de matière « invite » la matière environnante à la rejoindre.

Through this propagation of curvature, all matter condensation "invites" surrounding matter to join it.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si un phénomène d’instabilité gravitationnelle se produit, intéressant une région de l’espace de diamètre D, celui-ci sera nécessairement inférieur à Ct, où C et la vitesse de la lumière et t l’age de l’Univers.

If a gravitational instability phenomenon occurs, interesting a region of space of diameter D, this will necessarily be inferior to Ct, where C is the speed of light and t the age of the universe.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et pourquoi cette contrainte ?

And why this limitation?

______________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

22.

Moi j’ai compris. Suppose que tu veuilles, par courrier, convoquer des gens à une réunion qui se teindra dans 4 jours. Tu pourras à la limite inviter ceux qui résident sur le territoire français. Mais, au-delà, cela sera impossible à cause du temps. 

I've understood. Suppose that from France you want to summon people to a meeting to be held in 4 days. You could possibly invite everyone living in French territory but it would be impossible to invite those living outside because of the time required. 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

c’est bien sûr ! On ne peut envisager de convoquer des gens à une réunion dans un délai plus court que le temps de propagation du courrier. 

Of course. It's impossible to summon people to a meeting in less time than it takes for a letter to reach them.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le CHRONOTRON indique cent millions d’années. DONC les structures les plus vastes qui peuvent exister présentement doivent faire moins de cent millions d’années-lumière de diamètre. Ce qui nous limite aux AMAS DE GALAXIES.

The CHRONOTRON shows one hundred million years, THEREFORE the most vast structures that can exist now must have less than a hundred million light years diameter. That limits us to GALAXY CLUSTERS.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ceux qui auront la patience d’attendre une dizaine de milliards d’années pourront voir se constituer les SUPERAMAS (amas d’amas de galaxies).

Those who are patient enough to wait for a dozen billion years will be able to see the constitution of SUPERCLUSTERS (clusters of galaxy clusters).

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

vous allez voir …

You'll see…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mais l’Univers est en EXPANSION. Globalement, il se dilate et localement il se contracte…

But the Universe is EXPANDING. Globally, it is dilating and locally, contracting…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il ne sait pas ce qu’il veut !

It doesn't know what it wants!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

23.

 100 000 ans, l’Univers est chaud et lisse comme un œuf

100,000 years, the Universe is hot and as smooth as an egg.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je gonfle un petit coup…

I'll inflate it a little bit…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

700 000 ans …premiers craquements.

700,000 years the first cracks appear.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Température…

Temperature…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

moins de 3 000°

less than 3000°

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

les PROTO AMAS STELLAIRES se forment.

PROTO-STELLAR CLUSTERS are formed

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

cent millions d’années

One hundred million years

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ça craque une seconde fois

It's cracking a second time

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce sont les GALAXIES

These are GALAXIES
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Continuez à pomper. C’est passionnant

Keep pumping, this is fascinating

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Eh, l’Univers craque à nouveau

Eh, the Universe is cracking again

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comme s’il refusait de grandir

As if it is refusing to grow

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et voilà les AMAS DE GALAXIES

And now there are GALAXY CLUSTERS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ne craignez-vous pas que…

Aren't you worried that…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

24.

Nous sommes à t=500 millions d’années. Les galaxies sont ainsi formées, bien qu’elles soient toujours constituées de grumeaux de gaz à 3 000°, les proto amas stellaires. Elles sont rassemblées dans des dépressions. :les amas de galaxies. Là elles se comporte un peu comme les molécules d’un gaz et sont animées de mouvements erratiques

We are at t=500 million years. Galaxies are thus formed, even though they are still made up of lumps of gas at 3000°, proto-stellar clusters. They assemble in depresssions: galaxy clusters. There they behave a bit like gas molecules and have erratic movements

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

l’Univers est encore très tassé, et les galaxies vont interagir subir des COLLISIONS

The Universe is still very compact, galaxies will interact and be subject to COLLISIONS
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

AMAS DE GALAXIES

Expérience en cours

GALAXY CLUSTERS

Ongoing experiments

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

EFFETS DES COLLISIONS

COLLISION EFFECTS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regarde, ces deux galaxie, ou plutôt PROTO-GALAXIES vont se frôler

Look, these two galaxies, or rather PROTO-GALAXIES, are going to brush against each other

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

une sorte de pont se crée entre elles

a sort of bridge is created between them.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

le pont se rompt

the bridge breaks

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ces rencontres induisent des mouvements de ROTATION dans les GALAXIES

These encounters induce ROTATION movements in the GALAXIES
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

25.

La même chose se produirait dans un GAZ. Les mêmes lois jouent, à l’échelle de l’infiniment grand et à celle de l’infiniment petit. Les COLLISIONS mettent les GALAXIES -MOLÉCULES en ROTATION. L’énergie individuelle des galaxies tendra ainsi à se distribuer en parts égales en ÉNERGIE DE TRANSLATION (1/2 m v2) et en ÉNERGIE DE ROTATION.  Cette situation d’équipartition des énergies, ou d’ÉQUILIBRE THERMODYNAMIQUE, est celle vers laquelle tend tout fluide, naturellement (*)

The same thing happens in a GAS. The same laws apply, on the scales of the infinitely great and infinitely small. COLLISIONS set the GALAXIES-MOLECULES into ROTATION. In this way the individual energy of galaxies will tend towards a distribution with equal shares of  TRANSLATION ENERGY (1/2 m v²) and ROTATION ENERGY. This energy equidistribution, or THERMODYNAMIC EQUILIBRIUM, is what all fluids tend towards naturally (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

autrement dit, ce sont les rencontres enter galaxies qui CRÉENT leur mouvement de rotation ? 

In other words, it's the encounters between galaxies that CREATE the rotational movement?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Au début seulement. Les jeunes galaxies subissent des collisions fréquentes. Mais très vite, l’EXPANSION COSMIQUE va les éloigner les unes des autres et ces rencontres deviendront rarissimes.

Only at the beginning. Young galaxies are subject to frequent collisions but COSMIC EXPANSION will soon distance them from each other and these collisions will soon become extremely rare.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

autrement dit, le mouvement de rotation observé de nos jours n’est que le souvenir d’une époque où l’Univers, PLUS DENSE, formait un ENSEMBLE COLLISIONNEL.

In other words the rotation movement we observe today is just a souvenir of a time when the DENSER universe formed a COLLISIONAL ENSEMBLE.
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Second Principe de la Thermodynamique

(*) Second principle of thermodynamics

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

26. 

Les éléments ont des VITESSES D’AGITATION proche d’une valeur moyenne. Mais le hasard des collisions crée, de temps à autre, des éléments très rapides et des éléments très lents. 

The elements have AGITATION SPEEDS near to an average value. But, from time to time, chance collisions create extremely rapid elements and extremely slow elements.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

VITESSES LENTES

VITESSES MOYENNES

VITESSES RAPIDES

SLOW SPEEDS

AVERAGE SPEEDS

RAPID SPEEDS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

TCHAÔ !

CIAO !

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les éléments ayant acquis une vitesse super-rapide, parviennent à sortir de la cuvette et à quitter l’amas. Ceci se produira si leur vitesse dépasse la VITESSE DE LIBÉRATION DE L’AMAS.

The elements, having thus acquired a super-rapid speed, manage to escape from the dip and leave the cluster. This will happen if their speed goes beyond the CLUSTER LIBERATION SPEED.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comme il se crée sans cesse, du fait de collisions successives, ce type d’éléments super-rapides, un tel SYSTÈME AUTO-GRAVITANT aura une tendance naturelle à perdre plus ou moins vite ses éléments (*)

As this type of super-rapid element is constantly created because of successive collisions, such an AUTO-GRAVITANT SYSTEM would have a natural tendancy to lose its elements more or less quickly (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

la grosse majorité des éléments se contentera de faire le va-et-vient dans la cuvette.

The vast majority of elements will simply go backwards and forwards in the dip.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Ce TEMPS D’ÉVAPORATION étant proportionnel à la masse de l’amas

(*) EVAPORATION SPEED is proportional to the mass of the cluster.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

27. 

Inversement, ce même hasard des collisions va créer des ÉLÉMENTS SUPER-LENTS, qui auront tendance à « tomber » au centre de  ce SYSTÈME  AUTO-GRAVITANT COLLISIONNEL et à s’y agglutiner. Le centre des AMAS COLLISIONNELS (où se produisent des rencontre entre éléments) aura donc tendance à s’enrichir en élément de plus en plus MASSIFS.

Inversely, these same chance collisions will create SUPER-SLOW ELEMENTS which will have a tendancy to "fall" towards the centre of the COLLISIONAL AUTO-GRAVITATIONAL SYSTEM and will agglutinate. The centre of the COLLISIONAL CLUSTERS (where encounters between elements take place) will therefore have a tendancy to enrich themselves with elements that are increasingly MASSIVE.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regardez ce qui se passe au centre de cet AMAS DE GALAXIES, par exemple. Les galaxies LENTES s’y agglutinent pour donner une GALAXIE CARNIVORE !

Look at what happens in the centre of this GALAXY CLUSTER for instance. SLOW galaxies agglutinate to give a CARNIVOROUS GALAXY!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le support commence à se creuser sacrément…

The support is deepening considerably…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Oh là là, on dirait que le support cède !…

Oh dear, it looks like the support is giving way!…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

28.

TROUS NOIRS

BLACK HOLES
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Max, au secours, ça S’EFFONDRE !

Max, help, it's collapsing!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sapristi ! Tirésias Tiens bons !

Goodness! Hang on Tiresias!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je sens des craquements dans ma coquille, vite !

I can feel cracking in my shell, hurry!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais, non loin de là…

But not far from there…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

oh, vous sentez ?

Oh, you feel it?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

qu’est-ce que c’est ?

Un tremblement  de terre ?

What is it?

An earthquake?
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le support est parcouru par de ondulations amples, comme par des ondes de courbure !

Deep undulations are running through the support, as if by curvature waves.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il a dû se produire un EFFONDREMENT quelque part …

Something must have COLLAPSED somewhere…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce SONT des ondes de courbure, autrement dit des ONDES GRAVITATIONNELLES.

They ARE curvature waves, in other words, GRAVITATIONAL WAVES.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

29. 

ça a  l’air de se calmer

It seems to be calming down

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Voilà Max et Tirésias qui reviennent 

Max and Tiresias are coming back.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il semble que notre ami a échappé de justesse à un TROU NOIR

It seems that our friend has just managed to escape from a BLACK HOLE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le support de la planète-Univers n’est pas, hélas, d’une solidité à toute épreuve. Si on le charge trop, il cède…

Unfortunately the support of planet-Universe isn't as solid as it could be. If we overload it, it gives way…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

quel gouffre ! On n’en voit pas le FOND…

what an abyss! We can't see the BOTTOM…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

normal, même les photons ne peuvent s’en extraire…

normal, even photons can't get out…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je n’arriverai jamais à sortir. Je suis en train d’épuiser TOUTE MON ÉNERGIE

I'll never get out, I'm using up ALL MY ENERGY

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est cet EFFONDREMENT qui a créé ces ONDES GRAVITAONNELLES, tout à l’heure…

It was the COLLAPSE that created the GRAVITATIONAL WAVES of earlier…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

drôle de truc

an odd thing

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

t’approche pas !

Don't go near it!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

30.

En conclusion, non seulement cet Univers ne demande qu’à s’effondrer. Mais, en plus, côté étanchéité, zéro !

So, to conclude, this Universe not only wants to collapse but also, as far as impermeability goes, it's zero!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LE GRAND FEU D’ARTIFICE

THE GREAT FIREWORK DISPLAY

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

le CHRONOTRON indique que des milliards d’années se sont écoulés. L’Univers s’est fragmenté. Les COLLISIONS ont mis les GALAXIES en ROTATION.

The CHRONOTRON shows that billions of years have passed. The Universe is fragmented. COLLISIONS have set GALAXIES into ROTATION.
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’EXPANSION  a éloigné tous ces objets les uns des autres, au point qu’ils s’ignorent maintenant totalement.

EXPANSION has distanced all these objects from each other, to the point where they are now unaware of each other.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans ces « PROTOGALAXIES » l’élément de base reste cette concentration d’atomes ionisés, le PROTO-AMAS STELLAIRE, dont la température avoisine les 3 000°, et qui ne peut s’effondrer sur lui-même à cause de cette « adhérence » sur le FOND DE RAYONNEMENT

In these "PROTOGALAXIES" the basic element remains the concentration of ionised atoms, the PROTO-STELLAR CLUSTER, whose temperature is close to 3000°, and which cannot collapse on itself because of this "adherence" to the BACKGROUND RADIATION 
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

quelqu’un qui pourrait contempler l’Univers à cette époque verrait des nébulosités floues, émettant une lumières diffuse…

anyone able to see the Universe at that time would have seen wooly nebulosities emitting diffused light.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

31.

Le support est devenu plus souple. L’expansion de l’univers a considérablement réduit la PRESSION DE RADIATION

The support has become more flexible. The expansion of the Universe has reduced RADIATION PRESSURE considerably.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comment la CONDENSATION de la MATIÈRE pourra-t-elle reprendre un jour ? Si les grumeaux se condensent, leur température remontera automatiquement au dessus de 3 000°, donc l’adhérence sur le FOND ne cessera jamais, et ce fond sera toujours entraîné dans ce mouvement de condensation, non ?

How could CONDENSATION of MATTER restart one day? If the lumps condense their temperature will automatically rise beyond 3000° so adherence to the BACKGROUND will never end, and this background will be continually drawn into the condensation movement won't it?

______________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
PROTO-AMAS STELLAIRE

PROTO-STELLAR CLUSTER

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Exactement, Léon, mais maintenant les forces de gravité, dans le proto-amas vont pouvoir « comprimer le VIDE », constitué de photons très peu énergétiques

Exactly Leon, but now the forces of gravity in the proto-cluster will be able to "compress the VOID" made up of low energy photons. 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La région où se situe le grumeau, le PROTO-AMAS STELLAIRE, est assimilable à un mélange de MATIÈRE, et de « VIDE », c’est-à-dire de photons originels, le tout étant à  3 000°

The region around the lump, where the PROTO-STELLAR CLUSTER could be compared to a mix of MATTER and "EMPTINESS", that is to say original photons, the ensemble being at a temperature of 3000°
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et quand ça se condense ?

And when it condenses?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

32.

La matière ne va pas glisser sur l’espace, le fond de rayonnement cosmologique, mais carrément l’entraîner avec elle, comme ceci.

Matter isn't going to slide on space, the cosmological background radiation, but actually drag it with it, like this.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

attendez, ceci se produira précisément quand la pression de radiation sera descendue au-dessous d’une certaine valeur critique. Si je ne me trompe, quand cela aura lieu, ça sera au MEME MOMENT aux quatre coins de l’Univers

Wait, this happens at exactly the time when the radiation pressure would have dropped below a certain critical value. Unless I'm wrong, when that happens it will happen at the SAME MOMENT in the four corners of the Universe

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ça sera le FIAT LUX (*). Tenez, prenez ces lunettes. Ça ne va plus tarder…

It will be FIAT LUX (*). Here, have some sunglasses, it won't be long now…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

J’avoue que je suis assez content de ce gadget qui permet de donner le top départ au même instant dans tout l’Univers

I must say I'm rather pleased with a gadget that lets you set everything to start at the same instant throughout the Universe.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Très fort. En effet, ça démarre

Very clever. And it's starting

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) En LATIN dans le texte

(*) in LATIN in the text.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

33.

Les PROTO AMAS SE CONTRACTENT. Leur température grimpe. Les atomes émettent beaucoup d’énergie en ultra-violet et celle-ci parvient à s’échapper.

The PROTO CLUSTERS CONTRACT. Their temperatures rise. The atoms emit a lot of ultra-violet energy and this manages to escape.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tiens, les PROTO-AMAS STELLAIRE se fragmentent.

Look, the PROTO-STELLAR CLUSTERS are fragmenting.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pourquoi !?

Why!?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sous l’effet des forces de gravité la matière a naturellement tendance à se FRAGMENTER en « cellules » ayant un rayon égal au RAYON DE JEANS.Celui-ci est d’autant plus grand que la température est élevée. S’il y a une chute brutale de cette température, le rayon de Jeans diminue, et devient inférieur au rayon de l’objet. Il y a donc fragmentation immédiate.

Under the effect of gravity, matter has a natural tendancy to FRAGMENT into "cells" with a radius equal to the JEANS RADIUS. The higher the temperature, the higher it is. If the temperature drops suddenly, the Jeans radius diminishes and becomes less than the radius of the object. There is immediate fragmentation therefore.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le grumeau se contracte et chauffe

The lump contracts and heats up

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

émet brutalement du rayonnement UV

and suddenly emits UV radiation

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ceci le refroidit et il se fragmente

this cools it and it fragments

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

34.

Nous assistons donc à un phénomène de FRAGMENTATION HIÉRARCHIQUE, mais dans l’autre sens

We are seeing a HIERARCHICAL FRAGMENTATION phenomenon but in the other direction.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et où cela s’arrêtera-t-il ?

And where will it stop?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LA FUSION

FUSION

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le plus simple, c’est de faire l’expérience. Dans ce cylindre, je vais comprimer de la matière. On verra bien…

The simplest thing to do is to experiment. In this cylinder I'm going to compress matter. We'll see what happens …

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

c’est tout vu

we're watching

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

que s’est-il passé ?

what happened?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La FUSION, mon chéri, la fusion. Si tu comprimes de l’hydrogène, les noyaux fusionnent et ça dégage de l’énergie. Si tu m’avais demandé, aussi…

FUSION, my friend, is fusion. If you compress hydrogen, the nucleii will fuse and that will release energy. If you had also asked me…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regardez, ça crache méchamment

Look, it's spitting nastily

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

les étoiles s’allument

the stars are lighting up

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ça va durer longtemps ?

will it last long?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

35.

A ce train d’enfer, nos jeunes seraient vite à court d’hydrogène, mais cela ne va pas tarder à se calmer. 

At this rate the youngsters will soon run out of hydrogen, but it won't be long before it calms down.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

vous me rassurez !

I'm glad about that!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Toute la matière se transforme ainsi en étoiles ?

So does all matter turn into stars like that?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pas exactement.Quand une étoile naît, elle émet du rayonnement à tout-va, et aussi de la matière. Ce qui faisant, elle chauffe (donc stabilise) la matière environnante ou disloque ce qui était en train de se former péniblement tout autour.

Not quite. When a star is born it radiates light with no holding back, as well as matter. In doing so it heats up (and so stabilises) the surrounding matter or dislocates what was painfully being formed around it.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

autrement dit, à ce stade, la GALAXIE est un mélange d’étoiles très émissives et de GAZ RÉSIDUEL.

In other words, the GALAXY is a mixture of stars that emit a great quantity of RESIDUAL GAS.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

36.

LES Etoiles rayonnent de l’énergie et chauffent le gaz. Elles accroissent ainsi sa PRESSION…

Stars radiate energy and heat the gas, so increasing the PRESSURE…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

GALAXIES

GAZ

GALAXIE D’ÉTOILES
GAZ RÉSIDUEL

GALAXIES

GAS

GALAXIES OF STARS
RESIDUAL GAS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

et ces FORCES DE PRESSION dilatent le halo gazeux.

And the PRESSURE FORCES dilate the gaseous halo.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette « ATMOSPHÈRE GALACTIQUE » déborde bien au-delà de la frontière de la « GALAXIE D’ÉTOILES"

This "GALACTIC ATMOSPHERE" largely overruns the edge of the "STAR GALAXY"

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette galaxie très massive (mille milliards d’étoiles) semble avoir totalement perdu son gaz. Pourquoi ?

This very massive galaxy (a thousand billion stars) seems to have completely lost its gas. Why?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est vrai ! Où est passé son GAZ RÉSIDUEL ?

It's true! Where has the RESIDUAL GAS GONE?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il n’y en avait peut-être pas…

Maybe there wasn't any…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ça s’est calmé maintenant. Mais lorsque les mille milliards d’étoiles de cette galaxie se sont allumées d’un coup, c’était un véritable FOUR.

It's calmed down now. But when the thousand billion stars of this galaxy suddenly lit up it was a real OVEN.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

37.

Ainsi la VITESSE D’AGITATION THERMIQUE (*) a atteint plusieurs centaines de kilomètres par seconde, valeur supérieure à la VITESSE DE LIBÉRATION. Tous les atomes du gaz résiduel ont alors quitté cette vaste cuvette qu’est cette galaxie.

In this way the THERMAL AGITATION SPEED (*) attained several hundred kilometers a second, a higher value than the LIBERATION SPEED. Then all the atoms of residual gas left the enormous basin of this galaxy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

En quelque sorte, les FORCES DE PRESSION ont éjecté le gaz hors de cette cuvette.

In a certain fashion, the gas was ejected from the basin by PRESSURE FORCES.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je suppose qu’il va bien un jour retomber dans la cuvette ?

I suppose that one day it will fall back in?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les particules du gaz résiduel, dans ce cas, ont acquis trop de vitesse et sont parties trop loin. Elles ne reviendront jamais. De plus, en se détendant, ce gaz est devenu extrêmement raréfié.

In this case the particles of residual gas have acquired too great a speed and have gone too far. They'll never come back. As well as that, the gas has become extremely rarified.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce qui veut dire que les atomes ne se rencontrent plus et qu’ils conserveront…

…éternellement leur vitesse.

In other words, the atoms will never meet again and will… conserve their speed forever.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Voir aussi SI ON VOLAIT ? BELIN

(*) See IF WE FLEW?
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

38.

L’ensemble des galaxies d’un AMAS va donc baigner dans ce milieu diffus, porté à des millions de degrés, mais très raréfié, émis par les galaxies lourdes.

The galaxies forming a CLUSTER will bathe in this diffuse milieu therefore, brought to millions of degrees but extremely rarified, emitted by heavy galaxies

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

GALAXIES LÉGÈRES

GALAXIES LOURDES

LIGHT GALAXIES


HEAVY GALAXIES

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les galaxies légères sont des fours moins violents. Elles conserveront leur gaz.

Light galaxies have less violent ovens. They retain their gas.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Elles évoluent dans la dépression-amas comme des œufs dans une poêle chaude.

They evolve in the depression-cluster like eggs in a hot frying pan.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les galaxies légères ont un « blanc » est un « jaune », alors que les galaxies lourdes, dites ELLIPTIQUES, n’ont qu’un gros jaune.

Light galaxies have a "white" and a "yolk", whereas heavy galaxies, called ELLIPTIC, only have a large yolk.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les halos de gaz résiduel des galaxies légères accroissent les chances de ces objets d’interagir. Le mouvement de rotation des halos de gaz est accentué.

The residual gas halos of light galaxies increase the chances that these objects will interact. The rotation movement of the gas halos is accentuated.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

39.

Les étoiles se sont sacrément calmées. À côté de ce qu’elles étaient à leur naissance, ce sont devenues de simples braises

The stars have really calmed down. In relation to what they were at birth they've become simple embers

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si elles avaient continué à ce train-là elles n’auraient pas fait long feu.

If they'd carried on at that rate they wouldn't have lasted long.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le gaz résiduel des galaxies légères émet du rayonnement.

The residual gas of light galaxies emits radiation

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

D’où vient ce rayonnement ?

Where does this raditation come from?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

des atomes. Tiens regarde

From atoms, look.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Deux atomes entrent en collision …

Two atoms collide…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

… ce qui s’accompagne d’émission de rayonnement. Dans cette opération, une partie de l’énergie cinétique des atomes est convertie en énergie radiative.

…which is accompanied by radiation emission. During the operation, a part of the atoms' energy is converted into radiant energy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La vitesse d’agitation thermique des atomes diminue. Cette masse gazeuse se REFROITDIT et qui dit TEMPÉRATURE dit PRESSION

The atoms' thermal agitation speed diminishes. This gaseous mass COOLS and who says TEMPERATURE says PRESSURE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

40.

REFROIDISSEMENT RADIATIF DU GAZ

RADIATIVE COOLING OF GAS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La force de pression faiblissant, le gaz résiduel, INTERSETLLAIRE, va reprendre sagement sa place dans la « cuvette-galaxie ».

With the weakening force of pressure, the residual INTERSTELLAR gas will quietly return to its place in the "galaxy-basin".

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

le « blanc » est retourné sur le « jaune »

The "white" is back with the "yolk".

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le MODÈLE présenté ici est une description à 2 DIMENSIONS (la troisième dimension étant utilisée pour figurer la courbure, le champ gravitationnel, etc …). Les GALAXIES sont des objets tridimensionnels. Les galaxies, qui ne tournent pas, ou très peu, auront une forme voisine de la SPHÈRE. Les galaxies en rotation rapide seront, en revanche, aplaties comme des crêpes. La nôtre, la VOIE LACTÉE, fait un tour sur elle-même en 200 millions d’années.

Lorsque le gaz résiduel retombe sur sa galaxie, la force centrifuge empêche la contraction dans un sens radial. Par contre, rien ne s’opposera à la contraction selon l’axe de rotation. Le gaz interstellaire, dans les galaxies, aura la forme d’un DISQUE TRÈS APLATI :

GAZ CHAUD

GAZ FROID

ÉTOILES
LA DIRECTION

The MODEL presented here is a 2 dimensional  description (the third dimension being used to represent the curvature, the gravitational field, etc.). GALAXIES are three dimensional objects. Galaxies which don't rotate, or very little, would have a shape similar to that of a SPHERE. Howevever, galaxies in rapid rotation will be flattened like pancakes. Our galaxy, the MILKY WAY, turns on itself over 200 million years. When the residual gaz falls back onto a galaxy, centrifugal force hinders its contraction in the radial direction. However nothing will oppose contraction according the axis of rotation. Interstellar gas, in galaxies, will have the shape of a VERY FLAT DISC.

HOT GAS

COLD GAS

STARS
THE MANAGEMENT

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

41.

Si j’ai bien compris, dans l’Univers, il y a essentiellement deux types de galaxies :

( Des galaxies lourdes, elliptiques, pratiquement dépourvue de gaz

( Des galaxies plus légères, de dix à cent milliards d’étoiles, qui se présentent comme un MÉLANGE de deux gaz : le GAZ D’ÉTOILES et le GAZ INTERSTELLAIRE.

If I've understood it correctly, in the Universe there are essentially two types of galaxies:

( Heavy galaxies, elliptical and practically without gas

( Lighter galaxies, with ten to a hundred billion stars which present themselves as a MIXTURE of two gases: the GAS OF STARS and INTERSTELLAR GAS.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

la SOUPE STELLAIRE contient en effet tellement d’étoile qu’elles sont assimilables aux MOLÉCULES D’UN « GAZ D’ÉTOILES » 

In effect, the STELLAR SOUP contains so many stars that it could be compared to the MOLECULES OF A "STAR GAS".

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LA STRUCTURE SPIRALE

THE SPIRAL STRUCTURE.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regardez, il se passe quelque chose de tout à fait singulier : les gaz interstellaires et le « gaz d’étoiles » ne tournent pas à la même vitesse. Alors le milieu interstellaire devient HÉTÉROGÈNE.

Look, something very singular is happening: interstellar gases and "star gas" are not revolving at the same speed, so the interstellar milieu becomes HETEROGENOUS.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le gaz résiduel tourne plus vite

The residual gas revolves more rapidly.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il se distribue en filaments de forme 
SPIRALE

It's distributed in filaments of SPIRAL shape

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

42.

Tiens, qui est ce personnage ?

Hello, who's this person?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je suis … astrophysicien

I'm an…astrophysicist.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et tous ces tentacules, c’est pourquoi faire ?

And all these tentacles, what are they for?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

pour mieux appréhender tous les phénomènes qui interviennent dans les galaxies

To better understand all the phenomena occurring in galaxies.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pendant qu’on vous tient, pourriez-vous nous dire quelle est la raison suffisante de la STRUCTURE SPIRALE DES GALAXIES

While you're at it, can you tell us the reason for the SPIRAL STRUCTURE OF GALAXIES?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah, un spécialiste !

Ah, a specialist!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

la STRUCTURE SPIRALE !?

The SPIRAL STRUCTURE!?
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Précisément

Precisely

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il a disparu ! …

It's disappeared!…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ténébreuse affaire …

Shady business…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

réponse nébuleuse

foggy reply

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

43. 

Vous avez compris ce qu’il a dit ?

Did you understand what he said?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

il a dit FLOUP !

He said FLOOP!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, moi j’aimerais bien comprendre

Well I'd like to understand

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je crois que j’ai une idée

I think I've got an idea

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Primo je déforme le fond de la poêle comme ceci…

First I deform the bottom of the pan like this…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tu as vissé cet objet sur le plateau du gramophone. Pourquoi ?

Why did you screw this object to the gramophone platter?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

tu vas voir ce que tu vas voir !

You'll see

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comprends pas…

I don't get it…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

44.

Je remplis le plateau de liquide et je mets le tout en rotation

I fill the tray with liquid and I set everything in rotation

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Voilà !

There you are!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La poêle figure le milieu stellaire, et le café le gaz interstellaire résiduel. Si je freine le plateau, le café tournera PLUS VITE que la poêle et apparaîtront dans ONDES SPIRALES.

The pan represents the stellar milieu, and the coffee the residual interstellar gas. If I brake the tray the coffee will revolve FASTER than the pan and SPIRAL WAVES will appear.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La STRUCTURE SPIRALE des galaxies possédant du gaz résiduel serait donc due à un phénomène de FRICTION DYNAMIQUE, deux ensembles fluides :le GAZ INTERSTELLAIRE et le « GAZ D’ÉTOILES » , tournant à des vitesses différentes, « FROTTENT » l’un sur l’autre, de même que le liquide frotte sur le fond de la poêle…

The SPIRAL STRUCTURE of galaxies possessing residual gas is therefore due to a phenomenon of DYNAMIC FRICTION, two fluid ensembles: INTERSTELLAR GAS and "STAR GAS", revolve at different speeds "RUBBING" against each other in the same way as liquid rubs the bottom of the pan.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

… de même que le café frotte sur le fond de la tasse.

…and in the same way as coffee rubs on the bottom of a cup.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

45.

Mais, pourquoi les galaxies ELLIPTIQUES n’ont-elles pas de structure spirale ?

But why don't ELLIPTICAL galaxies have a spiral structure?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tout simplement parce qu’elles n’ont pas de GAZ RÉSIDUEL. Elles l’ont perdu lors de l’allumage de leurs ÉTOILES PRIMAIRES.

Simply because they don't have RESIDUAL GAS. They lost it at the moment of ignition of their PRIMARY STARS.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

C’est également un phénomène de FRICTION DYNAMIQUE qui crée la structure spirale lors de la vidange d’un évier.

A DYNAMIC FRICTION phenomenon is also responsible for creating the spiral structure when a sink is emptied.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dites, c’est grave, ce que vous dites. Ainsi la clef du mystère des galaxies spirale pourrait se trouver au fond des tasses de café, ou des éviers ?!?

Hmm, what you're saying is serious. So the key to the mystery of spiral galaxies could be found at the bottom of coffee cups or sinks?!?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les galaxies seraient-elles les orifices de vidange du cosmos ?

So could galaxies be the drain holes of the cosmos?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Là, on faisait interagir un fluide et une paroi solide. Essayons avec un système où deux masses fluides interagissent.

There we caused an interaction between a fluid and a solid wall. Let's try with a system in which two fluid masses interact.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

J’ai emprisonné du gaz sous cette cloche et placé un liquide dans ma poêle. Grâce à ce système, je peux étudier ce qui se passe quand une masse gazeuse interagit avec une autre masse fluide

I've imprisoned the gas under this bell jar and put a liquid in my pan. Thanks to this system I can study what happens when a gaseous mass interacts with another fluid mass.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

46.

Ce frottement liquide-gaz est relativement faible. Tu vas créer des fluctuations locales de la température et de la pression, très modérées : quelques pour cent tout au plus…

The rubbing together of liquid and gas is relatively weak. It will create very moderate local temperature and pressure fluctuations, a few per cent at most…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais mon gaz est surchargé de vapeur d’eau. Elle ne demande qu’à se CONDENSER à la moindre perturbation de température (*)

but my gas is supercharged with water vapour. It just wants to CONDENSE when there is the slightest temperature disturbance (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regardez ! Anselme a fabriqué un superbe CYCLONE ARTIFICIEL

Look! Archibald has made a superb ARTIFICIAL CYCLONE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

très joli !

very pretty!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ma parole, Max, tu as raison !

Dans un cyclone, une masse d’air surchargée d’humidité « frotte » sur son support fluide, ce qui crée des perturbations de PRESSION, de TEMPÉRATURE, qui DÉCLENCHENT la condensation de la vapeur d’eau. Et ce phénomène SECONDAIRE révèle très violemment le phénomène spiral PRIMAIRE (**)

My word Max, you're right!

In a cyclone, a mass of air supercharged with humidity "rubs" on its fluid support, this creates PRESSURE and TEMPERATURE perturbations which SET OFF the condensation of water vapour. This SECONDARY phenomenon violently reveals the PRIMARY spiral phenomenon. (**)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon, mais quel rapport avec les galaxies La structure spirale n’est quand même pas un nuage de vapeur d’eau ?

OK, but what has that got to do with galaxies? The spiral structure isn't a water vapour cloud after all.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Vapeur SURCRITIQUE
(**) Phénomène qui dégage par ailleurs de la chaleur et alimente le cyclone en énergie (mais ceci est une autre histoire).

(*) SUPERCRITICAL vapour

(**) A phenomenon which releases heat and feeds the cyclone with energy (but that's another story)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

47.

Revenons à notre MODÈLE de galaxie. Une masse fluide représentant le « GAZ D’ÉTOILES  » tourne dans sa « CUVETTE ». Elle est surmontée par une masse de GAZ RÉSIDUEL qui tourne un peu plus vite. Il s’en suit un phénomène de FRICITON DYNAMIQUE  et la distribution de MASSE varie, la perturbation ayant une géométrie SPIRALE.

Let's return to our MODEL of galaxies. A fluid mass representing the "STAR GAS" turns in its "BASIN". It is topped by a mass of RESIDUAL GAS which revolves slightly faster. DYNAMIC FRICTION results and the MASS distribution varies, the perturbation having SPIRAL geometry.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Toute concentration de MATIÈRE (étoile ou gaz) creuse aussitôt la mousse-support. Là où il y a MASSE, il y a COURBURE

Every concentration of MATTER (star or gas) quicky mines into its foam-support. Where there is MASS there is CURVATURE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

MOUSSE-SUPPORT

FOAM-SUPPORT

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

autrement dit, il apparaîtra des sortes de VALLÉES de forme spirale, où le gaz aura tendance à se rassembler

in other words, sorts of spiral shaped VALLEYS appear, where gas will tend to assemble

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais je ne vois toujours pas de concentration de vapeur d’eau

but I still can't see a water vapour concentration.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ramassons un peu de gaz interstellaire

Let's collect a bit of interstellar gas

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Regardons ce qui arrive au gaz interstellaire lorsqu’il « tombe » dans  ces sortes de vallées…

Let's look at what happens to interstellar gas when it "falls" into these 'valleys'

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

48.

LE MÉTABOLISME GALACTIQUE

GALACTIC METABOLISM
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

On va se mettre ans un coin tranquille loin de toute galaxie

We'll go into a quiet corner far from any galaxy

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Que se passe-t-il si je crée un creux dans la mousse-support ? Le gaz va « tomber » dedans…

What happens if I create a hollow in the foam-support? The gas will "fall" in…

_____________________________________________________________________

_____________________________________________________________________

Allons-y

Let's go

_____________________________________________________________________

On va retrouver tous les phénomènes décrits dans les pages 32 à 35

We'll find the same phenomena as those described on pages 32 to 35

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le gaz se contracte et s’échauffe

The gas will concentrate and heat up.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il se refroidit alors rapidement par rayonnement

It then cools rapidly by radiation

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Déstabilisé, il se fragmente en une myriade de proto étoiles, qui vont aussitôt…

Destabilised, it fragments into a myriad of proto-stars which will immediately…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

…s’allumer en donnant des 
ETOILES SECONDAIRES.

…light up and give SECONDARY STARS
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

49.

avec cette sorte de réglette je vais cette fois crée une VALLÉE.

With this sort of ruler I'm going to create a VALLEY 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

même chose : Les étoiles naissent dans ces creux, dans cette vallée.

The same thing: stars are born in the hollows of the valley.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Anselme a raison : la perturbation spirale, qui tourne, elle, très lentement, se traduit par ces cortes de vallées relativement peu accusées (quelque pour cent du creux général de la « cuvette-galaxie »)

Archibald is right: the spiral perturbation, revolving very slowly, translates as these relatively shallow sides (a few per cent of the general hollow, the "galaxy-basin")

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le gaz interstellaire tourne plus vite que la perturbation spirale. Nous voyons ici un élément de gaz qui s’apprête à entrer dans cette sorte de « vallée »

The interstellar gas revolves more rapidly than the spiral perturbation. Here we see an element of gas which is about to enter the "valley".

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

50.

Lorsqu’il arrive au fond de ce vallon il se trouve comprimé et donne, au passage, naissance à quelques ÉTOILES DE SECONDE GÉNÉRATION. Puis il ressort tranquillement. Ces BRAS SPIRAUX sont donc des lieux de naissance de nouvelles étoiles. 

When it arrives at the bottom of the valley it finds itself compressed and gives birth, in passing, to a few SECOND GENERATION STARS. Then it quietly leaves. The SPIRAL ARMS are therefore the places where new stars are born.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Hum…

Hmm…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LES CYCLONES DE L’UNIVERS

CYCLONES OF THE UNIVERSE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans les cyclones terrestres, la perturbation initiale est faible, mais l’atmosphère, chargée d’humidité, et donc INSTABLE, révèle le phénomène par condensation de la vapeur d’eau

In terrestrial cyclones the initial perturbation is slight but the atmosphere, charged with humidity and therefore UNSTABLE, reveals the phenomenon of water vapour condensation.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans les galaxies, la perturbation spirale primitive est également faible, mais le gaz interstellaire, INSTABLE, révèle le phénomène par déclanchement de la condensation de matière

In galaxies, the primitive spiral perturbation is also slight, but UNSTABLE interstellar gas reveals the phenomenon by setting off the condensation of matter.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Très joli, votre théorie. Mais, ces étoiles de la deuxième génération, on devrait en trouver plein la galaxie !

Your theory is very pretty but as for these second generation stars, we should find lots of them in the galaxy!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

51.

Or ces étoiles jeunes, très chaudes, on ne les trouve que dans les bras spiraux, où elles signalent leur présence en illuminant fortement le gaz interstellaire…

However we only find these young and very hot stars in the arms of the spiral, where they signal their presence by a strong illumination of the stellar gas.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tu oublie, Léon, que ces étoiles ne restent pas jeunes très longtemps. Dix mille ans tout au plus. Le temps de brûler  un maximum d’hydrogène. Quand elles quittent les bras, elles sont déjà MOURANTES, ce ne sont plus que des braises.

But Leon, you're forgetting that these stars don't remain young for very long. Just long enough to burn a maximum amount of hydrogen. When they leave the arms they are already DYING, they're just embers.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

et on ne les détecte plus

and we can no longer detect them.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le GAZ INTERSTELLAIRE n’est également bien visibles que dans les bras, où il est violemment éclairé par ces étoiles jeunes. Après, sorti des bras, il redevient sombre.

INTERSTELLAR GAS too is only clearly visible in the arms, where it is brightly lit by the young stars. Once it leaves the arms it becomes dark.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

52. 

ŒIL

EYE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Mais, sur Terre, les cyclones possèdent par exemple un ŒIL, parfaitement CALME

But on Earth, for example, cyclones have an EYE, perfectly CALM
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Eh, bien, figure-toi que les galaxies spirales, ces cyclones de la PLANETE-UNIVERS, possédant également un ŒIL CENTRAL !

And you know what, these PLANET-UNIVERSE cyclones also have a CENTRAL EYE!
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

LA ROTATION DIFFÉRENTIELLE

DIFFERENTIAL ROTATION

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Revenons à la tasse de café

Let's get back to the cup of coffee.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Comme dans la tasse de café, les objets, dans une galaxie, ne tournent pas à la même VITESSE ANGULAIRE. Le Soleil, qui est à la périhélie galactique, fait le tour de notre galaxie en 200 millions d’années

Just as in the cup of coffee, so the objects in a galaxy don't all revolve at the same ANGULAR VELOCITY. The Sun, which is at the galactic perihelion, takes 200 million years to go round our galaxy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

- Soleil : un tour en 200 millions d’années

- Un tour en cent millions d’années

- Un tour en cinquante million d’années

- Sun: a revolution in 200 million years

- A revolution in 100 million years

- A revolution in 50 million years

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

53.

Bref la partie centrale d’une galaxie tourne plus vite que sa périphérie

In short, the centre of a galaxy revolves more quickly that its periphery.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce sont des éviers, vous voyez bien !

They're sinks, obviously!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Depuis que Tirésias a failli disparaître dans un trou noir, c’est devenu son idée fixe !

Since Tiresias almost disappeared into a black hole, he's become very wary.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ca n’est pas idiot. Il y a des tas de gens très bien qui pensent qu’il y a un gros trou noir au centre des galaxies…

That isn't silly. Lots of very nice people think that there is a big black hole at the centre of galaxies.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Voici une »VRAIE » galaxie, avec des mouvements dans les trois dimensions

Here's a "REAL" galaxy, with movement in three dimensions.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Schématiquement, les étoiles, qui sont des éléments du « gaz d’étoiles » (donc assimilables à des «  molécules ») traversent à chaque tour les DISQUE DE GAZ, ultra-plat.

Schematically, stars, which are elements of "star gas" (so assimilable to "molecules") cross the ultra-flat GAS DISC with each revolution

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ceci explique pourquoi l’interaction milieu stellaire – milieu interstellaire est relativement faible

This explains why the interaction 'stellar milieu-interstellar milieu' is relatively weak.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

DISQUE DE GAZ

GAS DISC

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je suppose que c’est parce qu’elles n’interagissent avec le gaz que lorsqu’elles traversent ce disque plat ?

I suppose it is because they only interact with the gas when they cross the flat disc.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Exact !

Exactly!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

54.

Au centre des galaxies, primo  il y a plus d’étoiles secundo leur période de rotation est plus brève.

Firstly, in the centre of galaxies there aren't any stars, and secondly, their rotation period is shorter.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Donc, dans cette région l’interaction, frottement milieu stellaire sur milieu interstellaire est plus important.

So in this region the interaction, the friction between the stellar and the interstellar milieus, is greater.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Un tour en 50 millions d’années

Once round in 50 million years.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

En conséquence cette structure sera plus marquée dans la région centrale, qui pourra même se transformer en BARRE

Consequently, this structure will be more marked in the central region and could transform itself into a BAR
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Revenons au gaz. Que se passe-t-il si j’abandonne à lui-même un grumeau de GAZ INTERSTLLAIRE ?

Let's get back to the gas. What happens if I let a lump of INTERSTELLAR GAS just do as it likes?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

cette fois-ci on n’intervient pas !

this time we won't intervene..

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

On regarde juste.

We'll just watch.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le gaz se refroidit naturellement par rayonnement. Sa distance de Jeans diminue et il se fragmente.

The gas is cooling naturally by radiation. Its Jeans distance diminishes and it fragments.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans les bras de galaxies, le gaz a aussi tendance à se rassembler en gros grumeaux dont le rayon est égal au RAYON DE JEANS (*)

In the arms of galaxies the gas also has a tendancy to collect into large lumps whose radius is equal to the JEANS RADIUS (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) Dans les « vraies » galaxies, l’épaisseur du disque est aussi voisine de ce rayon.

(*) In "real" galaxies the thickness of the disc is also close to this radius.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

55.

mais ces grumeaux de gaz vont continuer à se refroidir en émettant du rayonnement ?

but won't these lumps of gas continue to cool by radiating?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Oui, mais les étoiles jeunes qui naissent dans ces nuages y réinjectent de l’énergie en continu

Yes, but the young stars born in the clouds will continually reinject energy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tu va voir. On va faire l’expérience. Je prends une lampe à ultra-violets

You'll see. We'll do an experiment. I take an ultra-violet lamp

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tu vas faire bronzer un grumeau de matière interstellaire ?

Are you going to tan a lump of interstella matter?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Avec ce type de rayonnement,qui simule celui émis par les jeunes étoiles, très chaudes, je chauffe le grumeau. Qui dit CHALEUR dit PRESSION, et l’accroissement de a pression interne dilate le grumeau de gaz

With this type of radiation, which simulates that emitted by young, very hot stars, I heat up the lump. Where there is HEAT there is PRESSURE, and the increase in internal pressure dilates the gas lump.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si l’injection d’énergie est trop violente, je peux même disperser la matière du grumeau en le disloquant

If the injection of energy is too violent I could even disperse the matter in the lump by dislocating it.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Une question subsiste : une ÉTOILE, c’est QUOI?

A question remains: a STAR…WHAT IS IT?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

56.

PHÉNOMÈNE STELLAIRE

STELLAR PHENOMENON
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

au centre d’un grumeau de gaz, les conditions de température et de pression deviennent telles que l’hydrogène FUSIONNE en dégageant beaucoup d’énergie

at the centre of a gas lump the temperature and pressure conditions become such that hydrogen FUSION occurs, emitting a great deal of energy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce qui accroît la PRESSION au centre de l’étoile. Il ne faut pas oublier que la pression n’est que la mesure d’une quantité d’énergie par unité de volume

This increases the PRESSURE in the centre of the star even more. Don't forget that pressure is only the measure of the quantity of energy per unit of volume.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

En somme, une ÉTOILE est une sorte de marmite à auto-allumage, qui se chauffe toute seule.

In short, a STAR is a sort of automatic stewpot, it heats up all by itself.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le DIAMÈTRE de l’étoile dépend de la quantité d’énergie dégagée. Immédiatement après sa naissance, l’étoile est très riche en hydrogène. Elle « carbure » alors comme une folle et se dilate un grand coup

The DIAMETER of the star depends on the quantity of energy released. Immediately after its birth the star is extremely rich in hydrogen, so it 'burns' like a madman and dilates consideraby.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

57.

Puis ça se calme et l’étoile connaît une longue phase relativement tranquille

Then it calms down and the star goes through a long, relatively tranquil phase

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

elle mitonne gentiment

it simmers gently

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

un jour l’hydrogène vient à manquer

one day the hydrogen runs out

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le « couvercle » retombe, c’est-à-dire que l’étoile se CONTRACTE. La densité et la température montent, montent

The "lid" falls in, that is to say that the star CONTRACTS. The density and temperature climb and climb

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bien souvent, l’étoile explose, car des réactions de fusion, consomme l’hélium formé, puis le carbone et le silicium, démarrent très brutalement

Because fusion reactions consume the helium formed,  then the carbon and silicium, the star often explodes brutally

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’étoile devient une SUPERNOVA

The star becomes a SUPERNOVA
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Heureusement, ce genre de chose ne se produit qu’une fois par siècle dans une galaxie !


Luckily this sort of thing only happens in a galaxy once a century

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Le couvercle est retombé au fond de la marmite. Il ne reste qu’un objet assez minable. Triste fin.

The lid has fallen to the bottom of the pan. All that remains is a pretty useless object. A sad end.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

58.

Mais, une fois par siècle, Léon, c’est un rythme TRÈS rapide. Pense qu’une galaxie tourne sur elle-même en 200 millions d’années

But Leon, once a century is a VERY rapid rhythm. Remember, a galaxy takes 200 million years to revolve on itself.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Diable, cela fait deux millions de SUPERNOVAE par …tour ?

Heavens, that makes two million SUPERNOVAE per revolution!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les SUPERNOVAE projettent leurs débris à des centaines d’années-lumière (*)

The SUPERNOVAE project their debris for hundreds of light years (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Explosant n’importe où et n’importe quand, les supernovae entretiennent un solide désordre dans le milieu interstellaire…

Supernovae explode anywhere at any time and maintain great disorder in the interstellar milieu.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et ces supernovae réalimentent-elles aussi le gaz interstellaire en énergie ?

And these supernovae feed energy back into the interstellar gas.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Encore une qui a pété

Another one that's gone bang.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Allons chercher un endroit plus calme

Let's go and find somewhere quieter.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) une galaxie a un diamètre de cent mille années-lumière

(*) A galaxy has a diameter of a hundred million light years

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

59.

TYPES D’ÉTOILES

TYPES OF STARS
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Recette pour fabriquer une étoile :prendre une masse M de gaz

Recipe for making a star; take a mass M of gas

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

DYNAMIQUE STELLAIRE

STELLAR DYNAMICS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Couvrir. Laisser infuser 100 000 ans

Cover. Let it infuse for 100,000 years.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Diable, cela fait un bout de temps que j’attends. Et…rien !?

Hmm, I've been waiting quite a while already and…nothing!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Combien en as-tu mis ?

How much did you put in?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je ne sais pas…un dixième de masse solaire

I don't know…a tenth of a solar mass

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Insuffisant. La PRESSION et la TEMPÉRATURE vont rester en dessous du seuil.

Not enough. PRESSURE and TEMPERATURE will remain below the threshold

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Bon ! cette fois-ci je vais lui en mettre !

OK. This time I'm really going to put in a lot!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Rien non plus. Incroyable !?

Still nothing. Incredible!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tiens, le couvercle a disparu ?!

Hello, the cover has disappeared

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

60.

gagné ! un TROU NOIR !

Got it! A BLACK HOLE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’étoile-type c’est une demi-masse solaire

The typical-star has half a solar mass

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah, c’est vrai ! avec cet espace qui n’est pas solide…

Ah, it's true, with this space that isn't solid…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Voilà. Après la phase un peu sèche de l’allumage, l’étoile atteint son régime de croisière

There you are. After a fairly quiet ignition phase, the star reaches its cruising speed.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

tiens, qu’est-ce que c’est encore ?

Huh, what's happening now?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

CÉPHÉIDES

CEPHEIDS
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

tu as fabriqué une ETOILE VARIABLE. Son diamètre oscille et, à chaque contraction, elle émet une bouffée de rayonnement

You've made a VARIABLE STAR. Its diameter oscillates and, with each contraction, it emits a puff of radiation.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Plus la masse d’une CÉPHÉIDE est forte et plus sa période est longue. Un étalonnage (parallaxe) en distance a permis d’utiliser ces étoiles pour mesurer la distance qui nous séparait de la galaxie d’Andromède

La Direction

The greater the mass of a CEPHEID, the longer its period. A measure (parallax) of distance has allowed us to use these stars to measure the distance separating us from the Andromeda galaxy.

The Management

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

61.

Plus une étoile est MASSIVE, plus elle évolue VITE. Une étoile de type solaire peut carburer paisiblement des milliards d’années, alors qu’une étoile jeune, massive, consomme son hydrogène en un million d’années. Elle connaît alors une fin explosive

The more massive a star, the quicker it evolves. A star of the solar type can burn peacefully for billions of years but a young, massive star uses up its hydrogen in a million years. It will have an explosive end.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

MASSE SOLAIRE

10 MASSES SOLAIRES

SOLAR MASS

10 SOLAR MASSES

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Les étoiles massives sont des étoiles à risque

Massive stars are stars at risk.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je vais poser une question à la Tirésias :

À QUOI SERVENT LES ÉTOILES !

I'm going to ask Tiresias a question:

WHAT USE ARE STARS?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

EXCELLENTE QUESTION !

EXCELLENT QUESTION!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans le cœur des étoiles les noyaux d’atomes sont soumis à des très fortes pressions. La FUSION des quatre noyaux d’hydrogène donne …

In the heart of stars, nucleii of atoms are subjected to extremely high pressures. The FUSION of four hydrogen nucleii gives…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

… de l’hélium

…helium

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

62. 

LES SPORES DE L’UNIVERS

THE SPORES OF THE UNIVERSE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette étoile est très près de son point d’instabilité. Elle a consommé tout son hydrogène. Ecartez-vous, je fais la déclencher

This star is very close to its instability point. It has consumed all its hydrogen. Stand back, I'm going to set it off

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Eh, Attention !!!

Eh, careful!!!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

joli n’est-ce pas ?

pretty isn't it?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Nom de Dieu !

Heavens!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Voilà. Plus qu’à ramasser oxygène, fer, silicium, tous les atomes de la TABLE DE MENDELEÏEV

There you are. Now we just have to collect up the oxygen, iron, silicium, all the atoms of the MENDELEIEV TABLE

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais, cette NUCLÉOSYNTHÈSE, c’est pour quoi faire ?

but what use is this NUCLEOSYNTHESIS?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pour faire la VIE

To make LIFE

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

63. 

Les atomes lourds s’agglomèrent pour donner des POUSSIÈRES microscopiques…

Heavy atoms agglomerate to give microscopic DUST…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

… qui serviront le CATALYSEUR NATUREL pour synthétiser les PREMIÈRES MOLÉCULES.

…which would serve the NATURAL CATALYST to synthesise the FIRST MOLECULES
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

NUAGES & PLUIE

CLOUDS AND RAIN

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette matière rejetée par les étoiles, soit dans une lente exhalaison, soit à travers une mort violente, réenrichit la masse du gaz interstellaire

The matter ejected by stars, either by a slow exhalation or through violent death, re-enriches the mass of interstellar gas

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

En somme, un atome, pris au hasard, peut très bien avoir habité dans de nombreuses étoiles différentes, surtout si son noyau est lourd

In sum, an atom, chosen randomly, may well have lived in many different stars, especially if it has a heavy nucleus

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ce cycle de passage des atomes dans les étoiles s’accompagne d’un enrichissement constante en ÉLÉMENTS LOURDS par exemple en métaux : Fer, Nickel, Cuivre

this cycle of the passage of atoms in stars is accompanied by a constant enriching in HEAVY ELEMENTS, metals for example: Iron, Nickel, Copper.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Alors, plus les étoiles sont JEUNES et plus elles sont riches en MÉTAUX !

So the younger stars are, the richer they are in METALS!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

64.

Anselme, qu’est-ce que tu fais ?

Archibald, what are you doing?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

venez avec moi

come with me

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

c’est le moment de faire une synthèse de tout ce que nous savons sur les galaxies

it's time to make a synthesis of all we know about galaxies

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

j’ai ici les meilleures données d’observation

here I have the best observational data

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

De la matière. D’abord deux cent milliards d’étoiles

Of matter. First, two hundred billion stars.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

un peu de gaz interstellaire

a little bit of interstellar gas

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

on fait tourner l’ensemble

we make it all turn

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais… que se passe-t-il ?

but…what's happening

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

tout fout le camp !!?

everything is disappearing !!?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sophie, je suis consterné. Ma galaxie a complètement explosé. Pourtant j’avais utiliser les données s’observations les plus récents !

Sophie, I'm dismayed. My galaxy has completely exploded yet I used the most recent observational data.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

complètement raté…

failed completely…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

65.

LA MASSE MANQUANTE

MISSING MASS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Dans cette représentation, la force centrifuge est plus forte que la force d’attraction gravitationnelle. La MASSE mise en jeu et 2 FOIS TROP FAIBLE.

In this representation centrifugal force is stronger than the force of gravitational attraction. The MASS involved is TWO TIMES TOO WEAK.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si on se base sur les données d’observation, le modèle ne colle pas du tout. C’est embêtant…

If we use the observational data as a base, the model doesn't fit at all. That's annoying…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Autrement dit :

PERDU 200 MILLIARDS D’ETOILES. TOUTE INFORMATION PERMETTANT DE RETROUVER CETTE MASSE MANQUANTE SERAIT TRÈS BIENVENUE.

In other words:

LOST 200 MILLION STARS. ANY INFORMATION ALLOWING THIS MISSING MASS TO BE FOUND IS VERY WELCOME.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

On ne comptabilise que ce que l’on VOIT

We can only count what we SEE
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sur la fin de sa vie, lorsqu’elle expulse une partie de sa masse, l’étoile ne subsistera que sous la forme d’un résidu appelé NAINE BLANCHE ou NAINE NOIRE, en général trop peu émissif pour être détecté

At the end of its life, when it expels a part of its mass, all that remains of the star is a residue called a WHITE DWARF or BLACK DWARF, usually emitting too weakly to be detected.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ce qui voudrait dire qu’on serait incapable de déceler la MASSE INVISIBLE représentée par ces cendres d’étoiles primitives, qui se seraient formées en même temps que la galaxie.

Which means that we're not able to detect the INVISIBLE MASS represented by the ashes of the primitive stars formed at the same time as the galaxy.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

66.

Dans une fin de type SUPERNOVA la couche externe de l’étoile explose. La rétrocompression qui en résulte peut comprimer le noyau central au point de la muer en TROU NOIR

In an end of the type SUPERNOVA, the external layer of the star explodes. The resulting retrocompression can compress the central nucleus to the point where it changes into a BLACK HOLE
_____________________________________________________________________

Encore des objets qui echapperont à l'observation

More objects that will avoid observation

_____________________________________________________________________

_____________________________________________________________________

Reste-il des étoiles primitives, née en même temps que la galaxie et cependant détectables ?

Do any primitive stars remain, those born at the same time as the galaxy but that remain detectable?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Il existe effectivement dans les galaxies de très vieilles étoiles regroupées dans des AMAS GLOBULAIRES, et qui brûlent depuis une quinzaine de milliards d’années. Et cela dans toutes les galaxies, qui sont toutes nées en même temps

Yes, in effect, some very old stars remain grouped in GLOBULAR CLUSTERS which have been burning for about fifteen billion years. And that in every galaxy, all born at the same time.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

67.

Quant aux autres, elles ont été dispersées aux quatre vents de la galaxie, ou sont devenues des naines, blanches ou noires, ou des trous noirs indétectables

As for the others, they've been dispersed into the four corners of the galaxy, or have become black or white dwarves, or undetectable black holes.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

____________________________________________________________________

AMAS STELLAIRES

STELLAR CLUSTERS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Un amas globulaire est une structure de cent mille étoiles, qui a persisté depuis la naissance des galaxies (*)

A globular cluster is a structure of a hundred thousand stars, which has persisted since the birth of galaxies (*)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mais les galaxies sont parsemées de petits amas récents, en cours de dispersion relativement rapide.

but galaxies are sprinkled with small, recent clusters, now rapidly being dispersed

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

ces mini-amas représentent des cuvettes aux bords peu accusés d’où les étoiles, accélérées au jeu du hasard des collisions, pourront s’évader relativement facilement

these mini-clusters represent basins with shallow edges where stars, accelerated according to the pot luck of collisions, can escape relatively easily.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

quand l’amas s’est disloqué, les étoiles partent au hasard à travers la galaxie, seules ou par couples (ETOILES DOUBLES)

when the cluster is dislocated, the stars shoot off haphazardly throughout the galaxy, alone or in couples (DOUBLE STARS)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

 (*) le temps d’évaporation d’un amas collisionnel est proportionnel à sa masse

(*) the speed of evaporation of a collisional cluster is proportional to its mass

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

68.

Les formations de deux étoiles, de masses voisines ou dissemblables, sont des systèmes STABLES. Ces systèmes binaires, très nombreux dons les galaxies, ne sont que le signe d’une ancienne appartenance à un amas d’étoiles

The formation of two stars, with similar or different masses, makes a STABLE system. These binary systems, very numerous in galaxies, are the sign of an ancient membership of a star cluster.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Je suppose que les galaxies doivent aussi perdre lentement leurs étoiles ?

I suppose that galaxies also lose their stars?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pour ce faire, il faudrait que des étoiles acquièrent des supervitesses, supérieures à la vitesse d’évasion, par le jeu des COLLISIONS. Mais, dispersées à travers la galaxie, les étoiles forment un ensemble totalement NON-COLLISIONNEL. Elles ne se rencontrent pratiquement plus. Donc les galaxies ne perdent pas d’étoiles

For that to happen, the stars must acquire superspeeds, superior to escape velocity, via COLLISIONS. But, dispersed through the galaxy, the stars form an ensemble totally NON-COLLISIONAL. They almost never meet, so galaxies don't lose their stars.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

A tout prendre, je préfère cela …

Given the choice, I prefer that…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

J’observe ce petit amas d’étoiles qui viennent de naître. Au fond, elles se comportent comme nos jeunes galaxies. Elles sont chaudes, entourées d’un petit halo de gaz et de poussière :leur atmosphère, en quelque sorte…

I'm observing this small cluster of stars that has just been born. Basically they behave like our young galaxies. They are hot and surrounded by a small halo of gas and dust: their atmosphere in a certain sense…

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

69.

LES PLANÈTES

PLANETS
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Nos jeunes étoiles font le va-et-vient dans leur mini-amas, comme des œufs sur le plat dans une poêle bien huilée. Les collisions mettent leurs petits halos en rotation

Our young stars go backwards and forwards in their mini-clusters, like fried eggs in a well oiled pan. Collisions set their small halos in rotation.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

L’amas s’est disloqué comme un spore. Les étoiles se sont calmées. J’en suis une

The cluster has dislocated like a spore. The stars have calmed down. I'm one.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

La force centrifuge empêche les poussières du halo de retomber sur l’étoile. Elles se rassemblent en anneaux concentriques.

Centrifugal force stops the halo's dust from falling back towards the star. It assembles in concentric rings.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sur chaque cercle, chaque orbite, se forment des PLANÈTES

On each circle, each orbit, PLANETS form

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sur une même orbite, la plus grosse planète capturera les planètes plus légères pour en faire ses satellites

On the same orbit, the biggest planet will capture lighter planets and make them its satellites.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Et voilà. La boucle est bouclée.

And so the circle is completed.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

70.

La partie GAZEUSE de cette ATMOSPHÈRE STELLAIRE PRIMITIVE va se condenser  en une espèce de HALO DE NEIGE SALE. De temps en temps, une collision survient, entre deux éléments de cette ceinture. Soit le bloc est accéléré, et alors il quitte le SYSTÈME SOLAIRE. Soit il est ralenti et, en « tombant » vers le centre du système, devient une COMÈTE.

The GASEOUS part of this PRIMITIVE STELLAR ATMOSPHERE will condense into a sort of  HALO OF DIRTY SNOW. A collision will occur from time to time between two elements of this belt. Either the bloc will be accelerated, in which case it will exit the SOLAR SYSTEM, or it will be slowed down and, in "falling" towards the system's centre, will become a COMET.
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

BLOCS DE GLACE

ICE BLOCKS

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Si on allait voir ces PLANÈTES  de plus près ?

And what if we take a closer look at these PLANETS?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Cette jeune planète est brûlante

This young planet is burning hot

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Elle digère l’URANIUM 235 RADIOACTIF qu’elle a capturé en se formant

It is digesting the RADIOACTIVE URANIUM 235 it has captured during its formation

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

71.

ça alors !? au moment de leur formation, les planètes étaient des RÉACTEURS NUCLÉAIRES !?

Theres a thing! At the time of their formation, the planets were NUCLEAR REACTORS!?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Pourquoi ÉTAIENT ? elles le sont toujours ! Comment crois-tu que la Terre maintient son noyau en fusion ?

Why WERE? They still are. How else do you think the Earth maintains its core in fusion?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Héla !

Ah!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Elle est aussi chauffée par tous ces météorites qui la percutent quand elle « FAIT LE MÉNAGE »

It is also heated by all the meteorites that hit it when it "DOES THE HOUSEWORK"

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

allons voir d’encore plus près

Let's have a closer look

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

72.

Anselme, attends-moi !! Fais attention, le volcanisme est encore très intense

Archie, wait for me!! Be careful, the volcanic activity is still intense.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Ah, celui-là… n’importe quoi tête baissée !

Ah him…always like a bull in a china shop

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Alors, Tirésias… votre queue reprend-t-elle son galbe ?

So Tiresias… has your tail got its curve back again?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

mi !

mip!

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

nous voici donc sur une PLANÈTE. Des pluies torrentielles effacent peu à peu les cicatrices laissées par les météorites. Nous sommes à t = dix milliards d’années et la température du rayonnement cosmologique est tombé à 4 degrés Kelvin

So here we are on a PLANET. Torrrential rains gradually wash away the scars left by meteorites. We are at t=ten billion years and the cosmological radiation temperature has fallen to 4 degrees Kelvin

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Nous allons pouvoir embrayer sur une nouvelle histoire : LE BIOLOGICON. Ici Sophie, qui vous parle en directe du Cosmos

We'll be able to start a new story: The Biologicon. This is Sophie, speaking to you directly from the Cosmos

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

FIN

_____________________________________________________________________

END

_____________________________________________________________________

_____________________________________________________________________

73.

Vous êtes bien sûr, Tirésias, que c’est la comète de Halley ?

Are you certain that that's Halley's comet Tiresias?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Tout à fait formel

Definitely

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

74.

Il est possible que l’Univers ne soit qu’une vaste opération de vulgarisation scientifique :Dieu essayant de nous faire comprendre quelque chose…

It may be that the Universe is just a vast operation of scientific vulgarisation: God trying to help us understand something…

_____________________________________________________________________

